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DESCRI PTION  METHOD FOR PURI FYI NG a- METHYLSTYRENE AND
HEAT- RESI STANT STYRENE- BASED COPCLYMER USI NG THE
a- METHYLSTYRENE 5 Technical Field [0001] The present
invention relates to a nethod for obtaining highly
pure a-nethylstyrene as a pol ynerizati on nononer.
More particularly, the invention relates a
nmet hod for purifying apﬁgﬁﬂgﬁimgﬁgne to a high purity
by renovi ng pol ar substances, such as al dehydes and
ketones contained in trace anmounts in
net h Ist rene reaction in the esence_of a
M EBEAGR EORIAREBYINGS t MESHYL S EYIRERIE AND MEASTHRESECHANT
wi t hout reqU|r|ng a conpl ex process. Mdreover, the
pr T¥RENEBASE DrCOPOLYAERA SING yittn - MEJ Y L&D DR e
having little coloring, and 15 superior heat
resi stance, weather resistance, nelt stability,
nol dability, strength and rigidity able to be
Techi@aiFiggd by using this nononmer. Background Art [ 0002]
20 Styrene-based resins are used in an extrenely w de
[Ooo1iange_of applications as a result of not only having
uperior material performance in terns of
ns NCY; i gj dj di Si | st .and
o PIBEERC ueioh, elatep T 2 oPRfiods B, LIRSS iHy pure
essed in varjous. forms such as ro]led sheet
a—me& Wisheergoasea SRLEIRIZ inPt o5k B9 w'ﬁﬁvdé'ae present
articles, and because many yrene-based resins can
invention pelatasca dnethed ;f@hewfym @ﬁﬂehhulatséreg@ to @ bige Mty Qwemovmg
pol ynmeri zation using radical polynerization, solution
polar uibgtancesasiion as aldghydes gindrsatanes, contained  iteee amounts in
suspensi on polynerization or enul sion polynerization.
a-methylstyrene by reaction in the presence of a basic substance, whereby efficient

removal can be achieved without requiring a complex process. Moreover, the
present invention relates to a styrene-based copolymer having little coloring, and
superior heat resistance, weather resistance, melt stability, moldability, strength and

rigidity able to be obtained by using this monomer.

Background Art
[0002]

Styrene-based resins are used in an extremely wide range of applications as a
result of not only having superior material performance in terms of transparency,
rigidity, dimensional stability and the like, but also as a result of being able to be
processed in various forms such as rolled sheets, films, foamed sheets, foamed
boards and blow molded articles, and because many styrene-based resins can be
produced inexpensively and in large volume by bulk polymerization using radical

polymerization, solution polymerization using a high monomer concentration,
1
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[ 0003] Although typical exanples of styrene-based
resins may include polystyrene (GPPS),
styrene/acrylonitrile (AS), styrene/nethyl

nmet hacrylate (M5), 5 styrene/nethacrylic acid (SMAA),
styrene/ mal ei ¢ anhydride (SMA) and the |ike, styrene

suso SRS A BRI GH (RNl ot e oot

[Oooﬂroperti es, and because it is inexpensive, has high
sage value and is used in various applications. Sone

|, or li.cations . 10 thereof are indjcated pel ow
Rl Ripiced o raplen ) ShIRabasse JRERNEY e golystyrene
sheet: PSP), cup noodle containers (foaned sheet:
(GPRSSp) | styrenp/asnydanitidgoon@S) or istyrepetipethyl e piathagviate  (MS),
sheets (biaxially oriented sheets), envel op w ndows
styrene/nieibaerylippacidn(SMAPRY! isterenetmsaleite lbehdiide, (SMA) and the like,
air-conditioner and OA equi pnment packagi ng, electric

styrenefhonupayrmers (polystyrene{SERSS) isMiseththe\foshehiversally.
(M scel | aneous Househol d Goods) Toys, stationary

[0004rticles 20 (Building Material Applications)
Insul ation (foaned boards), tatam mats (foaned

3 giend SR ey Slpel O HRARIE, SHEbERRLIS TS Boponshc
vas 66 BEBBTER b I B0 B0k, St e Phpicatons
therepf 8o EfRLPSRR  cCance 15 about 1000 (glags ¢

t([’%Q%éihS%;}pﬁc t(ieorn%_bure), in applications involving 2

Lunchbox containers (foamed sheet: PSP), cup noodle containers (foamed
sheet: PSP), clear cups, spoons, forks, vegetable packaging sheets (biaxially oriented
sheets), envelop windows

(Home Appliance Applications)

Television, air-conditioner and OA equipment packaging, electric refrigerator
trays, cassette, MD and MO shelis

(Miscellaneous Household Goods)

Toys, stationary articles

(Building Materiai Applications)

Insulation (foamed boards), tatami mats (foamed boards)
[0005]

However, there were some applications that were unable to be satisfied even by
the performance of this resin, such as applications that prevented this resin from

being used due to insufficient heat resistance. More specifically, since the GPPS

heat resistance is about 100°C (glass transition temperature), in applications involving
2
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contact with hot steam for disinfection by boiling,
food packagi ng applications requiring heating in a
m crowave oven or applications involving nol ded
autonotive parts susceptible to exposure to high
tenperatures in the sumrer, this resin was unable to

condl, WA Skt Vgt 8 A M Pokapy sppicatons
R 8k S AR i e awomoe

pol ar f.unctional group, . ex les, of which may inglude .
pa”%%‘&ﬁ‘?ﬁ@@s{%?"&? &n Qﬁﬁ‘ %FW@WPFd"a"E‘PdS%@ )ﬁ"'s resin was

copol yners of styrene and mal ei c anhydride (SMA) and
unab&agblp%/ Heed without [jsle pbcayring defaimatiende the malded articlest

resi stance can be arbitrarily changed by controlling
[000G]he arpunt of nonomer containing the polar functiona

group in the copolymer conposition. For exanple, a

tQpe cavayepfinatltanting theatheaesiesistatices tofr potyshaend may include
resin in the formof SMAA has a Vicat heat resistance

copolyPmareAm) i with @PdABme? cdrfHining HSHEfUNCHERA group, %xamples

pol ynmers having the polar functional group are expose

s nar. . _
of \n{hﬁbm'rﬁ% %d@ﬁ%@dﬂiﬁém BHiC lsfireh NshAY nﬁ@cﬁ?% SEO?E:tdh [SMAA),

e polynmer ¢ rs due to side react

conofls, i iBhe 200 e84k, B8] B3 SBIBVARES! 85 and

r.qcessahility, due tao increased viscosjt t her eb .
malofiG MR oL srgiaRce Rbre ariisabinniasel B bontroling the
accepted by users fromthe viewpoints of quality and
amO'ﬁ}ct_oe cPRPIEr $BNiatHog) the, relar %Bﬁt,'o'?ﬂcgé%i-ﬁédm the copolymer
susceptible to the occurrence of crosslinking
compasiien: odrr examle.cohpiaal exemple af gheatneaistant slyrena-based resin
retention nmeans increased susceptibility of high
in therfdrecof 8MAsk ihgkta Midat heas resistdete temipesatuda of rym 105 to 125°C.
nol di ng processing, thereby making it difficult to

Howeveey elhenapdlyrers chaviing tRe polar dxactingl ghbep Aret axposidi to high
an 25 injection nolded article, end materials

empARACS O oSSR Ese W4 48 AR SRAIPGecoRr weo 1o s
reactiénk! & i HEIAMGPOEY, Ad as a result, gel-like substances are formed that
cause a decrease in molding processability due to increased viscosity, thereby
preventing these polymers from being adequately accepted by users from the
viewpoints of quality and productivity.

[0007]

In addition, increased susceptible to the occurrence of crosslinking reactions
under conditions of high-temperature melt retention means increased susceptibility of
high molecular weight polymers to deformation during molding processing, thereby
making it difficult to recycle and reuse resins, For example, when obtaining an

injection molded article, end materials (skeletons) are generated during formation of

sprue and runner components and when obtaining molded articles from biaxially
3
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3 oriented sheets or foanmed sheets. These are usually
reused by partially mxing with virgin pellets after
bei ng crushed or cut up, or are typically reused by
partially mxing into general-purpose resins such as
pol ystyrene. [0008] 5 However, reuse becone difficult
| r i . . .
onengédoéﬁ%t%i??‘rﬁ%% ﬁslrhtg ?ssrmlolfeh aafr% \Allfeéll.&ﬂ?'? §éﬁ*8¥?85tlaliy mixing with
d ther em o
virgi] Bellet ARG B8 B@g%sﬁ?ﬁ@é&” 4Py REAlR Evpﬁqaqﬁ’frr@yae? by prtially mixing
for recycling virgin pellets. Mreover, copolyners
into generalrpirRgse H%S'B%F’HFh ?ﬁrPé’!Y%Yf&Fegr oup typi cal | y have
oor conpatibility with polystyrene and even if m xed
[000£y melting, not only do 10 they lead to a decrease in
nmechani cal properties, but also cause a | oss of
tHawsyarr eruse, bédmme ljffipule feheiflogy propesties pbhyresirscliange due to
bei ng recycled to general-purpose polystyrene. [0009]
crosstihikingtdfeighn Actecl aoweighb 9§Ifﬁné€r§ iduging racle Brovesefrigs @hd\MtRere was
utilization of resins in recent years, various

the drdtﬁ’léﬁ of lirfGYiehs Hei tp‘l%&! Bﬂ"tﬁehfé?!‘of’@(@é&?&%i‘n@'?& recycling to

i npl enented. Being abl'e to recycle, rework and reuse

virginl nE?ILeg?.S mo?g%\%?sﬁgﬁ&ZHeﬁée %H{dlﬁﬁg?heoﬂblé ﬁlr{cﬁéhé‘l group typically

s n ma I al eve

the futur uired to _be r Sj. NS
nave g e pilt i gath%&rﬁaatansﬁag?@a wgednﬁvmft'aﬂymt only do
ecrease i n nol ecul ar ht or generation
they d8a0 ;B> Qe oS an omachansal yRiePoRivs: rbdvaiq (Cayshng. loss of
t hrough several rounds of nelt proceSS|n? Thus
transpakansyi stherelusi peevepting héhers, esepatemersf ek being recycled to
materi al s exhibiting higher nelt stability than

genetahpusposopalystytgneene- based copol yners. [0010]  Anot her

probl em of conventional heat-resistant styrene-based
[0009]esi ns was the 25 narrow range of processing

condi tions during nolding. Inproving the heat

With the increasing emphasis being placed on effective utilization of resins in
recent years, various types of recycling methods have been developed and
implemented. Being able to recycle, rework and reuse resins is an essential
requirement on the resin markets of the future. Resin materials developed in the
future will be required to be resins able to be effectively recycled without undergoing
hardly any decrease in molecular weight or generation of monomers due to severing
of the polymer chain even if going through several rounds of melt processing. Thus,
there is a desire for the development of resin materials exhibiting higher melt stability
than conventional styrene-based copolymers.
[0010]

