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1 DESCRI PTI ON STYRENE COPOLYMER AND PROCESS FOR W1975
PRODUCI NG THE SAME Techni cal Field The present

invention relates to a styrenic copolynmer which is 122/19
excellent in heat resistance, weatherability, nelt

stability, noldability, strength 5 and rigidity, and

to a nethod of producing the sanme. Background Art A

styrenic resin can enpl oyeyakipusofiypes of nol di ng
such as injection nolding, oriented sheet nolding,

fil aTyRENENgOPhoamed sheetrroupdisngor canedcthidoard same
nmol di ng, and bl ow nol ding, and is excellent in

mat eri al performance such as transparency, rigidity,

and di nensional stability. Furthernore, many styrenic
resins can be produced in large quantities at a | ow
price by means of block polynerization by a free 15

r adiccdin sty ke 7t i on net hod; sol ution pol ynerization
wi th a high concentration of nononmers; suspension

pol yneri zat i of'® dr kit lsi BVl yelerfeation. to a styrenic
Accordi.ngly, styrenjc resins have been used for a very
Wi &QP\?&Tﬁ%ﬁyﬁ/ @?l%}“se]s% Aifohig- et N PRROPDT HERNGE, 20
styrene, such .as pol ystyrene or GPPS,_is a resin that
Rt a e e P 190 oty sty niel S e ss hRpath
us tQ.dts y. excell.en rformance
chgﬁlgc%ggilscﬁlte}s’ gha 115 2 I heoa&pncggspr Nele? , tiheiame-
have been uses unsatisfied even with the performance
characteristics of this resin, for exanple, a use for

whisgk ke uresinrd s not available due to its poor heat
resi st ance.

A styrenic resin can employ various types of
molding such as injection meolding, 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 dimensicnal 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; sclution 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, 1s a resin that
is most versatilely utilized.

Polystyrene serves many uses, due to its many

excellent performance characteristics and its



5 Specifically, GPPS is about 100C (which is its glass
transition point) in heat resistance, and thus in any
of its uses wherein the resin is brought into contact
with heated water-vapor for boiling sterilization, its
uses wherein the resin needs $0 be heated with an 10
el ectronic oven for food packaging, its uses wherein a

ol gded padds of ﬁiﬁéﬁ@§'ntﬁérén§5§é|Egehnuéegeﬁhgh%lsfled
tends to be subjected to a high-tenperature atnosphere

| N SATer L cranthd Nest fkemakbe esuhtantigpkdedopr edugt
could not be utilized without the concern of the risk

15 refsidef adidmtdsomp e Hfusberset hivdsnhofthenbapehngst het
heat resistance of polystyrene is a nmethod of
copolayinetila nipe sty riene phdr ahemnonesibaynog. a pol ar
functional group, whereby for exanple, a copol yner

A SnA)C idtl csthinendés RiEf 20 aletivact§09% @diidkh a <apod yaeas s
(SMA) of styrene and nualeic anhydride, a copol ymer of
st yrreme igndmalcding Jdeln drhydrieel saanche andketban be any
derlved The heat resistance of each of these

copdl yrvsr 156 e geideI§he ciaiged bybeowdibl 1ihg ehetact

anoun f a noner having a 25 pol ar functional grou
nCaPBorEeaa Y G SHS ATa e boplmv%?ermaatgom Pits
subj ecte tog.a h h tenperature, ving a
polujgr functrle&ﬁlal % Jup ay' T eacl{lss t‘f H q%f’%%% ‘ﬁk&h 2

re [ I rd G Ghai e to a3 _side
Dregg%Fg%Oo thg%n%ﬁ§?4g%03€, é%%%wwﬁfkft?rﬁfes wherein a

pr %q%uo?a% 2 ¢k I8 inAtarialqr AN 33& hg, degradati on

of the nolding-processing properties to an
| NeEaBBNE o BeViss¢asided Hius rﬁl&h—t@ﬁ%ﬂ{{@ﬁe haug H9tere

5 been sufficiently accepted by users in |ight of

quahi symmard praddek itke,camsd deyAlliQS: molded product
could not be utilized without the concern cf the risk

15 of deformation.

One of the methods of enhancing the heat
resistance of pclystyrene is a method of copolymerizing
styrene and a monomer having a polar functional group,
whereby fcr example, a copolymer (SMAA) of styrene and
20 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 contrelling the amount of a monomer having a
25 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



Additionally, the fact that a copolymer having a
pol ar functional group tends to cause a crosslinking
reaction during a high-tenperature nelt 10 retention
means that the high-nol ecul ar-wei ght product is

easi |y denatured during nol difig processing. This
nmeans that it is difficult to recycle or reuse the
resdite Rafa@xadpl &F when,ana b ngeshh ons APl dedaphoduet
is derived, a nold sprue and/or a runner may be

cayseiudd g wheng el np gednPE oSt , | sndeth¥edehafbaion

twi n-screw stretched sheet or a foaned sheet, a

di scarthed ofoladirsfed iy simg aelehpé pnie o dhe ool dad

product may be formed. Generally, these have been
pariticaddmermi xied viddds iy gi mipet | et sclaf tepotymehsngade not
cutting so as to 20 be reused, or otherw se partially

Smi ee it fa giesrerlal -aprepose besisessicinasight of quality
pol ystyrene to be reused. However, when the fluidity

of arise prEsiuT iy idharmyats dlfratoieme. crosslinki ng of the

hi gh- nol ecul ar - wei ght_ product during nelt-processing,

it is difficdiddiznz eudd s h@?%stg?ﬁt ahgcopolymer
utilization of the resin as a recycling material for

vi PGV el &% atay BE 11t ed "o Hurt T for @, Calse @

C SRS LA B LSl o0l LML g e
106 Rl teq and 1o xed Wihh pal ystyrene,, not, only, Lheq, ¢

mechani cal” properti és are decr asedjcbd% al $o the

L 3RSRALGAGY dekialtQFleq UG- bRy e 'Q{gObéz%'@%s @in%.t This

copol ymer having a polar functional group has n been
5 dklbhiszed-evanr as Aoy inG atarjdle fF Aegenerab -

pur pose polystyrene. In recent years, a high value has
beersiat.t aghed examithe efifest iate iHjddzadi-ofo 0ied product
resin, while
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 1s generally incompatible with polystyrene, and



various recycle laws were instituted and have been 10
enforced. It nmay be required in a commercial scene of
future that a resin can be recycled, reworked and
reused. As a resin material to be developed in the
future, aresin which is reusgd effectively w thout
substantially causing the genération of a nononer or a

L5 greicaney . IoLecylar LA DhepLe, b Bk o,

ar chains, even iIf eri’a

subyjsacted-1t o, el { ﬁﬁg@g&@goﬁsgeaghgggg@g; Wk ag%o the

needed. Therefore, evel opnent of such’a resi

materd fdp Wi ch, i s hi gher i pugett shahi b%mgﬁévda 20

conventional styrenic copol ymer has been desired.

Anaidies1 yaiobl e Dig 8 convent FeRat 1 sh¥ 1 eBkbup B8kNnot been
havi ng heat resistance is that the range of working
STondiitdions] dird Mozl di gy d Bi NG hove r AacopekyFepeheirag -
enhanced in heat resistance 25 is synonynous wth
enlmangenentpafy stherdrenperature at  which a pol yner

chain starts to be fluidized. Therefore, in order to
derive the sadme fdadrdi tyeasst hathigf palystyasneesen
during nol ding processing, a processing 5 tenperature

shall"d Beerivarided aidreesigomdihgl ivathen ¢fickeaseint while
heat resistance. However, a kick-off tenperature of a
st YPEHOGTHFSINAE 1RNE M %e potak ity vkt 2ohanage oopen
1 can, not be enhanced §%$res ondi$g,to 5 the increase of
hedt’ T ésit-ance. Ier¥t Gl el e had CHBBATEHR! Scene of
pr Igﬂpt t_.the range of | din ocessin
t e(r%gl_er atu Irj%alts “hal rersol\%/ecfanv\hrgéer elbﬁ/'%{ ‘?Le %’r oﬁ%"&(?}? §71y25rd
qualdiaare deof aasad, ohets 45 4 0. apthoddoln e
enhan_C| ng the heat O resistance of a s yr IC resin
by fShiR@ a8 ,MRATRS which is reused effectively without
substantially causing the generation of a monomer or a
15 decrease in meclecular 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
20 conventional styrenic copolymer has been desired.
Another problem of a conventiocnal styrenic
resin having heat resistance is that the range of
working conditions during meclding is narrow.
A copelymer being enhanced in heat resistance
25 1is 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



havi ng no polar functional group. For exanple, it is
known that a copol yner of styrene and a-nethyl styrene
has its glass-transition tenperature enhanced
according to the content of a-nethylstyrene (see, for
exanpl e, 15 Non-Patent Documeat No.1). However,

a-net hyl styrene has a ceiling tenperature as | ow as

abQﬂ&mﬁgké%ur@TﬁﬁéﬂIHEhet$ﬁh§ﬁ@@&y885ké§%ggalﬁ to the

styrene and a- nethyistyrene was atte usl

r adireale &0 Wi aiea PObyms i Zatd on, HM@éﬁerl S ak&xRLB%'f
exanpl e of the 20 industri al productlon nethod As

r esdintpe réa thurdesf of Sﬁyﬁgﬂﬁﬁﬁbdﬁﬁﬁyﬂékeﬁé@ﬁngfQrpolar
exanple, 1) that it is difficult to derive a

hi ghunolieod largweightarprostidde ehatbadl tberespbaatngf to

(x-methyl styrene in the copolyner is I|limted, whereby

‘a dési red teeate rESirstanoe clatnaicde 2Bhachfeved; tBere has

t hat because of bad heat-stability during nelting,

s oRe &fp Tdlien prsroces Siheg dddindroys chuseldiherpabcessing

deconposition of the copolyner, whereby the

geﬁ@?“é’telr@ﬁuéfe 4 SeridHeM eshnpt IR ANl Droodect baskyi and
nol.ecul ar wej ght tend to be caused; 4) that the

regPﬁ116§IPéﬁsdﬁ§ﬁ§aﬁ§dbe yel l owed, and thus sonme uses

need the ad |t|on of colorln agent:; and the |ike.
Theref ore, bESSoly ﬁ? enhancing the heat

108 gegmgg%s&eeggf 3 have.ever r%es,%c L e

['1Tze and,” sin

CaﬂavgﬁgSHglﬁgﬁ%q %gn@tﬁghﬁqe bu yll(ﬁ%lun1l %Iatlt is

ani oni c po ynerization w th or,

a keepal YRBE af csbyienerand awieidn Sty ene; P&Qloene
produced by living anionic polymnerization (see

exaapl ¢t sPatlask - E@auﬁﬁﬁ&oth&hpeﬂaMaﬁg,eﬁMéﬁbéﬁ%m%ﬁrdlng
to a copol ynmer as
to the content of a-methylstyrene (see, for exampie,

15 Non-Patent Document No.l}. However, a-methylstyrene
has a ceiling temperature as low as about 60°C.
Therefore, the copolymerization of styrene and o-
methylstyrene was attempted using a radical solution-
polymerization, which is a typical example of the

20 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

25 achieved; 3) that because of bad heat-stability during
melting, some molding-processing conditions cause

thermal decompesition of the copolymer, whereby the

generation of a monomer component and/or a decrease in
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derived on the basis of a known production nethod by
l'iving anionic polynerization, the follow ng probl ens
15 have been detected. Therefore, sufficient

useful ness as a resin product could not be found
therefrom and thus no such gopolyners have ever been
industrially wutilized. That is, the above problens

ar enAe0ld PWes i gr20 tlind p&oduiced, pohymer Wikl PEe regin
yel | owed. The degree of yellowing is correlated wt~

t he@cgaitenttafc dd .pdhprefored, theqe-Mas 8Amdr 88es need

wherei n the bal ance between a nol ecul ar wei ght

objueet iacel fanicbry el oni gl opiopeidant 5 apsethesSoikhat it
was difficult to utilize 25 the polyner, in

pafitiegwfarre ,f oro usgs Wwhered o yedd prvémg an@ @Ohethylstyrene
preferred, such as a use for a food packaging, and a
us@afvgr eaie roteiecali nmhoducital 12) Thiel podgyner shows bad
heat-stability during 7 nelting, and thus the polyner

i s deconpose@nditiengtihey hegld, rsirars iomesohasstprens can
generate styrene and (x- nethylstyrene. The anpunt of

t h@SdEEEAF6SEE 69 apisdueiss fiZa figiydry thisni ndheamhowhe

of the deconpqgsitign 5 products from pol ystyrene as
pr883858ré€86ﬁﬁﬁn&lﬁ& & uteddiddiicd bl St Zat® on
meLhod which Essgeneralléd_aqq widely utilized, under

t he §ame eonditt iPoNE SPPhitdd P5d1e Thea iRt Wih Ree

10"059589688082?239 y%egﬁqg%ﬁ%! of%%g%g%g%%%ngﬂg%%Pffor

styrene and styrenéi

degrg@ole, WeheBntheoheak kel sygnce of  the copol ymer
i's hlgﬁer enhanced than that o pol ystyrene, the

copol yner gensates, Stikene-apda- tRPLhWSIMIENS as
during nmolding in a |arger ambunt than the anount of
t hecdecedposi thenbpe@guUetsS af kewn production method by
living anicnic 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 prcblems 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 vellowing
property 1is upset, so that it was difficult to utilize
the polymer, in particular, for uses wherein vellowing
is not preferred, such as a use for a food prackaging,

and a use for an optical product.

2) The polymer shows bad heat-stability during



15 polystyrene as derived according to free-radica

pol yneri zati on nethod. Therefore, it is easily

predicted that there will occur the problens that sone
nol di ng conditions tend to cause a silver blister due

to volatile conponents as generated by the 20
deconposition, such as styrene, (x-nethylstyrene and
thewelldikes, that d rmdVei ght pal, Y .
t ends F%ﬁbe decfggzgg%g%ﬁ%%ﬂn¥§ ggoﬁgé?%gggggee%%gﬁ5 tts

detreitorrattican iofn tdie ILCRANI SR r PFOPSFT+E8e hAd -
particular, that it is difficult to reuse the

r esielchanis t25enal . ded’Hy edutintSo B F188 Y& tHGoHBL e1 bAl ;
and the like. The fact that the nol ding processing

caprobecutsi liszdc rgeer edhari rthan axduetedy thel dedomphgetion
naturally neans that the practical uses of the

Scopabyiret safeomi mictlawt erkherefmrejuddd cancdeding to a
presunmed that such polynmers have not been w dely and

| nduserirariyadc eeptae.r 1AS tHmot et idid adviarit age @énerally
pol ystyrene, the_ disadvantage that polystyrene is not
suPbdbledeer Htddd zesh,whedsim thel yamg erendielyides .  This
xposed to the _sun, due to its bad weatherability, can

Se BHanBrat8d t the "BEEd SREafWerGBIgTREPGRSSIng témperature
' t d t th t t f th .
P e bR ebaPYr MErgRE SESTTE Shibeorts W e tsions is
I L; | f t i | havi
108t pLEteNel OREE BRSBTS AT N o
pr @gép&opbi§lﬁ!ags?QhﬁﬁﬁﬁgﬁW65%%%Eegig:ﬁ¥faw L @A, ¢

addi tive sutC a weat heri ng st Izer or an

ul ps ayk el etnabserbetopBagmeheen ndesidLd. Al -
DJ%un%ntyhbél? JourngF o?mipp%igd ff ngyﬁg¥£25?§%é%,

Vahe 4y 1 pt 388n¢ 1890) ngPabedt nBocumant] 2Ngdy dRRAeSHhan
Pat ent KOKOKU
the amount of the decomposition products from
15 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
20 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
25 molded product as a recycling material; and the like.
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.



Publ i cation (JPB) No.6-10219. D sclosure of Invention
Problemto be solved by the Invention 20 It is an

obj ect of the present invention to provide a styrenic
copolynmer that is inproved in heat resistance and

weat herabi lity, which are weak points of polystyrene,
and that is further excellent in nelt stability,

mol Thai & £4 ye, S_lfe@@ﬁhberbgéghﬁ&éda@gaﬁ:e%ﬂ%lhep%g mers have
properties, while retaining the excellent p opé@tles

of nat conventiQaby POEYSHNGEREIasUGhadsbiagsparency,

di nensi onal stability, and nol di ng-processing 9
properties. Akansofiosr Soi vaagatbegPr el pankR tondel,t @he
sol ve the problens as descri bed above, the preéesent

i nvintaotsaizage bgent devbyedyteond hekhog ehfieebse Asraa use
result, they have found that only a copolyner derived

Dy Wit ofral wpecidie napllyereexgasedntoethedsun, due to

conprising an aromatic isopropenyl nmononer and an

ar orfet iIR2 Y i%RA t hforidniek ity mheaei e t deubepatgaer The bad
conponent has specific 10 performance factors
satiSSrYiTTGPriedet eriviRrerf et L cdwe sbpvehehstructure of
probl ens as described above. The present invention
haggﬁbgﬁiiiﬂ? ST - YiHe WR{EChf shieprefore, first of
i nf.qrymati.qon., That is, .the present invention conprjses
thgﬁlISEP%Iqﬁﬁ%%fﬁ%ﬁﬂﬁxo%“a/?E%Sﬁ%&ﬁcc%%%%Y?ﬁﬁr having

10Pr eguced By, g hi;ui-ng, polyneri.z tiﬁghég%{%gk%%%%?gdpﬁgduct

conmpri sing an 1sopropenyl” arofati c uni
t he chenmulanGhled 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

1> Polymer Science, Vol.41l, p.383 (1990).

20

25

Patent Document No.l: Japanese Patent KOKOKU

Publication (JPB) No.6-10219.

Disclesure of Invention
Problem to be solved by the Invention

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

dimensional stability, and molding-processing



CH3 -HZC-C 20 wherein the substituent group RL
represents hydrogen, or a hydrocarbon radical of -C ;
H2,,+1 wherein n is an integer nunber of 1 or nore,
and a vinyl aromatic unit represented by the 10
formula (2): R3 | wherein thg substituent group R2
represents hydrogen, or a hydrocarbon radical of

- Lr-ahegein n is an integer nunber of 1 or nore,
and the substituent group R3 5 represents hydrogen or

a phemd fodicalvinberginpthgreantent (A) of said
i sopropenyl aromatic unit in said styrenic copol yner

is in the rangecoded to® 95%bytMei ghtp1the EatHRscribed
(MM Mn) of the weight-average nol ecul ar wei ght (M)

of sfaivk,stireendoedéhicopobymesrs ohitie PUBhER=¥EEATE o
mol ecul ar wei ght (M) thereof is in the range of 1.6
o ompignaqaref iherei n Ahe redatipnshép hetweeouhbethat only
content (% by weight) (A) of said isopropenyl
ar GMEORe WHar desiarat sty resr s copod yespecanilct he
gl ass-transition tenperature (C) (Tg) 15 of said
st PR TdFsd iate rmesdtadf | eampiies $od nuh aer¢mdtico. 12A
+ 102 <O%% < 0.62A + 102(§in case of 5 < A< 20),
- 5 IF8RYORFNY ATOROMFY SR (IR Hpomaliq vinygd-nopomegy
< E% <.-5.25 x 10-5 A3 + 1.09 x 10-2 A" + 1.72 x 10-1
A ¥PR56 M T0FIE TR PP R E0)2S aTREILBUCA + 73
10 ggr%ogm;%%e+f%%égﬂ%(§§¥%§¥yfﬁg<%f%ééé5?mined ranges,
can sclve the problems as described above. The present
invention has been accomplished on the basis of such
information.

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

an isopropenyl aromatic unit represented by

the formula (1):

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

a vinyl aromatic unit represented by the
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2. A styrenic copolyner according to the node 1 11 as
descri bed above, wherein the content (o by weight)

(A) of said isopropenyl aromatic unit in said styrenic
copol ynmer, and the absorbance (B) of said styrenic
copolynmer at a light haV|ng q& vel ength of 305 nm5
satisfy the formula (b): 0002 A2 - 0.0017 A +

0. %5 rrda1 BEysrenic copolyner according to the node 1
as descri bed above, wherein the rel ationship between
the content (% by weight) (A) of said isopropenyl 10
aromatic unit in said styrenic cgpolyner and the

wei ght - aver age nol ecul ar wei ght ¥My) of said styrenic
copol yner satisfies the formta—€e)~ -1.92 x 10-2 A2 +
2.95 x 10-1 A+ 98.2 < Mv x 10-34< exp(6.37 - 2.77 X
10-2 A). 15 4. A styrenic bl ocf copol yner of a
styreni c copol ymer conpri sing \\iopropenyl aromatic
unit represented by the fornul wherein the
substituent group R represents hydrfogen, or 20 a
hydrocar bon radical of -C H2n+1 mhereln nis an

i nf”@&éremn&?@eﬁ@fswtd}errﬁ)r%fo%oﬁ a BEondsertomErydrogen, or
uni it _represented by the fornmula (2): 12 wherein the

suBs%luytdﬁé’ﬁar&f)&uﬁaﬁzcraépr%‘%erﬁnﬁzwdwbgéﬁmoﬂ lé an integer

hydro arbo r.adi cal of }HE{Q +i wherein nis

i n*&q Rinte P Tof°F Sar & ean?ilkfﬁtel%‘&%%‘fl‘ﬁﬁ%ﬁ? R

r r hydr ogen or he adi cal ; and
% 38255%3%?% S o &l Areal

wherein the content (A) of said isopropenyl

aromatic unit in said styrenic copolymer is in the
range of 5 to $3% by weight, the ratio (Mw/Mn) of the
welght-average molecular weight (Mw) of said styrenic
copolymer to the number-average molecular welght (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 LA <

20),

=5.25 x 107 A% + 1.09 x 1072 A% + 1.72 x 107" & + 97 <

Tg £ -5.25 x 1077 A% + 1.09 »x 1072 A% + 1.72 x 107" & +

107 (in case of 20 <A < 60), and

1.04 A + 73 <Tg < 0.79A + 98 (in case of 60 < A <

95).

2. A styrenic copolymer according to the mode 1



aromatic unit represented by the above formula (2),
wherein the ratio (Mv Mi) of the weight average

nol ecul ar wei ght (Ma) of said styrenic bl ock

copol ymer to the nunber-average nol ecul ar wei ght (M)

10 thereof is in the range of11.6 to 4.0. 5. A

styreni c copol ynmer conposition conprising a mxture

of zaf deastibew SY¥EN ehePPohyPREScSALEAEE]: BLOWeiont)
styrenic copolyners conprising an i sopropenyl afomatic
uni A )r exfr eseind etk dyyrodényheafonaui @ (A1t R3 shiwherginic
the -substituent group Rl represents hydrogen, or a

hy drgeenern r adidalhofab £ Hatde By ebh 8ai8 8Byrenic

i nteger nunber of 1 or nore, and 13 a vinyl aromatic
unicepcdpieserttec byighte hdwoimula (&)yel&hgth- H2C3C5 nm
wherein the substituent group R2 represents hydrogen,

Sor Sag igfdr ¢ Borrmwldi cdl) of - C H2n+1 wherein n is an

10

15

20

integer 5 nunber .of 1 or nore, and the substituent
gr oup FRE Pepiléserdt’ s " h$dPEdenPor & -SRenyl radical ,
wherein each _of said at |east two styrenic copolyners

has-a copol yfeSZHST CERM5OSIE DM TERTHNAnEP okhg mode 1

Lght,- . I | i.ght_which are 10,
di FeFSit T PO PRESE o & Ot et 7 6-one sig reF eeen

COBRY S SATPS EhP RSSO 100 3, it S o
aromatic unit in said styrenic copolymer and the
weight-average molecular weight (Mw) cof said styrenic
copolymer satisfies the formula (c):

-1.92 x 107 A% + 2.95 x 107" A + 98.2 < Mw x 1077 <
exp(6.37 — 2.77 x 107° A).
4. A styrenic block copolymer of
a styrenic copolymer comprising
an isopropenyl aromatic unit represented by

the formula (1):

wherein the substituent group R! represents hydrogen, or
& hydrocarbon radical of -CyH,n.y wherein n is an integer

number of 1 or more, and

a vinyl aromatic unit represented by the

formula (2):



fr
conti nuous living polynerization nmethod, conprising an
i sopropenyl aromatic unit represented by the fornmula
(1): wherein the substituent group R represents
hydrogen, or a hydrocarbon a%gical of -CaH2. +1

Vi
n

pr

ar

or

gr
a
5of

10

15

wherein n is an integer 14 n

represented by the formula (
substituent group Rl represents hydrogen, or a
hydr ocar bon radi cal of -C H2n+l wherein n is an
i ntgete I murisers Wis tli oremoretouank’ edmesdmyd hydrogen, or

om styrenic copolyners, which are produced by a

er of 1 or nore, and a
nyl aromatic unit represented by the formula (2):

R3 [ wherein the substituent oup R2 represents
hydrogen, 5 a hydrocarbon radi §al of -CnH2n+1l wherein

s an integer nunmber—ofyg-oc-Aore, and the

mati ¢ nononer
erein the

oviding 10 [an isopropenyl

substituent group R3 representls hydrogen or a phenyl
radi cal, said styrenic copol 'y bei ng synt hesi zed by
a

omati c nononer represented by the fornula (4): 15

whér éivil i@ s ta 1 phuptR2rnephesents nhydr egeinteger

a hydrocarbon radical of -CnH2+1l wherein n is ap

i nUEFEFET RfntePofMOr %r dhst ethanwlfiel Gudrt i guenp R

oup R3 represents hydrogen or a phenyl radical] into
§egjgleﬁ%‘rgﬁsz§‘t3’ic{(}r?gﬁégarora WG+ Wt bmposi 389n rati o

a styrenic polymer comprising a vinyl
aromatic unit represented by the above formula (2),

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.
5. A styrenic copolymer composition comprising a
mixture of at least two styrenic copolymers selected
from styrenic copolymers comprising

an isopropenyl aromatic unit represented by

the formula (1):

wherein the substituent group R' represents hydrogen, or
a hydrocarbon radical of ~CuH,n. wherein n is an integer

numper of 1 or more, and



[said i sopropenyl aromatic nononer represented by the
formula (3)] to [said vinyl aromatic nononer
represented by the fornula (4)] in a raw nmateri al

sol ution conprising said isopropenyl aromatic nononer
10 and said vinyl aromatic mpnonmer is continuously or
intermttently changed, and each of said at |east two
styrenic copod ypes$1 havéng: 2cCARREeS kbR skati-e ¢f the
[said isopropenyl aronatic nonomer represented 8& t he
forfadmeul4 3)3) to [said vinyl aromatic nonomer

represented by the 15 fornula (4)] is different from

that of the others. 7. A styrenic copol ymer produced

by a continuous |iving polynerigation nethod,

conprising an isopropenyl aromatf ¢ unit represented by

the formula (1): CH3 } erein the

substituent group Rl represents drogen, or a

hydr ocar bon radi cal of -CaHz2n I’hﬂ rein nis an

I nteger nunber of 1 or nore, a\\ vinyl aromatic

unit represented by the 5 formula(2): R3 10 wherein

the substituent group R2 represents hydrogen, or a

hydr ocar.bon _radi cal_.of -C H2nl wheyein n is an integer

NUHBER OF £T6T SO SRR (16 SiboR | (RFHI® oD Rz ogen, or

repgresents hydrogen .or_.a phenyl, radical, .  wherein the

totaﬁygﬁgﬁhr¥gptqﬁﬁhfggpr enyt 2an oHREF E tRoforer an 1nteger

5reRE%5%Qt%% 1 or more, and the substituent group R?
represents hydrogen or a phenyl radical,

wherein each of said at least two styrenic

copolymers has a copolymerization composition ratio
and/or a weight-average molecular weight which are

10 different from those of the others.

6. A styrenic copolymer composition comprising a

mixture of at least two styrenic copolymers selected

from styrenic copolymers, which are produced by a

continucus living polymerization method, comprising

15 an isopropenyl aromatic unit represented by

the formula (1):

wherein the substituent group R' represents hydrogen, or

& hydrocarbon radical of -CpHzny wherein n is an integer



by the forrmula (3): wherein the substituent group Rl
represents hydrogen, or a hydrocarbon radical of
-CnH2n+1 wherein n is an integer 15 nunber of 1 or
nore, a vinyl aromatic nononer represented by the
formula (4): 17 wherein the §gbstituent group R2
represents hydrogen, or a hydrocarbon radical of

- Cirhiild r WOeT Bi fir b Se aNgh At eger  nunber of 1 or nore,
and the substituent group R3 represents hydrogen or a

phenyl radicad,vemgl Srompelynenizatbphesah¥ent biSthe
2,500 ppm by weight or less. 8 A styrenic copol yner
acduormhiulgs t @ the node 7 as descri bed above, wherein
the glass-transition tenperature (Tg) of said
styrenic copolyner is in the 10 range of 105C to 140C,
the wei ght -average nol ecul ar gteight (Mv) is in the
range of 50,000 to 300,000, anld the ratio (Mwv M) of
t he wei ght -average nolecul™&at gerght (My) to the

nunber - aver age nol ecul ar wei gt (M) is in the range

of 1.6 to 2.5. 15 9. A meth produci ng, by a
at.ixn nethod, a styrenic

| aromatic unit

continuous living polyneri
copol ynmer conprising an iSopropegp

represented by the fornula (1): 18 wherein the
su% tituent qr oup. Rl .represents

rogen, or a
hydr6éarBor Tadi Ca - or e, (i LHP eﬁ§%¥9?qg¥%u?ydrogen’ or

5ingeﬁ§Hro%%q%%% Q%dﬁﬁ%g & ﬁndéa?§%9¥£na£oggtg% integer

15

unit represented by t f ormat”
number of 1 or more, and the substituent group R’

represents hydrogen or a phenyl radical,

sald styrenic copolymers being synthesized by
providing

fan isopropenyl aromatic monomer represented

by the formula (3):

wherein the substituent group R' represents hydrogen, or
a hydrocarbon radical of -C.Hy,,; wherein n is an integer
number of 1 or morel, and

(a vinyl aromatic monomer represented by the

formula {4):



R3 10 15 wherein the substituent group R2 represents
hydr ogen, or a hydrocarbon radi cal of -CfHz2n+
wherein n is an integer nunber of 1 or nore, and the
substituent group R3 represents hydrogen or a phenyl
radi cal, said method conprisijng the steps of:
contlnuously i ntroducing a raM/naterlaI liquid

conpri sing nonomers and a solvent into a vessel type
of reactor having a stirring n@@hine fromthe |ower
or upper part of said reactor; jand producing said
styrenic copol yner while HHEFECnuously di scharging a

pol ynmeric solution fromthe er or lower part of
said reactor, which is posiffTongd in the opposite
direction of the inlet of s& aw material solution.

20 10. A nethod of produci ng, By gzcontinuous |iving

pol ynmeri zati on nmethod, a styrenic copol yner conpri sing

an i sopropenyl aromatic unit represented by the
Mﬂﬂra?l(rl)thel@wﬁ@wfelwﬁ?lh@ RUbsitesemt grivggprRien, or

repr sents h droge a_hydrocarbon radi cal of

| QU BWAT eI T R Ght Higshe intkBEe 1of 11 ior oporiercese:
and a v |nyI %1onat|c uni t 1gﬁgsented by the
f of MR & Wi n & s%lﬂ%%h‘fwa%uﬁr@ap R’

Eel%ﬁg&% t\?%gs%/g\lr %Q:oqenor Iaht etbroclar bocgl]lcga?ﬂ Cfrllt Ofa
5 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 comprising said isopropenyl aromatic monomer
10 and said vinyl arcomatic monomer is continuously or
intermittently changed, and each of said at least two
styrenic copclymers having a composition ratio of [said
isopropenyl aromatic monomer represented by the formula
(3)] to [said vinyl aromatic monomer represented by the
15 formula (4)] is different from that of the others.
7. A styrenic copolymer produced by a continuous
living polymerization method, comprising
an isopropenyl aromatic unit represented by

the formula (1}:




nunber of 1 or nore, and the substituent group R3
represents hydrogen or a phenyl radical, wherein the
mai n conponent of a polynerization solvent is at

| east one aliphatic hydrocarbon conpound. 11. A nethod
of producing, by a continuouaé iving anionic

pol yneri zati on nethod, a styrenic copol yner 15

CONH 4 St N [ n a igLu e

The Torma (D) S B0 P era her arart Re Srbet FREES My aBaRen, o
Rl & epyeserd spdy dr £geRa1 06 achydrocardbon qg'icéalarpfinteger
-C, H2n+1 wherein n is an integer 'nunber of 1 or nore,
anchianbé Nyd £ ar OFRtLEr&Ni dndepr esented by the 5
fornmula (2): wherein the substituent group R2
represents hydrepen] oroma:hydigcer bepreadheal of the
-C, H2n+1 wherein n is an integer nunber of 1 or nore,
;andarieilsubst)i t uent group R3 represents hydrogen or a
phenyl radical, 10 said nmethod conprising the step of

i ntroducing a protic conpound conprising carbon

di oxi de and water into a pol rized solution so as
to termnate the ponnn&LégLEggwjeaction, when t he
amount of a vinyl aromatic noner represented by the
formula 15 (4): 21 RZ wher g4 he substituent group
R2 represents hydrogen, or a-Q\?rocarbon radi cal of
-CnH2n+1 wherein n is an int o2

wherein the substituent group R? represents hydrogen, or
a hydrccarbon radical of -CuHzny1 wherein n is an integer
number of 1 or more, and the substituent group R®
represents hydrogen or a phenyl radical,

10 wherein the total amount of:

an isopropenyl aromatic monomer represented

by the formula (3):

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

a vinyl aromatic monomer represented by the

formula (4):



nunber of 1 or nore, and the substituent group R3
represents hydrogen or a phenyl radical, said vinyl 5
aromati ¢ nonomer existing in a styrenic copol ymer
which is produced during the polynerization reaction,
has run up to 3% by wei ght qr5 l ess. 12. An

i njection-nolded article conprising a styrenic

copol ymer according to any one of the nodes 1 10 to 8
as descri bed above. 13. An extrysion-nolded article
conprising a styrenic copoly according to any one
of the nodes 1 to 8 as dedg®=H=d above. 14. A sheet
conprising a styrenic copolynmeg 15 according to any
one of the nodes 1 to 8 as de€cribed above. 15. A
foam conprising a styrenic c Ngner according to any
one of the nodes 1 to 8 as des gd above. 20 16. A
food container for warm ng, conprising a styrenic
copol ymer according to any one of the nodes 12 to 15
as “deseriirbddeabiovas t iltuerX parcud ok’ heusesserconftydidigen, or
a styrenic 22 copolyner according to any one of the
node . YEX ARt ra & a etk | e d-G@bowve. whiBreAnpar tisf en dnteger
car _interior, conprising a styrenic copol yner
acCOFERg Ao laff S of Al tslesagt iBienrt 15raep R’

descri bed abovye. 19. An optical part conprising a
st§F€ﬁﬁ§en%5p&3ﬂﬁﬁg%%éﬁ%ﬁ|RT§Q¥%N6@Q&E?%# ¢ nodes

512 to 14 as ad%%ﬁylbed ahave. Aqxgﬂ&gges of the

10

15

| nvent i on ymerlzatlor so
is 2,500 ppm by weight or less.
B. A styrenic copolymer according to the mode 7
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
weight (Mw) is in the range of 50,000 to 300,000, and
the ratio (Mw/Mn! of the welght-average molecular
welght (Mw) to the number-average molecular weight (Mn)
is in the range of 1.6 to 2.5.
9. A method of producing, by a continuous living
polymerization method, a styrenic copolymer comprising

an lsopropenyl aromatic unit represented by

the formula (1):



10 A styrenic copol yner of the present invention is

in particular excellent in heat resistance and

weat herability, which are weak points of polystyrene,

and is further excellent in nmelt stability, strength,
rigidity and recycle properti.es as well, wth the 15
excel l ent properties of a co&'entional pol ystyrene
”mwﬁéﬁéﬁﬁitH%“ghﬁgka@QﬁPaéﬁgﬁ%'Rd' dO0Als hydrogen, or
stability, and nol di ng- processing properties. !
Furst R/ risoriTo Hede T 0GECLC GOMDT L3RG 1@ SEWLLL integer
copol yner of the present invention can be very

Suirfuaitley o0 used msra, foed container for warm ng, a

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

optical part.z Brirgfl Resefdpid omnof +&erOsami8gspli guee
1lis adiagramillustrating the 'H NVR spectral of a

st yemiud acool:ymer of the present 25 invention and a

10

15

20

met hod of calculation to determ ne the content of
a-met hyl styrene included in the %onlyner 23 (i.e.,
1H NVR Chart of copolyner of styfene and a-

met hyl styrene). In the nethedeefcealcul ation, the
nol ar content of a-methylstyrenefwas determ ned on the
basis of the follow ng fornul a”usgng the peak area

(B) 5 of nethylene and net hi nela the peak area (O
of methyl, and thereafter conv 21 Nt o wei ght

ratio. (B): (O = (300-X):3X, where X is the nol ar
content (nmol% of a-nethylstyrene. Figure 2 is a

di@ﬁéﬁgﬁhlkHEtEQEEQQtE%%tl%I%ﬁ%f&@ogégkeggg%gfe%F&%%%n, or

content of a-nethylstyrene ude C
Coﬂohyﬂﬁbcggbbhergﬂg%%ﬁtof'n¥£$§ﬁ?”& apd;fthe; o . integer
o) ?l.e., t he

gl ass-transition tenperature (
rehahbensbBEpibetwaerel t BedCeme Rt i@ uent group R®
represents hydrogen or a phenyl radical,
said method comprising the steps of:
continuously introducing a raw material
liquid 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 oppeosite direction of the inlet of
sald raw material sclution.
1C. A method of producing, by a continuous living
polymerization method, a styrenic copolymer comprising
an isopropenyl aromatic unit represented by

the formula (1):



n

10

15

nmet hyl styrene in the copol yner of styrene and a 15

nmet hyl styrene] and [Tg]). (Note: The Tg of

pol ystyrene was 102 degree Cel sius, while the Tg of
poly a-nethyl styrene was 177 degree Cel sius. The
dotted Iine is a straight Ii l'inking the two
points.) Figure 3 is a diagr illustrating the 20
rel ati onship between [the rate constant of styrene
generation during the nelt reteE%ion of a styrenic
copol ynmer of the present inventifoh] and [the
absorbance of the result+aM,crpbded-product] (i.e.,
the relationship between [the absorbance of the

copol yner] 25 and [the rate offt nonomner
formation]). The straight |Ii e\q\picted in Figure 3
is represented by the fornulal érpn1by wei ght/ sec)
= 0.8348B-0.316 (R2 (coefficient correlation) =
0.9808). 24 Figure 4 is a diagramillustrating the

r elwdteirgrishitheb etubeseni udre: tenpes at Unemfe fersty Nefd €ogen, or
copol ynmer of the present invention during the nelt

r etfe AtyicaTy cofrkidie mstdirent o TopbiHyner vhamd ipt he isat@ Snteger
constant of styrene generation during the period]

(i nembegepferlatyt @deEperideshcy of the rate of styrene
generation during the nelting). Figure 5 is a diagram
i || ustrating @ VHeiperaide G eyiidn mrresenedipyethe
blister .is caused 10 during the nmelt retention of a
styPéWP&acéégryner of the present invention within an
injection machine (i.e., the_jenperature region
wherein the silver blister i's caused during the

mol ding). Figure 6 is—a—Hdi@gr@-l |l ustrating the 15
rel ati onshi p between [the t?L,I anount of styrene, oc-

X

R®

wherein the substituent group R? represents hydrogen, or
a hydrocarbon radical of -C.Hs,+: wherein n is an integer
number cof 1 or mere, and the substituent group R®
represents hydrogen or a phenyl radical,

wherein the main component of a
polymerization solvent is at least one aliphatic
hydrocarbon compound.
11. A method of producing, by a continuous living
anionic polymerization method, a styrenic copolymer
comprising

an isopropenyl aromatic unit represented by

the formula (1):



5

10

15

nmet hyl styrene and cycl ohexane remaining in a styrenic
copol ynmer of the present invention] and [the gl ass-
transition tenperature (Tg) of the resultant pellet]
(i.e., the relationship between [the total anpbunt of
20 the nononers and the solv;&t in the polyner] and

t

[Tg]). Figure 7 is a DSC ch near the gl ass-
transition tenperature of each of styrenic copolyners
of the present invention and a pol ymer conposition
as obtained by nelt-blending tjh& styrenic copol yners,
the 25 styrenic copol ynerdH€&avitmg—=a di f f er ent

gl ass-transition tenperature om that of the other
(i.e., change of the heat qgantiity near Tq accordi ng
to DSC). Figure 8 illustratesyt results of 25

weat herability tests for a styremg copol yner of the
present invention and a polystyrene (i.e., the results
of the weatherability tests). Figure 9 is a diagram

i | bsthedtn regnet renkts Tigl wdhi to st yp et weenrdddie heatdrogen, or
resi stance of a styrenic copolynmer of the present

i nefticawicagied theeliyedl oi ntaHpat efhéreén, nt ke an integer
rel ati onshi p between [the vicat tenperature of the
copoFPRET odf Istoyr v sandirel met hyl  styrene] and [the
yellowing rate]). In Figure 9, the 10 synbols "0"

i ndi cat e t he 3 §<titls 3P T opbl iy R SFen B@AnpY etkha,
7 %gdml aq% Conpar ati ve Exanple 1, respectively, and
t h&°5TH681 "“X* i ndicates the result of Conpar ati ve
Exanple 3. Figure 10 is a diagramillustrating the 15
position of an inlet and an oyil et of a polynerization
reactor for producing a styrepic copolynmer of the
present invention (i.e——Hg®amgtes of the positions of

N
R?
wherein the substituent group R? represents hydrogen, or
a hydrocarbon radical of =CpH,ns; wherein n is an integer
number of 1 or more, and the substituent group R’
represents hydrogen or a phenyl radical,
sald method comprising the step of
introducing a protic compound comprising carbon dicxide
and water into a pcolymerized soluticn so as to
terminate the polymerization reaction, when the amount

cf a vinyl aromatic monomer represented by the formula

(4):



10

15

20

(5]

the inlet and the outlet of the polynerization
reactor). 20 Best Mode 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. TQ@Tmording "a copol yner

conprising an 25 isopropenyl omatic unit
(represented by the formula (1) as described above)
and a vinyl aromatic unit (re&sesented by the formula
(2) as described above)' in 26} the present invention
nmeans a copol ynmer producedBy=Cneans of a conti nuous
living polynerization wherein i sopropenyl aronmatic
nmononer (represented by the orfjul a (3) as descri bed

above) and a vinyl aromatic onmer (represented by
the fornmula (4) as descri bed ) are used as raw

mat eri al s. A hydrocarbon radical "bonding to an

aromatic ring as a substituent group is a saturated

hy dirsozrirort treadiudad t iasiarepresent ekf  dnpraGdild wWierehen, or
nis an integer nunber of 1 or nore. 10 A -C, H2n+1l

radi ¢aldhosagboa yreatiarh lal &y | -Gdidi-cavhewkdse n Stsract Umeeger
may be a |linear or branching type, and is

spEeIRitalaly lafd &8 EIbtE 1 exél § bie Thes tpper R

limt of 'n'" also is specifically not |limted. .

HoWE &~ S &Y= 5 3@@?@&@51 ISF ith R fangedbtah <sa3bd Eienl

15 @%%%tgcw%noner coggyisin a saturated. alicyclic ,

hy & Scarbon "PAGTEA S SLEé’c?' dd' & sUpStTiLt SR Ly Rer which

sa&grg&ggﬁggﬁybuEggéc?%m i%}is beliqyed that the

obj ec the “presént I nVention can be dchl eved | nas zun

pri;acicpl es b;b%%ggﬁt hecause the process using such a
nmononer has 20 not been devel oped industrially, it has

not zbeen An injection-molded article comprising a
styrenic copolymer according to any one of the modes 1
to B8 as described above.

13. An extrusion-melded article comprising a
styrenic copolymer according to any one of the modes 1
to 8 as described above.

14. A sheet comprising a styrenic copolymer
according tc any one of the modes 1 to 8 as described
above.

15. A foam comprising a styrenic copolymer
according to any one of the modes 1 to 8 as described
above.

16. A food container for warming, comprising a
styrenic copolymer according to any one of the modes 12
to 15 as described above.

17. A part for houses, comprising a styrenic



confirmed whether the object of the present invention
can be achi eved or not. Exanples of such conpounds
will be specifically enunerated. As isopropenyl
aromatic 25 nononers, for exanple, alkyl-substituted
i sopropenyl benzenes, such as_isopropenyl benzene (a-
nmet hyl styrene), isopropenylta uene,

I SQRJ, [ ropenyl propy | benze
|sop;%gig%#ﬁutf%genqgﬁquj‘58€r6%%ﬁ§#p%n %gﬁzeﬂg t815 as
I sQRepsmdhexyl.kenzene, |sopropenyloctylbenzene can

be enunerated. Preferred isopropenyl aromatic nonomer

i s 1igsopr openy hanaeng,- 5, %%ﬂlleeH&Pﬂté&mﬁfgﬂﬁgsa

for exanple, alkyl-substituted styrene,

st ypgienip- JERINYEY R r AR YT &e . 0f the modes 12
o- net hyl styrene, 2,4- dinethyistyrene,

52, bodilFethy ldstsyirened Ibvedi met hyl styrene,

15

20

25

3, 5-di net hyl styrene, p-ethylstyrene, 10
m éGhyl st yr ede, optefchll sayrtenesmpl; ilsidi phenyd et dwyl €ne;
and the |like can be enunerated. Preferred vinyl
ar 6ARPLEMRBN e ridd ngt Yrepey Thesef sopr opeiyd 12 to 14 as
aromati ¢ _nmonomers and vinyl aromatic nonomers may be
us@8SFHiBRE RPATS-respectively, or may be used in the
15 formof a mxture of two or nore, respectively. The
nost preferable conbination is that of
's Iben en and styrene. The content of an

g B§ﬁ§FSaP PcLUAFES1PR a styrenlc copolyner |s

t he rangey of £.9.95% 20 wei g

5 b f .
Re range of 7SFHI§B¢Eb§O gléﬁﬁr gﬁd bﬁrpre 5 Kﬁntlon
n;: the,rgnge;of, 19, tgxgg%QQXtmﬁ?gﬂgat When Jthe gontent

I

t

' o

of an isopropenyl aronafi ¢ un
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 intericr, or an optical part.

Brief Description of the Drawings

Figure 1 is a diagram illustrating the 'H-NMR
spectral of a styrenic copolymer of the present
invention and a method of calculation to determine the

content of o-methylstyrene included in the copolymer



| ess than 5% by wei ght, the heat resistance of the
resul tant styrenic copol yner can not be sufficiently
25 enhanced. On the other hand, when nore than 95% by
wei ght, the copolynmer tends to be pyrolyzed during
mel t nol di ng-processing, and,{hus a large quantity of
gas w !l occur during nolding, whereby silver blister

28 (andl prigmiMk deposi tot enshd OyRer C8HS8lyrene and -

Furthernore, the anount of nonomer ingredients wl

be nach ehsedréme) t herrieshs gduenba bliecdeeQmResichi ORpe
wher eby bl eedout tends to be caused onto the surface

of mdiea motaetedt podduetethpladdrthenwhe HbBEcIMAGEEr 11 the
as descri bed above, other nmononers which can be

englagjes] dorthe vimglopbhyntoimat apnuehygbehesedak area (B)
therewith, as long as the object of the present

I nviEh gy kemptandstettsng camdnbier seaki gheganChect

copol yneri zed, conjugat ed-di ene nononmers such as
butditele, arsbprieeea figy| compe hbedylateswelghtasatio.

met hyl nethacryl ate, ethyl methacrylate, propyl
met! c‘r&e)at:e,{%%ﬂ) mEthathsrete: ¥ heryhateelafchonsent

e o], sl ate, 15 propy acryiate

AU NP I LT

L RS RIS LT S TR TR BB e
oLonilion ol Al g

moliecehar ongi ghid ((Mie @f1 = Stoaa1H 0 COPol L r4utde Tg) ]

nunber - aver age nol ecul ar wei ght (Wnh) thereof should be
(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
pocly a-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 preduct] (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).



23 in the range of 1.6 to 4.0, preferably in the range
of 1.7 to 3.7, and nore preferably in the range of
1.8 to 3.5. Wien the value of MV M is [ess than 1.6,
the balance between the fluidity of the resin and the
29 nechanical properties of t;he resultant nol ded
product is disturbed, whereby it is difficult to

obtain suffigignte Per{oraRAceasna;t eskn el ded
product. On tﬁgmother hand, m%enmtle val Sggls%wgpg

t hare YaDioddtei S B widki Vi ise d@éﬁ%é@é%h%@ othergbyrhic
is difficult to forma |arge nol ded product, a

t hicopwl heek nof dede prasuct | iangnt benl Hke: ndstacsghere
of controlling the Mv Mh val ue, for exanple,
comsataiding tde ey of tutiomni speedodimd 0] aghtiaftRE rate
bl ades in a reactor according to a conti nuous
“polaprertiardt icdh stattrod; grare et erunéuat ed, thhepebyod]
copol ymer having a MM Mh value in the range of 1.6 to
2. 3icdn b Predircate Fanrdretente, thehaMtahevafuetgaene
be control |l ed between 2.0 and 4.0 by adding a 15
muIFE EFREOn &1U T dreh Gied M0 e lowi ng end of a | i ving
pol ynmer. Besi_des, the Mw M val ue can be controlled
bet ween 2.0 &fd'4%0 b}solaerﬁjdﬁar%raa{“ illustrating a

ul_ar - mel n redlent n the formof a

so%%p'gﬁaoPrg ﬁﬁ W@ di iy %%W%ﬁl?%%%k@{Mﬁs ofagsed
10%elighly 20,8V aLa0e ARG I o V}ﬁ{ag ?%3 My, & Jhc b aenof

verage nol ecular wei
|n%ﬁ@tb@@s@ﬁ%nﬁn%en¥§bﬁewﬁ%%ﬁ%x%ﬁ?%h cﬂ¥19 chlne

pol ystyrene using Gel Permeation rona ogr ap

( GPE) . Pepandi:BgpERaR ui-ke rbangs Qa‘héﬁzﬁrpom@rglﬂfeﬁn

25 i sopropenyl aromatic unit in a styrenic copol yner

of bl beepr @ésenhubadentirang WhieChderieipafter means the

Figure 6 is a diagram illustrating the

15 relationship between [the total amount of styrene, o-

methylstyrene and cyclchexane remaining in a styrenic

copolymer of the present invention] and [the glass-—

transition temperature (Tg) of the resultant pelleat]

{(i.e., the relationship between [the total amount of

20 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

25 styrenic copolymers having a different glass-transition

temperature from that of the other (i.e., change of the

heat gquantity near Tg according to DSC).

Figure 8 illustrates the results of



percent by weight of the isopropenyl aromatic unit on
the basis of the weight of the styrenic copolyner, the
30 styrenic copolymer should satisfy the follow ng
formulae (a'): CxA+ 102 <Tg~~DxA+ 102 (in case of 5
<A< 20), 5 -5.25 x 10-' 09 X 10-2 A2 + 1.72 x
10-1 A+ E< Tg :~ -5. 25 X A+ 1. 09 X10-2 A2

+ lvdak S
gl s i e

wheiei serft iﬁ&éﬁ%ﬂ@@nénﬁgébﬂoﬂ?é@?kéngf (tNE., the results
i sopropenyl 10 aromatic unit he styrenic

copad yrer ,weadithd:ath hei @F assst£ansi tion tenperature

(OC) of the styrenic copolyner, wherein the

condi ti ons W ichuar € def i medli byrathelfast 0681 8g=t0e12,
D=0.62, E=97, F=107, G= 1.04, H=73, 1 ~

0. ¢ ladridrs- o areesreedtt: aealt t heni 4bathe Hor aukagrenic
(a'") corresponds to the fornulae (a) as described

ab&Peo Iinathe § drirulzregany) | ipreieiab] yagi= [Bhé5yeDlowing
0.58, E =98, F =106, G=1.03, H= 74, 1 = 0. 80,

andfa}eﬁ o7 - Sand Wéfeplraé?%ﬂh‘&w betweon, [The 0isat F

20 F = 105, H=75 1=0.81, and J =
96"-61“%*?6@%%@ cod%tté}ﬁ %Paalrm%ﬁ%p%mew iR 6-HAEhy1

AR P IR R T RP, o

R 6%52?287 e e e

ang.hepdsst 9 tyrn, éiyqlo' Qg %mémﬁaergtﬂ e erei Jeen the

heat resi st ance an he anti

di stupbed:ivOnyt hanet ke shand when E%ﬁic%%@% the result

lower limt, the heat
of Comparatlve Example 3.

Figure 10 is a diagram illustrating the

15 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) .

20 Best Mode for Carrying out the Inventicn

25

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



Ts

31 resistance is not sufficient. The relationship

bet ween the content of an isopropenyl aromatic unit

in a styrenic copolyner obtained according to a
producti on nethod of the 5 present invention and the

gl ass-transition tenperature,sdoes not satisfy, for
exanpl e, Fox's relational expression, which has |ong
beethkrwWsedd isydhstdosedatbal @9p81ymer produced by
met hyl st yrene/ styrene copol yner according to a known

10 mpreecuetd on g@ttiothead | BivBsg Rexi gmeel bt 988l wherein an
expression (See, for exanple, Non-Patent Docunent

No 1Ejop rEpenyle asamathyc ansidmeni ¢reppokyneedobl,atped
according to a production nethod of the present

i nentiuge does amwtdesatilsfy Hoxves) rehataonahyl aromatic
expression is not known 15 precisely. Al though we are

SnofogeRstT dirved aperarid hedrd efgrmtla s hypas hésszedbed

that the reason is in part because the conposition

di $PPVBUt PR SFesh@s ronbmatetinits i n & kypodyasonf

the present invention is different fromthat in a
knaﬁﬂleaﬁoﬁwgﬁ,nmoc R S IRYaES St 1F obf thesubstituent

di fference between the production nethods, The

gl 4E8VFr ARsPt e WEEHFEr AVTHE G RHe T3 sthta§ vt ¢opnted
cap. be.~det erm,ned by nmeans_of. DSC (differenti.a

S SHTeR G )T Bhed 1 Enper b bitBDSE g6 L or more.