Another problem of conventional heat-resistant styrene-based resins was the

narrow range of processing conditions during molding. Improving the heat

resistance of a copolymer is equivalent to improving the temperature at which flow of
4
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resi stance of a copolyner is equivalent to inproving
the tenperature at which flow of 4 the polyner chain
begins. Thus, if it is desired to obtain flow
properties simlar to those of polystyrene during
nol di ng processing, it is necessary to raise the

1 r re carre [ : | _—

the ARAHEEBhADETR o THis f B BTRETES, (EobBirt Aol BroBRIE imilar to
styrene-based gopol yners cont ai ning t.he pol ar :

thosg’ dfc FOBRBIERe AUTRY Molindc BirsBsort saRebrgsary to raise the
tenperature does not inprove corresponding to heat .

processdid t tgmmerattsa s eeesRINAing nto @ dmjoyemeakdnngeat resistance.
tenperature range becones narrow and as a result,

Howevesr in the cape o slyrerienbasedreopolymerdi captaioingethee peldgs functional
in productivity and quality. [0011] 10 There are

group the detdmpesition stapingviempératurbedoes ast inprove obrresponding to
styrene-based resins by using a nononer that does not

heat es¥ittahde.t NEoRSeQierityNEd PBRling EMSSE@tenﬁ?e?ﬁWre rarige becomes
copol yner of styrene and a-nethyl styrene is known to

narrch® ZRBSHS 3 Pediilt, th@Fé QRTE rﬁrﬂg}[e‘i‘lzs: ?e?ﬁ@?é IANEadihgo decreases in

tenperature as the conte styrene

[ ee  for exanple, Non-Patent Docunment 1).
mbdwgﬁﬁg%®§?“%@§£ver, in the case of attenpting to
[Oo1ﬁopolynerize styrene and a-nethylstyrene using a

ypi cal exanple of an industrial production process in

the formof radical solution | yneri zatjon, nope, of
Thece' 6t RISGSTIRRK S Gl HBIOSMED T8, Mt SRSt o Shigne-based
_due to nunerous problens as indicated bel ow. 20 1)
resingiyh usibPea unenomer drat gegs net certain the polrr funstippaligreup. For
to the lowceiling tenperature of (x-nethylstyrene of
examgpiaua 0BPGlynigr obstyeenenand a-ewthylahcene asmkabwneto demonstrate an
obtained due to |limtations on the content of

increége Nt Ihd fiasenaanisitidr eceperdtureras angl cintémte ofrek-methylstyrene
deconposition of the copolyner occurs easily dependi ng

incre88eded, Rt example, Non-Patent Document 1).

[0012)

However, in the case of attempting to copolymerize styrene and
a-methylstyrene using a typical example of an industrial production process in the
form of radical solution polymerization, none of these methods have been able to be
used industrially due to numerous problems as indicated below:

1)  high molecular weight polymerization is difficult due to the low ceiling
temperature of a-methylstyrene of about 60°C;

2) target heat resistance cannot be obtained due to limitations on the content of
o-methylstyrene in the copolymer; and

3} thermal decomposition of the copolymer occurs easily depending on molding

processing conditions due to poor themmal stability during melting, thereby

resulting in the generation of monomer components and susceptibility to
5
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25 processing conditions due to poor thermal stability
during nelting, thereby resulting in the generation
of nononer conponents and susceptibility to 5
decreases in nolecular weight. [0013] On the other
hand, since a-nethylstyrene can undergo |iving anionic
P | zat | Usi, a butyl lithiuminitiator,
é%%%€§%%5®'33E§$§F3H%5@hd 5 a-nmet hyl styrene can be
| so be produced by living anionic polynerization

[OO“gsee, for exanple, Patent Docunent 1). Therefore, a
nmet hod has been proposed for solving the problens of L
rQai dke otheruhiapd, peingereermathyistyienec fanyiynfesge living anionic
l'iving anionic polynerization according to a

polyroerizatiomo tay | usinggapdiugytetithiumi danitiater,hedpolyinmgysa of styrene and
conplete mxing type of 10 pol ynerization reactor

a-metisdstyrérey carn i bBo Batpeoduderic byeining2anioniti polymidnadtion (see, for
characterized by carrying out polynerization using a

exanffé Pateat DokuRene).conpl ete  m Xing reactor such that
the concentrations of a-nethylstyrene nononer, styrene

BRfre 280mlctdd) HaS OB PRopdlers /it s&lﬁnghlﬁel ' Pﬂbrlkﬂrnslcff radical

pol ymerization reaction system remain constant at a
[ 0 i f : . 1). _hi .
soluto B Eafo) M rkfing Pt I RE el BRlrietitlieh &ogding to a
a Livi pol yneri.zgtion t hod; .2) the content af.

contiugus nlylag  wamerZatien (BElicthelisiign B ecdBRIER| igng type of
since the concentration in the reaction systemcan be i

polymperizationn &gagter (s8R, for) exanapleal Pateabilbeaumentr 2hg This method is

mel ting inproves due to the absence of head-to-head
charemewcg by carrying eutapolymenaatiom disinchar camtisugbb etype mefscomplete
in the main chain of copolyner due to the use of
mixingnreztar potly iteat thad concerjtfilibhls ofHowaethylstyienenmonomer, styrene
ani oni c polynerization is typically susceptible to the
monarhéeahd Iding copolymer present in the living polymerization reaction system
remain constant at all times, and offers the following effects:

1)  high molecular polymerization is possible due to the use of a living
polymerization method;

2) the content of a-methylstyrene in the copolymer can be controlled since the
concentration in the reaction system can be kept constant; and,

3) thermal stability during melting improves due to the absence of head-to-head
bonds, tail-to-tail bonds and other unstable bonds in the main chain of
copolymer due to the use of anionic polymerization.

[0014]

However, living anionic polymerization is typically susceptible to the effects of
impurities contained in the raw materials. In particular, active anions are known to

easily react with polar substances such as water, aldehydes, ketones and alcohols.

If polar substances are present, even in trace amounts, in an anionic polymerization
6
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inmpurities contained in the raw materials. In
particul ar, active anions are known to 25 easily react
wi th pol ar substances such as water, al dehydes,

ket ones and al cohols. [|If polar substances are
present, even in trace anmpunts, in an anionic

reactﬂ% é{)ﬁ%‘h‘f %{ah%’t“’% 3668 r8 cOWith Sk Sﬂc{]@r gﬁﬁét\élﬁct:%Q @8Siting in the

ar SUbS ances re Ing In

formelfor Bt APEITS E’zﬂr9ﬁ§5g§’%msgﬁé%? GRLUBRp m&?@?ymenzat'on

carryl ng out |IVIn ani oni c merlzatlon

Consegughiiyicuben amying st &wnm%mﬁwgt PRj¥meggationy, P%lﬁﬁl substances in
entrance of polar substances into the reaction 5

raw matarials mist beeredussde apdenieancecel pelap substenees [into1the reaction

In addi tion, the above-nentioned pol ar substances and
systene aulst be smptpd&sﬂed as mughtdsvpossiblens and pol ar

subst ances undergo degeneration during the course of
[0014]he pol ynerization process resulting in the

possibility of the formation of colored 10 substances.

IIﬁ é&Hlﬁoﬁa bbv&m:&&a%&wr %uﬁgfdi‘kbggarﬂf ré&&ion products of

pol ymer ecreases In ymer physical properties,

activé %%F(ﬁ?sr aﬂa‘gonéi' ¢ %ﬁ?ﬁé&eﬁhaé’lﬁi edeézérfbﬂéﬁm%ﬁ %Iu\‘nh@"i‘ﬂ@' Burse of the

ances 1 n aw nmateri a

ref er abl i_m nated as ch_as SSIb
pobrffefef " efpess) sPufite, B b€ "o dRein i féﬁﬁ%@a gy cotored
SUbSBFE@§ss héw? %%gﬁgﬁégﬁﬁgggﬂtgyg@geg 2&%6@ g#oPQemeasesnn
contains a step in which cunmene hydroperoxi de_obt ai ned
polyragr physieali repeftissathereby¥rmakingdhiseHadesirabimc ehfomtlig viewpoint
to 80 to 85%foll owed by acid deconposition to pheno
as wealhdpolac stiostencesdimthet raav naterials arevprefaraly dfineinated as much as
resul ting crude phenol contains such 20 substances as
possiblet one, water, cunmene, a-nethylstyrene and phenol,
and purified phenol is produced fromthis crude
[oot1gihenol by distillation, while at the same tine,
acetone and a- nethylstyrene are respectively separated

395w SSTOUR Bidat Procdsd for industrial production of a-methylstyrene is the
cumene-phenol production process. This cumene-phenol production process
contains a step in which cumene hydroperoxide obtained by oxidation of raw material
cumene is concentrated to 80 to 85% followed by acid decomposition to phenol and
acetone and neutralization / washing. The resulting crude phenol contains such
substances as acetone, water, cumene, a-methyistyrene and phenol, and purified
phenol is produced from this crude phenol by distillation, while at the same time,
acetone and a-methylstyrene are respectively separated and recovered (see, for
example, Patent Documents 3 and 4).
[0017]

However, in the case of attempting to respectively separate and recover acetone

and a-methylstyrene simultaneous to production of purified phenol using the process
7
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exanpl e, Patent Docunments 3 and 4). [0017] 25
However, in the case of attenpting to respectively
separate and recover acetone and a-nethyl styrene
si mul taneous to production of purified phenol using
the process 7 described above, the foll ow ng probl ens
t L, R Q fjy 1 ' : o
descgpé&' %bob@ﬁﬁ%%fal(l)c?big_é r@?ﬁl&fh‘lsh@é’dd?. ﬁah‘%\%isglﬁsta%?:bghtamnﬁ a boiling