1odeperpimed aceording 4 oﬁ\ %A@Epggecﬁ’rgfﬁ{/{L bggdig?%; St?ahi)ﬁe

15

20

25

K7121 1's a%fine_ as a glass-transition’tenpera
orderuteudet RE Re the jhLue %&a§§iﬁ{f fﬂ#'é#be, and is
ec

tenperature of "a high polyner, the e
| mppetifesa32y shaukdebelremveer A8 H®BI h0dhe upper

therefor, for exanple,
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 cbject
of the present invention can be achieved in principle.
However, because the process using such a monomer has
nct 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 isoproperylbenzene (o-

methylstyrene), isopropenyltoluene,

isopropenylethylbenzene, isopropenylpropylbenzene,



a method wherein only a high-nol ecul ar wei ght
conponent is split by neans of gel perneation
chromat ography (GPC); a nethod wherein a dilute
solution wherein a 5 high-nol ecul ar wei ght polyner is
honogeneously dissolved is gﬁppped into a sol vent
which is indissoluble in thé 'high-nolecular weight

pol y5@s - ek, thh $SQ| Wbl 248 th ob?ﬁ%%ﬁ&?%é@%&%ﬁ?%ﬁ%?e,

impurities so as “to renove the

|i|ﬁ%é§¥b§@h§iﬁé&@ﬁ%@ﬁ%§ﬁe,Th@oﬁk@%%%&%%%%kﬁ%%% ene, can

tenperature of pol ystyrene as det ccording'to

sudde ser@fdrat edRs dPLer Hat heogebgEAIed romatic monomer
gl ass-transition tenperature of polystyrene is a

di fferientpmadarey fscomerdd2C due to an eval uation
met hod, nunerical values in 15 the fornulae (a') may

‘be conpensat et Forylexammhet i¢ heonghess; t FaRskkhABle,
tenperature of polystyrene is 103C, 1C is added to
botah ki ldessikoft ianyc achset wiende $wochmudaest fashesopas to
conpensate the fornulae (a'). The content of the
i s FFEPERY TSt TnamitlsRoreme a styeehiytstppehypel, 4-
of t.he present invention can be determ ned by
me LSS Y e TanaMvR (of - e tdoiplot ernand3 - €al cul at i ng
accarding.to the area of each of the resultant peaks.
| A TG EIHREEIT R Sy GHITE [COpoT YREANDf PHetnpbstyzene,
pres l.nyention is utilized, in parficular, for

O e R G s s oot tPet vl Sthy Lene;
i nhibi ted, 1;9x n,th tent of MDNOMEr . as.
deconpos%dl§%§ %gghé%hggﬁl d%ﬂﬁﬁﬁthe ﬂ%{%r%%$th%y%f

RISt b gl et g | gL o
f oblrowang cf eofk@rs(Bnd vinyl aromatic monomers may be
used in one kind, respectively, or may be used in the
15 form of a mixture of two or more, regpectively, 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
20 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
25 enhanced. On the other hand, when more than 95% by
welght, the copolymer tends to be pyrolyzed during melt
molding-processing, and thus a large quantity of gas

will occur during melding, whereby silver blister



B <0.0002 A2 - 0.0017 A+ D5 wherein A: the content
(% by weight) of said 10 isopropenyl aromatic unit in
said styrenic copolynmer, and B: the absorbance of
said styrenic copolynmer at 305 nm wherein when D =
0.52, the formula (b'") corresponds to the formula (b)
as described above. In the f la (b') as described

abaoy r a .= 0,51, and nore preferably D =

0. S5/ b B M HeR AT, Rator 820 RatiBeal ¢ Ant herrae:
or dyet r S | evel as .
to B arenly f it b T ELhEhES 840 By ¥8retded 1
obseyyatd Fug t ; rat i t f
Tonaere v are | deconpoda aar oo anneaepPo i Brgout
hi gherm ecallps el g oo YIRE GUEERGeMELt hps h‘n%lded
remar kabl 'y i ncreased, whereby the anount of the
Shopaeiscyemaining in the resultant nol ded product

may be increased. In particular, when a 20 biaxially

ori ent ed sheetn (LRB)t0¥n atb foOleEEfosheet s (PSPlesasibed
utilized in the field of food package is produced,
suelvcareshesthds mwpumtk forwicoth ecdn nge endlodhed tbe living
yel lowing of the resin is remarkably conspicuous,
whe@rdhjresx il amniay duealitsd meyebewtausesls 25ng as the
Furthernore, in a use for optical parts, the yellow ng
me&RS SOralCt dia ARSIt dnveerofion gha ok olight t hehs

mol ded product, i s varied dependi ng upon wavel ength,
wh&PEHY Stre Wi\%&ﬁ % Qs €GROIVHi tisrFd 0 o Hrgeted-diene
exhgg%.e§834 Iperefore .a user, for such a use is

parti cuf-arl y " “Sefisi HW@_’%QEHe VARG dFY¥he resin,
ang tAUS b S o %%%hpgé'Hg%ﬁfynmé¥¥gé¥§gg(éi ethyl

requi renents to decrease
methacrylate, propyl methacrylate, butyl methacrylate;

1

O

acrylates such as methyl acrylate, ethyl acrylate,

15 propyl acrylate, butyl acrylate; nitriles such as
acrylonitrile, methacrylonitrile; methacrylic acid;
acrylic acid; acrylic amide; wvinyl ether; N-
vinylpyrreolidone; 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



the yellowing. Wien a styrenic copolymer of the

present invention is utilized for a resin

nol ded- product, the styrenic copolymer should be a
copol ymer havi ng a wei ght-average nol ecul ar wei ght

(Mv) satisfying the follow 9 formula (c¢'): 10 F x

10-2 A2 + Gx 10-1 A+ H< X 10-3 < exp(J - 2.77 X
1012 Aawheyei ' ontent . (2 I.gh f .an
isopfﬁ%@nyllzg%ﬁgﬁ%%gﬁéiQEiﬁﬁgaf%gé%§$égi%gégsgl?ﬁggPCt
and i e paeel e ausy age [l apak ac, Vel 0Bt o LM nof
said styrenic 15 copol yner, wherein en the values of

F, sGf AR o) pieoimancd &2, 2 G s Zn o1k F 98o4uakd Jon
= 6.37, respectively, the formula (c') corresponds to

t he h20 oftolemulhan(d;) waserdesed i-hethe | s therd OFRMhas . 0, the
preferably, F = -2.29, G above. (c') as described

Sabdveidity?2 187 deexr itih et ofhelrdo@3it angl ADF€icult to

preferably, F =-2.75 G=2.20, H= 131 and/or J =

6. I3rmhen atrhe wallue dfondibiagi ghtclaveriagEel e duheTabar
wei ght (Mwv) of a styrenic copolyner is less than the
vaPtiedgati sppidnghehd ifigct ors of F = -1.92, G = 25 2.95
and H=98.2in the left side of the fornula (c') as
descri bed abb¥e?d tR& ST Rdniwalt stlleliyg H-lis Mw/Mn value,
decr eased, ind thus a sufficient performnce as a

resPh CHolHed  proaice lild ot e v sed: L StheTRIRA thie

es 1n

10PrQ &gnkgﬁgsglagreakin% and/ or cracki ng, when a nol ded
product “i’s

polymerization methed, 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

15 rmultifunctional compound to a growing end of a living

20

25

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 copclymer 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

reactor according to a continuous



removed froma nold to produce the nol ded product by a
nol di ng processing as an exanple, tends to be caused.
On the other hand, when the value of the

wei ght - average 5 nol ecul ar weight of a styrenic
copolynmer is larger than the value satisfying the
factor of J = 6.37 in the right side of the formul a

(c' g)tl,alseﬁiﬁé%é@&ﬁyﬁ@?@h?ﬁbﬁ shhuidit ¥nk prog}i%l@ Lan

deteriorated, whereby a |arge- size nD
notrdenid€ectd on- nol ded. 10 The present |nventor has
nore particularly studied the relationship between

the stauctaure 1f2 a 184 W &nisxc opol yer; aneh dbesr 5 « o <«
properties. As a result, it has been found that the

cont eritC )of | ow nol ecul ar wei ght conpounds wth

volatility remaining in the styrenic 15 copolynmer w ||
%af f ect-%.t# nolldiNgAprocessd ng Propafties.7and the heat p <
rresistance. On the basis_of this information, the

presems iventZdr hd Ackbrpll sheck the? fdl+owing x 107" A +
|nvent|on That is, the invention relates to a

styrenic 1€b|§cﬁ%ﬁ"rérf pthduced Bfla continuous |iving 20

pol yneri zati on met hod, conprising an isopropenyl

ar omatd & éni't B éprEsantied By * Phed ifoldasm g fast rﬁJIPsa< 95),
wherein the substituent group

e}?’lh§§§rhns Aﬁy&%&gé:ﬁnt@lnt% 5 Pyt bont ribie chﬁolé)iopenyl
v, HRSE ShLoLr b LRGN et couber, of Lg%o g,
fobh%@%“@r&%@&%ﬁ%n(%Emﬂg%ature (°C) of the styrenic
copolymer, wherein the conditions which are defined by
the factors C = 0.12, D = 0.62, E = 97, F = 107, G =
1.04, H =73, T = 0.79, and J = 98 are needed, and then
15 the formulae (a') corresponds to the formulae (a) as
described above.

In the formulae (a'), preferably C = 0.15, D
= 0.58, E =98, F= 106, G =1.03, H= 74, I = (.80,
and J = 97, and more preferably C = 0.20, D = 0.52, E =

20 99, F =105, G =1.02, H=175, I = 0.81, and J = 96.
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

25 1in heat stability during melting, and tends to turn
vellow, and the balance between the heat resistance and

the antiweatherability is disturbed. On the other

hand, when less than the lower limit, the heat



-HZC-C 5 wherein the substituent group R2 represents
hydr ogen, or a hydrocarbon radical of -C H21+1
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 aspount of : 10 an
|sopropenyl aromati ¢ nononer,” which remains in the

St Wi £+ £OPO! yoef ¢ V%’EE%EESQ by the follow ng
formula (3): wherein the substifuent group R

represents hYﬂﬁ@gﬁ@la@Ion@hfﬁdEQE@éQQntﬁ@dbgﬁkeQE of an
-CnH2n+i wherein n is an integer 15 nunber of

Moriesopfr A M1 ad OsrRd f Lo MNOFES » Mmsggréﬁﬂal Bépb@yméﬁ%e
styreni c copolynmer, represented by the foll ow ng

f orontlaal (e :a SHowdiat®i tho thes sedsE t { 8 Nke GROHPoR2t he
represents hydrogen, or a hydrocarbon radical of

> Cpzrseh twhereirt ion ssrah tht egbassnunbesi ofod PEmpBEQLure

and the substituent group R3 represents hydrogen or a
phéivas madi caltisid Sar potymels zafdohs sobventomhich
remains in the styrenic copolyner is 2,500 ppm by

we ST S61S 1o8ys whistah sl wtg Hek RGO r adi cal s
whi ch are included in these fornul ae are as enunerat ed
on the abovd® ¢ A%l P 95bI Yk izatdon for a

RGO L L .

I bt I
LoRoLYRLEa R SOEL 30,25 10 LA [BLEL U asor

15

20

2>

nﬁtggg o%oqe%%lﬂ%l%5 Kﬁ%@@éﬂé%%lﬁgkdﬁgg¥ ogPF?d The

pressufe. Thi's
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
precisely. Although we are not constrained by any
theories, it is hypothesized that the reason is in part
because the composition distribution of each monocmer
unit in a copolymer of the present invention is
different from that in a known copolymer, which is
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
as determined according to a method prescribed in JIS-
K7121 is defined as a glass-transition temperature. In

crder to determine the true glass-transition

temperature of a high polymer, the effect of impurities



met hod wherein a solution in which a polynerization
for a styrenic copolyner has been termnated is
heated so as to renobve unreacted nononmers and a

pol yneri zation solvent under a reduced-pressure

at nrosphere. The 20 renoved ug{eacted nononer s and

pol ymeri zation solvent can @ recovered and recycled

d
As gndetdhaod. OEEIFI 7 [y,Xgogt Ilng{'.ﬁg%i %ﬂe%n Pﬁédrfggu%gfample,

pressure, Sspeci r exanple

f'%§méﬂhéﬁmhﬁé4éﬁﬁqﬁnl§t9 ﬁl%ﬁnﬁofggﬁﬁ eﬁgﬁgrgtcomponent

pressure; and/or a nethod of heatl ng and evap

and v oJgtiid i} ngedde sol i Oﬁeéxﬁgéf’c@o}ieehreﬁékog @FV

reduced pressure by neans of an extruder or a k

5 oirdie ld kee et bengreferabhyiwte! baede 1 54 heravney
for the purpose of an effective volatilization, a | ow

%ouwug#qmanukmmm@qsm;aﬁemigrh@xﬁo@éﬁ@h@blﬁay be
added to the solution before the vent-port. Dependi ng

upoii stsied wewl dts |[drtoprafd airstad ventolgenerahiynt he 10
tenperature of the solution is controlled in the range
151@@lﬁg@hﬂ@k§XMDzﬂhﬁtﬂﬂghkmpkﬁrmﬁare@er@Utppe$§mee and
is _ .controlled to 10 MPa or less so as to volatilize
an@issedid ey glrattinge lanwmsnansl Fuche beht ebhpami ties so as
mononers and solvent. A nmethod wherein devices for

he§P|ﬁ&moyﬁlﬁpﬁlFf?ﬁ?ﬁ?%ﬁﬁﬁﬂam%dﬂﬁ%dlb?%s%@@eb%re
Oco %%Ee%tl% S ?ﬁis with each other so as to arrange
Forﬁldf g Sore Aiersi 9% Eﬁ%ﬁ?%ﬁ?%%?l@%
t dded t
cor bty o Bereedn g rheTr & he id ERcor ot deshod
Sow§§ ﬁ@2aﬁhanf§ EQ@ M9£§£h£3e865&8 1RAGS Qf; JTROMEr S

and a sol vent at
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 pclystyrene 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 inhibkited,
or when the content of a moncmer as decomposed and

generated during the melt molding of the resin should



second stage may be also utilized. After volatile
conponents have been renoved in a flashing tank, an
extruder with a vent, or a kneader may be further used
25 so as to renove residual volatile conponents. After
t he nononers and sol vent hava een renoved, the
styreni c copol yner can be pelletized according to a

knoyg gELbedscd9 2 IheokoLal aunuRl of gn isopropeny

aromati ¢ mononer, a vinyl a I'C fononer

p0|d@ﬁ%i}ﬁéf0§ho§PHV§ﬁ£tﬁérF?QE?E@9dt§§0%%§f§ﬁyﬁ§¥§§ﬁmula

copol ynmer should be controlled to™ 2, ppm by
or {wss; 5 preferably 2,400 ppm by weight or |ess, and
nore preferably 2,300 ppm by weight or |ess according

to a Bret hod)@f2 helatd ng-ool atd 14 zst i on under reduced
pressure. When the anmpunt is nore than 2500 ppm by
Weivgtareiandh variatdancéme t e heate i getst aRcea9f the 10
styreni c copolyner and variation in the fluidity of

t he samiqmemylesirerhr ingumbt dimgs procesgiagiar eopolymer,
remar kabl e, whereby it is difficult to provide a user

wi % Bt gl abswitmrige qualsayd smypaniccubaplymer at 305
dependi ng upon the device size, the structure and the

t emfer SHE 115 WeidiR iors BF, &l Whrmuhackbhe, candesponds
the like, the volatilization anount of nononers and a
sol"ert rfféimﬁi%ang@n AheEgBE P9d akrTed.

Accordi ngly, when the heat-resistance tenperature is
L9et to the vitdi %lhtey Ootfm“ﬁt?e {k} i VAT HOpér#dPance

paPt TETabied) 50 e i B ST N et 8557

VelnehMPontakre E%%%P%ﬂ%%ﬁetfkb%%$ﬁ%¥%ﬁ | VENt or

conti nued to devote hinself to studying. ﬁepa resuft,

| t mBasled 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. 1In particular, when a

20 biaxially 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 Furthermcre, 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.



been found that when a styrenic copolymer has a 25
nol ecul ar structure in a given range, and the total
anmount of nononers and a pol yneri zati on sol vent which
are included as inpurities in the styrenic copol yner
is 2,500 ppm by wei ght or ngﬁﬁ in particular, a 40
remar kabl y excellent resin ed- product can be

st aplyre prpducgd, suheegingt b gﬂﬁg'ngﬁn aq%ﬁ%cﬂgrly

structure In a glven range ec

te&m@l@ettef%@gyeibswgﬁadb§£§1é ;Q@% nd thus it is

glass-transition tenperature’5 e’styrenic

coppleyyref irgpdPrihe ﬁ@ﬁﬁ@r@ﬁné95rgﬁuige$égtg tBhﬁecrease

wei ght - aver age nol ecul ar weight (MM 1s In he range
of t3(; 0l tew309. 000, and the ratio (Mv M) of the
wei ght - aver age nol ecul ar weight (Mv) to the

Sunber - aver agehamw| £ cat pre bt gt pd Mihe b SoENthBepkanga:

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

t he preggeimin isvent I ored afopas t tesl armyl@eavpdedtibe, the
stable production of a precision part, an optica

parstty @i exonidadishestopiddecta ampdbjeeti bavimyded
sheet. 15 product, a |ar nj ection-nol ded product or

t he/Siiighd ~agatfsia H@Jc&fd%g]eﬁa%eﬂﬁm%cﬂéw cedt psbpengi ke

an ual it The ass transition tenperature i s
pr%/f)gll (1;?3 N qﬁ‘}éﬂr&an Jof 1060C to 138' C, and or & 20

prefer in the r of 107' C to 136*C _\Wen th
tenpng ﬁg |§&Io ﬁgn 050C" £tM¥ s d*@fléu?¥9ﬂ6 - 2.77

di ffereqpi-atg the heat resistance fromthat of
pol ystyrene. Ch t he ot her hand, when the tenperature

W h ort
i syRbgheh Whar nlAQ G 3 Pr@c hgﬁ%&%ﬁ%a<$ecu arsﬂ% g%?nyl

deconposi tion tenperature of
aromatic unit in said styrenic copolymer, and Mw: the

weight-average molecular weight (Mw) of said styrenic
15 copolymer, wherein when the values of F, G, H and J are
Fo=-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,
20 preferably, F = -2.29, G = 2.77, H = 112 and/or J =
©.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 =
25 2.95 and H = 98.2 in the left side of the forrmula (c')
as described above, the mechanical strength is
decreased, and thus a sufficient performance as a resin

molded product is not developed, whereby the probleﬁ of



product and the plasticizing tenperature of the resin
is narrowed down, and the generation anount of
nononers due to the deconposition of the styrenic
copolymer 41 during processing is increased, and
further a nold deposit and/of. a silver blister tend
to be caused, and the heat resistance of a nol ded

pr%%%%kl (gh&ﬁbp $8M§ﬁﬁd ﬁﬁeghg m@&ggﬁbgéggﬁ%% is

nmol ecul ar melght IS | e range O

300G e pref aeblrb{ n 6 t
290, OOOEEand(ﬁ%re 5?%?e%§b ié?ﬁgghgﬁergﬁgggg g58d886 by a

t 0 B0 .p Mhens 4 hey M | $n | O¥ehyt Bant «pQs000, bEhEaused
mechani cal strength is rapi dly decreased, 10 wheréeby

whem tdree cofrady Meind s widd i Zied @&l@eséfuﬁhér@51ght average
material, the use is largely restricted. On the other

5ham©16Mu&aHquﬂ@MﬂSbﬁnqﬂﬁﬂyf@mﬁc3@@@@@9mefh§snEhkger than

viscosity of the resin is increased, whereby the

fI@ﬁ@iW@hﬂétS&iﬁ&ﬁyﬁnqhnhemﬁamﬂ@&n@fiS de6reased. tAs

15 aresult, it is difficult to nold a precise part,

as TLEBIN sdsiet 1o redleedidl oy | enlt ata@rtd©$crhlee<poehlyme, the

chains is facilitated, whereby there occur various

pr SBERE t¥t A&t TEme IRk loaldeh B tarydi sikeerlgede thage-
extruded sheet roduct and an jnjectijon- nDIded

shééﬁezﬁlogﬁﬁa*u&m &G e ddd B WureGleken akded

strength; and, further that it is difficult to nold a
“ar ge nDIdedqhgrggﬁantBéﬁWﬁ¥$oﬁtﬂ?%éWWEEMﬁtﬁﬁ%ﬁltﬁey

vg/eggtttilea\/%@geeﬁ%ﬁ%%'s% egcfe}ee(nM@ g{:usgt dt-vbg_{-%r epi ¢

copol yner € nunber- aver age

_('VE):KréHQE!l @oB%lWe&h%nrdarﬁgl% %froij q_*ttlQesz 5, spraefrleésatpi’é/ it
int range of "1.65 to d Tror e pre erab
thragapgeén found that the content of low molecular weight
compounds with volatility remaining in the styrenic
15 copelymer will affect the molding-processing properties
and the heat resistance. OCn 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
20 polymerization method, comprising
an lisopropenyl aromatic unit represented by

the following formula (1):

wherein the substituent group R! represents hydrogen, or
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10

15

of 1.70 to 2.40. When the MV M is lower than 1.6, a

42 bal ance between the fluidity and the nechani ca
properties of the resin is upset, whereby it is

difficult to bring out sufficient performance as a

resin nol ded product. On the her hand, when the 5

MV WMn is larger than 2.5, thé Tluidity is bad, whereby

ef f&?%ﬁdﬁéé@f@éntPaM@Qlt 8? n@!g%%yll %)’%ev}.%igptrhgj{s It%;‘}? integer

copol ynmer 1s excessively raised are shown: t

t hetiegn@eecusr varsdpuscpLoblegs that it is difficult to
nol d a precise part; that the optical anisotropy is 10

ener ged; thata aniext radedasheetnpr odugte88dta8R by the
i nj ection-nol ded sheet product are decreased in
surffadewinmpatdrmiTengt h: and further that it is
difficult to nold a | arge nol ded product. The present
i nventor has found the 15 charactgristics (i) that an
AB-type or ABA-type bl ock copolyner wherein the

pol ymer chain conpri si ng—ef-pgc—vgnyl- aromatic unit
exists in the initial end and/or] the term nal end of
t he bl ock copol ynmer, wherein ' epresents a single
pol ymer conponent mainly conpr'si\da 20 a vinyl
aromatic unit, and 'B represen andom copol yner
conponent conprising an isopropenyl™aromatic unit and
a vinyl aromatic unit, is equal to a random copol yner
in rformance suych .as heat resi st-ance, heat

sta i%lrie;1 ?ﬁ#&cﬁg%sgéatuﬁrngcpe%ﬁ”@s% anGPreTeR Sy DshPap, or

(i iy) lhg,la%c%%%nalfygqbl copolyrer s pempikably b eger

nfi2ngl Fatbof*
excel 'ent 1'n conpati ity with“a singre pol'ymer _
haviiRgert BE 38R SUUCT Wi 85.d fgq;bsq{)- Gl Ve AL ic
unit which is one conponent of the 1Ioc copol yner .
WieBpirks43ts 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, cor
a hydrocarbon radical of -CyHsne 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):
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is desired that a styrenic copolynmer of the present
invention is reused as a recycling material, bringing
out the characteristics as descri bed above, for
exanpl e, when it is desired that the styrenic

copolynmer 5 is nelt-kneaded g%th pol ystyrene for

reuse, a copolyner wherein pol ystyrene chain(s) is

bl ocked in the termnal(s) of_the high-nolecul ar

chain of the copolyner can b& utilized. The length of

bl ock chain of the vinyl (Jl@.agomatic unit is

especially not limted, bt pieferably the

nunber - aver age nol ecul ar wei of the block chain

portion is in the range of }, to 300, 000.

Furthernore, the Mv Mh of a conponent conpri sing

the vinyl aromatic unit is prefeﬁgbly in the range of

15 1.0 to 2.5. The ratio (Mwv M) of [the

wei ght - average nol ecul ar weight (Mvy) of a styrenic

copbleymen Nhae myplest vt arongt iR ukidreasm DBk ogen, or

conponent] to [the nunber-average nol ecul ar wei ght

( MR) hyREpearposhadldd dsd 20F i1THbe1rangeedh f. 6st endiffeger

preferably in the range of 1.7 to 3.7, and nore

pr BHEPSRI $Ti A CFeModifge agfd 1£hee t9to: B uastierg e MW Vh

value is lower than 1.6, a balance between the

f1 GFEFEYCand FHETREERa cal RoYsler thaski ¥l - -ame resin

IS upset, whereb fficult tao bring 25 out
%bﬁﬁﬁﬁ%%QS i the

SePFURSel BBt Yhe tae A TR 1 -

| ar ge nol dedpprogdyet, o& h idgb‘é?l'ﬂb%‘?l mal ded jar educt, ., o

and 44 the like. In a nmethod of producing a styrenic

COpOLYHBEd 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
S0 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 sclution in which a polymerization for
a styrenic copolymer has been terminated is heated so
as to remove unreacted monomers and & polymerization
solvent under a reduced-pressure atmosphere. The
removed unreacted moncmers and polymerization solvent
can be recovered and recycled.

As a method of heating-velatilization under

reduced pressure, specifically, for example, a method



having a vinyl aromatic unit as a bl ock conponent,
first of all, a single polyner conprising a vinyl 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,qa contlnuous vessel type
of reactor with agitating blages a continuous coil -

typer reatdiPing (Hhér@bi&%@bnc?ﬂ§§q5ee%h¥'uﬂaeloreduced
i sopropenyl aronatic mononer, a vinyl aromat

Mo suranthided i Ving siaobe PoLYIBY SAAPLLSHRY LR
vinyl aromatic unit(s) are fed into a conti nuous

vessel woperiofzireaciios 3 Lk Bgh t aEbAda bladespseragntier
be copol ynmerized, whereby an AB-type bl ock copol yner

carelhidzsel preduces: BAheme ats ABA-d1iy pexbloe&r COPOhYRBEader ;
is produced, the AB-type bl ock copol yner is produced,
¥ oldrowed Byi Mei dang hpolpyreefre zatiiwniwdl T hzadvi nylirthermore,
aromatic unit in another reactor so as to produce the
ABACEy fdie Ipiugalossopd] yarera f f@dielrwd seoldiel ABzaypen, a low
I|V|n .20 copol yner is produced, followed by, for
nga@&lmg QBRI S USHT et DRk @O pbomo hhineh be
can re ct with a _living gromnngﬁfpe0|es i n anot her

r e&EF6F &6 & et&"%&ﬁ’c@@tﬁ?ef q iRkt - Depending
o BBt Sk vaﬁ#ﬁﬁﬂ‘%&r T UG GESR Y bk che

t ention ecj aII
Of."?ng%“ﬁ% u2e bie %%Efs%gﬁé—'f% & el e yREHE ange
COBQ'X@@rtBagb@g% éﬁadﬁﬂébegg sacCBRerally., 4 %%s%ure is

of i sopropenyl AF OFBti C GhIE Chai ns exist tHersi

theogepehyrer -bends upho ohe 1RwE0ly7 eds t%P%lda{hgm’ze'&nd
is preferred to control the isopropenyl aromatic unit

chakmsvkovboktimer eohpancheur suint Ghaidts fy1 S ®omers
uses.
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 1s 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 remcved 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.



5 Since a vinyl aromatic unit is not in danger of
bei ng conprom sed in heat stability even in the form
of chain, it may have a long chain structure. The
present inventor has been found that with respect to
a styrenic copol yner of the present 10 invention, even
when at |east two styrenic copolyners different from

each other inTEOPEbYSES iZ8thONzCOAPOSEL i -
and/ or wei ght - aver age nnle%ula? meigﬁtbgggeéﬁén%égmatlc

W tforeaedt: otderi gy ayoRIPOShEhORer 8140, EBQ erization
resultant resin conposition forns a conplete 1§m

corpatvdite syst@msmas 110 {08 ey RONDEEROPS19REr should
phase, whereby it has performance equivalent to that

of ke wstryrmemileed apwl 3ner0 hepth Ngy awddDHRYEnpUSess,
conposition, as produced by pol ynerization. According

%t o psifs akflor et Wh, pemeriel yw20stor ovi dbels ¢ hatndemeral
types of styrenic copol yners have been prepared,
quiPtte I8 Fadyh vt e bfomopgut yherghttompoke s s onscdirfif pgent a
in_conposition fromeach other can be obtained
dePERdiNG Wpdiead a6 Neitti it it kdve undsy engduced

copol yners. a result, a nolded product 25 with

oS FET Ut oPRERL & AT SRTEY Feo Mg vt b 4389 | gon by

obt ai. , wWhich can r.enar.kahl ontribute to a

R A e R LS e TR ik et e P Brcha

co r.t.her.nor e such .copal r c 0sjtion
1046§E¥§§%6§ ?8_y%&?ﬁgi%§§§§¥§?éhHé“géﬁ%ﬂsﬁérgﬁﬁ%iﬁ?%n?f the

| Npo¢opel YaBAhZat,i,qn € hg'gﬂghégﬁﬁﬂﬁékﬁg%%ﬂgﬁ%rkable,

utilized mqth no wast e.
knowa rbbendicng s5dretrhed 16an obe eRleyed.  SHUCh, 8%, & stable

met hod of blending at |east two types of styrenic
copebynets whatht@Le In particular, depending upon the
device size, the structure and the temperature
15 ceonditions of a molding machine, and the like, the
volatilization amcunt of monomers and a solvent
remaining in the resin is varied. Accerdingly, when
the heat-resistance temperature is set to the vicinity
of the limit value in performance as requested by a
20 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
25 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



different fromeach other in copolymnerization

conposition ratio and/ or wei ght-average nol ecul ar

weight , 4 ~n a solution; or a nethod of blending the

same 10 in a nolten state by nmeans of an extruder, a
kneader or the like. A styr y c copolynmer of the

present invention can be produced according to a

i vi g Pl yerd zad § : Ly
polynprizatF%n_H%%%g%%tPﬁ%%gge?ggﬁ?hlﬁkﬁgycF!ﬁfpegetgFably
a_ldMdg-an] AMer Ol YIRS | #aEL PG TEL A1 BV LG ucrure in
radi cal polynerization nethod, and a living cationic

polay nEiriezat i oy dretosh s Thenst ¥E gDk 1512¢ ;
prodggéd inegﬁi nethodsthereof.ﬁgﬁgngegggﬁggénsgegsg?lng

pardhicc WaaldiBidiy it aniioni ¢1 potypeshiati 0 FELPRYakSre
20 preferred. Neverthel ess, when a nononer having a
Spoli@rg) griouphd sstoop yaretdzelymar | {yi ng tB€di eahge of 105°C
pol ynerization nethod is preferred. As the |iving
anitonild )36l y rbei patiigbn -ewthede e lkrain metdiathticaMbe is in
used. For exanple, an organic 25 |ithiumconpound is
usédeagagye mift i%.d00 SpeciFi A0y, ams dne organd c (Mw/Mn)
['ithium conmpound, n- butyliithium sec-butyllithium

t - Bt S tIGR - asteAdg mlagubenaeighihi (My) to the

1, 6-dilithiohexane, 47 styryllithium
buf%fa‘%ﬁﬂarfietfﬁi%nmoc%@%?@q e Ten B8 isedin Apmgrange of

1Oth§n% @bbgyﬁglithiun1and sec-butyllithium are

préferred. 5 a polynerization solvent, a hydrocarbon

5 d wi,t t. t at h
i troben i's B GPAFASd’ RSV T qrBCHIBEE Compt Tt sRent
al ﬁﬁb@hkgow%ﬁc@5&3&&%‘5&%@)&%%0@ ol O@ééb"laen

=]
hydr ocar bon conpound are us I'n "particular,
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
gquality.
The glass-transition temperature is

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

25

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
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



al i phatic hydrocarbon conmpound with no aromatic ring
is 10 preferred. As the aliphatic hydrocarbon
conmpound, specifically, a straight-chain aliphatic
hydrocarbon conpound such as n-hexane, heptane,
octane or nonane; an alicycl,j,c aliphatic hydrocarbon
conpound such as cycl ohexane "or decahydr onapht hal ene;

or dbeidd r&@@s@fn&51§nyﬂgpééggd EQEE ef, Lhese , moLd

al i phati c hydrocarbon conpounds fa e used as a mai

COWﬂgm%ﬁt(ﬁnéVo§Q$yg?l#éﬁleDsﬁQkVEQBd wai b ey shey, aand

single conmpound, or a mxture of two or nore
COMInAITGisa t W Bé i &€ o4 GhdPded PRLALELMPRAGAL +of 13
sol vent' neans a solvent 20 occupying 50% by wei ght or
norlewdrdde total conponents of the solvent. In
particular, a preferred conpound is cyclohexane. The
concentrat i orltof wonpnef svasagachotledul ar deigWt (Mw) is
mat eri al solution conprising the nononers and a 25
poliydiez aransre so] ViEht0G® tot300 Me@d pneparabtul an, the
whi ch may be determ ned dependi ng upon the structure
Ofr@Qﬂﬁﬂ%%@%%iHH]@WI&ﬁﬁﬁQﬁO tdred reeee gpreferably in the
pogynerlz tion, ~and a (%?erlzatlon tenperature. For

ex&MpI%E, Gin Ladd%go o?f thg JBrSherhe divohs theer than
ra polymeri zatian extrenely high, and thus
thté%cgr?co R (TR Cﬁjefsé?faed} B it HeAR ahbe %%cse%ed
10°0%. Y. Antn @%%ndo I, desired to heighten th

CORCSHErYt o ot oSS nralsre% =t aﬁlss%l?ﬁ?%ﬁtural
oA e P S8 e

provide a 'polynerization FPeact or Wi

asnkadlenpee thel Vi %EEEZ%H@%%Ih%ﬁﬁﬁnédﬁ dd@'ﬂ91|%%

| at ent heat of evaporation of a solvert 11 or
ef riecestity pempve l@spel yRerinzaldend eagid-uhheat. In

particul ar, when

fluidity of the resin during molding is decreased. As
15 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
20 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
25 copolymer to the number-average molecular weight {Mn)
should be in the range of 1.6 toc 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



cycl ohexane (w th which n-hexane may be i ncor porated)
is mainly enployed as a pol ynerization solvent, since
the boiling point of cyclohexane is 82'C, it is easy
to control the polynerization tenperature near a 15
tenperature between 800C to 900C, whereby a styrenic
copolynmer with quality stabilized can be obtai ned. The
POl yATesh Zat h &P t i | rghar 2By mel nange
o 0 G To ho0 EEMTEne SE LR By BhA Tt meldharlt
500k dpe 200 £ oangnst keLiADE e ppeker abhy bt he 3Q
range of 550C to 950C. When the pol ynerization

t enpief i ks i so llonefigt ban 4Q06€; ci Batr packbeRahake 4lsS 4
decreased, whereby the tenperature has no practica
useresior moddesd rpabdpeoducthonthe CothBe ahhar hasd, the
when the polynerization tenperature i s higher than

5110B8TMnt hes 25 mapol ymer 2 5 ene kAblydyel| oveBadanehereby

decreased in weatherability, as well as in heat

st &509a86 duirig T ned il Phetypokaicleopekyget of the

present. i nvention 49 can be produced according to a

CoMOPRUGIE Y iV RFFCHot ity 282 1 9od nethoshovor tkahple,

usin% a conplete mxing t¥ﬂ§?0f pol ymeri zation

r e&CFGF. SEHET Widse WS Ot HES o At coRplef BiaikEngo

ty of _polynerizatign 5 reactor and, a non-conplete

ni%%%&‘ﬁy§§¥§Fsﬁxﬁ i olF Rt orE el b rsey 1
1 opat ., rder .t bt ai,n a random copol yner, a

& e‘iléle%l,. th%éc Oatnygaxtz%q_lcpeocf shee% éfll.%cgu?tea Yf%raIi-lS

conplet'e mxin e of polyneriz

pr%ﬁ%%&%qodﬂ%%ldﬁa“gﬂgéﬁfbféHH%é“é%é“&%é%%é%%% %% surface

pol yireri zation' 10 means, for exanple, a

POl YiFBERZ @ t&R 1 gt$QPHRRE MU rtHLMBl{ £ MNeNery and: &1+ +o
vinyl aromatic nonomer by means of such a continuous
compllet @ Maxigagmolded product.
The present inventor has found the
15 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

20 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

25 (i1) 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 ccpolymer. When it



1

type of reactor as to nmake the concentration of each

of the nononers and a |iving copol ynmer which exist in

a 15 system of reaction be always constant. Wth

respect to one of objective indicators for judging

whet her a pol ynerization reactor is a conplete m xing
type or a non-conplete nixinjt%ype, for exanple, when

a \ ' [ eact i is_ carried out 20 _using a
e e et SAC IRk CEEPITBY R oY BleRen:
di std+f i f.th Lgh-.mml ecul ar-_.
wei ght%lo%ﬂcé%é\@d%?gr?né ngd,ES??E%Eggl\/&ﬂ%g/gr\gglluegrrgngmg
abaiitr Zhd Nendol yweri galéona£€acL o 6aR Beoiudged to

be a conplete mxing type. Wien a polynerizafion

I eacdaoip12h iwhen plgid | @ Stadephkt €the@sPOP2RORPLELB 1 ymer
m xi ng type of polynerization reactor is used, the
Mvih medltuerdded beitabatdl st pree Vabderbasger at B8Bo1 ymer
2. In order to achieve a conplete mxing type, 50

f acthers isuch rasl wadtey rshapectanth | 0 ef §ab1 st keet thetpE a

pol ymeri zation reactor, the shape of agitating bl ades,

t héeravdladt ison cspade dfigthenalptatangche adest the
viscosity of a polyneric solution, the arrangenent of

a 5°8¢gpTeipsan fosr dithioheti ng a raw material into

the polynerization reactor and an exhaust port are

signi ficant. TTfe iemddht Gf RiCTHorenpar teEutke | yinyl
studied, .t he factors. As a.result, it has been foun

] d
t hat “5°t16 Sy ieric SEHFSIELY fHT acHievihg ke REfER¥abLY
f i ti be pr. d. by usi ,
o PP R e R4 B P 2 S B fr ot TR ebain
tNgoirehahl 0us ;hekpeen bae I gt A ddiey@xiayst port

of © the polynerization reactor ‘Ustrated in
Furthermore, the Mw/Mn of a block component comprising

(=)

the vinyl aromatic unit is preferably in the range of

15 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

20 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 preperties of

the resin 1s upset, whereby it is difficult to bring

25 out sufficient performance as a resin molding product.

Cn 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



15 Figure 10. That is, a nethod of producing, by a
living polynerization nmethod, a styrenic copol yner
conprising an isopropenyl aromatic unit represented
by the following forrmula (1): wherein the substituent
group Rl represents hydrogen,, or 20 a hydrocarbon

radi cal of -C H2,11 wherein #% s an integer nunber of

1 ofhdorexeand a vinyl aromatic unit represented by
the following formula (2): 51 R3 | -HZC C wherein

the substituent greupniad LepLesantsnhydr r
hydr ocar bon radi cal of -CnFQ%+1 mhepgi% %Qggegﬁc Rpolymer

| ntlegeing nunpesy Df a doRst 0BT €ni@Ndst Repsubst bR ent
group R3 represents hydrogen or a phenyl radical, 5
saifdi et hofl £ohPra sé NPy 1€ oRd1l AHOUSEYmpRE ERHUCHNG 13 Jhaw
material solution conprising nononers and a sol vent

3 ntayranatviesselit pe o peadhosd hayimgaAssSbifr Bi Bgtch-type
machi ne from the | ower or upper part of said reactor;
and B sriod it i an tsiai wb st yirem et gopot yaetowhi hecontinuous
continuously discharging a polyneric solution fromthe
UpPER DY Sifers pHric dfixel d-yeawctargomhichoiis vessel type
positioned in the opposite direction of the inlet of

sai’d r&R Tt sEIRaoMY Halsadren ¢ ou@dtingoThecoil-
structure of the stirring nachine is not _limted in

paFﬁRﬁﬂ%ﬁ%Cqﬂﬁ'i%¥rﬁQ§ y SRERAUSEFLEL uRR as to
LES L IIEA B AL cal Ll e MLl conomer,
and the living single pclymer comprising the vinyl
arcmatic unit{s) are fed into a continuocus vessel type
of reactor with agitating blades so as to be
copolymerized, whereby an AB-type block copolymer can
15 be produced. When an ABA-type block copolymer is
produced, the AB-type block copolymer is produced,
followed by living peolymerization with a vinyl aromatic
unit in another reactor so as to produce the ABRA-type
block copolymer. Otherwise the AB-type living
20 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 copclymer.

A style of bonding an isopropenyl aromatic
25 unit and a vinyl arcomatic 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



limted in particular, but is preferably provided wth
20 a baffle so as to formthe honbgeneous phase of a
pol ynmeri c solution. The anpbunt of the polyneric
solution with which the interior of a vessel-type of
reactor is filled may be such 2 sol ution anount as to
52 reveal a stirring effect %y the stirring machi ne.

I't af@m@%f&euﬁpkycﬂaihglestEh%héﬁggﬁ of %4 @%#J“@ends

vol une on the basis of the volunme of the reac or

i's ﬁdﬂﬁétﬁ@folﬁﬁédtheA&@&&HQE@Eyal1k'§§'9re§erred to
conpri si ng nmonomers and a sol vehAf shoul

(xnﬁdﬁtim$|Whénié@@ﬂ@pénymtQrbﬁﬁtygsﬁﬁhttEﬁgl%% to not
reactor fromthe | ower or upper part of the reactor,

andndie tipot yiert cusbdt uth@insheykdsbRecaBtiknuousl y
di scharged fromthe upper or |ower part of said
Yeactor, whichinse 19 posylienedatict beioppeshb® in danger
direction of the inlet of said raw material solution.
Theiwdrding caner opposd t en eaecstanidityhevienl eh ahe form
said raw material solution' neans the range of 90 to
276t fGemnhel e dmerhaens t heng | ghetn aptiruheuerhaust
port are positioned at about the 15 sane distance from
a sol ution | V& Rﬁ?%ﬁﬂﬁwﬂﬁ?ﬁ%&%ﬁp@%s heeon Fpgofethet with
Furth ernore, as shown in eﬁﬂgPle 2 or 3 of Figure 10,
whén *6ve ofciﬁé%qﬂ?ﬁn%ﬁufq Beraust t%%rPr?§ent

r 8 sql | utign | evel , the wor means

mPO%EAe%ggg;ﬁe bé}to 5\ o TR ?%%5‘?%?(9 ‘éﬁpV\M’ﬁerS
| @ IZLEON AT Uadih JNE L SAC Afpd BAD0 YO 20T

the total volune of the reactor,

raﬁ@ﬁp@%@%lb&?f%ﬂid”éﬂaﬁéfnwéﬁﬁﬁﬁﬂ§%é§a%£§m5f@&&fgr

The nunber of polynerization reactor used 15s
notvehigc@ssakl by dniddd ed o oneh BlHed WO Un POESrpdDition

reactors nmay be connected to each other dependlng upon

ratio, the resultant resin composition forms a complete

15 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

20 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

25 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 copclymer compositions
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t he purpose. Furthernore, reactors to be connected to
the pre-reactor and/or post-reactor of a
pol ynmeri zation reactor for producing a styrenic
copol ymer of the 53 present i nvention are not
necessarily limted to a qzlete m xi ng type of

but

pol yneri zati on reactors, non- conpl ete m xi ng

LIRS O PUNTEI R 0N, SR P T P UBCH D e in
I's rRAuLRd BCAO éﬂ'&bﬂﬁﬁ§&é¥%ﬁ'”U€¥3r£§¥h”8an be utilized

polynerlzatlon nmet hod e styr'eni’c copol ymer

bl ek, the wetdrer. pol ynmer having a vinyl aromatic unit,
bringing out the best of the features of living 10

pol yneri zati gy aTM%dmdgormm&dp%aﬁEM@ﬁ' IQDendJ_ng
reactors my be connecte in series to each ot her

Sdependiony capobet RenflwRese So-asd & hockod heripithalng at

end and/or term nal end of a styrenic copolyner with a
pollygaet: havi nypesviofylstarrenaitd cdpt Tyvmdbs Rutii dier aB& e,
ail-vinyl aromatic nononers nmay be polynerized by
media$ Lot entte frioms eapdl yidhEz dtn arepaleant 0f zat@hsh t hen
| sopropenyl aromatic nononers and vinyl aromatic
noﬁ@ﬁ§P§lﬁaynbéa@éﬁoﬁyﬁepwzmﬁn&hﬂnavﬂﬂ&gesedmmmlar
ol yneri zation reactor so as to obtain a block 20
t%wﬁﬁr 6ff FhECSMAGPE /ety Femetidiichgfa Rignding the same

aronatlc t he copol yner of an isopropen
ar%ﬂa?lgoeﬁﬁp gﬁg E g“&¥8§hﬁﬂ:ﬁﬁﬂ§u é%ng%ngéﬁ#ﬁer or

|n¥§Qt9£ ?as been devoted to continue studying.
Consequently, he has devel oped a 25 styrenic

copol ymer CoﬂpgﬁgFgﬁﬁcceggklgﬁgg %fwkﬁturefﬁeﬁg invé%tlon

two styrenic copolyners, ar € produ

copihnBOUSrbhvERY ReLyPREhgathon method, COMRdSiNg ; o,

method. The living polymerization methods include, but
not limited to, a living anicnic polymerization method,
a living radical polymerization method, and a living
cationic polymerization method. The styrenic copolymer
can be produced in any method thereof. Among them, in
particular, a living anionic polymerization method is
preferred. Nevertheless, when a monomer having a polar
group 1s 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-dilithiochexane,



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 [ag7isopropenyl aromatic
mononer represented 5 by the’‘fornmula (3) as descri bed
abq) i i { ¢. opnoner _represented b
el P B0 I AUOTRLL € CROGREr o LEBLESRTIET Y, o
POlWRI T Zadi Yy r&AGt orn Wit &11 1 08 GAMRRSI LL fplkn? 2% i um
[said i sopropenyl aronatic ~ nonomer representea y the

foraAd »APHdrdi[said vinyl 10 aromatic nmonomner
represented by the fornula (4)] ina raw materia

solution is qontd POUFher Dfat NERrEBI{EAt! Yo £hargedrpon
and each of said at |least two styrenic copolyners

5hawa@dmudnwﬂxﬁddﬂﬂhﬂyﬂﬂétéﬁo[éﬁ&ﬁis&é@péQpéﬁy%en or
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aromati ¢ nonomer represented by the fornmula 15 (3)] to

[ saiid rwigeyl iar gmetfier mmnongrs raps esgit @th Byoh h€ompound, an
formula (4)] which is different fromthat of the

ot BdiphaThe prvelyemnta nonrentampchasd faoundan heromatic
characteristics of such a styrenic copol yner

c ORPESCERSR O SCMPIPe st yarrenius esbpol Ymava ciohpositi oani s
ZOéﬁ%uivalent to a random copol yner in performance

su

RE 3T hEat YPESICSIaEe CORBRUISE il (3 Frataipicating is
CORDREFBTS S 11° & BoFyner i Ay SFaAAorhr G esd.
Unke s 8GR0, FOTRONLr 25T o sugmcsts el
B e e S e S R Ve
viayl agiepBlie HIiphasi® MBHPoRRArbon compound such as
cyclohexane or decahydronaphthalene; or the like can be
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 compcnent of a solvent' means a solvent

cccupying 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 menomers and a
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



conmponent, such as pol ystyrene, so as to be reused.

The wordi ng 'copolyners different fromeach other in
conmposition rati o' herein nmeans copol yners which are
different fromeach other in glass-transition 5
tenperature by at |least 30C due to the difference in
conposition ratio. The wordi ng” ' provi ding an

| SQp¥ op ¢ - r.and a_vinyl aromati.c . .
nononerff%%% gﬁ?g@%%%%g?gggﬁoE%FeggFgr ﬁqgﬂﬂi§lzatlon 13
corpastdhon, rat 4R, ok, 40 fatdehaoprapenyl aramatic
nmononer to said vinyl aronatic nonomer innonofers is

cont ddwions vy ofn tREerghtentl y chaggedy, "Ra%y hat
the concentration of each of nononers ag I'ntroduced

into a pol ymesha@atienisreast -en sysheRyhserophinuously

or intermttently 15 changed. As a result, the
Sconposidritara i o Ofmdtkene 88 OPAL hCrARNRARES A th€ution so
resul tant styrenic copolymer is continuously changed,
whersehyo arstrygress @oopotyiestyconposst HeBi e0APELSHREvide a
at | east two styrenic copolyners each of which is

di ffcdnamtr fragmarher otdiesr imi @0 goostituséonab as to remove
conposition ratio can be sequentially produced. The

st WA Tddsdl e esdnpas i 4§ bhizbnprisé njatemb beahooé

styreni c copolyners each of which is different from
t hE VOPREAHIP e SHs 1A R4 6Hal Honpedstion 25ftat ot hayremove

be m.xed _i.n salution in a bhatch-type vessel, followed
L0py PALYERF G A0 & KRt D peduse aPr cEBER e

SOREILRLEINNS A 30 ol o elhervize ol Loted by, o,

RS LR M B SPBSRILNED L
the boiling point of cyclohexane is 82°C, it is easy to
control the polymerization temperature near a

15 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 preferzably in the
range of 50°C to 100°C, and still more preferably in the
20 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
25 copolymer is remarkably vellowed, and decreased in
weatherability, as well as in heat stability during

melting.

A styrenic copolymer of the present invention



wi t hout keeping the styrenic copol ymer conposition in
solution in the batch-type vessel, the conposition may
5 be recovered in pellet as it is, and the resultant
10 pellets can m xed and honogeni zed in a batch-type
or continuous-type of m xi n% vessel . Ot herw se the

pell ets may be honobgeni zed | % he mi xi ng vessel,

fol X | der. An
odé%m%%E§¢%§¥§?§n%ﬁé§%éfg £ gSEggF?gugé%;?l%ﬁgg

exanpl e ft ro on Of a Spéci en

CORRIIWRRI - ;GO e | I £ be @Q#ﬂ%ﬁ@tegsiﬁg(%??bmg%gte

mat erical of an isopropenyl aromatic nbnoner

a wiiByilnaar ifF - ; j he R ANo]
DL R R e o 1) GomepLiLos

r eackerins® ias o ke qelpinerd zedi And:ypersaf b8t ymbhezat ion
raw material is changed for a raw material having a
5di freerentr GoRPEsS indrordratlie: & Uik Bsg M ypéd M= 40/ 60 (%
by weight), and successively the new raw material is
i neédueed Zantion heacraot arasdasided be pol yaetizetar, in
20 Such a change in conposition ratio will be referred
t 00T e obd@Posiat iremdofn araraw yet ef i al cdrasl deenmixing
intermttently changed'. Wen the nononers are
poltyREr PEe@CiliMERi S afrdidie £ e 3 teup ol 3/ riere Tonpodi t | Bre
congr%sing.copolyners whi ch are changed sequential ly
i NW95S¢BAP0Si CPBR LEFEMTLid "Soryd s 19 TorP D YTee Tt et

as roduced b ol,ynmerization at_ ML/ M2 = 50/50 (% by
lo\A/elfnS%P)s’t OFhSXE‘E‘F%Er\ési fi B 6P % o gt YT & dhduced
by-gg@g Eh tiLon ML/ M2 = 40/.60, (% by ight). The
57"°p oggceéilcgggfn%tﬁéf: CERSBST PO i% Vrﬁwg al%o atic
sohUhbABr! By AcDALCHFt ¥Rey oL vessal, of, otherwise ;.
agitated and m xed “I'npe | 6t, ?%ﬁ]r%“\/\/é’ldg tg:yoef‘rlp\#ee}ael ng 1ha
Met{p8008SrkAcBBLakD to make the concentration of each of

the monomers and a living copolymer which exist in a
15 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
20 using a styrenic monomer, and the molecular-weight
distribution (Mw/Mn) of the resultant high-moclecular-
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
25 1in 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,



a copol ynmer conposition having a certain conposition.

5 A styrenic copol yner conposition as produced in

this manner can be considered as a m xture of

copol ynmers conprising an isopropenyl aromatic unit
conmponent and a vinyl aromati.¢, unit conponent, wherein
each of said copolyners is different fromthe other in
10 reemRosd tham rad i opof s{ihe a&gpmi?smlagege&?ran' 4
conponent] to [the vinyl aromatic unit conponent]. The
St YoANiG: CORN! YIRer - £OMROS] 10D QS bBUSrPEQINEednESp1 sges,
remar kably conpatible with a single polyner of a“vinyl

ar @et ire:vnoNesn Sk € aRe nﬁi@tﬁi‘téﬁﬁn&[ﬂﬁi‘§ﬂé§?nEMel5

wi t hout causing a decrease in nmechanical properties.

Thus sitoshiasy efera famindndhiad $dieutst o 2N Ke COPBENGBRent of a
conposition can serve nmany uses as a recycling

smasepipdly. dorta Adwiing: mndwrirey pol yaermaed + bal nefhedihe
20 which is a typical exanple of a nmethod of producing

a FPYVEEIrd Zedgely mmacifonrt kerdprass enthauwerpoon, atde
termnation of a polynerization reaction is preferably
cafiP8d LG nkhen t he anmount of a residual vinyl

aromati c nongner existing in the styrenic copol ymer
has 25 been 39%by WEIGIRE 629 &8 Hinr praferaby ys 196 byd

welght ._or |l ess. An isoprapenyl aronmatic npnone
belcg(reef X @%

r may
NEESin Pie Ssystemtor ited@d e fiqued that a
po Lzati I tiqn _has been tern nated when_the
10BgREIEEhER Sggglgglé%irdﬁé’lr FERIE A Sttt Hotfomer©s e
| apg8EentNan LYY RLgNLe Lheamaunt, of, 4 [ es] dual
vinyl aromatic nononer rendining in the péﬁ?ner is

exgesohy¥ei wheRnt RRACOBR! KARK niyS o 8COVEI&H., MENEDY: e .
the vinyl 5 aromatic nononmer may be generated as a gas
duth@agrelations between the inlet and the exhaust port of
the polymerization reacter will be illustrated in
15 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
20 a hydrocarben radical of -CuiHn.; wherein n is an integer
number of 1 or more, and
a vinyl arcmatic unit represented by the

following formula (2):
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nmol di ng processing, which may cause, for exanple, a
problem wi th nol d-deposit and the |like. As a

term nator used when a polynerization reaction is
term nated, a protic conmpound having an 10
oxygen- hydr ogen bond, such aglmater, al cohol , phenol,
or carboxylic acid; or a protic conpound having a

ni t rogen- hydrogen bond, such as am ne; can be
enunerated. Additionally, an epg&ty conpound, an ester
conpound, a ketone conpound, .a darboxylic anhydri de,
an 15 am de conpound, a co §ung havi ng a

car bon- hal ogen bond, or the |ike _nmay al so be used
with, a simlar effect. Thes pounds may be added
by separating into two stageSx FQr exanple, an epoxy
conpound nmay be added to the systah of reaction so as
to termnate a 20 pol yneri zation reaction, and
thereafter water nay be added thereto. The anpunt of
a pbleyren it eultserimivwatt ngrowgorppourg et e i Sgen, or
preferably in the range of from an anount

cofr Bygandiand oro reldd ceduiofal dhfi-amei gherefin26 geownngnteger
species to an anmount corresponding to about ten tines
t hBUBRGICY 8ifert OkelgHE, Amdedes siues ot ghenreoR’ is
di sadvant ageous in costs, as well_ as the

i NEGPPEFELI-6n RIFLREEM iOFes MAVFHIN ffd¥Fake system of

59 reaction_into the resultant copolyner frequently
e P ATEE

‘i nvent or has found

that protic ounds - havi ng a, ni.trogen- hydr ogen. bond
c%gqgnuous&l_yoglnt%odué:,l%igﬂc fFaC%Iﬂﬁ’ : eSIéJSabl

and/ or an 5 oxygen-hy enbon

cag§opc dbaxLdgs2nd 1 Wat Gln o2 reonventt qnally kngwn
pol ymerization termnators, are excellent as a
POl ¥BBEL ZBLHENOKERERKOBr having a stirring machine from
the lower or upper part of said reactor; and
producing said styrenic copolymer while
continucusly discharging a polymeric solution from the
upper or lower part of said reactor, which is
positioned in the opposite direction of the inlet of
sald raw material soluticn, has been found.
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
a baffle so as to form the homogeneous phase of a
polymeric soiution. The amount of the polymeric

solution with which the interior of a vessel-type of

reactor is filled may be such a sclution amount as to



termnator. Wien this termnator is used so as to
term nate a polynerization, the yell owi ng properties
of 10 the resultant copol ymer when the copol yner is
nolded in nelt is remarkably inproved, whereby an
opportunity to wutilize the gggolyner for uses wherein
the yellowng conmes into q tion, such as a use for
k n e, for an tica
1 |nc§§a§%ipgipg gfﬁ%ggr%&nng speciés"ea 2 élne

Sumse%ﬁé’fépabﬁycé’uf’iifglﬂe@l‘?&'P?n&’étgfa 3,tp, 100% by

mul ti functi1 onal” conpound so o I'ncrease

molesuley weight 19fsas p@fy@@é,v ggmefaftl?ﬁé ggaé%@.a

branched structure from polyner 20 chai ns
nul tifunctionad TOMMEEEL At Usiesd: f PR SHEY mQt%QHQh'@Qquld
reacti on can be selected fromknown nultifunctional
5conpayndss 1 rAs rideomattd i fnncd | 9PBken€08pOUNE, Ha
pol yhal ogenat ed conpound, a pol yepoxy conpound, a
mormen tamugol s-yc airoxydate]  intpol yket vaes25-epppovRdreactor
nmono- or poly-carboxylic anhydride, or the |I|ike can
be fawmerat dowers or g imaexanpl ehe stéaconr, and the
tetrachl ori de, dl(trlchlor05|lyl)ethane 1,3, 5-
trP@ﬂdﬁﬁﬁéﬁf@méuﬁﬂﬂﬂu dd! duy abEani widysly discharged
tetraegC|dyI 60 1, 3- bi sam nonet hyl cycl ohexane,

di AECRYICIExAPRSE, O% rdY iRd i 195 -snkd e deskgr, which is
yronellltlc di anhydride, . diethyl carbonate, or th
7 R8> s Certtimera GEPAH R e CorBbrigh T 19 ob bt of
organ nlcllthlln 51po

nd as oI nmeri zat |
i nitiat 6r" ghcﬁrﬁs 3 6&91 3%? ?éﬂWthﬁm? gpposite
l I EEEBE‘EI}}{)QJ Q))%I Q%’e metb% %t raal \l\?d a%nd St bl l:‘ozte:l(.jon
by adding an acid conpound thereto. exanp 't

SUgBafB askd r¢QEPRYNGy @ (i Xiyf e ef. carhan c%'n%lrd%hen the

and water as
inlet and the exhaust port are positioned at about the

1

O

1> same distance from a solution level as shown in example
1l 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.