( os_e t_O t ( _ _styrene for separatl o
poinod 58 e i o A o atin

r.oduced .as -products durjn enol, product. on.
preséiifuamong B ralis BLRtlaGoSs SUah HoRiahyviet AAg E1PRES produced as
a-nmet hyl styrene in the formof inpurities in the case
by-predugtsdyrindphenol prequstieat i dhusapejaesubgianegs end up contaminating
addition, a nmethod is carried out for the purpose of
the c-omihylatyréemspim ithe dermcafninapurities inother casd <if adistillative purification
conpri ses supplying crude a-nethylstyrene to an 10
alonaal kal i ne washing tank prior to distillation and
washing in the tank foll owed by supplying to a
[0018]i stillation colum to recover the product
a-met hyl styrene (see, for exanple, Patent Docunents 5

aRda@ditiohiowenRihod s tclé?nérf‘%ﬁ.lrt] Sbr ‘Qﬁé?lﬁg?%% Cﬁ"f”reﬁ‘ﬁ&ﬁh{] ﬂznpurities

washi ng tank according to e abov si nce
bi ity . aNc 0. al pne '
contith- bl sPhsBRRES Gi3HERE SekBing STAbDG- Rl itRBne o an
in the.15 a-nethyl styrene, there reventing.the .
alkalipd phing e Briato fstfiEESh ahd SeaBRnd S TvoE B16REd by supplying
%ddj tion, although nethods have al so been consi dered
to aj Pﬁ?@ﬁU‘P%&O'q’EﬁctPi HRyOMEI dhe Quedueirewrethylshiene (geenfor example,
washing tank to obtain lowly volatile substances and _
Patent{eeeuments a aad §)f f Hpwewer, imthecagg obwashingiin apyalkaline washing
bet ween these substances and a-nmethyl styrene
tank fascbuliegl tbythei abové abethed, i sineevitbe cedebilifyobhipolar substances in
substances 20 cannot be renoved unl ess the reaction
alkaline ablutivedist ingueouats] the okl wubSEdces 0H®lup remaining in the
a-methylstyrene, thereby preventing the removal of trace amounts of polar
substances. In addition, although methods have also been considered involving
reacting polar substances in an alkaline washing tank to obtain lowly volatile
substances and increasing the difference in relative volatility between these
substances and a-methylstyrene followed by distillation, in this case, polar substances
cannot be removed unless the reaction is allowed to proceed to nearly 100%.
[0019]
On the other hand, an example of a typical method for purifying polymerization
monomers in the form of styrenes in the laboratory may include washing with an
alkaline substance such as an aqueous sodium thiosuifate solution or aqueous

sodium hydroxide solution and water followed by drying and distillation (see, for

example, Non-Patent Document 2). However, although the above method makes it
8
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On the other hand, an exanple of a typical nmethod for
purifying polynerization nononers in the form of
styrenes in the laboratory may include washing with an
al kal i ne substance such as an aqueous sodi um

thi osul fate sol ution or aqueous 25 sodi um hydr oxi de

poss?)lis’ééfé% élﬁgirn%%g'g(ﬁ%ﬁp e(,){ %E%%noggmﬁgﬁfﬁgsﬁnﬁ) ag{il @P?ﬁﬁbn polar
subsGins St 8 RREIBRYC BT Somo - BRI Bne for the same
DS A N

reasons as in the case of washing in an al kaline
[002Qdashi ng tank as described above. [0020] 5 In
addi tion, although a nethod has indicated includin
dodiddificn, lafthobgh ld methedl has hedicated includingaddingmlkydithivm and
to polynerization to deactivate pol ar substances

the likeltd onersbméns plicet tol palymerization tddeactivete psiarcaibstances followed
consi derabl e anounts of polymers, oligomers and the

by dikfilletion! &n tiis R eacirREPSNSiddrabReameadtd 6N polyers MBlidgetlers and
is not considered to be industrially suitable. In

the (iRE Hré 't9fimed %%c%@ﬂ?ihﬁ tﬁ@yre%gfriﬁ',ﬁhfsoﬁ{ei‘md‘% REt ¥oididdid to be

ol i goners dependi ng” ol the di ation conditions,

indus‘é@%@g?wtél%.‘ ngh té&%itgq% eRb! %&%ﬁersgﬁ\é&nge&rﬂst&}r{e@ﬁﬂged with

on pol ynerizat i on. her “exanp

. nethod for. purifyin -.nmet hyl styre i nclu .
oligoffgry FepaPhigh B g iR ity ety hiind B potential for
. al urc]i {}a or io&?xcha(g%% resin and 15 the like (see,
having# dglrimeital effegt om PARgHERHOD and Non- Pat ent Document
3). However, these packing materials usually contain
[002Yci di ¢ or basic conponents. Nanely, in the above
net hod, there is a possibility of an acidic conponent
Aredkert daxampléeobar kmethodefar ipalrifyiag somethyistyreneatmayn include
of | ow nol ecul ar wei ght oligonmers of a-nethyl styrene,
purificaition bsiag@ csiarmneadked witle 8ilica el hatupiiek on brmekeiange resin and

causi ng 20 deterioration of polar substances to high
the IIKel esad, aforBkarmples oPERINt abBeuméhe 4 U Non-Patent Document 3).
However, these packing materials usually contain acidic or basic components.
Namely, in the above method, there is a possibility of an acidic component present in
the packing material causing the formation of low molecular weight oligomers of
a~-methylstyrene, or a basic component present in the packing material causing
deterioration of polar substances to high molecular weight condensates. The formed
oligomers or high molecular weight condensates contaminate the monomers in the
column, and if polymerization is carried out using these contaminated monomers,
there is a risk of polymerization being interrupted or the reaction being impaired in
other ways. Moreover, since these oligomers and high molecular weight

condensates have low volatility, they are unable to be removed from the polymerized

polymer solution, and end up contaminating the final product polymer. As a result,
9
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ol i gonmers or hi gh nol ecul ar wei ght condensates

contam nate the nononers in the colum, and if

pol ynmeri zation is carried out using these contam nated
nononers, there is a risk of polynerization being
interrupted or the reaction being inpaired in other

Probléfies ot ReKiMig, (8 ;LREIbIARR B LORRTpeotme fn the form of 2
decr%%%%n%g ?ésﬁsttaﬂcgg)f ’EI%TBP’O%‘EJC h&g}rﬁ&g’{&gh . zed

nNer so i on g final
[002ﬂrOdUCt polyner. As a result 9 problens occur
eadi ng to deterioration of poI ymer performance in t he
formof a decrease in the heat resistance of th
a8 LR §RRANDEH 3RqueoRPAY.Of[the Ipgthods oh ke pighart are able to
descri bed above, none of the nethods of the prior art
be effgatively usadoindBstrially Bt ecmiethd, fou peidfyingl asmethuistyrene. a
nmet hod for purifying a-nethyl styrene. Patent Docunent
1PatedtPanesenPat: eapaRebé Patentdubilicatioit NbO HB91 P2 nt
Docunent 2 : Japanese Patent Application Laid-open No.

PstenPDaddmenbat: Jabahese Patdnt ApplidaanEsd-di8reNDd. 2006-052346
Application Laid-open No. S55-94326 Patent Docunment 4

. PBRADBEEMBAL 8NUaBHRESE Phatdéh A}!}bncé‘{% I Siaopdh Rat sss 94326

Documsnt 5 : Japanese Pat ent i cati1 on Lal d-open
Ao nEpecdmepleep Wﬁfﬂ@%ﬁﬂﬁ@% peRes
%actgﬁf" @ggumﬂlg ur %ﬁgﬂe%%?gﬁql Poltxqrregaém encﬁb ﬁ’&l)o 86559

Eﬁ%@ﬂiﬁ@?gmsnag%ﬁ%@a@% ren?ﬁapﬁiﬁ%mp% aGesaien NS. H3-258733

Non- Pat ent _Docune : Journal of éopl i ed_Pol ynme
I@ﬁ@éent\}apcum@nt& 4~iouroql99iyj\pp>h%ct GNIRer SEienge, Vol. 41, p.383

I nvention 20 Problens to be Solved by the Invention
(1990)

Non-Patent Document 2 : R.H. Boundry, R.F. Boyer, "Styrene, its Polymers,
Copolymers and Derivatives”, Reinhold (1952)

Non-Patent Document 3 : Journal of Applied Polymer Science, Vol. 40, p.41
(1990)

Disclosure of the invention

Problems to be Solved by the Invention
[0023]

An object of the present invention is to provide a method for purifying
o-methylstyrene aillowing the obtaining of highly pure a-methylstyrene containing
hardly any polar substances by efficiently removing polar substances contained in
trace amounts in a-methylstyrene in a method for purifying o-methylstyrene.

Moreover, an object of the present invention is to provide a copolymer containing a
10
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[0023] An object of the present invention is to

provide a nethod for purifying a-nethylstyrene

all owi ng the obtaining of highly pure a-nethyl styrene

containing hardly any pol ar substances by efficiently

renmovi ng pol ar substances contained in 25 trace

. ) N . _ 5 U _
styreREBARE, EooAyE Whgf iV Redt FEGRRIACE Bnd ot esistance,
. NV [ on. L QV| [ talni : -

which RFEAE BisoRvbtaBb o EREn SR8 T oeg SRbHAY Sdhdior it stabiity,

a weat her, resi stance, i.ch re the di sadvant ages .
moldgiiaieReRatn. SRt R0 qeew A WBLE Pirvaning BINDIT tolpring and

noldability, strength, rigidity and recyclability .
retaifipg ltae FUPGEAT PFRPESIES AE FOREMNIONAY Shirene-based AesipSindhe form of

superior properties of conventional styrene-based
transpargnuy, i dimeansidral nstabilby t ands paeldingy , processatiilinalby using this

stability and nol ding processability, by using this
o-methyetyronest yrene. Means for Sol ving the Probl ens

[0024] As a result of conductive extensive studies to

sméaﬁstd?%@mgg%mm@n@ 10 problens, the inventors

of the present invention found that specific polar
mozﬂubstances contained in trace anmounts in

- met hyl styrene cause pol yner col oring and i npaired

cont 0 h.zAt and [ S, f d :
RS toadt B oRHRlae; ¢RBraRE bR, I ifip W mentioned
ol r.colorin nd decreases. i hysi cal properties

probipfns, Mg frivepipra Gt 6 preseT davepiogiebd thetepdaiibRplar Stbstances
of the present invention found that a 15 nethod for i

contgingd {ry frage AMmeUNs IR pymsthylstyrens eause pelymer &elqripg and impaired
remove pol ar substances w thout form ng oligoners by

contrehef agelygerzatiarnoand dhat eligomegs tfhevedpil genventional purification
substances so as to control the content of polar

methedb slsncaseqpalymier goloeing and decreased inqatty sicah peofirties.  In order
reacting pol ar substances contained in a-nethylstyrene

to elinminkfee thewee emef the bAsemtord lpstthaceresadt imamtion found that a
separating | ow boiling point by-products
method for purifying a-methylstyrene is able to efficiently remove polar substances
without forming oligomers by employing a method for removing these polar
substances so as to control the content of polar substances and oligomers within a
fixed range by reacting polar substances contained in a-methylstyrene in the
presence of a basic substance and then separating low boiling point by-products
formed by this reaction from reaction products of the polar substances, thereby
leading to completion of the present invention.
[0025]
Namely, the present invention is as described below, and provides a method for
purifying a-methylstyrene, a-methylstyrene for living anionic polymerization, and a
styrene-based copolymer.