20 When the solution amocunt 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

25 reactors may be connected to each other depending upon
the purpose. Furthermore, reactors to be connected to
the pre-reactor and/cr post-reactor of a polymerization

reactor for producing a styrenic copolymer of the



10 descri bed above, boric acid, various carboxylic
conpounds, and the |ike can be enunerated. One of
these conpounds may be dissolved in the same sol vent
as a polynerization solvent, followed by addition to
a polynmer solution after a sg!ynerizatlon has been 15

termnated. This addition nmay - nprove resistance to

. : . . K
Cmﬂ%éﬁéﬁ!‘iﬂbéﬁ%#éﬁ“é?@ néé HSSQ%?QEX&Vﬁléﬁgggdtgo a

commpound as used for a styrenic resin

| e dhe nhﬁ@inﬁgb;%éiw,po%gﬁem anj aeggggeggt%ut a

the fluidity and I nting can be add

StYﬁﬁﬁ”dbmﬂﬂgﬂé”ﬁﬂxﬂﬁgt@fp@r§§eﬁélyﬁ@¥fgék98n FQhctors may
exanple, as a primary antioxidant,” 2, 6-

di He higgad .- 4- met hyl phenol ,
triethyl enegl ycol -bis-[3-(3- .
3t - but yl - 5- neteedadd ydroxypheny | dPsOP{Reat 8F, t B8 present
pentaerythritoltetrakis-[(3,5-di-t-butyl-4-
hy drnoveyyghieny | Hpropiconaid®]according to a continuous living
oct adecyl -3- (3, 5-di -t -butyl -
4- RpdvERypiFeEyilomp msdifortht e;hel |, Branioetdyd: Pndr 6ean block
tris(3,5-di-t-butyl-4-hydroxybenzyl)benzene, n 61
oct-Bge e PP lyTir thaplitng - -hytloxaatrenyd § priobt onat e
, .2-t-hutyl-6-(3-t-butyl-2-hydroxy-5- Hg¥lben;yl)-4-
nePﬁ;}Paﬁélﬁnyéﬂér &Ihz?t ey pf zflmﬁﬁ%alﬁr@%l- -ll\;mg

entyl phenyl )].-4,6-dj -t-penty enyl acryl at e, i
100 CBP LM e HeehyFene. ATC5 Sk 42 B ép@zyyn;ezmzat(m
hy nyl.) propi_onat e] net hane, 3, 9-hi s[2-{3-(t.-
bu?%?éﬁeﬁsd%ﬁg%gg r?g)tnﬁlyel%tﬁédtnyﬁn) Eregdie]rﬁ/l -Ooﬁﬂéki,(?lltzers
di -2.4.8 10- raQxa undecan , -,
tr?g%%xgghgékéfgbﬁF%Iﬂégﬁ%%ﬁgﬁykg%%ﬁ;gtg%%ﬁ§¥?ﬁ5ﬁflal
2, 4n8- GhHy2H, BEkmthb@N@nd of a styrenic cqgﬁﬁymer with a

1,1,4-tris(2-nethyl-4-hydroxy- 5-t-butyl ph ) but ane,
4, doibutyl hdenebi a( 34imgtihghomtic unit.
15 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
20 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
25 styrenic copolymer composition comprising a mixture of
at least two styrenic copolymers, which are produced by

a continucus living polymerization method, comprising

an isopropenyl aromatic unit represented by the formula



t-butyl phenol), or the like can be enunerated.
Furthernore, a phosphorus antioxidant or a sulfur
anti oxi dant as a secondary antioxidant, a 15
stabilizer for a hindered am ne as a weathering agent,
and/ or an ultraviol et absorb can be al so added
thereto. As other additive aS%%ts, a plasticizer such

25, Mg @ladlor 1 Bod URRERN 18O 33,9, QG CRAN g5

al i phatic carboxylic acid a r C salt

tf“¥é§¥éséﬂkéﬂEEWH@hgyﬁoéﬂngn(Qﬁggﬁgﬁegkgqgﬁh Lehve,

i nprove the tinting; can be added thereto.

ant hr aqui nones of gasi ¢y e-t 0-LBPLANE st BE 1 nki Bt Rg af
the copol yner decr ea%res t%e ﬁ%atpr esi st gﬁ(r:l gbet ﬁgflmd Py

copalarresiranl para iéé[ﬁf@peﬁ?ﬂ &Pélﬁaiﬁcpﬁl@fn@hé%dre%%eis@nted

particular. A silicone or ftluorine-contained nol

¥ eleasitrg fagenila a8l ofs adssti£oB@ QholEYPr hAB- [a vinyl
contai ned antistatic agent, and the |i ke can be used

by s82magpp! yiangprenowrep echen ce@sbast ki Fozadliond) as
styrenic resins thereto. These stabilizers can be
added dmbedhelbong] sdlata grolyneripat yoer rzatton hasle
been conpleted so as 5 to mx therewith, or otherw se
carnr e SPEIRCSHBLED Wiathia et cbpol § mesopyopeans afomatic
extruder after polyners have been coll ected. _
FulPR&ErTor & SR Stadess &%, the sigfente (Tbhotgmbradd vinyl
10therpE¢ ent invention can be qued with_ 10 ot her
k&R By mBPESTS Tad SR A5 the prigher I7ERGE {hel in a
styrenic.coRokyner are nat |ost.. As exanples of the
known polyner&s), 651§§iff%ﬁ§”13§3%§,giardﬁgih%%%¥mlttently
pokyshyeane .bH Babh @ Stydeni G oonol yngr, Séitgyre%c'ic
copolymers having a composition ratio of [said
isopropenyl aromatic monomer represented by the formula
15 (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 copoclymer composition is
20 eguivalent 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.
25 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 arcmatic unit as a main



acrylonitrile-styrene copolymer (AS), an acrylonitrile
15 styrene copol ynmer containing rubber particles
(ABS), polynethyl nethacrylate (PMVA), nmethyl

met hacryl ate- styrene copol yner (M5),

styrene-al kyl acryl ate copol¥ﬂpr, styrene-net hacrylic
acid copolyner (SMAA), styrene-maleic anhydride

copie{SMY ucR 8t Vp8D6s20-688] uget ed @beB% blogkq,

pol ymer, and its hydrogenated produc

st W&wﬁﬁﬂr&@at&%@lﬁﬁ\@ré aadem:capel Y%ﬁl ea@Hdo'thér in
hydrogenat ed product; and pol yphenyl ene ether; can be

enuneratseit 1 A neihios” of e Xh Nged@n & €8bPo CORBOSI H1h9PHOE re
the 25 present invention is not specifically |limted.

A  digdhammal £ moini e hired ftosh byn neanssof ryagi eusnt ypes
of processing machi nery such as a kneader, Banbury

i X@mpegra tarr ety uderleart a3¥oldutd dro nihd g Mmbdkatke in
wherein the 63 resin conposition is dissolved in a
soloPERes iddprbeatuitt ] i zed. As a nethod of processing a
styrenic copolyner of the present invention, a nelt
processing 5|ﬂ%Iﬂﬂ¥4Mﬂ91ﬂR¥QWkﬂ%m@r%ml%EQE%QP?MEl can

produced at a | ower cost is preferred: e.
| nj é&’ﬂa&ﬁc RONEs, aé%& AUSTIgH o TR 1 G GRPR NG ¥ Lhnbn

M/nnldln or .t i ke can be, suit abl

R e S R o S S S 0 B
Olnbgghlqggggpg%gyéoag gg%%f% she%éé?ngﬁgigolded

sheet pro

moLdeflasheethopbaduct y &ond g?q{ It #& or

nol ded product can be enunerate

utithtzefliaseatcsyr uehbbbal ' mkerd %haﬁiﬂHE“éﬂﬂgghtfgklon of
equi pnent conponent, and the 15 |i ke, wherein
transpavéntynoheat meshistadelced into a polymerization
reaction system is continuously or intermittently

15 changed. As a result, the composition ratio of the
arcmatic monomers of the resultant styrenic copclymer
is continuously changed, whereby a styrenic copolymer
composition comprising at least two styrenic copolymers
each of which is different from the other in
20 constitutional composition ratio can be sequentially
produced.

The styrenic copolymer compositicn comprising
TWo Oor more styrenic copolymers each of which is
different from the other in constitutional compcesition
25 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 scolvent, cor ctherwise

followed by removing the solvent by means of an



weat herability, and high rigidity are required. A
styrenic copolyner of the present invention is
excellent in nmelt stability, and thus the anount of
nmononers as generated due to the deconposition of the
20 hi gh-nol ecul ar wei ght prog%ct during processing is
remar kably small. Therefore, "the anount of volatile

comaneMsr Bich, ag, JpNoner ef@%fga?éﬁ§%E§%F38§ﬁ§?Vmer

inpurities in a nol ded product,

whescaips 4 Il ded readucla £ ake bea st ably ubthizgdsas

25 a food-packaging container, a part for houses, a
pamtit Hoalt e iriit@ld oy ntdecdbkeymds sPRELEICion in
exanpl es as a food-packaging container, a container

f olscd utddon unchhantat dH-a oy Bebdel | UDED BOXpobDtion may
whi ch the lunch may be eaten after warm ng by neans

Sof ban relcesterani drower,l cdarde t enymesad eghe Arbsaxt ahty
oriented sheet of a conventional 5 styrenic resin
subkldgtgolopst yricesl EERPScricgrantidegeth asbatdthdt fpe ar

| unch box. However, when sonme contents in a lunch box
ar WA REG U5y tregne fofmisd ngl estyonli ¢ Oviesrwidhe the

ma artially deforned, and thus there has existed

t h\éegisgﬁeﬁ@%&@ fRECGEN GRS He ddift aienaovessehe

lid is | oosened en.the deformation js caused
%SPZEWE’& %éfoﬁ?ﬁﬂt‘?lw% AR FORT IS iHe &bt Ader -

Ho er, because_.the. heat resistance of. a styrenic . _.
1Oco\gg?/yner ofg#hgxsp d&n OFn%éﬁﬂHﬁ? i ghet f%éﬁﬁ?ﬁ;lc
boi. || i e .def.aor mat.i;on. of _a |l un 0X

it Gt RN S e Sk A gk St Y
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thus the lunch box can be utilized easf]y.
and a vinyl arcomatic monomer (M2), wherein the
composition ratic M1/M2 (% by weight) is 50/50, is fed

15 1into a reactor so as to be polymerized, and thereafter
the raw material 1is 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 sc 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



As a conventional container for a box lunch, capable

to be warned by neans of an electronic oven, a 20
resin-conmposition sheet conprising propyl ene and an
inorganic filler such as talc has been utilized.

However, because the sheet ;7conducts heat easily,

t here has exi sted a danger of ‘causing heat injury when

th Iggﬁ] C e 0 rom,the 25
electroﬁ%%yégggg % r?h%?%%?%fgfﬁgrgghésxgpséne Pdpkgon in

the m&@ir@f@%}ﬁ@tope&@%@lt&@ g@z@éMSé %g%%%& gg%t pixed

inorganic filler I's heavi er, rge quan

of iashes laste, %%ﬁﬂéﬁéﬁimeﬁhéédiﬁ%bﬂﬁnﬁgltGQO ggego obtain
present inventor has found that the utilization o

f oamed siteete fcanysiyrenc Eéﬁiﬁdﬂ@rceﬁfaiﬁecBhﬁégﬂﬁlon
i nvention can solve conventional problens with a food

scont ai ner capabdwyodniei digpoaymed Sodyyo fEANSNOhsAProduced
el ectronic oven once and for all. That is, as a

resul tthafs emmnﬁm|qynthefqnn&xﬁsmmftast&anlmeugbtof
saving of the food container can be achieved; even if

t heéopervaieter dospplicked wn vii tdp rgresn hanaisomadt t er unit
bei ng warned, there is no need to worry about 10 heat

i nFEfF“?O“&@é £8c e HirgH: Femma g | uti e prepeet | eswhefein
t he fﬁ? sheet; and furthernore, the tenperature of

cohif& i 73R RIS i slidiisrarderfea@edshe other in
ggeb Qt cook n% %n %3@ mai ntai ned for a long tine.

Oad Fponal Fﬁg offtai P FERATSE SR etF dan b

15 te Lal n n_when the container is 20

thg?ﬁgFFy |s%os %ngy I AEPEE ﬁ%”ﬁéﬁ%%%ﬁ%ﬂﬁ“éa- The

Acgﬁpgbﬂghyco@o§&%&§nb%m%%@9Eﬁgﬁf & %ﬂ§%&%«§§ig%g is

I nvention can"be“said to be a materia
remarkably compatible with a single polymer of a vinyl

arcmatic monomer, and can maintain its transparency

15 without causing a decrease in mechanical properties.

Thus it has been found that the styrenic copclymer
composition can serve many uses as a recycling

material.

In a living anionic polymerization method,

20 which is a typical example of a method of producing a

25

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



remar kably energy-friendly and environnent-friendly.
Dependi ng upon contents in the lunch box, if

necessary, the surface of the foaned sheet may be

lam nated with a filmof a crystalline polynmer such as
pol yet hyl ene, pol ypropyl ene, Splyester or pol yam de.
In order to enhance bond perf rmance between the 25

|a@ﬂ3ﬁﬁ¥iéf!£1fgg &hglfQ 398&%6%3 Rgggépgoh%nggrger

of a styrenic polyner an 0l yo

polpl 10f ppolyester QﬁepgﬁgéﬂdeE QngteBBEX”%&Pyl

containing a styrenic polyner conponent; or gra

poﬁwﬁﬂéﬂﬂcfﬁbndﬁ&ﬂeﬁéﬁﬁ1@In@0iﬂaﬂﬁgepo§9ﬂe§ 99'%&%@551ve
containing a styrenic pol ynmer conmponent? can

| neorepordiceddgo e r | 8 ratefe F&hM wASr PG EQHDQQ%Q&
thereof. The part for houses as descri bed above

5 nelrettes: ia: froamedk byl ndgdherdi ke as poghki @ﬁgdng

bet ween room space and an external wall for the

puinedsie ngofp tvets 4 insuyl athiiorh e @ansef ofoa €Asmple, a

interior as described above includes a foaned sheet

or PEe&RMES hodrd modsl pisrias onexhdetiveehilee car interi or

and a netallic 10 body for the purpose of heat

| nsul ation, $Surid tedBEigIFitqoiwrd st alepekrhayl zation
her e has exlsted the problemthat a small anount of

or§§ﬁ| 8nﬁ§uﬁ&§@%?QRﬂ@nlq|Rﬁﬁf#QCﬁﬁ@PQQﬁﬁrhaVlng an
Og§§egr%duct teng§ Eg cunulated inthe air
Oan EneYGEEE *Ep XCE FucH ﬁﬁu?%&ﬁﬁn|§%ﬁQEP%¢ %Pen01
t f
SZ?%F?E‘ FRPRYIRE R ﬁahghioglgﬁ HER g Ringre

thﬁl%@ﬁ&@ﬁah§ﬁ§o%%ﬁmwdﬂﬁ | S, %g%mhy el evat ed, by
sol ar heat, is al’'so requéste a |gher heat -
enumerated. Additionally, an epoxy compound, an ester
compound, a ketone compound, a carboxylic anhydride, an
15 amide compound, a compound having a carbon-halogen
bond, or the like may alsc be used with, a similar
effect. These compounds may be added by separating
into two stages. For example, an epoxy compound may be
acdded to the system of reaction so as to terminate a
20 polymerization reaction, and thereafter water may be
added thereto.

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

thereof is disadvantagecus in costs, as well as the

incorporation of additives remaining in the system of



20 resistance material. A foaned sheet or foaned board

of a styrenic copolyner of the present invention is a

mat eri al which can solve the problens as descri bed

above, and can satisfy performance requirenents from

a user. 25 A styrenic copolyg&r of the present

invention is a material whi is excellent in

tr 2 resi , bi

O o e A B 7Sy e T o PRy VAR e rbep g ypgauses
suidiadaw diidddzed as an 67 optical part. As the

optical part, for exanple, a light guiding plate, a

di ffusion plates prdafdeciiMhedlatss Ahghl e6LENGrotic
film an antireflection film a polarizing plate, a

polcamipeiungisf iHamirgy retrargaddan-1dydtbfdn abb8ASand/or an
Fresnel lens, or the like can be enunerated. The
8 acgerasirzingl refgem ogid d-wit kst adomsht 594 @ycaflod dioxide
projector requires these optical parts being higher
i n agidmerrdiednalins tcatyi ety cared Workabit i pyl yhdabzation
conventional parts. Furthernore, because these 10
optEEHIL NRAIrS rasg usedaidanta 49 ghtpsbumee] zat hogheeaction
val ue has been given to the |ight resistance and the
he&fIMé&rsCance &dfls Aegmimatiar dopotserrsofas heo
pr%sent invention is an excellent material which can
sol-V&MHHE Lo fiv BRLYERAL FFtofNend Tehoes by ¥ RF9peHRies of
15 n Lsfy. futur erformance needs, and further ,
100 tﬁgaﬁégg%%}éécf@&oﬁ AvéEn &?‘eofcaf&plﬂf%%lles Jagsded in
in di: t.i HiO S f ood- caont ai ner_for
ma?ﬁ?gg?Eaggg%?k%%%&hgﬁgg§%%g§pgﬁﬁﬁé§yzf%xﬁPRQﬁQﬁ?iﬁ¥ to

andcan;opt i gal paKt ymdQ EXaMples The mPdes  of JJTiowing
present invention will be

comes in to guestion, such as a use for a food
packaging, and a use for an optical part, will be

15 increased.

A living growing species can be subjected to

@ 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

20 chains. The multifunctional compound as used for such
a coupling reaction can be selected from known
multifuncticnal compounds. As the multifunctional
compound, a polyhalogenated compound, a polyepoxy
compound, a mono- or poly-carboxylate, a polyketcone

25> compound, a mono- or poly-carboxylic anhydride, or the
like can be enumerated. 2As a specific example, silicon

tetrachloride, di(trichlorosilyl)ethane, 1,3,5-

tribromobenzene, epoxidized soyabean cil, tetraglycidyl



specifically explained illustrating working exanples
and conparative exanples as foll ows. However, these
nodes are exanples, and are intended not to limt the
25 scope of the present invention at all. Analyses,
eval uati on net hods, and cond%kjons for physica
properties, as enployed in the working 68 exanples

and COMpRL 2t i Ve EXaPDLES1 3h8x At Ohhgﬁhﬁa%%g&%ﬂ'

Procedure for Physical” Properties§]
Coreirsd oM ( Qonve ) - A-& ok €1 9E x GoNV p§bﬁ@1m@§1@eh%%%‘hde,

by neans 5 of a gas chronatograp (GC. Shimadzu

Cordi.et H30- I boretect©f tise Fi Dre é@nabéoéHﬁﬂeraQEQON
HR-1, with an inner dianeter of 0.32 mm a film

t hi ckness of Xh 28l jpmi emtbéndengt Folf as00 Ay SHEMADZY: um
GLC Ltd.)" was used. As a neasurenent condition, the

%t eppECatck ats aehated 40t fooni st Cit or B05Gcht a8

rate of 10'C/mn, and maintained at 800c. The rate

( %P Lo x8rhiéYisinon amisn lal thul e edor uki gl am pepdirax edepf may

each of styrene and a- nethylstyrene, and a peak area

ofb€y€@8ﬁéﬁéw€GQMﬁQ91 s Gt dy arddmeraal acid

standard mat 15 (2) Nblecular Wei ght (Wvn, My,
?Oﬁnﬁoltgélﬂe&ro weifThtCXAERP et :ﬁefgh 0 neakd of

a GPC deV|ce W t.h two cal um TSngI GWHXL, 40' QO
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20

25

&t hanol™ “was Uved.

StéBﬁ?BQﬁdnggﬁghtg%r e ?h%%? ﬁﬁ% s, f0y M %wﬁf

anal Yy i cal curve eCU ar wel gh
Catﬁ@h@t@Smb@unﬂ@rHEyOEep@E%%BM@%QﬁJxﬂ%%e same solvent as

@ ass-Transition Tenperature (TQ)
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 antiocxidant, 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)propicnate], octadecyl-3-(3,5-di-t-butyl-
4-hydroxyphenyl)propionate, 1,3,5~trimethyl-2,4,6-

tris(3,S&di—t—butyl~4—hydroxybenzyl)benzene, n-



25 0.1 g of a polyner was dissolved in 5 g of

toluene, and the resultant solution was dropped in 20

m of nmethanol at a rate of 0.2 m/sec. The resultant

precipitate was filtered and recovered. This operation
69 was repeated two tines, gﬁd the resultant pol yner

was air-dried, followed by ying at a tenperature of

16Q§médbé&1ﬁﬁﬂ%§“§Q§ AL b1 E- Jgogg%hggyigéépglonate,

resul tant ~ pol ymer was deter

(P@r-lﬁibwﬂﬁe%ﬁ&q@ﬁb&tﬁﬁ?lﬁy e -5 rg iﬁénz

Speci fically, pol ymer was B ¥ oom

t eMRATAIWE 0 & r FIRIMEr 3t ure pin@ép&y’% a5£&1£t9f

10C¢/ mn in an atnnsphere of nltrogen fol Towed by

I efpahniyig HeagK )t]6- 4, G0 -ermeirdl Wil $h &ty Bad ) €2 0F,
10C mn, and thereafter 10 again elevated to a

5tert}@e;rraath1rse[n@fth3ﬁ&(ﬁea{3-a(3£-eiloft oG ma. A
gl ass-transition tenperature as neasured at the
s e CuNd ceppengtiu re-opl isineg. e treyt hwarse de3 £3+0 nefl-ag3 - tbe
Tg (C) . (4) Content of a-Methyl Styrene in Styrenic
5beéﬁérﬂnéﬁd¥ﬁ@YC@nm@ﬁhMﬁphﬁﬂnﬁiRMQQ%Hxﬁﬁnylfﬂ 1-
yr.enic ymer was determ ned by neans of NWR
(Dﬁﬂ(m?r(’ﬁ@)\/l@ft YéﬁQU@Eﬁ Gorlp- tmrmffﬁ omdehears&,yrlem&—

co s ,,neasured, and then the content (% by
@ %qgof%@ ~56 ~hePHYIVArV ery dneRe iR ieritriazin-

copol, C ulate fromthe ratjos between the
10pegk are ?Hnébﬁ H@fhﬁrghé §ﬁ&%ﬁ%1WQR§Y%N4 hydroxy~

Sets Lo sabpuk b o tod s Lzl i e

pr @dHﬁEyi%bﬁBI ) i soa dibfergnce in,abson Pa%%%ece%et ween

a nol ded produc
Furthermore, a phospheorus antioxidant or a

sulfur antioxidant as a secondary antioxidant, a

15 stabilizer for a hindered amine as a weathering agent,
and/or an ultraviolet absorber can be alsc added
thereto. As other additive agents, a plasticizer such
as mineral oil; a lubricant such as a leng-chain
aliphatic carboxylic acid and/or a metallic salt

20  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

25 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



and the air) was determ ned at wavel ength of 305 nm by
nmeans of a spectrophotoneter (U 3210, Hitachi, Ltd.).
70 (6) Yellowness Index (Yl) A yellowness index (Yl)
was determ ned by neans of a Color Tester (SVGA TEST
I NSTRUVENTS K. K. ) according€§ ASTM D1925. 5 (7)
Content of Each of Small Anmount of Mononers and

Oy dd ghexane k@o&§8£@cﬂhﬁqﬁegtﬁ@tuﬁﬁlﬁéég %Brsg%kggnic

anmount of ~nonomers and cycl ohexane in resin
measdk gtk byhef@afns of GC- M5 of Shimadzu Corp. under
the following 10 conditions: Equipnent: GC- 2010,

M5- QP2010, wiTHese heagh spacers saanl 86, aGabimy B %ohymer
0.25 mm 1.00 gm 60 m (SH MADZU G.C Ltd.) 15
Tergeenetiure LConelt tpangte dhea t 8sh "ha@Sba8BhNEahpedtal s8 as
tenperature of 60C for two mnutes, and then el evat ed

2 o t# tEnparatnavel Ui, A5 Gteavi ot ecafi BOGnEDE Amixed with
followed by elevation to a tenperature of 160C at a

r atéSofcRe Uvmar, 20 Rraparaf i on oft feder Safipkespolydegs
of .a polynmer was put in a dedicated vial, and then 10

m G eDpEeAnFOL JACtast- a chl or of orm i ncl udi ng an

i nternal standard (n nonane) were added thereto, and

the vial wasEYdNETIER VS REsand thedeaferict he

sanpl e.was 25 di ssolved. Then the content (ppm by
vt g S BR e dh 3E PR g oo & R wi £

1 Ogﬁ%\%g@%gﬁ%\r gpﬁgs'ﬁngeq::(its v e\r’%lgs’s lrgsnags uarseqihempggg?el :}/gig sa ! 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-

15 styrene copolymer containing rubber particles (ABS),
polymethylmethacrylate (PMMR), methyl methacrylate-
styrene copolymer (MS), styrene-alkylacrylate
copolymer, styrene-methacrylic acid copolymer (SMAA),
Styrene-maleic anhydride copolymer (SMA), a styrene-

20 conjugated diene block polymer, and its hydrogenated
product, a styrene-conjugated diene random copolymer,
and its hydrogenated product; and polyphenylena ether;
can be enumerated.

A method of mixing a resin composition of the

25 present invention is not specifically limited. &
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



71 a-nethyl styrene and cycl ohexane. [Injection
Mol di ng Met hod] The resin was nol ded by neans of an

i njection nmachine (AUTO SHOT 13A) of FUNAC Ltd. nake
under the 5 follow ng conditions: A cylinder
tenperature was set at ' a teQ?@rature of 2150C, 22SCC
2300C, 230'C fromthe side of a hopper. A nold

t erpes Bt Wenpddt 4 b eCcid ol b E8Bveandnascaghingti 0By pe
were set to 60'C, 10 seconds and 20 seconds,
respectimety. A nold was filled with a nmolten 10
resin by applying to the nold an injection pressure

hi gher by 5 Mka 4 hesclidwtotpwbiebsihe pokdyeanibe

just filled with the resin. Dunbbell specinmens and

st rgpslpesi mens tiavipgesent hi ckaessonf 3 MELt 8Sccessing

prescribed in ASTM No. 4, were 15 nolded, and used as

samsitéwd otheraigndiie tmatenic 20obehdhay test beamass-

determ nation of absorbance, a determ nation of

yeFIrowess iafdex, L v detasrati st iprebérraficae. g., injection

tenperature, and a weatherability test. [Extrusion

CoffFIGHE e (ST 54 Fe S1H Eidtpost ¢3rore wasu sbpdetobging,

means of bi axi al ?ftruder (Technobel Corp.) havin

A1 ENeCEr Y 1S TmhcA 10y16 it Renpeltebe 872220

rovi ded.that t enperat yre bel ow t he hopper_is

U1 pap oA T S e T AR P

ra .9 .k r r e oyed.. [ Extrusjion eet
1ONDF§P%EC%étﬁo%%%%%Tﬁgﬁ%%'%?gqggn%%f%$t %%éﬁﬁ%s f ﬁfm’ a

MMeaRe=a sWE@%EaQH 3 %@dﬁ@ﬁ'ﬂyﬂ&gd6§£égttg¥%éﬁgéfta

portion of
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
15 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 cof the

20 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

25 a foecd-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



bi axi al extruder (Technobel Corp.) having a dianeter

of 15 mm and a resin was extruded in the form of

sheet, and thus a sheet was forned. A cylinder

tenperature of 220C (provided that a tenperature

bel ow t he hopper is 5 1100 s enpl oyed. [Extrusion

Foam Mol di ng Met hod] Tal k as a nucl eati ng agent was

M xaeh i thox I esh nyRell et fe ?Qgckhﬁaglggdegﬁén after

introduced into a hopper o irst-stage extru&

foldomerh PynheataA9 OFastigizatign;at o@ehenegﬁab%r e of

about 220C to 250C. Thereafter, about 4% by wei ght of

buteanensvest g essed  and |npregnated into the

pl asticized product. The resultant product was fed

into a secondh stogei®Xly usielenté@l kowed BY 8 conventional

tenperature control to a viscosity 15 suitable for

¥ oatiyenifherasisul $artt 4 oshicyswasenex{Grdsd feontdiesed

having a tenperature of about 130C so as to forma

f o&fed shebtfof a bingrerbaex coptdweresr, Thenawemageontents

t hi ckness of the foaned sheet was set to about 2.5

mMmilarfd tHE A S oarmmed iy itetioncfiagn @Deseronoc

about ten tines, The resultant foaned sheet of a

st ;? V&dirc t%ddi%%ary Vefis RARThak bhtdst eeed, fandowedsbyhere
eval uation for heat resistance as a foamed sheet.

[Ev§| Su&tTol ‘%\%t chﬂ%lrﬂﬁ‘ys‘ﬁf@aﬁ tﬁff’op%%%%]tlz% %t_wtamer

oSt ok DU TRt " 't%ﬂ%%é%twg P60 anred
t b ' |
n mgﬁ.@ﬁ%i?ﬁ@%ﬁey%fﬁﬁa%u R Y onEige.

t eApekaby e lalRe test Hdihe &%ulsdcak}ﬁ:eelﬁai esdtyfgnfc
tenperature of 280C. The bul k tenperature was

copolymer of the present invention is higher than the

boiling point of water, the deformation of a lunch box
15 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
20 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

25 electronic oven. Furthermore, there has alsc 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.



mai nt ai ned for a predeterm ned period of tine,
provided that the time when the bulk tenperature has
attained to 5 a tenperature of 280C is zero m nute.
Subsequently, the bulk tenperature was returned back
to room tenperature, and 25§gl of a chl orof orm

d

including an internal stand was put iE theftest .
tube so as t L ssolvent he, pol yger n I er. . the
cont ent 10_g¥ga§?d%t§n%ff%t§$eﬁg %%g gg@e?nﬁﬁg .tbﬁpm
(Zhﬂ@&ﬂééﬂﬂdH‘éﬁﬂaFf@%méﬁa@hééﬁyofnawgkgréngc ggébﬂxmer
pellets were retained in melt wthin a cylinder of ‘a

| njogc tiheN gracdime alvan gl ¥eNc48NPeT fk ULEnvERE 18nghVen
period of time, followed by injection 15 nmolding into

st pirplSpeni WERS as F@sCcidbed hér ASTPALNG. 4f Peing warmed
tenperature at which a silver blister is caused 0n

5t hoysmehace off eacti aft tdiel Stdidn SPeeE B8RS, foaNgdla. That

time when the silver blister is caused thereupon were
detlér mased. rEse1loccul reencdewing hehsi foaned| siséer, 2Re
was visually observed. (3) Tensile and Bendi ng Tests
Tel{§7B& tsFR&GIch (iVid)e farsidan ot iongrat¢am be¢ %chieved;
flexural strength (MPa), and elastic nodulus in
beRYFAYLEMPEP W& iU ried My kashnzp of i AUTR IGRARM{AG
25 00D) of Shimadzu Corp. under the follow ng
coRdirEF oRE I Fe G € re dtC T uck % Jtefft & DWW ymgbout

loElgégEfi?tress gate of my.m.n, and 74 Bendi ng Test:
S

15

20

25

Span ance” of 50 “m" efdidhy NeRdt & b IR L g RA Perties
(4$fN@ﬁ§uE8gﬁgB %BeX%Qa%nEQ%%%%ﬂé¥ﬁ%re, 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



A Vicat Tenperature was determ ned according 5 to

| SO 306 using dunbbell specinmens having a thickness

of 3 nm which had been nol ded by an injection nolding
process. (5) Evaluation for Weatherability

U traviolet rays from carbon cs at a 10 tenperature
of 63C were irradiated on sar@%lres, and then 15 the Vi

| f | d f.t
e G SRR L i R s T HA T o)
Measuiidi) @ pd1 M Me-AspShon. i o Fi g y?n@o?é ted 1n the

descri bed herel nafter. Furfhernore, as an a erati

testariiiodi £SEOP L5 WRE eco¥abLatede Hader ra
conti nuous irradiation cond| ion (at a wavel ength of

295 to 450 nmhetpArtl ermertad i &s 0$s 6§&@¥1ﬁsan§b8%an
Eye- Super WV tester (Type-SUV-F1ll, of EYEGRAPHI CS

5COindiTies aarfbartseh ddwer2hnd ved UBiRE £8CPo8itibged
sanpl es was determ ned after a given period of tine.

Thibs tesere spondssHaen aret kod @ftereabuwi Dy AcYl thal perpose
as shown in Figure 9 as described hereinafter.

[ ERdnplea t1 ] nzH lapdwrivat dhicalpart stbutd omeof istyrene as

(St; SUM TOMO CHEM CAL CO., LTD.), a-nethylstyrene

( adfBSE1 bR @ovehdmicdaldes a foamehtsheyet ohexapen¢dHpoard
| DEM TSU PETROCHEM CAL CO., 75  Ltd.), wherein styrene

( SEY, Pé?sﬂrétlﬁﬂe& ?P&N@eeamr) 1R S| Ik xanee tH ic

argog %_r %h e%choot her % rate of St(O/gcumd
wel ght) FEEMEEE( S BV ORET §it YIEEY 5P Ltk Y )
27é%§6§gtigﬁso§t% %%d %e e%g%gge tank,

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

15 enclesed space such as the room inside of a
conventional house cor 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, 1s also requested to be a higher heat-

20 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.

25 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



5 foll owed by bubbling with nitrogen. Thereafter, the
sol ution was passed through the interior of a 5-liters
volune refinery tower as filled with an activated

al um na (KHD- 24 of SUM TOMO CHEM CAL CO., LTD.) so as
to remove t-butyl catechol, which is a polynerization

10 inhibitor. <Initiator> n-butyllithium (a solution
of %y wei ght -1t jthiumip n X

V\&I?(])E&Pur e em calqtsl %%%t%%ﬁg{t%%gg\’/\agggi ?gtggg?vgvi’t A
cycligfexans dind/Slacdb 4 ides rc T 86/ H8LOL> 2 Ars0h HELIR,
of methanol (with highest quality, ©of Wiko Pure
Cheriacal, landustrd@sing tih Imankh £yel phexapeiowher e
met hanol was diluted with 20 cycl ohexane so that a 3%
by pweiagtitz icengartregt iompdfarinethan®] 18 puh drdeardation
obt ai ned, was prepared. Thereafter, carbon dioxide
Sandidmsmal [lemmourt Bfeswetlerlomer,e dot ovime 1hke tde be
solution until the solution are saturated with the
safBlmeg agpcoduditicon avashod:e A5y @ ol yheguzétcopstal
reactor, a 3.4-liter jacketed reactor (Rl) which is

pr BvS8ea YWAPR &g iRratiasd o th  TREBEL {NMAXBIEND @t Sund toaot s
FEEVﬁ Induystries, Ltd.) 76 and a condenser, and
fuPPhEr Preveded WHHRSE SHE A le FtotPl ity i i lalp Bl ty
na%gghale%?E zzl e for introducing an initiator, and

0

& FSCRAr §Rd%a pSIWRN TS s NSRBI WRRse

a nozzl e _
rouseg The gyl ol Ui eqadsnser ves, 5 sealed ditfog..
value has been given tec the light resistance and the
heat resistance thereof. A styrenic copolymer of the
present invention is an excellent material which can
sclve 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, & part for houses, a part for a car interior,

and an coptical 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



be incorporated fromthe outside. The volune of a

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 solqﬁgon Is al ways boil ed,
the bulk tenperature was controlled to be a

tenpeimb LES 2 het WegRa 826 18 é%gﬁpggglgggfék?QRiﬂ%ﬁ%:Of

the agitating blades was set to gear

punp [ Aves1 pr DvA deplrboeqagashrot bhgshphLet pf .l Lhe gw
material 15 and the outlet of the”polynerization

react ofl) wheriebye epchogfetBeohanwcpaiesi al and the
pol yneri zation solution was controlled so that it

could be flowedrate aof constansibhowagatietekmindd by means
litters/hour. Furthernore, the solution of the

3 niafi & @raswveshionta oopcechy Nt 6Ct heh 20apelyterbzat GgR14B,
reactor at a rate of 0.25 litter/hour. The

r elDgtbsiisti psbdivPen the 3 ntetlwhor tUBBOHWHRaLer wakh an
and the outlet for a polyner solution of the ‘

POl YT AAMGH Sre sk -%éﬁmﬁn 2 hel twnphéeckhgseppdsPt @5 um,
direction to each aother as shown in Figure 2, and the

25 @ (OB Ehe s ol it T RIANES PRoviHRe) | neheused. As
| ower _position, while the oq%let was provided in_the

pogipfgﬁuﬁ%mﬁ?qnﬁ ﬁﬁ&qqnaq Yui FReTRFUTA VT pgevated
1ogo'f3£'c'5§1r 5%0LULLOR,ES Qm'—.sgh?é@%??%gg@?é r{l}ﬁgﬁ@rﬁdamaintained

ol ymerization reactof Wwas I

piBEnQOh@yinghé EEEEH%S 8% %%nggE%qo%h%ggﬂéglgéféé%d
solution of a polynerization term nator by using a

geak i npUBP pedfte alrengid¥ @aém%fpisod%r(é o4 he_react or

to the 5 point wherein the termnator was mxed was
abmeth#1er yrane,t RadpiapigRG Was LRl Wafdl dledane, which

tenperature of 65 to 70C. The solution of the
t ewgenated wasanntineduced 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 sco 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 methancl at a rate of 0.2 ml/sec. The resultant

precipitate was filtered and recovered. This operation



into the polynerization solution at a flowrate of 0.1

kg/ hour, and thereafter passed through a 1.2-litters

10 volune static mxer (SMX-type, of Sulzer Corp.) so

as to conpletely term nate the pol ynerization

reaction. The polymer sol uti was further heated to

a tenperature of 260C by neans of a pre-heater,

folhonesbpdyr &b aslyb ngi k8L O aRqaPAML LBAhI et

whi ch haJ315 been warmed to a presef tén%%?%t%%g 0 Fluas
260G mngleTe®, feOUSRs Ph@SeH] engf 22 Q/P@emf/@;%%%*ﬁ%f:et e 160°C

sol vent and unreacted nononers were separated from
t herpad yrruandtor ecoviesed, Theetegperat e OhetPSsultant
polymer in the flashing container was about 240 to
2500 L yameek twees 2k reetreiiadrot i meané HheppotynmereirRithe imer
tank was about 20 to 30m nutes. Vol atile conponents
3 n Gt polaaverrdiere teuffs-ckeht2y. r eppredriandiyhenhe
the polynmer was discharged in the formof a rope,
coBICedsTdetasatsdrevatal tier eafeertpepéestued by a
cutter, followed by 25 recovery. A living pol yner
s oIt GfPEF Ak Sesty a%vﬁoé’ér Pt @ rdtsealfed (€6rtmainnam wint hi n

at nrosphere. was nai ntai ned, froma

whi_¢ch i t
pi E’%mﬁ%&\%reg%gﬂ&%wgﬁ% i e vasb e efe t hEn poast Pagk. to

at _which _a polynerization solution is discharged from
ChESHB VRRRFRIGS Peadt 0 ndPt e YA ot WIRZAAL e

th ' [ dd th t d th
10 ab g ?tra?ﬁg’lmeﬂ@v%[t > +a0ae dc etmé:eeérgattgliﬁﬁa Eoef t%%ﬁ&ataé:e 2 g te of

act was used so as

conger ghop ofpe EQSQitkgﬁsggﬂggfggmﬁgqgt%%ﬁfﬁgfgﬁgmured at

conversion of s yrene was r

ratBe 8bceaAveesbar ol ra-mathylstrene mas; 3% From o

this result, the concentration of unreacted styrene

whehe pqgl yAerization was term nated was 0. 07% by

wei ght or

(4) Content of a-MethylStyrene in Styrenic
15> Cepolymer
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 o-

20 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) Abscrbance (B)

25 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 spectrophcotometer (U-3210, Hitachi, Ltd.).



10 Il ess of the polynmer. In Table 1, various production
condi tions (such as the conposition of the raw
material solution, the flowrate of the raw materi al,
the flow rate of the initiator, and the rate of
conversion) are shown. Furtg%rnore, in Table 2, the
results of the 15 conposition of the resultant

copol yrgr i n el &inedherngol eputar weight and the
i ke are shown. [Exanples 2 to 8, and 10 to 12] Except

for the condiz ipns: dwiesd henacoMPesi ti, 98 QL+LDR:hAY by

mat eri al solution conprising 20 styrene,

(ameeiiy lost W enel andreyed ohesane €Y, tiberblionrsr gt e )
of the raw material solution into the polynerization

r eactordiand tdhendtrowIs®. of the initiator solution
into the polynerization reactor, as shown in Table 1,
Scondi tli’ons ambmemerst Sait arf tSnd he RhowieSof Monomers
Exanple 1 were enployed for polynerization. In Table
1, 20&r Cogs oprerduet ilon Rsoridi tions including the rate

of conversion of each of nononers as abstracted from
t he pol yneri Z&8 s9veadt oif @achshoiwenaol Fuwuler obr e
in _Table 2, the results of the conposition of the

r eSUPPRAL ScHP6l WL GNP XIS et & HeE S0t etah drea el ghtby

and the like a shown., ample 9] 5 A pelletized

pol VABr ﬁgsEﬁfg%uggdg&ﬁﬁggéQxﬂﬂﬁHi(Hﬂg%ﬁrﬁh%HfQ¥ﬂ?%%ng
100N L0, E le 8, except that a polynerization

teﬁ%gégggégggas set to 1050C. The nol ecul ar wei ght of

the r : ol e re, My, 7,00Q.and .M. =
e84k bABL POl YFeh 278%Wqﬁgﬂﬁﬁblgu%§.f nead space

59, 000,” anhd the Tg was , vario
production conditi @€ shown. In Table 2, the
Conposition of the resultant styrenic polyner,
Column: Rtx-1, C.25 mm, 1.00 pm, 60 m (SHIMADZU
GLC Ltd.)
15 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.

20 Preparation cof Test Samples: 0.4 g of a polymer was
put in a dedicated wvial, 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

25 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,



the nol ecul ar wei ght thereof and the |ike are shown.
The rel ationship between [the content (% by weight)
of (x-methylstyrene in the copolyner pellets as 15
obtained in each of Exanples |I to 12] and [the gl ass
transition tenperature of th%]popolyner] IS shown in
Figure 2. In a copolyner of styrene and a-

et S BNe, r 85e PARGUESd] 356QLHLNY to a conventi onal
20 proddﬁ{ion %@thod, thg relat%o%ship bet ween t he

cont entn § &t o6 MBS 1yl S Yiene.and Tg showed Fox's
relationship, or a direct-proportional relationship

(for exanpl e THeere Non-inad end 1 DOGUIPNheNOs1bs HAWEMSECtion
it has been found that a styrenic copolynme-r as

pr odudetheac@arm rEHAD 2625 §f OducAc ont et HedeofintiBe the
present invention shows all its own correlation

2t hércddetwimen asirtdidutorshovik ngy Aityde r et @ahponsbiipeasas set at
descri bed above (see Figure 2). In Figure 2, the top

| i Re tEinperatiure dot tZedCi, n€R5°€, a280°C st2 a0 Yhtfddmeche side
with which the two points, the Tg (102C) of

poPys By FEREEirhe FeitP kche tm et ud , (xa et iyt st gn ehine,

is 0% by mei%ht) and the Tg (177C) of a-nethylstyrene
(whEFePn SR 1EGNTEME GfeLe mRthyi 3184 Ene Li0s sEoomRdsy ad 20

meg Etb are conne%ped. Additionally, the mddle |line
i nSECGUFE 2 TREPECEdd Yas detéHif M accor@ gt tlo @ molten

Fox's. f la, . while th d t )] '
L0 ot 8PSy AEEAYAr%g o AT AP bArtatE Tl LAl A TGe UEe
hE |l es. .1 3 | uti .

o by TSPt 0 b e kT otk 9125

by ryeight §ith28hé7 wasfed at a flowrate of 0.25
liter/hour into a seal ed-type of

Dumbbell specimens and strip specimens having
a thickness of 3 mmt, as prescribed in ASTM Nc.4, were
15 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)]
20 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
25 employed.
[Extrusicn 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



pol yneri zation reactor (R2) with agitating bl ades 15
provi ded. Furthernore, from another supply port, an
initiator solution (which is a solution of n-
butyllithiumas diluted with cycl ohexane to 1/76) was
fed thereinto at a flowrate-af 0.19 liter/hour. The
pol yneri zati on tenperature was set to 50C, and the 20

re%@éﬁﬂ&lfﬁ%¥¥hdgrtt@%éﬁﬂéﬁgir@opﬁg eﬁa%@ﬁgzgggﬁgmézgr of

rpm A living polyner solution was™ abstract
flaw mad e 0fd & 33d:id ard e fFr oo the FRACEQLM(BE) sheet,

followed by introduction via a piping into the sane

pOlayne Al i0HRACHs (Rdnas. t e ELACLQL - WALERYaSure of
25 used in Exanple 1. Furthernore, a living polyner

solkatd"on (pasvabstr abted antdw@y raltane ddlidi thadSopper is
conducted fromR2 to R so as to neasure the nol ecul ar
SweilghfC) Asaa emplibyedMv = 49, 700 and Mh = 28, 400. The

81 rate of conversion of styrene was 99% or nore. A

sol utlFgn riiadionyg FeagotfedsiiticoMeatdtaiof St (% by
meight)/ochStS?bby wei ght)/ CH(% by wei ght) - 26/26/48
was i ntroducé@ b &Safoteyl 95itEint agurd Rfa aitmixad f v ovh
rate of 1.14 liters/hour. The revolving speed of the
agFEatPngepLades 6FoRtNGad lesd @ st Zntynguasd | Ente he

poh neriza&ion ten%erature was set to 85 C. The
poSPPPBR BF Pi qai G rEver ewas Eontstol 1T lanas thatheie

 [.6 Al [ f th | [ | uti [
L0 B ARG ar T R nGTy ok FERSORGLioh o THSChariod froms0°C-
Rl ' the t L nat i f I i zat i
e ehe T OROVaT Bl Pie Lol GOt aleoF N T O Mty

angnqcondi-bhARBai Mhiar che Lhesenes Juy @&%‘Hﬂﬁhé The

followed by recovery in the formof pellet.
notesul aand Spweight 0hst hedpehket was M= k3300 @anther,

vh ~ 89, 200,
followed by a temperature control to a viscosity
15 suitable for foaming. The resultant product was
extruded from dies having a temperature of about 130°C
80 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
20 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 Methed for Physical Properties]
25 (1) Evaluation for Heat-Stability in Melt - 1

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

which was filled with nitrogen and sealed. The test

tube was put in an o¢il bath, which was heated so that



while Tg = 120'C. Furthernore, the content of MeSt in
the polyner was 36% by wei ght. [Exanple 14] A raw
mat eri al solution having a conposition 20 ratio of
St (% by wei ght)/aMeSt (% by wei ght)/ CH(% by weight) =
16/24/60 was fed at a flowrate of 2.1 litters/hour
into the polynerization reactor (R) as wused in

EX%@@(bd&kaéﬁﬁbﬁgtﬁPétthQFeSQEBEi99?@%%f%§§5bEnEQevated

Rl via another piping at a flowrate o

| i ticerd hodiipe ddeu pol yaergat | onrHenpel Rt UL MBS 368 95
82 to 850C, the revolving speed of the agitating

bl adeistatas=defot oa IfbedPrR rianded P{ﬁ@e@ygaa@@ Eehent beBvided
time of a polyneric solution in was set to 1.3

hothsit Tiree 82imeroélenul @te ieh ght te@hparpohysehag8Sattained to
obtained at a tine point when the polyneric solution
3 n aRItamps dat wr stahdiB 0°6) dtse asndemitrhec c.ondutbanpuastly,
descri bed above was Mv 143,000 and Wn = 70,000, while
Tg HRe12a i Brgvr aohposias oretratied obaak raw naver i al
sol ution was changed from St (% by wei ght)/aMesSt (% by
wei-GHPFFEH( Yoy e ght Y= als/24risoref St odhyluding an
wei,ght ) / CH( %, by wei ght) = 30/70, and the solution was
b e Lo BB RS Zdt it reat of UpRI 5O ad S ato

10 flow-.rate,of 2..1 liters/hour in simlar manner to

the SR Sl e EE b v RIS THEF (1% FOREERE bem
10l NG I | utd al so changed. to. 0. 15

Ii]togr%%g Fﬁ:q %gn%:%iy\rl\%%o waaspérey%rmlv%%d'st arted from

the ti poi Bt; 5 1Whaen L.h it of . .t he. _

mat eri(gII? sol ut iaon _toO%e%f%o?%%fdpdéutg%dlo%ln%%JFéléméaldt bee2n

changed, andrsanpl iRd:1WRS weald R4 DUWedMt] IndNe within a

pol yneri zation in of the raw material solution
hauymgnﬁbe canpasihijertidhn ea@hide %t a given temperature
for a given period of time, followed by injection
15 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
20 was visually observed.
(3) Tensile and Bending Tests
Tensile strength (MPa), tensile elongation
(%), flexural strength (MPz), and elastic medulus in
bending (MPa) were measured by means of AUTO GRAPH (AG-
25 5000D) of Shimadzu Corp. under the fellowing
conditions.
Tensile Test: Chuck Distance of 64 mm,

Elastic Stress Rate of 5 mm/min, and



by wei ght)/CH(% by weight) = 30/70 had been attai ned
to a steady state. The term'sanpling herein nmeans
that 20 sanples of all polymers as produced between
fromthe tinme point when the second raw materia

sol ution having the conposigion rati o of St (% by

wei ght)/CH(% by weight) = 3 ﬁ?O were introduced into
the polymeri cae S 190N §08n ! SRCLOLCUNBECLR B, Bending
pol ymeri zation using 25 the first raw mateéri a
solritdomhavi Nged Jig; ,conposition ratio of St(% by

wei ght )/ (xMeSt (% by wei ght)/ CH(% by weight) =

16/ 24/ ©0 had rhean tdnentsteadyi sdet tembp@rhbgret i me
poi nt when a pol ynmerization using the second raw 83

material sol Ut ivircdavidigod e €eaPRss t 1ePe Fat hed0kcSbEY ng
by wei ght)/CH(% by weight) = 30/70 had attained to a

5st eady a0, usemegy chlrieetled. sgde merndi RgviagSteadYckness
state' herein nmeans a state wherein the conposition of

5 &fr awmmat etiiagh $elcutiesm anmdldd woneent nittohonfmolding
each of the conponents of a polyneric solution within

Rl P&FP&=5%ot changed during definite period of tine. A
copol yner as obtained in this manner were the one

wher ei'f 't he EFRtEREIGN & Cosatdirrahioheach nononer

in 10 the co&gl&net s continuously changed with

time. In actudddnplSing2ypel 15 GERPtATettdl a

duci t  fi b ft 1e h f the ti
R SRR B R
[ hi ' b e hour
Se e I e e L A e s R S e

Onafﬁgrbés§§v@EmEQ§iE@CEf that a ﬁ%@§¥£é€ﬁ§%§$E§gng a

the tinme point en the conposition o _ raw
nmakhethat seol mthenrhad Been veharged todhe il e poidty a5

when the raw material solution was forned into a
potigseripetl| eerat hartpassi ng
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 Y1 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 (CE; IDEMITSU PETROCHEMICAL CO.,



1

O

20 through the piping via the flashing tank was
approxi mately one hour. Polyner pellets which were
sanpl ed during the period of tine fromthe tinme point
when the second raw material solution had been

i ntroduced into the systen12§ of the polyneric

sol ution wherein the polynerizZzation wusing the first

VTWLQ@IP!i@$e§@%#t%9?ﬁgﬁg ?g@p,!a—ﬂet§§§§g¥ﬁgkghgd!ﬂe8t)

the tine pOInt .e epo ner|zat|0n
secad dpw sRdeshal (89 Uktonmbadyalt ahned hoo8farar 2

steady state, were put into a bl ender and
suffdtcd ent | 3¢ 0 xeg & Nght j So-de§OPS! w%egeﬁeg?th'(@on by
conprising two or nore copolynmers which arée different
fr omiggaoty of her/18y 3he wontensr&f anconpesentef cany,
each 5 nononer was prepared), whereby an apparently
‘horfogenecus g Xtulskel was wbitlai metrodde. m Xxedrpektets the
were used so as to produce an injection-nolded
pr gdustt.iorThea sTparfsedhe gt | ome nibh dedi gr odfick BA%iters
115' C, while the nol ecul ar weight thereof was Mv =
1709000 Sart iNmey 8;Rwo0.as [Bxdampd ev 18} M xedt pestets
were obtained in a simlar manner to the one in
Ex&pie s, (Blseift athatUMIFEMQ Sipdsi §3lorCP at | BTBf ) aso as
raw mat erial soluti.on was 15 changed from St (% by .
wei-GhtFFVEST Ry Wé TN CHIR I ki 391 wma sl par son
asigg@_lbg eod in Exanple 14 to St(% by weight)/aMeSt (%
by 'Wei ght)/"CH( % by wei ght) = 25/11/64, while an
i nj ect. I product was produced in a simlar
nanne%I?gtF%g %%é in Exanple 14. The Tg of the 20
i nj ecti on- nolds t: 121 Whi | et :

hded tRnadyet; was 121G 3 o;% 1]%%’ (ﬁ% waenldght

nol ecul ar  wei ght “of the product was
Mo 85p00Q11ithium in n-hexane, of Wako Pure Chemical

Industries, Ltd.) was diluted with cyclohexane tc 1/51

15 time.

<Terminator>
A sclution of methanol (with highest guality,
of Wako Pure Chemical Industries, Ltd.) and

cyclohexane, wherein methancl was diluted with

20  cyclohexane so that a 3% by weight concentration of

methanol could be obtained, was prepared. Thereafter,
carbon dioxide and & small amount of water were blown
into the solution until the solution are saturated with

the same.

25 <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.)



In Table 3, the evaluation results of the nechanical
properties of the injection-nolded product of the
styreni c copolynmers as obtained in each of 25 Exanpl es
1 to 15 were shown. [Conparative Exanple 1]

Pol ystyrene was produced in a76si mlar manner to the
one in Exanple 1, except that the conposition 85

. . “the cor 5
woi R G et gy 275k B8 o FRRRRG rPa o hBEgde cox

rawrdetRiing o utd Pmaesrset, tQ goZzhéF95§/EHEEOdEEQHg an
the flowrate of an initiator solution in which n
buﬂﬂﬂﬂﬂdﬂdﬂn!éhd“dLﬁ@ﬁhﬂ@tfbﬁY&lQ@ﬁéﬁ@?néoa1#3@y%@§ized
set to 0.17 liter/hour. Unreacted styréene could not be
obserlved dm thes nessiy enBd ©ft G ahi Lt Bendat 8=0f was
conversion was 100% The nol ecul ar wei ght of the

or eseltlant widlhy st yrignegms My s30hHO0tlamda My dBuld not to
157, 000. [Conparative Exanple 21 A pelletized pol yner
wa®epiogoced natdet Lximitler wondide onsThe tdieumaessi o
Exanpl e 1, except that the conposition ratio of a raw
nmaPerYAR rSGlAFLGN S W Tsdin ttdisStgobbyerization reactor
wei ght) / aMeSt (% by wei ght)/ CH(% by _ wei ght) =

167“%&/ 66 LR 16w s ofo tafe %-a%ﬂ‘ﬁd%%ﬁ al Asolution

was ?et to 2.1 liters/hour, and the flowrate of an
i Nt

ATGF ~€61afT o Wl 198 "o 7' 434nad Hdure StRie
toTOUEERLE, VoL B Ll SEUtaNt ol e s MU,
| OB FLLKe T eo3h b0l ye O T S5
frieetfadhcaboc to g4°c. The rectating 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
cach 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 intc 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

0of 5 cm below the liquid level.

A living polymer solution as discharged from



pol ynmeri zati on was used. The Tg was 101'C. 25

[ Conparative Exanple 41 A styrene-nethacrylic acid
copol ymer (SMAA, (R001, PS Japan Corporation) as
obt ai ned according to a free-radical polynerization
was used. The Tg was 117'C. 586 A styrenic resin in
each of Conparative Exanples 1 to 4 was

ilﬂﬁ%ﬁiﬁ&&iﬁ%f&iﬁti@ﬁlP@@gtg%lwgéah#ggbaﬂcga through a

mechani cal” properties. In Table results ar
showpikxamplasg of @faekkiet i 09r 0f pangopgl YAB iAot for a

styrene and a-net hyl styrene according to a living

polsynieri izat i havel heeni pievbeust ym knewer (£9r using a gear

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

pr ghimgns  Viiiteh leengiopad  nete gsigletid vedoraceRediBgctdr to the

this production 10 nethod is that the nelt retention

Sof pH@tcopsinaier tlyensrmienistynene mhdédrvas about 2 m,

a-nmet hyl styrene, and the generation rate is higher

t haR< Rde &flpdnsolwpst yramte wsrmprad Ut eteraeena ding 6 &5 to

frgﬁbradical pol ymeri zation nethod, which is

i ndistri af§ ardukiael ¢Lutie zegninstwm vasesipdotodureal

copal i zation of styrene and a-nethylstyrene, it

o LRt ne 0 LR TR kb = otiiet Bt H- et hyr st §rehel - 1

i s, the higher, the he resi stapce i s, and _

cof d?lroélﬁt’l ?ntdhg%leg\?@%[tt%e BGSae ftﬁ‘rCE‘-éGf'r’be% at el brters

po dur i l.t__ret i Qn _(see, f or exanpl e,
lol\lolr‘ésr%g%ngn#vtsggﬁ@ﬁ%‘eﬁo.(ﬁ& %g'pa r @sﬁjﬁglz‘?ﬁwe#(%r@‘ ) 'so as

OCQHrE%ﬂpﬁ@%e@&oQE%%ﬁhgg% the &%ﬁ s gach, of & o

sui tabl e tenperature and a period-or tine éﬁrlng et ¢

proaessbigmbs BaNLeWSd ¢awn ral-@ng Wi the ephancenent

of the heat resistance of the resin, whereby nol ding
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



25 beconmes difficult and the application is |imted.
The present inventor's nore particular exam nation on
this point has shown that a styrenic copolynmer of the
present invention can solve the 87 problem as

descri bed above. A pol yner agsobtained in each of
Exanples 1, 4 and 7 to 10, and Conparative Exanples 1

anthed Was, 63@”36¥¥H5§ra@e@ﬁiéﬂagiﬁ&i%mé?i%?t?gnggglution

generation 5 anount of styrene at a tenper:
280G firs cdha FRiEM AN ﬁﬂ@ep@%ylﬁélﬁ{‘z@{iérq PLOULES, aﬁg the

m nutes and 40 m nutes was determ ned, and fromt

I esuirttarin SItOpeidihe HOraaminh 0 f &t € £oNSt 8t + kKrePBM and
by wei ght/sec) of styrene was determ ned. In Table 4,

t heheesullte isbsthowt hd ageidieso Wid hed heet st ks ofe rate
the content of a- nethylstyrene in the polyner and the
Sabedr bancve ofi drhef palgmers the genseiats On Tt erffe of
each of the styrenic copolyners of the present

i nventvieas 1was ofufsftivaicarst IwaslP 9 diferont harrd hathdfe ache rate
pol ystyrene as produced according to a free-radica
poPynEPNF&LiSde inStthdmaiiixeiptivererindust 638 | y From this
utilized. Anong other results, a copolyner as

pof §iEr-z e tn CRNEFEtA X ATe Holweimadief sbolRna et
stﬁrine-forngtion rate as conpared with 20 that of

poP Vst Prénéad Opr §aGc &6 O N F Ao Ya Fredy rph el or

was_ f ound

' ' hod. F [ | t,. it
o R e FRBoRE LG | o GAOIE poviFda 4> aBBIYAeron

mm&@ﬁdﬁ%iBﬁgaﬁEﬂghyagx%§E|%? p%%i@%%% gka%yétﬁgﬁnm§%erial

nolten state as conpared w that "o

cogyenthopal cpapeh et styrene and anet:| ks% £ENe oy
or that of a conventional polystyrene as produce

rate of the initiator, and the rate of convaersion) 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 §, and 10 to 12]
Except for the conditions for: the

compcsition of the raw material solution comprising

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

25

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
ones in Example 1 were employed for polymerization. 1In
Table 1, various producticn conditions including the
rate of conversion of each of monomers as abstracted

from the polymerization reactor are shown.