[0026]
11
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20 fornmed by this reaction fromreaction products of
the pol ar substances, thereby |eading to conpletion
of the present invention. [0025] Nanely, the present
invention is as described bel ow, and provi des a net hod
for purifying a-nethylstyrene, a-nethylstyrene for
FTRYY atel i i AUk 25 styrene-based
3 BBt o R B s % b pr esent
' [ oV des: t gAY
(1 2 RS Fh Tk ool bl M SO¥ B8, s g
pol ar substance, contai ned .in ag-neth tyrene.in the
Tacling 8 5913k SUpSERES hiteinfe dn “EmpbyShsiiain fhe Bresence of a
.reaction product of the polar substance and the
basicsystanges @pdene. [2] the nethod for purifying
a- net hyl styrene according to item[1], conprising the
stepasatifg a reactionrprotbet ¢fdhepotansitbstarnececand thienednéthylstyrene.
the a-nethyl styrene in the presence of a basic
[2] theupsdthod dor podfylity 2epwetiagistyeerse lacvotding todtepoi[h], comprising the
conponent produced by the reaction, the

stepsofiet hyl styrene and a reaction product of the pol ar
substance. [3] the nethod for purifying

GeHBlinYy the fdl?ﬂ&:@ﬁéﬁé@& alr2d'ih &R &%eﬂfyls{tfﬂaene in thé presence of

conprisin e steps of: reacting a’pol ar

a basitR5HSBRE S ained in the a-nmethylstyrene in the
presence 15 of a basic substance; 2) separating a | ow

S S Do SRR P SOEBeRY G T o lhon, e
subst ance and the a-methylsiyrene; and 3) separating
“‘meémﬁ%tﬁfﬁﬂ%@w @rf@aF‘i*QﬂTP'EQ’wjé‘Chpi ROIBF spRtanect i on
[3] &reor?lg%r}odogortpﬁifying a-methylstyrene according to item [1] or [2], comprising
the steps of:
1) reacting a polar substance contained in the a-methylstyrene in the presence
of a basic substance;
2) separating a low hoiling point component produced by the reaction from a
mixture of a reaction product of the polar substance and the a-methylstyrene; and
3) separating a-methylstyrene from the mixture of the reaction product of the
polar substance and the a-methylstyrene.
[4] the method for purifying a-methylstyrene according to item [1] or [2], comprising
the steps of:
1} reacting a polar substance contained in the a-methylstyrene in the presence
of a basic substance;
2) separating a mixture of a low boiling point component produced by the

reaction and the a-methylstyrene from the reaction product of the polar substance;

and
12
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pol ar substance and the a-nethyl styrene. 20 [4] the
nmet hod for purifying a-nmethylstyrene according to item
[1] or [2], conprising the steps of: 1) reacting a
pol ar substance contained in the a-nethylstyrene in
the presence of a basic substance; 2) separating a

{nh )g) ngeg:a?éti kﬁﬁ”abr‘hgm)ﬂ’&yfé‘ﬂenfrﬁlﬁ’fﬁé’ Rkt r%’ P 4HE ﬁgwbdoiling point

reaction and t’he™ a- met styrene fromt

com SR SRR o b e SBRIRIE o, 12,7
51 B 28 P g5 QBRSPS 18 LRSI e o

ccording to any one of itens [1] to [4], wherein the

subsi\cg ConRIBS PRI BORY Al PreORtaIPE SRVIPR kD - cont ai ni ng
conpound. 5 [Qfl‘vél’tl he nmethod for purifying according to

[6] theymetodior pughing agcardingdp, anyrneehitame [11de 461, wherein the polar
subst ance contains a carbonyl group-containing

substamepotordaiasch earbonyligeoup-cauitaiming cempoeatearitbb. mixijre of phenol
the nmethod for purifying according to item[5] or [6],

and odtecsin t he carbonyl group-containing conmpound is a
conmpound represented by the follow ng general 10

71 H MHéhotLioro abching ' td iteh: [59 & [6)1 wHerelRL th bonyl
7] 101 CNN qu'rckl?'i'?ﬁ% (ﬁ) rE?Jll ' c_R[aSq) 16} ® © carony
group-containing compound is a compound represented by the following general

formula (1) or general formula (2):

O O
P
Ao
R! R? R® .
7
C—R*
...... 2)

(wherein each of R', R® and R* independently represents a hydrogen atom or an alkyl
group having 1 to 6 carbon atoms, and R® represents an alkyl group having 1 to 6
carbon atoms).

[8] the method for purifying according to item [7], wherein the carbony!
group-containing compound contains at least one compound selected from
acetonylacetone, 3-methyl-2-cyclopetenone, benzaldehyde and acetophenone.

[9] the method for purifying according to any one of items [1] to [8], wherein a
basicity of the basic substance is 10 or more in terms of the acid dissociation constant

pKa of a conjugate acid of the basic substance.

13
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(wherein each of Rl, R3 and R4 independently
represents a hydrogen atom or an al kyl 15 group havi ng
1 to 6 carbon atons, and R2 represents an al kyl group
having 1 to 6 carbon atons). [8] the nethod for
purifying according to item[7], wherein the carbonyl
g | i
[10] C{I)-%p“@gﬁ@?:‘s < rg)'gfiggﬁﬁ gggnéfrﬁghg@; é’ijll'lg%?\tcr)r}]éggﬁrsﬁwe%tc substance is a
3- et :2-cycl.o ete de an
pasic Gt SABETRE BhyaRA e mBRY B AR <3 g
cording to any one of itens [1] to [8], wherein a
[Ooﬁﬁsi city of the basic substance is 10 or nore in terms
of the acid dissociation constant pKa of a conjugate
doiagsegondnasnsst i thespreseahitwention plsg| proMigeset hod f or
purifying according to item[9], wherein the basic
[11] sarbst-metleylstyrene hﬂséarmionitmpmyMriZam'ai whegima tdtilabi ar aliphatic
metal or alkaline earth nmetal. [0030] In a second
carbmwe@cbmf)bhﬁd PrepresdntedV byt ihen fellemingr gehdes : fovmluld] (13nand an
a- net hyl styrene for anionic polynerization, wherein a

|ntraﬂ18Fe%hla?fde4Wd?étioW‘@dddbns§ﬁi i ROTOwLBA w%@ﬂr&qéss and an

Fow ng general fornmula (1)

aromgglr:nr%mbﬁ)‘(‘l {;]@'F\BQ&F% dr"eﬁf'éaéné@té‘d) aronra }&g\ﬂ@%eggénérﬁi f&thula (2) is
Pres‘?cfgrmybdpﬁ?(@’?“ﬁ?s Gl gg'ﬁg%p?nhgyf oei ght ot T oess of o M
111I0RLR RS ..... Ogll CRa...... (2)

I| J
C

......

(wherein each of R, R® and R* independently represents a hydrogen atom or an alkyl
group having 1 to 6 carbon atoms, and R? represents an alkyl group having 1 to 6
carbon atoms).

[12] the a-methylstyrene for anionic polymerization according to item [11], wherein a
content of alcohol, phenol and catechols is 10 ppm by weight or less.

[13] the a-methylstyrene for anionic polymerization according to item [11] or [12],
wherein a a-methylstyrene dimer is less than 5 ppm.

[14] the a-methylstyrene for anionic polymerization according to any one of items
[11] to [13], wherein a content of benzofuran is from 5 to 5000 ppm by weight.

[0034]

14
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(wherein each of Rl, R3 and R4 independently
represents a hydrogen atomor an al kyl group having 1
to 6 carbon atons, and R2 represents an al kyl group
having 1 to 6 15 carbon atons). [12] the

a-met hyl styrene for anionic polynerization according

tIﬂ | {ird é%cg tﬁ@%&%ééht% e‘?ﬁ%?ﬂﬁh&f prdViceRol . phenol

cate ppm y wei ght I'ess. [13] the
(151 s'“?t et ?=°€>é’*5_fwer'€élawsﬁ%% By ng 158 S phthyistyrene
accogcﬁ%fﬁ'%n%gﬁgﬁgﬁ?ﬁmﬁ to ek A Brama g mbrgm e rahgesented by

1] [13], wherein a content of benzofuran is from
the f@'%nggsoeﬁai fonmyuladB husing poimg palymerization; r d aspect,
the present invention further provides: [15] a
styrene- based copol ymer opai ned by copol yneri zing the
a- met hyl styrene accordinq to any one of Clains 11 to
14 and a vinyl aronmg}jce=pnoner represented by the
foll ow ng gener al formul a (3) using anionic
pol ynmeri zation: R5 H2C= 6Cx 5 R6 ...... (3) (wherein
R5 represents a hydroggnh at an al kyl group having 2
or nore carbon atons ¢r a phenyl group, and R6
represents a hydrogen hal ogen, a hydroxyl
group, an al kyl group, a ﬁy group, a carboxyl
group or a hal oal kyl group). 6]--t( styrene-based
copol yner according to item[15], wherein a yell ow

(whetd&RE r Véé&e¥é‘ﬁt§e? g‘ggéjﬁ% LTS, aﬁ%‘f@l‘tg%ﬁﬁl{favﬁgf eCéSnfdre carbon

the I'n tion
atoms or a phenyl group, and R® represents a hydrogen atom, a halogen, a hydroxyl

group, an alkyl group, an alkoxy group, a carboxyl group or a haloalkyl group).
[16] the styrene-based copolymer according to item [15], wherein a yellow index

value is 3 or less.