1

according to a free-radical polynerization nethod.
Figure 4 shows the relationship (i.e., 88 Arrhenius
pl ot) between the formation rate (k: ppm mn) of
styrene during nelt retention at a tenperature of
275C, 260C or 240C, and the tgnperature. As this
result, it could be confirnmedthat a styrenic

copal yres G, 0f the @&@ﬁ@ni i pyentLonits S%C‘Eklee%mpesition

heat stablllty at a nolten state at any tenpera

as «COMas e i e @@Ebaﬁwéﬁnfnaﬁemegucgﬁea&e%éhfﬂar
to a free-radical polynerization nethod, whi

i ndwsitgttaldnd whd i ZEte &i@usieodnshows a teﬁper ature
range wherein a 10 silver blister is caused during
nol di nigixamyplech 9icorresponds to the eval uati on of heat
stability at a nolten state. Each of curves (show ng
X enper at ure & awmlds)t istrivpo Ivrie gures Sonadu ol r odaeed
by the steps of: determining a retention tine when a
si [opad ifsliiogrsers g I tedih e aused & Baatplenperakoept
and calculating a correlation fornula between the

t efrpétatiuie ARt i t iRt GRMRAT A Wee usihgeehet@abb¥8°C.  The
resul.ts. The si.de above_ the curve (i.e., an area

m&”&oéetcﬁéar‘fetwéﬁtg A 1S FEIBPNY Pahres e a WY n-

th | | i st b

wniiee o8 SRe Beronthn V%r WA 1S o e ﬁﬁih.n%gable
f . bI t t_ob

oosurcates,of oSS NS Le o Selataer Vel ooy

rangergt @oﬁﬁbgﬁ@goﬁo%%'E%%nfggﬁg%é%gxglé?%nlcrﬁéiymer,

styrene and a-methyl styrene of resent 1 nve

I sthbr paderut hanythah 0t na RQJV St g as %%own.

according a free-radical polynerization. Fur nor e
the present Théemtontwassdeyote@ween [the content (% by

(]

weight) of a-methylstyrene in the copolymer pellets as

15 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

20 production methocd, 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

25 production method of the present invention shows all

its own correlation therebetween without showing any
relationship as described above (see Fiqure 2). In

Figure 2, the top line (i.e., the dotted line) is a



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 pol ynmer structgbe. Al t hough a specific
structural factor is not clarified yet, the

chayac] i€fHSti1Gas Qf; 41, SEEYHC as °
correléﬁéd fb thé‘poIjﬁg$¥2?£%c§%#eég%§5§’bggﬁ Fguﬁépz ©
Thadr igh1ydihie-ahsonpance; oft fde. nol yer,at, a 1
mavelgﬁbﬁhfgﬁ-SOS $n110 I's greatly %nvo?ve%aﬁfgﬁytﬁgyrene
decemuasidy i@t ofnd e POY YWTC’C-')_h%'ﬁfOP-ﬁ@etHﬁ@tyrene
use requiring, in particular,” that a volatile
conporertirsuth asradmnoten-shoud deyréns! udedoas ny
little as possible, a polynmer wherein its absorbance

Sat weeiwanel engt kkoohed®zcnm izsidiantdrol1ed, i tha dbddasgeine

as clarified in the present invention should be used.

Fi gor €13uirkel dstisatesurive el atdtenshiredeiveenditideto Fox’s
absor bance of a copolyner and 'k', wherein 'k' (ppm

by fREMGAES s &b} IRas hgs s deamemtter] ittfre Aeera icatvaxas,

whi | e the absorbance of the styrene copolyner at a 20
wadE-ERGERSE 2305 TRkNHad cusEd A rertia tteh ec aord ot e
axis. That is, Figure 3 graphs Table 4. The fornul a
coHprP8i R§ocy LAR E%ampgeﬁrgure 3 is the one

1paPpro Enati?% EE? rel ati on between the nunerica
val ue e y-

15

20

25

“of® axis (i.e., the vertical axis) and

the 25 ”U”erhc%)l‘ﬁ%%%sa%ik?ggaﬁ%’éﬂpgas(iittig&d%%eio of St

hori zontal axi's) according as

e Yoy FESHEAFLRUNE By Bodsfey ooy Ol rea o

apprexi pate £eorouba acenrdhpd-t 94%,9Q sealed-type of
polymerization reactor (R2) with agitating blades
provided. Furthermore, from another supply port, an
initiator sclution (which is a solution of n-
butyllithium as diluted with cyclohexane 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 sclution was abstracted at a
flow rate of 0.33 liter/hour from the reactor (R1),
followed by introduction via a piping into the sanme
polymerization reactor (R1) as the reactor which was
used in Example 1. Furthermore, a living polymer
solution was abstracted midway along a piping as

conducted from R2 to Rl so as to measure the molecular

welght. As a result, Mw = 49,700 and Mn = 28,400. The



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 yell owed. The present

i nventor was devoted to nmaki nore efforts. As a
result, it has been newly pinned down that the
conant | Pnakod i ki g &Paétw@nél%égwggg OQfm%QS.. .
nol ded product is due to the content of LI~ therein is

n staken, andh pfopetidn speakhfda tbmbpss HEAO EOt BE st (3
pol ymer structure. Although a specific structura

f adtyorwd isymot/ optes i {4 asly et ighudotngs fepmet §achesul ts
so far obtained, it has been found that in order to

suppr/ess’ dthevarel drawiaid);cddier {01 4 vt igr Wolb neintoc R1 at a
critical: 1) the point that the copol yner should be 15
Spr ddweedantdert d -dondiitticors Ahmrei N Bhe | Mgl Yt oM Bgeed of
speci es can be stabilized; and 2) the point that the
copbry il tshdulad tHare s ot rRictwae i ficul 15 tophe while
yrolyzed. Specifically, it is preferred to use an 20
nohp6l &P lyEiaFee tden tSHRASRT Witdeta sredrlf ded 5%y  The
condi tiqns f t.he .copol yner. For exanpl e,

hy HPGET8n “SorHaRt 6 I s Hentaae. = Hebahes {Fforthat the

exangle c&cloh xane  aqr nzafﬁﬁpe) hept ane or. oct ane
dvergale e L i

i 5%V pr arsr FedCAS To0mbarEd S thi AP Hr 3T IRt oe@r bbh -9
oS, B T e SO o e

xyl ene. Furt al't'hough a "po

t h§uE9@@|t¥Heri:oC%Heb%e%g%[hia%qO%Utofie\tf)%lrlgjn%rrgfzpaocliaogl ?]aér%d the

sol vent such as tetra rofuran, _ erre
t Oored6@allt okOkna Usevwher al-nobhe elloW R r and

CrééggiLions similar to the ones in Example 1, followed
by recovery in the form of pellet. The molecular
15 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 soluticn having a composition
20 ratic of St (% by weight)/aMeSt (% by welght) /CH(% by
welght) = 16/24/60 was fed at a flow rate of 2.1
litters/hour into the polymerization reactor (R1) as
used in Example 1, while an initiator solution was fed
inte R1 via another piping at a flow rate of 0.18
25 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



Besi de, although a polar material such as N, N, N, N
tetranet hyl et hl enedi am ne nay be added in a small 5
anmount in order to decrease the association of |iving
growi ng species, it is preferred to avoid such a polar
material to the utnmost becaugg it pronptes yellow ng.
It is preferred that a polynerization tenperature is

aSmdﬂ@&dﬁéﬂﬂﬁﬁﬂéﬂﬁlof*&wbﬁﬁ¥mé£ 4§ bpotapreberred E?ﬁg

| oner 10 the polynerization tenperature I n view of

pr edueit wiHah afhd e X Yoo 1O o @XBAPRE, wibeDnt Besteady
copolynmer is utilize as a use wherein the yell ow ng

| s sttt epantdeultard Yeortditidied ,ad Ofle £XAPL @, 25868 A8saMw =
nol ded product to be 15 colorized, or as a resin

r awdpeto@li alndf on e Prigduet, witiloch T¢ ot2@dal i cly
exposed and is used within a structural material, the
Spol ymer may Béeprodyeed tiwirt houttid i of td nga tmdoet hel
requirenents as described above. 20 In Table 5 wth
re§péetiPg waech chprBeshfirosn SK (‘arty 6reinHio), /aMeSt (3 by
Conparative Exanples 1 and 3, a polyneri zatloon
t ep&PREUYER (En@¥t e lghitle =ofl 6/&4 /drthess St ffdexy of a
nol ded ?? ¢t of a polymer as obtained by .
poW?ﬁEPE%Z F‘dﬁ g#( @?&Ig]&tyiféxénéocfr—met R heriterfe Hat forporas
sol t .are sha ether with a polynerization
ot VERpelEEa BN PRE BB 0 e TRA S it At
bSq i he
1oth OLYPRI el b iS;i rtant to decrease t
yeﬁ‘%@xﬁ ngH%fOSZ g oI aEg Broduct Pmtedit el YAt @ the
resh8 hasqbsep;,oml deds.and,fiyLt hermne, it s gl sg an
| mport ant perfor mance requilrenent for sone uses to
decfieesetadr 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
15 introduced into R1 had been changed, and sampling was
carried out until the polymerization in R1 of the raw
material solution having the composition ratioc of St (%
by weight) /CH(% by weight) = 30/70 had been attained to
a steady state. The term 'sampling' herein means that
20 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 intc the polymeric
solution in the reactor wherein z polymerization using
25 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



10

yell owi ng rate when the nol ded product is exposed to 5
light. In particular, in uses for optical parts, an
optical part as put in an atnosphere near a |ight
source requires heat resistance and |ight resistance.
The weat herability (or |ight resistance) of a
copol ynmer of styrene and a-n@t yl styrene of the
pr - | Lon XAILN .Ei.qur s th o
B g S e aeib s L

I N each OfnEXAMRL € Ky aRdi glppar apiyg Eéangk%a§nF% to a

shown, wherein Yl was used to enter t vertica

axissend dhecd) e MaScHBEECLOd 8Nt 8he 1noLAENRONLZAREAl,
axis. It has been confirmed that a styrenic copolyner

of stther T eserdin Nvents on isasdomesrein YBLI © 'ng&%%n of
than a conventional polystyrene. In Figure 9, the

I elaattizon st e et Wesnl tihieon heed tlesi SbaPEBLEYLEBh of each
tenperature (C)) and the 20 yellowing rate of a

st wiertihe copatomert fo Sty reme/rendi c asokthybst yi €neni R1 are
each of Exanples 1, 7 and 10, and Conparative Exanple

1, N&td AapEias tduteme ide Tonpey aré¢vieod Exnpime3 i &

shown. The wording '"a yellowing rate' herein neans

t hEWPRLYBIO I 2 Spfolt addttb e b fthbfargrn eyl wer@5tive  ¢nine

of xposur%%ﬁi Yl (O fromthe initial yellowness _
inéfg‘)?r&'fma FE@ fEt BSTERAMNE bir el ¢agarnehemer in
ti [Ln(ti.me of exposure in haur)]. when the nolded

pro Scfokgéygfﬁbfg tﬁ?qqﬁﬂﬂoqéiy a9y time. In
ac ti t i n ine. Fromthis result, it has
beggkgggnggﬁﬁég%gk F@?%ﬂf%%€ﬁﬁbﬁﬁ%%e%>e féb?%%%e%?OUt

I ngenti aRyIrS @ft@%t%&@a%o%§0%£dﬂﬂtﬂénﬁ§ﬁg éf@%%h@@%ﬁ the

and light 5 resistance, and in partic
sacdmbOsheidA of the first raw material solution had been

changed. This 1s 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

sclution 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 sclution 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



extrenmely suitable material as a use for an optica
part. [Exanple 17] According to the production nethod
in Exanple 10 1, the degree of reduced pressure in a
flashing container and the retention tinme were
controlled so as to obtain | ets wherein the tota
anount (ppm by weight) of styrene (St),

(x-dresdwA S) VEenee f oG MBSt huand,ceygl %E%?l%% &

remaining 1n a pellet is different rom each ot her.

Thesu ot 81 @OAtmOke8t YERAE, 1 6X- I e i1
i PtmOke8t YERAE, 16X anEBB§%§é%?N%$m%ﬁ§Lﬁion

cycl ohexane was determ ned by neans

('(@omﬁrfﬁiﬁ@|ﬁﬁoi@rﬁﬁﬁﬂ@|@o%oﬁ?ﬁergehﬁﬂﬁhnﬁgebﬂiﬁ%%Q%nt

of DSC. In Figure 6, the relationship between the

t otfadoranmartt @fhst yienehe ac20tart hykskyeengoaBdt from each

cycl ohexane and the Tg is shown. Fromthis result, it

“hasndseererf owrsl phetaeed)r psivine mebdedn papduetnhavi ng a

glass-transition tenperature which a copol yner
esSEMIGANSP Postiessese caps dPetpinddcedThy makatlappiligts
the total anmount of styrene, 25 a-nethyl styrene and

cy CISgeXEre ISP &S riesinr paidetar olndesbbopprrbgedepghtiuct .

or | ess. Because styreng, a-nethglstyrene and

cydPSheXare e pdits e sn vep hee i
Tor S RN SU00 Sy’ e giRof 2 ey 1811 Ut Pat P

10l Ngoh@Rly resistance and variation in the fluidity of a

15

20

25

mol'tén résin during nol di ng-processing are remarkabl e,
5 whquggmgqeiqfﬁifficult to provide a user with a
resin stable in-quality. In particular, the volatile
wei ght | ossmafedy RRNAERSs QRA/OT A SAldeMn as Lefl ip
aresin

manner to the one in Example 14, except that the

composition ratio of a raw material solution was

| PEEdGE | WySpel P&, gahile

changed from St (% by weight)/aMeSt (% by weight) /CH(% by

weight) = 16/24/60 as employed in Example 14 to St (% by

weight) /aMeSt (3 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 = 179,00C and Mn = 85,000.

In Table 3, the evaluation results of the

mechanical properties of the injection-molded product

cf the styrenic copolymers as cbtained in each of
Examples 1 to 15 were shown.

[Comparative Example 1]

Polystyrene was produced in a similar manner

tc the one in Example 1, except that the composition



I s changed dependi ng upon the device size of a
nmol di ng- processing machi ne, the structure thereof,
and the 10 tenperature conditions thereof in
particular. Therefore, for exanple, when the
heat-resi stant tenperature %% aresin wll be set to
the vicinity of the critical "value of a value in

perf S j y o
e L

pardd dn @y scd he KentLohnhof Lhesygtal th@”@@ﬂeg %tkhﬁaf the

material s as described above to 1,000 ppm by wei ght

or dessmanddi {urddpi: enhangs stabihibyoi nirgual/hb¥r, ang
[ Exanpl e 18] 20 Pellets as obtained in Exanples | and

10 ther &€ Lol tathd entlesh aindciatbp 96160(80byn which n-

wei ght)/50(% by weight) by neans of a biaxi al
Sextorardarl i thiein eistl dianitegpell et scwel eheppaet tonimkdeads

so as to derive dunbbell specinens and strip

spé&itmerss .0 .Cohpl igtest Ahduans parem c 25d net gdednpr oduttisnot be
in visual observation were obtained. Measured

meCREFIEA prioperd iR sirensSs MPa 6@, tensléethe rate of
stren%;h,_1.9@6in tensile elongation, 97 MPa in

f | ERGVA" Ssteriftth, 1 Uit 3,380 WP wL 4T exetaiht nefut s,

95 agﬂtth S ngﬁrenarkable decrease in @hysica

pr GPEFLTEST REs YEIEEd e WiRT &% He Iy vV 132 @nFrgur e
197 g%gu%brates a DSC-chart of a pellet as produced in

Exanpl' e 98, as conpared with that of a 5 pellet as

produced in of, I 1 and 10. In the
DSC—cﬁagpb%F%gqgglFggﬁgggbr duced in Exanple 18, a

of "Examp es | Tand 10 ebuF o he eheor vt = u Ta]
Tgsipeakragoden ityed sl kemtacpelilel i35 MIAGUGEd | Noxcept
Exanpl e 18
that the composition ratio of a raw material solution
15 was set to St (% by weight)/aMeSt (% by weight)/CH(% by
welght} = 16/24/60, the flow rate of the raw material
solution was set to 2.1 liters/hour, and the flow rate
of an initiator solution was set to 0.23 liter/hour.
The molecular weight of the resultant polymer was Mw =
20 35,000 and Mn = 70,000, while the Tg was 126°C.
[Cocmparative Example 3]
A polystyrene (GPP3, #685, PS Japan
Corporation) as obtained according to a free-radical
polymerization was used. The Tg was 101°C.
25 [Comparative Example 4]
A styrene-methacrylic acid copolymer (SMAA,

G%001, PS Japan Corporation) as obtained according to a

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



10 was observed as an internediate value between the
Tg- peaks as derived frompellets as produced in
Exanples 1 and 10. Fromthis result, it could be
confirmed that each of the copolynmer (in Exanple 1)
having Tg = 116'C and the c Qflyner (in Exanpl e 10)
having Tg = 129'Cis a 15 co%p etely conpatible

Ex - Ih I ' -
mparati ve  Extnb 5 are T he RoBarJnet. prPAratiRe

Exanpg s vere, plended, al-a; weight 4Lat | ?oﬁo%%"/%w
wei ght)/30(% by 20 weight) so as to obtain a resin

COpRsiddtorb by MMeadsh M i cAN ©XbpHLe! e s [ EXaRPrgn2Q13They o
pol ystyrene pellets in Conparative Exanplie 3 and fhe

copelsyriers copagidiron pellets in 25 Exanple 14 were
bl ended at a weight ratio of 70(% by weight)/30(% by
Swei ght) so agxaopdlEsiof Ppredid: LONMPESi &1 68pbY yHRaNS £
of an extruder. [Exanple 21] 96 The pol ystyrene
pelsitetrsrien a0shmeenmeihel Exanpie Scanddihe topel yireting
conposition pellets in Exanple 15 were bl ended at a
V\Bpﬁ’ﬁﬁ’m@étlizétdfor?@(%%)be%iEglm‘)ll@t@f(% byrioven ghf §r sexasple,
to obtain a resin 5 conposition by means of an
exPFEdEP T~ FRERATD RO 2MEnthdipol lyst yiemeo peprerkemn with a
Conparative Exanpl.e 3 and the copolyner pellets in
ExanpleYT<kers %‘r?lréff(?éjd SACTF WS GHLC ridt i D FOToTDs By
- 0 i in resjn
10\Nefngp.h)3{j.39g/Qcpi%tlghve\:egr%qtt) rse%eall'lstitoon OobiI atlhe acopolymer
conpositi on DBy rmeans
generates styrene and/or a-methylstyrene, and the
genesration rate is higher than that of a polystyrene as
produced according to a free-radical polymerization
method, which is industrially and widely utilized.

15 With respect to a copolymerization of styrene
and o-methylstyrene, it is known that the more the
content of e-methylstyrene is, the higher the heat
resistance is, and concurrently the lower the kick-off
temperature of a polymer during melt retention (see,

20 for example, Non-Patent Document No.l). BAs 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
of the heat resistance of the resin, whereby molding

25 becomes difficult and the application is limited.

The present inventor’s more particular

examination on this peint has shown that a styrenic

copolymer of the present invention can solve the



an extruder. The resin conposition as obtained in each
of Exanples 19 to 22 was injection-nolded into
dunmbbel |  speci mens and strip speci nens, each of which
was 15 examined as to the degree of white turbidity
according to visual observa%gon. Furt hernore, the
tensile physical properties  and the bendi ng physica

Propestias 2 9fadher spesi fEYS.Were evaluated. In Table
6, the reé%lts ofrthe pﬁ?s?%al properties thereof are

shown 20 toget hes1 yhd P LhescoapRsikt i Qn.ofkrcompenant-Ses 1,
[ Conparative Exanpl e 5] The polystyrene in nparative

Exanpded 37 was 10 Ndependendd yac Wré h@ﬂém?hsgdhnanet helas
resins, nolted once by neans of an extruder so as to

Obteadamipedd efcr he2b: [Coapid bt § ven Bxanpl e e ThBneration
pol ystyrene in Conparative Exanple 3 and S in
SComparatti et Bxameee Atwer ecdhpaded:at afvwesght reatio

of 70(% by wei ght)/30(% by weight) in a pellet 97

st aEd 80 lam tlo bt reach esi nl € onjost ¢ s pon2 bymipanssofind 40
an extruder. Each of the resin in Conparative Exanple

5 Tl {SFe Woss df tegipasidd aind it Compelrat rvsuEkanpl elépe
was 5 injection-nolded into dunbbell specinmens and

st 5 SPEEateRs: edéh winsiiinh Was RXanedehght osene of
deqr ee ite turhidity of the nolded product

ac

f wh
8?’&@6% 65 AeSEAMISEr vt iR LUt ¢ HerproF@Suihels shown
t il hysij.cal ti.e t he bendin hysi ca
10 BB B B R s e i Wl st et .
T : [t f_t Sj I raoperties
{harEEpLerdt it T8l e e i I nd Rt diea ot the
coppengBts. Fromthe results as

The generation rate of each of the styrenic
copolymers of the present invention was sufficiently
15 lower than that of a polystyrene as produced according
te 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 a-methylstyrene,
or that of a conventicnal polystyrene as produced
according to a free-radical polymerization method.

Figure 4 shows the relationship {(i.e.,



shown in Table 6, it has been found that a styrenic

copol ynmer of the present invention is excellent in 15
conpatibility with polystyrene, and thus a copol yner

can be formed with no conpatibilizing agent w t hout
causi ng a decrease in nmechanigal properties. Anbng

ot her things, fromeach of the copolyner (in Exanple

13)n esei s ap POL Y SH¥ £ §BEN2PHE0 ; locked, ;
and the copol@nerycoﬁ%ogig?igﬂe ??%ﬁgggﬁwgﬁagfaﬁgre§9fmln)
andﬁuﬁtiﬁém@gd@rﬂﬂ@pﬁ§lt!9@teﬂt§Bﬁ'QHFboﬁemﬁeE%§er of
conposi tion having nechanical properties which are
approxXicraveloycequi valoen; sedtbRseteRbepPOLYSEYI €A8 this
coul d be provided. Furthernore, the 25 nol ded products

as meriMed it omithe bestontdrpesi theo acenpebaifgcbRelymer
pol ystyrene and the styrenic copolynmer of the present

3 nwentliten oies srrt nedvenanepar eneycebhiehvai enhebhe thability
of the polystyrene without 98 deteriorating its

t r d@rfs FarehHdien Fioati ¢ het rasyl tempsrateser abedombeved with a
according to the present invention, a styrenic
COPIYIFEY AR IR S PESREFIBMCTIrdbrdh heat fresisedhcel

and recycl.ing properties, in particular, 5 recycling.

pr §pett egslzfa%rmap gsHered - ﬂiﬂw&el%o}%‘#%?éh@;UYc‘émngEd-
be derived far, the first tine.é%Exa |l es 23 and 24, _

and Conpar at i've ‘BXanpl € °H° %&ﬁ;@??&gﬁ%ﬁ% F#eachheFein a

. i le 3 d
PO R EE Batice a0 AT e i R e o,

SO as to produce an

thecsheebowrs heategd, %alr[%{l%rpfo@nl‘%ee%# e%%argfillr]%\g%t a

by nonoaxi al stretching. e perce etc

sehol @chi ¥€ altieTBS £BeSIde S, r /851 (G 6] Sténggé?é:@u 1
Exanpl e I and Conparative Exanple 3 were subjected to
cormpngssi oshwindiiRg F¥@uA@%® 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 blister 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 ¢-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



15 to form plates each of which has a two-mllineter
t hi ckness and seven-centineter sides. Thereafter, the
pl ates were heated by neans of a tenter in a simlar
manner to the one as descri bed above, followed by

bi axi al stretching. The perceny of stretch was set to
20 three tines. A bit of each of the resultant sheets

wast & Uha k Phd , mapd éBEOEHE Shﬁgtam@§sﬂﬂ%ed1W4%ﬁsabeen
little of water in a polypropylene cup, which was

t heniisead edowh t bha: pofywi oyl hdenggchl g&b@% %muéﬁ%e on
cup was put in an 25 electronic oven, followed by

heathanglat oy &O0: W h orage @ﬂeanpﬁmpﬁerTHQrQﬁ@r&%l@f
deformation (as an index for heat resistance) of the
shestteaaftiorn heat¢ ng Was gensvatiynobseeved. al nofakke, lies
7, the results of the 99 degrees of deformation were
%hd\m g ardieyman tht thet dige . andll theugsed spstm$itas
Exanpl es 23 and 24 and Conparative Exanple 7).

Additiwiattal Fasiar pes |eets ¢haeathedf yStExanpl es 1
and 10, and Conparative Exanple 3 were used so as to

T felF § r%gfymw bFEreftieseh af cherelated

Zc“' &?v”sweoﬁf%ée“%%&?ﬁ“%éﬁefi m%?§s¢$$ﬁéﬁéﬁ%%§é??§§t?L§,
2 NG SEPSRRSS TesUlt & 1T bebrf BHaHFHa( oF 205 mn
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as tehtaianed lak ieaCkdfponent 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
15 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
20 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
25 numerical values of the x-axis {i.e., the horizontal
axls) according tc the least sguare methed. R? in

Figure 3 is a coefficient of correlation showing a

difference between the approximate formula according to



Exanpl es 23 and 24 and Conparative Exanple 7, test

pi eces were cut off such that the surface area of each
. of the test pieces was 80 cn2, and left as it is in a

20 thernostati c chanber having a tenperature of 23C

and a relative humdity of Qprfor 35 days, and

thereafter put in a 10-liter tetra-bag which is

repliaceds yi ¢ Esq@éfé ogepnodhgrgattgr pégﬂgggopgpﬁgst.est

pi eces was eated at a tenperature

period of twongS:hothsSy @Bdvahti9RSESpBriAR, t ehedebadists
were collected, and the anount of styrene 1n the

gasﬁﬁe(@rébleﬁrﬁhaﬂoiﬁéib@l@@@“?%o@ﬁc§tMEGBGCESBhyW%% of
determ ned by neans of GC-MS. In Table 8, the resSults

ar estshosme 144K d-aget el s vy téné hes Tge andwthe used
resins. Fromthese results, it has been found that
Since a styrefie mopodynmeinoéntdie paesestotodenbi gAkis g
excellent in heat stability during nelting, the anount
5 eforedidyaithwnorers fes@l ol dedhas odeeh hewly pinned
remarkably snall, and thus the amount of conponents
as Airatiiatz ddre fqomaiel ot Heldh brloduet that shael pelaswing
conpared with that froma conventional styrenic resin
mattdr itA1e MRSt RERAYET d stduenie dopoFgmeenbf cfhbi
pr%zggt.lo.inventi nis remrkably suitable for a .
mat et & WA TG re D RIPT It erirabing hbusésofue
102 %%rth%p%ol§%g¥N§%fﬂéQufg{ Although a specific
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 fcllowing would be
critical: 1) the point that the copclymer should be
15 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
20 nonpolar solvent as a solvent under manufacturing
coenditions for the copolymer. For example, a
hydrocarbon solvent such as pentane, hexane (for
example, cycleohexane or n-hexane), heptane or octane is
preferred as compared with an aromatic hydrocarbon
25 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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solvent 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,N,N,N-
tetramethylethienediamine may be added in a small
amount in order to decrease the asscciation of living
growing species, it is preferred to avoid such a polar
material to the utmost because it promotes yellowing.
It is preferred that a polymerization temperature is as
low as possible. However, it is not preferred to lower
the polymerization temperature in view of the
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 preduct 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 reguirements 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 yeliowing of
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a molded product immediately after a resin has been
molded, and furthermore, it is also an important
performance requirement for some uses to decrease a
vyellowing rate when the molded product is exposed to
light. In particular, in uses for optical parts, an
optical part as put in an atmosphere near a light
source requires heat resistance and light resistance.