Advantageous Effects of the Invention
[0036]

The present invention is useful as a method for obtaining a highly pure
ao-methylstyrene for anionic polymerization without requiring a complex process
capable of removing by distillation trace amounts of polar substances, generally
unable to be removed by distillation, by efficiently modifying to high molecular weight
condensates by reacting a polar substance in a-methylstyrene in the presence of a
basic substance and separating from low boiling point reaction by-products. In
addition, use of an a-methylstyrene purified by the purification method of the present

invention makes it possible to obtain a copolymer containing a styrene-based
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The present invention is useful as a nethod for
obtaining a highly pure 15 a-nmethylstyrene for

ani oni ¢ polynerization without requiring a conpl ex
process capable of renoving by distillation trace
anmount s of pol ar substances, generally unabl e to be

copolit e el oedf Safle i 3egher it Apfhere e

t ance neth n the resenc
disadyiabfage ot SR TRHOS Y el Blsg e SHBEIPH BIats Aigofie droldabilty,
reaction by-prod ucts In 20 addition, use aqf .an
strengthrericigitysald seryciability ivdhilengrevaating pohines: siering and getining the
the present invention nmakes it possible to obtain a
supedopptopesties ohcanventignal styrerenbased eebing i theplsirynef transparency,
that inproves heat resistance and weat her resistance,
dimenbioah| stabiityt fved mibldiagd\protespabiliy. SMAA and SMA, and
al so has superior nelt stability, noldability,
strength, rigidity and recyclability while preventing
pol ynmer coloring and retaining the superior
styrene-based resins in the
IE,’eStE‘)(i)rm 0 trgﬁﬁ%%%m%ﬂgpmny onal stability and
[003 fP|dlng processability. Best Mdde for Carrying Qut the
I'nvention [0037] The follow ng provides a detailed

ation of.the pr ventlo 10 Exanpl es.of
e M nividets BoGREd o laRloRH: @Pé@?@"ﬁ”ﬁwﬁ@mn
reaned by the purlflcatlon nethod of t he present
ﬁm&np £8 9T RRIAN SHOSIANSes ArasRRt N gragihdstitenenione removed by the
onpounds, phenol and m xtures of catechols containing
purlfp@ﬂlqmmetlzgd iafrihe mresemrbinyention mry inslyge carbonyl group-containing
-butyl catechol . Specific exanples of polar substances
compaundse phenoh arfd midtubengl catechipls cxomtainimgrpplymepizatiats inhibitors in
may i nclude aliphatic carbonyl conpounds in 15 the
the foan nefolbutdeaneunel. r Qpeeienéesmplest tfe pblir| sustanagsnier te form of
formula (1) and aromatic carbonyl conpounds in the

carbdriyl @k&p-@@ﬁ%ﬁﬁﬁ%%ohﬂﬁ&ﬂ%%ﬁ? iMMud & @iibR&L® vhADYE BEMPounds in

formula (2)
the form of compound represented by the following general formula (1) and aromatic

carbonyl compounds in the form of compounds represented by the following general

formula (2):
[0038]
O O
!
g SRR (1)
[0039]
T
C—R*
...... (2)
[0040]
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00 11 11 Rl R2~C~Ra (1) 20 [0039] O Il CRa (2
[0040] 16 (wherein each of RlL, R3 and R4 i ndependently
represents a hydrogen atom or an al kyl group having I
to 6 carbon atons, and R2 represents an al kyl group
having 1 to 6 carbon atons). [0041] 5 The term

(wherdth '©4ch ST RIPRR Y-.ldf]'-ﬂ“ ﬂndb?eﬁ%@ﬁ?@&g&‘{é}nﬂ% arﬁmr anfdﬁﬁ gr an alkyl

present speC| I catlon

oo 4 PR AR B AR S g 1 o

HF: )a n-propyl group, an isopropyl group, a

carb group, an isobutyl group, a sec-butyl group, a

tert butyl group, a n-pentyl group, a
004H 1- dlnethylpropyl group, a 1, 2-dinethyl propyl 10
gFoup a 2, 2-dinethyl propyl group, a 1-ethyl propyl
heugerna ‘elkdxgiougr bapinga1 fo & loarbon ratomal pusas) lin the present
group, a 1,1, 2-trinethyl propyl group, a 1-ethyl butyl

specificatiqn refers torat indap wonbragcloew alkyl Zroms hylingt ¥ ito & caubon atoms,
a 1, 1-dinethyl butyl group, a 1,2-dinethylbutyl group,

specific Zexamih|e8 tdiYWiith Yrhag ifdhiide & Mﬂ@?‘@&ﬁ%ﬁl&wl §bapPa n-propyl
a 2,3-dinethyl butyl group, a 2- ethylbuty group, a

oroug S5 Muyo6g ol 8oty Lol A NARIP ol o0 oo
tert-b¥hi Yroup, a n-pentyl group, a 1,1-dimethylpropyl group, a 1,2-dimethylpropyi
group, a 2,2-dimethylpropyl group, a 1-ethylpropyl group, a n-hexyl group, a
1-ethyl-2-methylpropyl group, a 1,1,2-trimethylpropyl group, a 1-ethylbutyl group, a
1-methylbutyl group, a 2-methylbutyl group, a 1,1-dimethylbutyl group, a
1,2-dimethylbutyl group, a 2,2-dimethylbutyl group, a 1,3-dimethylbutyl group, a
2,3-dimethylbutyl group, a 2-ethylbutyl group, a 2-methylpentyl group, a
3-methylpentyl group and the like. Preferable examples may include a methyl group,
an ethyl group, a n-propyl group, an isopropy! group, a n-butyl group, an isobutyl
group, a sec-butyl group, a tert-butyl group, a n-pentyl group, a n-hexyl group and the
like.

[0042]

In the present invention, more specific examples of the carbonyl
group-containing compounds may include acetonylacetone,
3-methyl-2-cyclopentenone, benzaldehyde, acetophenone and the like. Since these
polar substances inhibit polymerization or cause polymer coloring during production of
poly-a-methylstyrene and copolymers thereof by anionic polymerization and the like,

they are preferably removed as much as possible. Since polar substances other

than water such as t-butylcatechol, acetonylacetone, 3-methyl-2-cyclopentenone,
17
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an ethyl group, a n-propyl group, an isopropyl group,
a n-butyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, a n-pentyl group, a n-hexyl
group and the like. [0042] 20 In the present

i nvention, nore specific exanples of the carbonyl

e RN B SBn ATRENA oS0l B Bt it f o mtsyrone,

nzal,dehyde cetophenone and the like. Since. these
they BERAR S G ro BEThRR EFe a0 el bv e ifing E5fiardh
ol ymer col oring during production of
[004%0Iy-a-nethylstyrene and copol yners thereof by anionic
pol yneri zation and the |ike, 25 they are preferably
r Efpiventess gfithe presgotisvention iadedt pessibledopemane srace amounts
ot her than water such as t-butyl catechol
of thessepalay sulssta nees, whicke alg/URable o bepeniovedrby, the bidinary distillation,
benzal dehyde and acet ophenone have boiling points
by disiillztientlsy tdaatingfin therpraueneb\ufepecifictbiic sabstahcés; and efficiently
reduced beyond a certain |evel by the ordinary

convéiingithe @bi&%gb&%k that'eatRUIA 1% predfencBYf & BSSE sugstance to

invention made it possible to remove trace anounts
high Bailhg BR S TioAS0 Hkiedne Iy i Riroe 30isRub RpfHty uith that of
ting.n the presence of ecific basic ..
a-mefiy§RTld, o MoV i TREo3 of 155 irkSemnBpfigp also found a
syhstapnces that, reacted in the presence of the basic
methgg 395 Shiznipg highly PUpe iq-m%hxﬂ%'iyrﬁpnecewﬁsea@msﬁaﬁe%@g%ducts of
the difference in relative volatili t% w th that of
the polget syhsianee fomvs-awiylstyrene | andnowr Padling reoint  components
present invention also found a 10 nethod for obtaining
containigg Isidepreastian peadydts tigiiawed by fiurtiper sepanatingeaanetbylstyrene from
products of the polar substance from a-nethyl styrene
the lcan boilingspodritldcompgr@nts. conponents  contai ni ng si de
reaction products, followed by further separating
[0044- et hyl styrene from the | ow boiling point
conmponents. [0044]

In the present invention, there are two possible reactions for obtaining high
boiling point compounds by reacting the polar substances in the presence of a basic
substance. The first method involves a reaction for obtaining a high boiling point
compound by reacting phenol or catechols having an active hydrogen with base to
form a salt, while the other method involves a reaction for increasing molecular weight
by causing an aldehyde or ketone having one or more hydrogen atoms at the o
position to undergo an intramolecular or intermolecular condensation reaction in the
presence of a basic substance. In the case of the latter reaction in particular, since
water or alcohol is produced by condensation as will be described to follow, and when
considering that the reaction is an equilibrium reaction, it is extremely difficult to allow
the reaction to proceed and increase molecular weight since the concentration of the

reactants is extremely low.
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15 In the present invention, there are two possible
reactions for obtaining high boiling point conpounds
by reacting the polar substances in the presence of a
basi ¢ substance. The first nethod invol ves a reaction
for obtaining a high boiling point conmpound by
[0045eacting phenol or catechols having an active hydrogen
ith base to forma salt, while the other nethod

ipv a.r ' for_in i I i
o) B FBGbhARelE 2k "R TBRUATR. IR SBhas! Hpd Hofotecutar
hydrogen,.atong, at the a positipn to undergo a - .
reacthy S SITdiRg PR NG PR SHERRNTE. 18 Shla&ASS: FBRE M beiig point is
in the presence of a basic substance. In the case of
extremaly |cdaseeto thatcel Hie prigival pelan wwbstance; dhe garapowds cannot be
al cohol is produced by condensation as will be
sepatided rthbdigtilatidrol 10w inventasenf theopresdat invgntivmtfound that boiling

reaction is an equilibriumreaction, it is extrenely

pointdsaif be indreased by @on¥ertingethesa dhieomolszularaoeddnsatibn compounds
i ncrease nol ecul ar wei ght since the concentration of

to inttahgple_b@mbamp%u'nas@yttféatmgyurkdwspé&ﬁb%ﬁaltionbn

addi tion, although there are conpounds that undergo an
[oo4@)nt er mol ecul ar reaction depending on the particular
gonpound, in this case, since the boiling point is

AR o s Af heneh e 4 Bkodh Bom ap he « positon

distillation. The ingvento of the, present, i nyention
may Pifide e MarFiPRg: SEny L2 HEPPRISAERB AN FeloPheriohe.  In the
. converting these internol ecul ar condensation conpounds . .
first stape, @ asie substaRee FmpYemthe hydrogen afaly abiffer Poskionesulting in
condi tions. [0046] Exanpl es of al dehydes and ketones
the farenatieg of amenalateranst retaesuksiance. pdSines this reactionyis an equilibrium
i ncl ude acetonyl acetone, 3-nethyl-2-cycl opent enone and
reactimreanptienequlibriumtis geheradly biasegietoward dise teantidrsts sidss it is difficult
renmoves the hydrogen atomat the a position resulting

to fomm ahhe&nblatent i Subsdquentignin ahe ssecomb| AAtges,ullisd Apeeed enolate
Since this reaction is an equilibrium reaction and

undekdtfeseah irtéihdBBUIEP a88iiIBh3bhdtidH WRB dhé PVRIrdubBRince. As a result,
reactants side, it is difficult
since two or more polar substances increase in molecular weight and the difference in
relative volatility with a-methylstyrene increases, they can be separated by distillation.
A polar substance to which an enolate has been added may or may not have a
hydrogen atom at the o position, and even benzaldehyde, which does not have a
hydrogen atom at the o position, can be increased in molecular weight.
[0047]
In particular, it is important in the present invention that the enolate formation of
the first stage is carried out efficiently in order to carry out a condensation reaction at a
trace concentration that generally proceeds with difficulty. Consequently, low boiling

point by-products such as water and alcohol produced by the condensation reaction

are discharged from the reaction system during the condensation reaction in the
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to forman enol ate. Subsequently, in the second stage,
the fornmed enol ate 15 undergoes an i nternol ecul ar
addition reaction with the polar substance. As a
result, since two or nore pol ar substances increase
in nmol ecul ar weight and the difference in relative

preseiitle?ids! 4t Y %th St?ﬁ%ﬁél{]yl ﬁgyraeP@s I OFEa Sﬁa gfﬂg;exoﬁmomﬁg point

separ at ed di i on. ar su sta
oro b A . g 4B UABALR fostion s st

benzaldeh whi.ch does not haye dro
toward the,engl 83?0{ mation sige.ptheraky @i‘?@’éﬂg %‘6’@?‘5?“0" reaction to

weight. [0047] In particular, it is inportant in the

procmgﬁmienﬂyvend iroakingat poseibiento aeeovasr highlyopurs a-methylstyrene.
first stage is carried out efficiently in order to

Low bailing pmint by-prdiets at this timeaiodicate dvose haviage boiling point lower
concentration that generally proceeds with difficulty.

than @eatsefuanethyls Webonnsdnﬂaréé dfdbwt béiling (peshitchys-prodietsifrom the
wat er and al co produced by the condensation

reacticﬁ\a§§étéﬁ1 nityCodl 'c‘éﬁ’i@f 886 cohtiildusy b?%@&h@rﬁheﬂhﬁ%iﬁﬁh the reaction
during the condensation reaction’in the 19 presence

systeth, @ basi c substance. As a result of discharging |ow
oi ling point by-products fromthe reaction system

[004§]he first stage equilibriumreaction is shifted
oward the enolate formation side, thereby allow ng

t condensat. on reactjon t roceed efficient nd. .
e SEPretE0s: onlk Teauret sodre Righvpicpireparates I Bdfing point
a-met hyl styrene. 5 Low boiling point by- products at
by-progustst frame thedreastient siséemn andngypicallyi gonsists &f vaposiging the low
than that of a-nethylstyrene. Di scharge of |ow boiling
boilingopaint by-preditts by heating tthe reactinn systersytotatampsratiye equal to or
carried out continuously or sequentially within the
higherethahi the bailiisg grint[ GfOhe] lowl Boiling seEphbstprodudts innthg manner of
required to be that which separates | ow boiling point

distillatiomr Oﬂk@fh?le‘sr SMinkiR dseaE HiseRafing W baflithgt pdiht BY-pyoducts from
consi sts of vaporizing the low boiling point

the réXctidhoslstdra Ry hﬁﬂidé“grlﬁ@lﬁoﬂ%‘%m@ﬁ‘ IGW Hoflifgt Sbit by-products are

tenperat ure equa
separated from the reaction system, and the remaining a-methylstyrene and polar

substance reaction product is separated by a method such as distillation; a method in
which a mixture of a-methylstyrene and low boiling point by-products is discharged
from the reaction system while at the same time separating the a-methylstyrene from
the low boiling point by-products by distillation; and a method in which a mixture of
a-methylstyrene and low boiling point by-products is separated from the reaction
system followed by separating the a-methylstyrene and low boiling point by-products
by distillation or adsorption using a column and the like. In the present invention, any
of these methods may be used. What is important herein is that low boiling point
by-products be efficiently removed from the reaction system, and that the

condensation reaction be allowed to proceed efficiently as a result thereof.
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hi gher than the boiling point of the |ow boiling point

by-products in the manner of distillation. Exanples

of nmethods for discharging | ow boiling point

by- products from 15 the reaction system may include a

met hod in which | ow boiling point by-products are
[004gjeparated fromthe reaction system and the remaining

a- met hyl styrene and pol ar substance reaction product

NS el T 67 2 bR A s g resen
BB LR il 6 2 d ST en L e pavoroser

a-nmet hyl styrene from 20 the | ow boiling point .

atomigt the gRpsitiongf theqalan sihstancasnd As ar indiatenolpasigityathe pKa of
m xture of a-methylstyrene and | ow boili nig poi nt

the cppjugatri acidstheseafdp prefiesably riéhon mere.c aExamplessyfshasie substances
foll owed by separating the a-nethyl styrene and | ow

that dami e ngegoiayt inblydptbose cantaiminglakkaiiné aistals cyralkaline earth metals
adsorption using a colum and the like. In the present

including antiad mlkddides siich RRSsodidinhetRxiRy peRassiad. etibridel &onjugate
i mportant herein is that |ow boiling point 25

acid: RthEh@I K= 118 & SbdiLRN Methé B8R BEnjugate kBRI rrﬁémlbrgae pKa: 16),

system and that the condensation réaction be a

metafrﬁ\grﬂf&%@éj @Bé}g@?%‘t old:2weflel e@KJa.I 1 ﬁ&?ﬁ{e '%sz%ohﬂﬂﬁlgi'uydroxide,

e are no rcular 'rmtations asi c

t,a .used in the pr nt. inventjon . .provided it _ ..
potas iR sRAFEHHS T s B0 RL AifRiden iRBL 8Fip8S Jéplfgals' goid: water
) rogen atom at the Qsitiqn of the polar . .
pia: 365 5060 eSO Bride LRSI Ha & IGTERHIB Qe gnetal amides
the conjugate acid thereof is preferably 10 or nore. o
such pagnppediugy BaEFe J{cPRivgaieesatifat apynopa, upk@: nedp) or lithium

i ncl ude those containing al kaline nmetals or al kaline
diisoprapylamide 4tenjupatel adindisaprapylamiuei piéa 3hjc Aandsalisd dnerals such
et hoxi de, potassi um et hoxi de (conjugate acid:
as budylhlithinlm (eajugdteé) acid: botdinempkat &Y ictenéthwh)ithiah € canjudate acid:
nmet hanol , pKa: 16), nmetal hydroxides (conjugate acid:
meth#8é gsKa:4m: 16) such as sodi um hydroxi de, 10 potassium
hydr oxi de or magnesi um hydroxi de, netal oxides
[oo5djconj ugate acid: water, pKa: 16) such as sodium
Oxi de, potassi um oxi de or magnesi um oxi de, netal

FHed8Shasic substances preferably have high solubility and dispersibility in

a-methylstyrene. Although basic substances having high solubility and dispersibility
in a~-methylstyrene can be used as is, there are cases in which they are preferably
used in the form of a solution by using a suitable solvent. In this case, there are no
particular limitations on the solvent that composes the basic substance provided it has
the ability to dissolve the basic substance, and water, alcohol or a mixed solution
thereof, for example, can be used.
[0051]

In this case, although water and alcohol inhibit the condensation reaction,

following dispersion of a basic substance, this does not cause a problem provided that
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such as sodi um am de (conjugate acid: amoni a, pKa:
35) or lithium diisopropylam de (conjugate acid:

di i sopropyl am ne, pKa: 36), and al kyl netals such as
butyl lithium (conjugate acid: butane, pKa: 45) or

met hyl |ithium (conjugate acid: 15 nethane, pKa: 40).

the v{é%gﬁ%hiléw&?& .SétﬂeStH.b%EI? ?%ﬁﬁ{ﬁféﬁﬁyﬁﬁﬁﬁb%ﬂem along

y and di spérsi yrene.

with G EHEE R, - Bt iy S Aol BEE1BG sl %Bling point at

there are cases in which they are preferably 20 used
leastjlowenthangr-methylgtyeenet i on by using a suitabie sol vent.

In this case, there are no particular limtations on
[0052]he sol vent that conposes the basic substance provided

it has the ability to dissolve the basic substance,

afe waneentraticro bb the basicnsulestancd s ipveferaldiy fearh, 0.0drto 10% by

exanpl e, can be used. [0051] 25 In this case,

weigill &hd uabrenpieferabiyd frahe OITE to B9 byt welyhit Garddnoid-mthyistyrene.
reaction, follow ng dispersion of a basic substance,

AltholghsSdE885diRgt orf AH8 EcandeiditioR Bf A deakié MalbstandeNathere are no
wat er and al cohol are able to be di scharged outside

particy 1 IeFRR O T RBCALA e PP Sl R shcietBiyration to allow
' oner ap. as 0 .
the cfflSHsdton efRHn | Bioehd"Bad IE bIHRRE B Blow A iain Aynount of
. .

tme (108 2y Bk, B e o e EBr P SERRlehsLER procucts
Al t hough dependi ng on the concentrati on of the basijc

Althoyghseagtien time ik represaptedpas the inegn retentiantipe i ihe rase of a
reaction tinme provided it is of a sufficient duration _

contingous reagtionraystam derasatheosum e dhe seactiprptimesand distilatian rate in
is preferable to allow a certain amount of 10 tinme for

the casevef s drattho reagiiorb@ybtemg, poithé casgecofid dmsiarsubstance at the
condensati on products.

concentrations indicated above, a preferable reaction time is at least 15 minutes,

more preferably from 15 minutes to 4 hours and even more preferably from 30
minutes to 3 hours.
[0053]

Any form of reaction system may be used in the present invention provided it
aliows the air-liquid equilibrium within the system to be substantially maintained. The
operating pressure can be arbitrarily selected from within the range of atmospheric
pressure to 5 kg/cm®.  In addition, there are also no particular problems even if the
procedure is carried out under a reduced pressure. Although the temperature within
the reaction system can be arbitrarily set according to the pressure, it is preferably
from 40 to 200°C and more preferably from 60 to 150°C. The ceiling temperature is
60°C or higher in consideration of inhibiting polymerization of o-methylstyrene and

150°C or lower in consideration of energy conservation of the heat source.
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Al t hough reaction tinme is represented as the nean
retention tinme in the case of a continuous reaction
systemor as the sumof the reaction tinme and
distillation rate in the case of a batch reaction
system in the case of a basic substance at the
[005gpncentrations i ndi cat ed above, a preferable reaction
tinme is at least 15 mnutes, 15 nore preferably from

1 pnutes {o.4 hours _and ev re.preferably. from 30
e AiguRL thiighSss SHife Tt i bhlchidandiyfsBrene and the
.system may be used.in the present invention provided

basiq $IbSANGR2TE rRuPRTd IHTaYIRGd e POBRG B RPFAURIS Such as water
systemto be substantially maintained. The 20

and glgehelnradusachy cerdensatipn cantie sequenjialy remeved,fanstihey may be
within the range of atnospheric pressure to 5 kg/cn®.