The weatherability (or light resistance) of a
copolymer of styrene and o-methylstyrene of the present
invention was examined.

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
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
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 =
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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acceleration testing machine.
From this result, it has been fcund that a

styrenic copolymer cof the present invention is a

materizl excellent in heat resistance and light
5 resistance, and in particular, it can be said to be an

extremely suitable material as a use for an optical

part.

[Example 17]
According to the production method in Example

10 1, the degree of reduced pressure in a flashing
container and the retention time were controlled so as
tc obtain pellets wherein the total amount {(ppm by
weight) of styrene (5t), a-methylstyrene (aMeSt) and
cyclohexane (CH) remaining in a pellet is different
15 from each other. The total amount of styrene, o-
methylstyrene and cyclcohexane was determined by means
of GC-MS. The Tg (°C) of a pellet in Example 1 was
determined by means cof DSC. 1In Figure 6, the
relationship between the total amount of styrene, o-
20 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,
25 ea-methylstyrene and cyclohexane in a resin pellet to
2,500 ppm by weight or less.

Because styrene, o-methylstyrene and

cyclohexane are partially volatilized during pellet
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molding-processing, when they are left in an amount of

more than 2,500 ppm by weight in a pellet, wvariation in
heat resistance and variation in the fluidity of a
molten resin during molding-processing are remarkable,
whereby it is difficult to provide a user with a resin
stable in quality. 1In particular, the volatile weight
loss of a monomer and/or a solvent as left in a resin
is changed depending upon the device size of a molding-
processing machine, the structure thereof, and the
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 cf 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
mclded products in visual observation were cobtained.
Measured mechanical properties were 55 MPa in tensile
strength, 1.%% in tensile elongation, 97 MPa in

flexural strength, and 3,360 MPa in flexural modulus,
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was caused, while the Tg was 122°C.
Figure 7 illustrates a DSC-chart of a pellet
as produced in Example 18, as compared with that cof a
5 pellet as produced in each of Examples 1 and 10. 1In
the DSC-chart of a pellet as produced in Example 18, a
Tg-peak as derived from a pellet as produced in each of
Examples 1 and 10 could not be observed, while a Tg-

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 copelymer (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 welight) so as to cobtain 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
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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
weilght) so as to obtain a resin composition by means of
an extruder.

The resin composition as cbtained 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 cbtain pellets.

[Comparative Example 6]

The polystyrene in Comparative Example 3 and

SMAA in Ccmparative Example 4 were blended at a weight

ratio of 70(% by weight)/30(% by weight) in a pellet-
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state so as to obtain 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 cepolymer
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
cemponent was blocked, and the copolymer composition
(in each of Examples 14 and 15) having a composition
distribution, a resin composition having mechanical
preperties which are approximately equivalent to those
of pclystyrene 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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styrenic copolymer which is excellent in both heat
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 moncaxial stretching.
The percent of stretch was set to five times. Besides,
resin pellets in each of Example 1 and Comparative
Exampie 3 were subjected to compression molding so as
to form plates each ¢f which has a two-millimeter
thickness and seven-centimeter sides. Thereaftér, 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. 1In Table 7, the results of the
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Additionally, resin pellets in each of
5> Examples 1 and 10, and Comparative Example 3 were used
s0 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,
10 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
electreonic oven can be obtained.

15 fbxamples 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
pleces were cut off such that the surface area of each
of the test pieces was 80 cm®, and left as it is in a

20  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 pericd of two

25 hours, and all gases in the tetra-kbag were collected,
and the amount of styrene in the gases (i.e., the

volatile amount of styrene (ug)) was determined by

means of GC-MS. In Table 8, the results are shown
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together with the Tg and the used resins.

From these results, it has been found that
since a styrenic copolymer of the present invention is
excellent in heat stability during melting, the amount

5> of residual monomers in a melded 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.
Acceordingly, a styrenic copolymer of the present

10 invention is remarkably suitable for a material to be

utilized in the interior of a house or a car.
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Takle 3
I._leat Mechanical Properties
Reslstance
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 S7 3500
7 120 63 2.7 108 3370
B 122 55 2.0 98 3370
9 127 52 1.6 93 3450
10 128 57 1.8 i04 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
2 125 27 0.8 23 3200
3 102 53 3.2 95 3300
4 117 52 1.8 96 3360
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Table 4
Z—\moEnt X
No. aMOeSt (w;;é?;m/ Abso(er}ance Remarks
(wt. %)
Comp. Ex.1 0 0.058 0.441 Polyiéﬁzgtion
Example 4 1 0.073 Polyxﬁizizgtion
Example 1 29 0.133 0.537 Polyiizizgtion
Example 7 35 0.137 0.540 Polyii;’ilz‘gtion
Example & 39 0.182 Polyrﬁi‘rfi;gtion
Example 9 47 0.410 0.843 polyiiiizgtion
Example 10 48 0.270 0.739 Polyi;‘rfizgtion
S I e

Each of blank positions in the table represents

"undetermined”.
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Table 8
Example & Comparative
Comparative Ex. Example 25 | Example 26 Fx. 8
Tg (°C) 116 129 101
Used Resin Example 1 Example 10 Comgiraglve
Volatile Amount 0.8 1.0 14 2
{ug)

Industrial Applicability
A styrenic copolymer of the present invention

is excellent in performance properties such as heat
resistance, weatherability, melt stability during

5 molding, and recycle properties, with the excellent
properties of conventional polystyrene, such as
transparency, dimensional stability, and molding-
processing properties being maintained. Therefore, it
is suitable for injection-molded products, extrusiocn-

10 molded products, sheets and foams, and furthermore
suitable for a structural material and a container
which require transparency, heat resistance, and high
rigidity, and a molded product which require heat
resistance, and weatherability. In particular, it can

15 be utilized as a food packaging container which may be
warmed in electronic oven, a part for a house, a part

for a car interior, or an optical part.



Used Resi nExanpl e 1Exanpl e 10Conparative Ex. 3

Vol atil e Anmount 0.81.014.2 (g) |ndustrial
Applicability A styrenic copolynmer of the present
invention is excellent in performance properties such
as heat resistance, meatherﬁgélity, nmelt stability
during 5 nolding, and recycle properties, with the
excel lent properties of cefweRls onal polystyrene,
such as transparency, dinensional stability, and
nolidi ng-  pr oGesst el OPEEHH BB 5905@1:@&%969 living
Therefore, it is suitable for injection-nold

pr qohuofins r iexd f s ane b P! eledlo pr odugt s, sheets and
foans, and furthernore suitable for a structura

mat eri al and an cionti@dt dyeeny Wi chmsefdi neitr asgpaseneyd by
heat resistance, and high rigidity, and a nol ded

pr dductfopmwcle rElgui re heat resistance, and

weat herability. In particular, it can 15 be utilized
as a food packagi ng container wghch may be warned in
el ectronic oven, a part for a heude, a part for a car
interior, or an optical partke1@o—CLAMS 1. A
styrenic copol yner produced by | iving pol ynmerization
nmet hod, conprising an isopropgnyl faromatic unit
represented by the formula (R erein the
substituent group Rl represents hygtogen, or a

hydr ocar bon radi cal of -CnH2,+1 wherein n is an

i nteger nunber of 1 or nore, and

wherein the substituent group R! represents hydrogen, or

a hydrocarbon radical of -CpHz,41 wherein n is an integer

number of 1 or more, and

a vinyl aromatic unit represented by the

formula (2):

wherein the substituent group R” represents hydrogen, or
a hydrocarbon radical of -CyHsns; wherein n is an integer
number of 1 or more, and the substituent group R’
represents hydrogen or a phenyl radical,

wherein the content (A) of said isopropenyl
aromatic unit in said styrenic copolymer is in the
range of 5 to 95% by weight, the ratic (Mw/Mn) of the

weight-average molecular weight (Mw) of said styrenic



a vinyl aromatic unit represented by the formula (2):
R1 3 -H2Cc wherein the substituent group R2
represents hydrogen, or a hydrocarbon radical of

-C, H21 11 wherein n is an integer nunber of 1 or

nore, and the substituent grpyﬁ R3 represents hydrogen
or a phenyl radical, wherein the content (A) of said

ISQQﬁﬂﬂBﬁMir'@60@@élﬁuﬂméi &Pepahd ﬁbYé@ﬁﬂﬁrCQEQBﬁﬁerMn
isinthe range of 5 to 95% by weight, the ratio

(MutMef idein wehghiamyeragel nel esubap, wehghtineMalin the
of said styrenic 110 copolyner to the nunber-average
o lrecld taire rviei ightb g en tittes eodntsnt n(t hieyrasgghef 1a6 or
to 4.0, and wherein the relationship between the
comeeist i(Srnomweightgrquytiof ursat din septopsbykenic
aromatic unit in said styrenic copolyner and the
gl &8ectlyvaes tdroh tenperaaarter{@iyiky) tefpeartdure {(°C) (Tg)
styrenlc copol yner satisfies the fornulae (a): 0.12A +
102%< spg & Sdmm mqﬁbfm@as@wﬁ@&s Ake Poymulselba):
x 10 % %% + 1..09 2 A2 +1.72 x 10-1 A+ 97 < Tg

5 ¢ 0- 51%3&'1’19 69 & o 2 AP giyrasaed A LA <
107 (b@ case of 20 < A< 60), and 1.04 A+ 73 < Tg <

0. 79A% 98 (in case of 60 < A< 95). 2. Astyrenic
copol yrer, caccaqr.ds to cI im rei nt ent
(% by \;\%legSh%) qPA) r}%af sal % |sc]% \ggﬁyl %r%c#léiclg] unirt™ 27 =
in sairgd stymenicc , cqpet ywer, | %@Q L RY- aq§orbqng% (B Pt 4 &

sai d styreni c copol ynmer at a Ilght havi n
wavel engt hsof 3@ Rm 9t ishythe,foLmul a

1.04 A+ 73 <Tg < 0.792 + 98 (in case of 60 < A <

95).
2. A styrenic copolymer according to claim 1,
wherein the content (% by weight) (A) of said
isopropenyl aromatic unit in said styrenic copolymer,
and the absorbance (B) of said styrenic copolymer at a
light having a wavelength of 305 nm satisfy the formula
(b):

B < 0.0002 A% - 0.0017 A + 0.52.
3. A styrenic copolymer according to claim 1,
wherein the relationship between the content (% by
weight) (A) of said isopropenyl aromatic unit in said
styrenic copolymer and the weight-average molecular
weight (Mw) of said styrenic copolymer satisfies the
formula (c¢):

-1.92 x 1072 A% + 2.95 x 1077 A + 98.2 < Mw x 1073 <

exp(6.37 — 2.77 x 107% n).



(b) : B < 0.0002 A2 - 0.0017 A+ 0.52. 3. Astyrenic
copol ynmer according to claiml1, wherein the

rel ati onshi p between the content (% by weight) (A of
said i sopropenyl aromatic unit in said styrenic

copol ynmer and the wei ght-avefage nol ecul ar wei ght
(Mv) of said styrenic copolyner satisfies the fornula
(c)i. -1.92 X A0s2yA2ntc295ck & péliemérgéfz < Mw x
10-3 < exp(6.37 - 2.77 x 10-2 A 4. A styrenic
bl ock copol yrerstofren ¢ ye@hb Ty h@pOLYABEi §QARI i Si ng an
i sopropenyl aromatic unit represented by the fornula
(1): wherei n arhel sybstpdueht agomoapi Rlunepr espptsSented by
hydrogen, or a hydrocarbon radi cal of -CnH2n+1

whémhel Eormslan( J )t eger nunber of 1 or nore, and a
vinyl aromatic unit represented by the fornmula (2):
wherei n the substituent group R2 represents hydrogen,
or a hydrocarbon radical of -CkHen+1 wherein n is an
integer nunber of 1 or sorge-agd-the substituent
group R3 represents hydrogen or la phenyl radical; and
a styrenic polymer conprising hnyl aromatic unit
represented by the above for 2), wherein the
ratio (Mwv M) of the weight av a\be nol ecul ar wei ght
(My) of said styrenic block copol Wer to the
nunber - aver age nol ecul ar wei ght (Mn) 112 thereof is

inwh@%e&ﬁngﬁeogu%s@i%%e%togroup R* represents hydrogen, or
a hydrocarbon radical of -CupHsn.; wherein n is an integer
number of 1 or more, and

a vinyl aromatic unit represented by the

formula (2):

wherein the substituent group R? represents hydrogen, or
a hydrocarbon radical of ~CyH,,,; wherein n is an integer
number of 1 or more, and the substituent group R’
represents hydrogen or a phenyl radical; and

a styrenic polymer comprising a vinyl
aromatic unit represented by the above formula (2},

wherein the ratio (Mw/Mn) of the welght-
average molecular weight (Mw) of said styrenic block

copolymer to the number-average molecular weight (Mn)



5. A styrenic copolymer conposition conprising a

m xture of at |east two styrenic copol yners sel ected
fromstyreni c copol ymers conprising an isopropenyl
aromatic unit represented by the fornmula (1): R3
wherei n the substituent gr oup; represents hydrogen,

or a hydrocarbon radical of -CnH2n+l1l wherein n is an

i nt upe r n vinyl aromatic
unﬁ?gfg%?gsg%tg%oﬁgétﬁ%ﬂa§o§ﬁuﬁég(g?:hﬁgérein t he
substituent gg Fen 1 €PESSEDYRehY ] i s
hydr ocar bon rag?gél of -Cn ngl mhgéggﬁgﬁt?gnagomprlSlng @
| Ntreigefurdupbest ofedsOrc wdr £ v &g & hecgubshkbtyedticcted
group R3 represents hydrogen or a phenyl radical,
whefeinn saeterofc sadgh Bfmd eastotpwi stygeni ¢ copol yners
has a copol yneri zation conposition ratio and/or a

wei ght - aver agen niod mdeen e ghdmadhi chuat € #d8resented by
different fromthose of the others. 6. A styrenic
copdley rerrmadrgpoliilti on conprising a mixture of at

| east two styrenic copolyners selected fromstyrenic
copol yners, which are produ®dd by a continuous |iving
pol ynmeri zati on mnet ho_d_,__ﬁg{m_ré_s_igg an i sopropenyl
aromatic unit representedl by the fornula (1): wherein

the substituent group RL r ents hydrogen, or a
hydrocar bon radi cal of -CH2 ﬂ wherein n is an

i nteger nunmber of 1 or no nd a vinyl aromatic
unit represented by the R?

wherein the substituent group R' represents hydrogen, or
a hydrocarbon radical of =CpHsny; wherein n is an integer
number of 1 or more, and

a vinyl aromatic unit represented by the

formula (2):

wherein the substituent group R? represents hydrogen, or
a hydrocarbon radical of -CpHzp.s wherein n is an integer
number of 1 or more, and the substituent group R’
represents hydrogen or a phenyl radical,

wherein each of said at least two styrenic
copolymers has a copclymerization composition ratio

and/cr a weight-average molecular weight which are



formula (2): 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, said styrenigl opol yners bei ng

synt hesi zed by providing 114 Fan i sopropenyl aromatic

MONDITES o ¥ SPF eS5EHhednoby bhecfar g%grgs,’): wherein the
substituent group Rl represents hydrogen, or a

hyds ocar bon radie fe@iC'Ebb@@?%efhébﬁbes@tﬁ%na@om_rising a
integer nunber of 1 or nore], and [a vinyl aromatic

nononerurepsesent beaby the storania E4po1vherai Betibeted
substituent group R2 represents hydrogen, or a

hy drogardon: eradt cabpof ym€ns2nwii yheseenpRotiical by a

i nteger nunber of | or nore, and the substituent

gr o tRQ u@py elsentsg hydt pgeni pat aopheayhodadieabl ikate
a polynerization reactor while the conposition ratio

of [said isopropteyforpenymtd comandoeuntepreseatedtby by
the fornmula (Sg to [said vinyl aromatic nonomer
reptésdt@d 5y the formula (4)] in a raw materi al

sol ution conprising said isopropenyl aromatic nononer
and said vinyl aromatic nononergqg continuously or
intermttently changed, and each of said at |east two
115 styrenic copolyneré_ﬁﬁb?ﬁﬁca conmposition ratio of

[said isopropenyl aronmatic r represented by the
formula (3)] to [said vinyl gar tic nononer
represented by the fornmula ( s different from
that of the others. R

wherein the substituent group R! represents hydrocgen, or
a hydrocarbon radical of -CpHso4; wherein n is an integer
number of 1 or more, and

a vinyl aromatic unit represented by the

formula {2):

wherein the substituent group R? represents hydrogen, or
a hydrocarbon radical of -CuHpy wherein n is an integer
number of 1 or more, and the substituent group R’
represents hydrogen or a phenyl radical,

said styrenic copolymers being synthesized by

providing



7. A styrenic copolynmer produced by a conti nuous
living polynerization nethod, conprising an
i sopropenyl aromatic unit represented by the fornmula
(1): CH3 -HZCC wherein the substituent group R
represents hydrogen, or a hydjocarbon radical of
-ClH21+1 wherein n is an integer nunber of 1 or nore,
and a vinyl a[mii@pﬂ@@énﬁﬂpégéﬁﬁtﬁg Bynbhe r fr%ﬁ‘é's%nted
(2): R3 | HZc-c wherein the substituent group
r epriesemnt stdwdrogen3) or  a hydrocarbon radi cal of
-C, H2,+1 wherein n is an integer nunber of 1 or nore,
and the substituent group R3 represents hydrogen or a
phenyl radical, wherein the t¥fal anmount of: 4 116
an isopropenyl aromatic nmppeses represented by the
formula (3): wherein the substjtuent group Rl
represents hydrogen, or a hyfirogarbon radical of
-CnH2n+1 wherein n is an intgeg nunber of 1 or nore,
a vinyl aromatic nononer repr ted by the fornula
(4): wherein the substituent grouB R2 represents
hydrogen, or a hydrocarbon radi cal of -CnH2n+1
nunber aof; 1 or nore, and the

wh [ [ n Lnte
su%@%FgﬁghF%'a Eﬁ&% ent group represents hydrogen, or

a hydrocarbon radical of -CyHsns; wherein n is an integer
number c¢f 1 or more], and
[a vinyl aromatic monomer represented by the

formula (4):

wherein the substituent group R? represents hydrcgen, or
a hydrocarbon radical of -CpHony wherein n is an integer
number of 1 or more, and the substituent group R®
represents hydrogen or a phenyl radical] into a
polymerization reactor while the composition ratioc 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 comprising said isopropenyl aromatic monomer
and said vinyl aromatic monomer is continuously or

intermittently changed, and each of said at least two



represents hydrogen or a phenyl radical, and a

pol yneri zati on solvent is 2,500 ppm by wei ght or |ess.
8. A styrenic copolyner according to claim7, wherein
the glass-transition tenperature (Tg) of said

styrenic copolymer is in the {ange of 105C to 140C,
the wei ght - average nol ecul ar weight (Mv) is in the

ange,@fn 20, Q00 1-an 309, ﬁg¥5n§ng &Bﬁp5§££9 %&%@%@E Qf [said

117 t he wei ght - average nol ecul ar wei ght

nunbeyor At Ages f £t aroNehaht r& M sbsekh Epetﬁéng%rmula
of 1.6 to 2.5. 9. A nethod of producing, by

contd)fuals ldatidgripel yamesmZed & Oflo iBhaedre réEéh%@Hbe the
copol ymer conprising an isopropenyl aromatic unit
r efgreesented 4y ihedfofamdrec (A)om GHIat - HEC-EeWoeReiB .
the substituent group Rl represents hydrogen, or a
hydr.ocar bon rPaditgalerdfc -daningle mhereduceadilsyaa continuous
|nteger nunber of 1 or nore, and a vinyl aromatic
unilf iEgr esdntieg ing ttivn nfegrimsd a (DprRBing wherein
the substituent group R2 represents hydrogen, or a
hydr ocar bon PadiiEaIP e erCHHARCMAthie? eimith Fepamsented by
'n%g er. _nunber of 1 or nore, and the substituent
gr % RS TFSgfedent's hydrogen or a phenyl radical, said
nmet hod conprising the steps of: continuously
i ntroducing a raw nateri al
i
—'-HZC—'—C

N

R1

wherein the substituent group R' represents hydrogen, or
a hydrocarbon radical of -CyHzn4 wherein n is an integer

number of 1 or more, and

a vinyl aromatic unit represented by the

formula (2):

wherein the substituent group R® represents hydrogen, or
a hydrocarbon radical of -CuHsn+1 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:



118 solution conprising nononers and a solvent into a
vessel type of reactor having a stirring machi ne from
the | ower or upper part of said reactor; and producing
said styrenic copolynmer while continuously

di scharging a polyneric solu%%@n fromthe wupper or

| ower part of said reactor, Ich is positioned in
the opposite £hrecdpospdhyt herbikbet cohondabd K8Wresented
mat eri al solution. 10. A nethod of producing, by a
contyt mrousfdamvang (Ppol yneri zati on nethod, a styrenic
copol ymer conprising an isopropenyl aronmatic unit
represented by the formula (1): 'H3 wherein the
substituent group Rl represent®shydrogen, or a

hydr ocar bon radi cal of -¢g529$1 wherein n is an

i nteger nunber of 1 or nore, Jand a vinyl aromatic

unit represented by the fo (2): R3 wherein the
substituent group R2 represgntssifhydrogen, or 119 a
hydr ocar bon radi cal of -Cn wherein n is an

i nteger nunber of 1 or nore, anB't he substituent
group R3 represents hydrogen or a phenyl radical,

wh%%ein.th% mai n c%_ onent of a égol meri zation
sol"VERELNs T 17adst o PR \FRGSSNGon hydrogen, or

co .11, A nethod .of pr cing,, by a continuous
i \I‘:?(.p ﬁg’%é’r‘fi]aér%oél pol Vs z°£ i0 %ﬁ‘ﬁtlh‘fﬁa?\rlﬁlgt {r &fi @0 1nteger
CORQRMERT o CQMR §i1%,

2 vinyl aromatic monomer represented by the

formula (4):

wherein the substituent group R? represents hydrogen, or
a hydrocarbon radical of -CpHsu wherein n is an integer
number of 1 or more, and the substituent group R’
represents hydrogen or a phenyl radical, and

a polymerization solvent
is 2,500 ppm by weight or less.
8. A styrenic copolymer according te claim 7,
wherein the glass-transition temperature (Tg) of said
styrenic copolymer is in the range of 105°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




an isopropenyl aromatic unit represented by the
formula (1): CH3 wherein the substituent group Rl
represents hydrogen, or a hydrocarbon radical of
-CnH2n+1 wherein n is an integer nunber of 1 or nore,
and a vinyl aromatic unit represented by the formula
(2): R3 -HZCG-C wherein the substituent group R2

r RIS §Rli% VY Aol by gE of ragi c _
_ChI—I21+1l erdf?%?Q% 5% intégér ﬁggﬁﬁnéﬁggr€%f9§eopumber

MDEGeratd e b theninigr oud) RBs {€PEESePhige of 1.6 to
hydr ogen or a phenyl radical, said nmethod conpfising

the .st.ep of introducing a protic conpound conpri sing
carbon dioxide and water into a polynerized solution
so%s to temnmatted ket pododerizgt ilon & easht OAuowBeniving
the anount of a vinyl aromatic nononer represented by

t heoflgmeuliza tidpn metéroai,n & Mt st c taemd L gnenpec&Bprising
represents hydrogen, or a hydrocarbon radical of

- C'H2a+1 whergi i sepiroranyinteagerat nunbeit ofedresenbed, by
and the substituent group R3 represents hydrogen or

phehyl fP&adal (1ddid vinyl aromatic nononer existing

in a styrenic copolyner which is produced during the

pol ymeri zation reaction, has rugH, up to 3% by wei ght

or less. 12. An injection- _Q§U article conprising a
styreni c copol ynmer accordi té:any one of clainms 1 to
8 as descri bed above. P }
.
\Rt

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

a vinyl aromatic unit represented by the

formula (2):

wherein the substituent group R? represents hydrogen, or
a hydrocarbon radical of =CupHznyy wherein n is an integer
number of 1 or more, and the substituent group R’
represents hydrogen or a phenyl radical,

said method comprising the steps of:

continucusly introducing a raw material



13. An extrusion-nolded article conprising a styrenic
copol ynmer according to any one of clains 1 to 8 as
descri bed above. 14. A sheet conprising a styrenic
copol ymer according to any one of clains 1 to 8 as
described s 121 above. 15. A fpam conprising a
styreni c copol ymer according to any one of claims 1
t 0 58 12 ides Wdnied s BhPRon e r A £:09d; CONL abREr 1H0F 4
war m ng, conprising a styrenic copolynmer according to
anyeeieloft ypleaidd ehdtor Imasndgescst Peei 3PoMBchide Arom
part for houses, conprising a styrenic copolyner
actordiloyetro canysparer qfacd & fesal2d toedbras; gegcri bed
above. 18. A part for a car interior, conprising a
styreni c cop@norerciacr gradid g tyr aanyc oep ol yred ai Wi 12
to 15 as described above. 19. An optical part
CORPRIFGNHG U 13t wrieming radoynlay rerl vaeeoidi sl toi emyf oo the
of clainms 12 to 14 as described above.

upper or lower part of said reactor, which is

positioned in the opposite direction of the inlet of
sald raw material sclution.

10. A method of producing, by a continuocus living
polymerization methed, a styrenic copolymer comprising

an isopropenyl aromatic unit represented by

the formula (1):

wherein the substituent group R' represents hydrogen, or
a hydrocarbon radical of -CuH;ny; wherein n is an integer

number of 1 or more, and

a vinyl aromatic unit represented by the

fermula (Z2):

wherein the substituent group R® represents hydrogen, or



119

a hydrocarbon radical of -CpHyny; wherein n is an integer
number of 1 or more, and the substituent group R?
represents hydrogen or a phenyl radical,

wherein the main component of a
polymerization solvent is at least one zaliphatic
hydrocarbon compound.
11. A method of producing, by a centinuous living
anionic pelymerization method, a styrenic copolymer
comprising

an isopropenyl aromatic unit represented by

the formula (1):

wherein the substituent group R' represents hydrogen, or
a hydrocarbon radical of -CuHons: wherein n is an integer
number of 1 or more, and

a vinyl aromatic unit represented by the

formula (2):

wherein the substituent group R? represents hydrogen, or

a hydrccarbon radical of -C.Hj..; wherein n is an integer



120
number of 1 or more, and the substituent group R’
represents hydrogen or a phenyl radical,

said method comprising the step of
introducing a protic compound comprising carbon dioxide
and water into a poclymerized solution so as to
terminate the polymerization reaction, when the amount

of a vinyl aromatic monomer represented by the formula

(45 :

wherein the substituent group R? represents hydrogen, or
a hydrocarbon radical of -C,Hsny1 wherein n is an integer
nunber of 1 or more, and the substituent group R*
represents hydrogen or phenyl radical, said vinyl
aromatic monomer existing in a styrenic copolymer which
i1s produced during the polymerization reaction, has run
up to 3% by weight or less.

12. An injecticn-molded article comprising a
styrenic copolymer according to any one of claims 1 to
8 as described above.

13. An extrusion-molded article comprising a
styrenic copolymer according to any one of claims 1 to
8 as described above,.

14. A sheet comprising a styrenic copolymer

according to any one of claims 1 to 8 as described



121
above.
15. A foam comprising a styrenic copolymer
according to any one of claims 1 tc 8 as described
above.
le. A food container for warming, comprising a
styrenic copolymer according to any one of claims 12 to
15 as described above.
17. A part for houses, comprising a styrenic
copolymer according to any one of claims 12 to 15 as
described above.
i8. A part for a car interior, comprising a
styrenic copolymer according to any one of claims 12 to
15 as described above.
19. An optical part comprising a styrenic
copolymer according to any one of claims 12 to 14 as

described above.