supplied by i batoh operation o eordinsious @peaatiarcul ar  pr obl ens
even if the procedure is carried out under a reduced

[0058]r essure. Al though the tenperature within the
reacti on systemcan be arbitrarily set according to

tTife Ri-AfethyiStyréfe | shtaneHe badbrding [}_ﬁ@h@oppﬁﬂé’é}% Aéthod of the

nore preferably from60 to 150C. e ceiling

presdrit TRESRIoW &art Pe%énm@d.cﬁf img?uhﬁés iirf‘ﬁﬁfb?ﬁ‘ﬂ@f BtBIEPguﬁ’%th%es such

I nhibiting polynerization a- net styrene an
wery | jder ati y &¢ vat | of

s Bhehflier RS’ 25t 8h IR, SR EH Bphroncne o

Linmtations on.the formin whigch a-nethylstyre an
benz?llﬁlg}%iéi and  guitcalied g’?ew'gl?lﬁp?i ﬁ)éecgrr@ggeed %Wfﬂ@?g itﬂsse polar

0i nt b@{grod cts such as water and al cohol produced .
SubS‘%yC%%Ha it # dned sangR issexrmelvafiagtive feiveantroling rolpperization

may be 5 supplied by a batch operation or continuous
and prgigentindopelyreoysilowinge a- net hyl st yrene obt ai ned

according to the purification nmethod of the present
[0056]nventi on can be renoved of inpurities in the form of

pol ar substances such as phenol, t-butylcatechol,

ddibioaghl the dbweethe3amuhy bf Boley eLBSRREES 8NE better, the total amount
of acetonylacetone and its intramolecular condensation product in the form of
3-methyl-2-cyclopentenone is preferably 100 ppm by weight or less and more
preferably 50 ppm by weight or less, and the amount of benzaldehyde is preferably 30
ppm by weight or less and more preferably 20 ppm by weight or less. If the total
amount of acetonylacetone and its intramolecular condensation product in the form of
3-methyl-2-pentenone exceeds 100 ppm by weight or the amount of benzaldehyde
exceeds 30 ppm by weight, yellowing of the resulting polymer becomes prominent,
and living polymerization may be inhibited depending on the case.
[0057]

The following provides a description of a styrene-based copolymer of a

component that composes the heat-resistant styrene-based copolymer according to

the present invention. A heat-resistant styrene-based copolymer in the present
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10 benzal dehyde and controlled to within a fixed
range. Controlling these polar substances to within a
fixed range is extrenely effective for controlling

pol yneri zation and preventing polyner yellow ng.
[0056] Although the |ower the anmount of polar

. S t he L...the total . t .
inver 8RS . fanEiyStvsha it ol £ pufitafibn qogarding to the
product in the formof 3-nethyl-2-cyclopentengne is .. .
purlflggtgqrémhgld %eo%g%{%pwnﬁnwegﬁgnaﬂﬁg ﬁo}%gyl aromatic unit. A
referably 50 ppm by wei ght _or |ess, and the anount of
CopoEHI AALHPINY a ¥yt afarpalis Ynit@s refairesl tans; theiprepentdayention is a
and nore preferably 20 ppm by weight or less. If the
copotysrer obtainednby pplymerizatiphassing @evinyldatorgatic monomer represented
i ntranol ecul ar condensati on product in the formof 20
by th8-fokawing f@npaat(8hesa rawcmatisial.00 ppm by wei ght or the
amount of benzal dehyde exceeds 30 ppm by wei ght,
[0058]el | owi ng of the resulting polymer beconmes proni nent,
and |iving polynerization may be inhibited dependi ng
on the case. [0057] The fgd | owi ng provides a
description of a styrene-based copolynmer of a 25
conponent that conpaoses_the heat-resistant
styrene- based copolﬂﬁﬁs‘a‘ ording to the present
i nvention. A heat-resistanl styrene-based copolyner in
the present 23 inventigef 8f ai ns an a- net hyl styrene
unit, obtained by purif according to the
purification method acdbrdipg]to the present
invention, and a vinyl arQae{(ic unit. A copol yner
containing a vinyl aromatic urPi.ag3yeferred to in the
present invention is a copolynmer obtained by
ol ynmerization using a vinyl aromatic nononer
[005iﬁepresent ed 5 by the following formula (3) as a raw

materd al : [0058] RS H2C=C )
(wherein R’ represents a hydrogen atom, an alkyl group having 2 or more carbon

atoms or a phenyl group, and R°® represents a hydrogen atom, a halogen, a hydroxyl
group, an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 1 to 6
carbon atoms, a carboxyl group or a haloalkyl group having 1 to 6 carbon atoms).
[0060]

The term "alkoxy group having 1 to 6 carbon atoms” used in the present
specification refers to an oxy group to which is bonded a previously defined "alkyl
group having 1 to 6 carbon atoms", specific examples of which may include a methoxy
group, an ethoxy group, a n-propoxy group, an isopropoxy group, a n-butoxy group,
an isobutoxy group, a sec-butoxy group, a tert-butoxy group, a n-pentyloxy group, an
isopentyloxy group, a sec-pentyloxy group, a n-hexyloxy group, an ischexyloxy group,
a 1,1-dimethylpropoxy group, a 1,2-dimethylpropoxy group, a 2,2-dimethylpropoxy

group, a 2-methylbutoxy group, a 1-ethyl-2-methylpropoxy group, a
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R6...... (3) [0059] (wherein R5 represents a hydrogen
atom an al kyl group having 2 or nore carbon 10 atons
or a phenyl group, and R6 represents a hydrogen atom

a hal ogen, a hydroxyl group, an al kyl group having 1
to 6 carbon atons, an al koxy group having 1 to 6

1 ,2,2%“25‘?8)/!?%3%&% gg‘%ﬁ@,@%%in&gtﬁﬁﬂr%gya%,g@? %inﬁ&twcﬁ)gtyoxy group,

havin rbon atons erm-a

o 2 5RINER9 P, E2SPURRII OBy 4308, 0SB SRb oo
o 2 o L o P RAIBHAR b an

~include a nethoxy group, an ethoxy group, a n-propoxg
like. glpdﬁfﬁraﬁll‘? B§6@1P&ﬁﬁ)@a)grlﬁgﬂgeaannﬂﬁ@% Sp\dupan gihoxy group, a
i sobut oxy group, a sec-but ox%/m?roup, a tert-butoxy

N-Proghody pgroalpn-aie iEGRroRYXYy ravapp theoldent gndxgvalr supre areferable
sec- pentyl oxy group, a n-hexyl oxy group, an

exampied mayl inglyudg rommethcX grolp andi areetinplxp gogapcy group, a
1, 2-di net hyl propoxy group, a 2, 2-di net hyl propoxy
[ooegroup, a 2-met hyl but oxy group, a
-et hyl - 2- met hyl propoxy group, a 24

T % i"Qﬁ‘(ng!‘cﬁJg ﬁgf?ﬁ?g? BiPmacfe loakbshh HEME! Ride@Xin the present

group, a 1, t oxygroup, a

. i T !

spectidigh TR K S5 gt P LTI to & Bibon atoms

specfiaxarines b mRy aiudaR sl it HaBoR HEBHE, 4 Sopropy

arouR 33 bk geBLn IR e Sralee &SRB LMrDREPE o for-butyl group, a
preferable exanples may include a nmethoxy group and

n-pentyl egreiRy @ obyd -dirmbisylpropyhe gt@im el yA-digaeihyPreryl n@roup, a
2 or nore carbon atons" used in the present

2,2-dimethiyipropyli ogrowd,er a8 t d-ethyipnepyl ogrdupanched nahégd group, a
group having 2 to 6 carbon atons, 10 specific exanples

1-ethqf-2§4d15ethlsrlpm;lyyligrobpﬂa {2, Btrimethgpeopy! grooppromdthybotyp group, a
1-mefr:]ylt;5t3frgfoyup, a 2-methylbutyl group, a 1,1-dimethylbutyl group, a
1,2-dimethylbutyl group, a 2,2-dimethylbutyl group, a 1,3-dimethylbutyl group, a
2,3-dimethylbutyl group, a 2-ethylbutyl group, a 2-methylpentyl group, a
3-methylpentyl group and the like. Preferable examples may include an ethyl group,
a n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, a n-pentyl group and the like.
[0062]

The term "halogen atom” used in the present specification refers to a fluorine
atom, a chlorine atom, a bromine atom or an iodine atom.
[0063]

The term "haloalkyl group having 1 to 6 carbon atoms” used in the present

specification refers to a group in which a previously defined "halogen atom" is bonded
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group, a n-butyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, a n-pentyl group, a
1, 1-di met hyl propyl group, a 1, 2-dinethyl propyl group
a 2,2-dinethyl propyl group, a 1-ethyl propyl group, a
n- hexyl group, a 1-ethyl-2-nethyl propy] group, a
w2 S W »group, a
to a erevipeiddiiseh AR Bl o Fb eS0T )
[Ooaé,l-dinethylbutyl group, a 1,2-dinethylbutyl group, a
, 2-di met hyl butyl group, a 1, 3-di nethyl butyl group, a
2, 3-di met hyl butyl group, a 2-ethyl butyl group, .a
A M ABERG maneTier B8 Wede i Al OIeHInRY welers to, for
l'i ke. Preferable exanples may include an ethyl grou
example,- ppbypgne;gr anp, alky-subsituley| sfyieme, sueh bAs| pgmﬁpf,lstyrene,
an isobutyl group, a sec-butyl 20 group, a tert-butyl

m-methylstyrese,n- pemegthylghoeape and2 dhdimethygstyfa@e62] 2,5kbmethyistyrene,
"hal ogen atonf used in the present specification

3,4-dimétbystyrens, f | BG-dinwthyisigrane) cip-ethylstyrehem m-éthoistyrene  or
atomor an iodine atom [0063] 25 The term "hal oal kyl

o-eth§ls@HBn8aVidiy bifér 6 sbpeRen abAvRiveUsafichn Hae RLBybkystyrene,
Specification refers to a group in which a previously

- j ~hal o ol S bond r ew ;
o-mefRyR8fendy ey piortREhe, Br PIGEhgckichel] W Biétefable viny!
6 A vinyl_.aronmati NONer_ as d in the n .
aromgfi€ Jbpoinsh ¥ B0 o Spd WBE Sarly of 67 -t ighréé ting viny
al.kyl -substituted styrene such -net hyl styrene, ., 5
aromBlie HAITEE MEHD® WS O REa B, o TPl bingsangY badised.  In
2, 5-di met hyl styrene, 3, 4-dinethyl styrene L
the pesendiimantionsthe E}?@* Pieferaiie §P9Théﬁ'\@!°ﬂrﬁsethﬁﬁ%?9m€’ﬁ%n 6f styrene
o-et hyl styrene; or other styrene derivative such as
and qmsthylsiysneg obtained py perifying acoorsing totherpwifisstion enethod of the
or 1, 1-di phenyl ethyl ene. A preferable vinyl aromatic
presemiroramtions styrene. One type each of the
a- met hyl styrene and vi nyl
[0065] '
The content of the a-methylstyrene unit in the styrene-based copolymer is from

5 to 70% by weight, preferably from 7 to 68% by weight and more preferably from 10
to 65% by weight. If the content of the a-methylstyrene unit is lower than 5% by
weight, practical effects for improving heat resistance are virtually not observed. On
the other hand, if the content of the a-methylstyrene unit exceeds 70% by weight,
there is increased susceptibility to thermal decomposition during melting and molding
while also increasing the amount of gas generated during molding. In addition, the
amount of monomer components in the resin increase accompanying decomposition,
thereby resulting in increased in the occurrence of bleedout on the surface of molded
articles.

[0066]

Other polymerizable monomers can be used in addition to the monomers
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10 aromati c nononer nmay be used, or a mxture of two
or nore types may be used. In the present invention,
the nost preferable conbination is the conbination of
styrene and a-nethyl styrene obtained by purifying

according to the purification nethod of the present

deschBé‘c? Ebb%‘wathﬁpéﬁingelﬁxafﬁs §ﬂBE Phpaiel ect of the present invention.

Styrene unt t e styrene- ase COpO yner IS

Exanﬁﬁl@ghf étﬁe‘P pé@lﬁ%&fl'za‘ﬁf% ﬁ*ﬁﬁpn?%r?fﬁ;?@cﬁcfer cg:gﬁﬂ%étgd @ﬁe@%%onomers
such, fﬁatn @@%%rﬂeeﬁg. %%’Ptfg@? o EtthasvEs TG ol er%ﬁ'ogﬁﬁ'é as methyl

resi st ancef‘hare virtual ly not ggserve
c

methamkteh&#ewl 3rsYlalsht BIAPYHME @F&ﬁpdl&lﬁq me@%ﬁw'@te and

exceeds 70% by weight, 20 there is increased
acryligyaeid rsters such @as mﬁimcrﬂetﬁ;rﬁibsh acrylatelupranyl @erylategor butyl
and nolding while also increasing the anbunt of gas
acrylatenerThesd donomersrareliusgful lim thel case af imphevingiop adjusting impact
nmononer conponents in the resin increase acconpanyi ng

strendthy; @ragition@r.chehtieslabyistigl dndithe like dftheassi. i n t he
occurrence of bl eedout on the surface of nol ded

[oogArticles. 25 [0066] O her polynerizable nmonomers can
be used in addition to the nononers 26 descri bed

aﬁ{év ﬁélbas | nggﬁﬁf%ﬂh tﬂ%j%’ﬁ%?@tslhg?ﬁfgrhg§yr?tma§%d by living

of t pr esen

aniorfig EDRAZ, "2 RIGRA Mo el Bkl RTLR b ang anionic

pofyrﬁ%ﬁm@:n;?/gpgsg(girﬁ)é?sﬁrgrﬂ@?&mﬂy '{u@ gq?rtnggﬁ I|sa tuged ?(t)rh M\le initiator,
met hacrylate; and 5 acrylic acid esters such as
specifie Wampies et whichaeay inglude Ry fithétemy seg-Bui ll'lblﬂtrw t-butyl lithium,
acrylate. These nononers are useful in the case of

ethyl |Inﬂwﬂmub@2ulr lithiyjros fliGngllithighexanes istyriglithjure) butgdianyh lithium and
chem cal resistance and the like of the resin. [0067]
the like. Preferable examples may include n-butyl lithium and sec-buty! lithium.

[0068]

A hydrocarbon-based compound not containing a hetero atom is preferable for
the polymerization solvent, specific examples of which may include aliphatic
hydrocarbon compounds such as n-hexane, cyclohexane or heptane, and aromatic
hydrocarbon compounds such as benzene, toluene, ethylbenzene or xylene. One
type or two or more types of these hydrocarbon compounds may be used. A
particularly preferable compound is cyclohexane.

[0069]

In addition, in the present invention, benzofuran may be added for the purpose
of controlling polymerization. The inventors of the present invention found that the
polymerization efficiency of a-methylstyrene can be improved dramatically by

containing benzofuran in the living anionic polymerization system of the monomer
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The styrene-based copolyner in the present invention
is synthesized by living 10 anionic polynerization. A
known met hod can be used to carry out |iving anionic
pol yneri zati on. For exanple, an organic |ithium
conpound is used for the initiator, specific exanples

- Whi ' ude n-butyl lithium sec-butyl
m"tef?{“{‘ﬁﬂi}ﬁm&@%ﬁ){@%w ithium ethyl lithium benzyl
[007(# thium 1,6-dilithiohexane, styryl Iithium
utadi enyl lithiumand the like. Preferable exanples
r]ay i nclude n-butyl lithiumand sec-butyl lithium 15
(/8088 Ne&Lh Y r B RS0 ANE a Sed Usatash iRNe dvingo AN THE neelymerization
hetero atomis preferable for the pol ynerization
systeses, vam ethes ampounce sueh Be detrahydiofirandy knaewinuigebe added for the
al i phatic hydrocarbon conpounds such as n-hexane,
purpasec bb lirepeonving rthé guilymerizatioh satenand @rommptingcandomization during
conpounds such as benzene, toluene, ethylbenzene or
copoineizatiofh e HOWevsp esite tteRaleydrofuren! faresxaphpleh@asily reacts with
hydr ocar bon conpounds may be used. A particularly

lithiu' @bRTRRINAS CRERGER iuselY 85 OMMEARIS: ot)gnz anidhic polymerization

addition, in the present invention, of uran may

systeﬁ% %%RERB itnghSn Hﬁé?;ﬁ&l@meﬂfzaﬁ& ft%r\ﬁ}é%té’cgreo hupe W{SZEHGTO I';;S(l;obiem of

ventors o fo presen | opl'found °
decrdeR e InHIFRGH Efbietueyd ri el atlnd R DBy an fn ¢ ne
i ving anionic polynerization systemof the nononer

m07é7 containing a-nethyl styrene. [0070] In general, in
styrene and conjugated diene living anionic

oM e pthasthand. the beprefuramused i thepiasent invgpHog sontributes to

_ tetrahydrofuran is known to be added for the 5
increasing dhe polyrenigationmgte ard padnoreer cesctivity witheutagalising the above
pronoti ng random zati on during copol yneri zati on.
problelmseand effecticely taety tohyddate malmeatfresisermerdtgrenessadey copolymer
reacts with [ithium conpounds frequently used as
of a High Maéauiar Weight pbRenaini antHe PreksEAEivEatiordbenzofuran is added to
a~methylstyrene in an amount of from 5 to 5000 ppm, preferably from 10 to 4800 ppm
and more preferably from 20 to 4500 ppm. If the added amount is lower than 5 ppm,
the effect on the growing polymer species decreases. Namely, the effects on
polymerization rate and polymerization conversion rate decrease thereby preventing
the object of the present invention from being attained. Even if benzofuran is present
in excess of 5000 ppm, no significant changes are observed in polymerization rate or
conversion rate. In addition, since benzofuran is yellow in color, characteristic
yellowing of the benzofuran becomes conspicuous during pelletization following
removal of unreacted monomer and solvent, thereby making this undesirable
depending on the application.

[0072]

Benzofuran is not required to be added and mixed into the aw-methylstyrene prior
28
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systens dependi ng on the polynerization tenperature,
there was the problem of decreasing initiator
efficiency as a result of acting as an inhibitor. 10
[0071] On the other hand, the benzofuran used in the
present invention contributes to increasing the

to poffiet AR AN [y niey FRATRR! frBAbIeYs sH ohRS. |

[Oongroduce a heat-resi stance styrene-based copol yner of

hi gh nol ecul ar wei ght polyner. In the present
ipventjon, . benzofuran is added_to 15 a-nethyl styre
ThesRolysrizaten temprrate T oueresaly WhERCEange: Shire 40 to
to 4800 ppm and nore preferably from 20 to 4500 ppm

110°G £ mpFe: PeriaaPhawishin a range akfrormah tes 1887k andrevesy mere preferably
on the grow ng pol yner species decreases. Nanely, the

withirefaf range affromdd%y e P62Gt | Hrihegpadymedzation tamperaturenis lower than
conversion rate decrease thereby preventing the

40°Colthecteantiohhmter deerehases vibetemn rhaking btHenpratéss mepractical for
Even if benzofuran is present 20 in excess of 5000

indusiah produstici)i flhcadditiomanans pulymeRsstioreterperature is higher than
pol yneri zation rate or conversion rate. In addition,

110°()§/,i Yeflo Cgfu?ﬁé; %o}r?f EP"bédg)n‘f&é oéons‘gmfo%%t SHi! iafso gcausing

el’l ow ng of Zot uran becones conspi cuous durin

decrREL T [EBMA oL Bl U0 inE ARV AL, AIHEREHEANTENRIFG melting.

erepy 'S u Ira
007,Aﬁependi ng on the application. 25 [0072] Benzofuran is
[ ot required to be added and m xed into the

-nmet hyl styrene prior 28 to polynerjzation, and m
@%%@"W&ﬁegt RePOINEIeH nBsOrding i‘bl%npﬁse”[fowgpt'é'heca" be
pol ymerization tenperature is preferably within the .
prodycgdgly, dor exampls cantinueos livingr eolpmerization wsing Ai geraplex mixing
range of from50 to 100C and even nore preferably 5
type wot hpolymeriaatign ofedatom 55Atterm@ti@ly) f at memplete mixing type of
pol yneri zation tenperature is |ower than 40C, the
polymearization resetoe atecnensempldtermixing Bipendl polgmerizatiss reactor may

i mpractical for
be combined. In order to obtain a random copolymer in particular, a complete mixing
type of polymerization reactor is preferable. Complete mixing type polymerization
refers to a method of polymerization that uses a continuous type of complete mixing
reactor so that the concentrations of a-methylstyrene, vinyl aromatic monomer and
living copolymer present in the living polymerization reaction system remain constant
at all times.
[0075]

in the case of desiring to enhance productivity by increasing the monomer
concentration in the raw material solution, it is desirable to attach a condenser to the
polymerization reactor and remove heat of polymerization with the latent heat of

evaporation of a solvent to efficiently carry out removal of heat from the

polymerization reaction. If mainly cyclohexane (which may also contain n-hexane) is
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i ndustrial production. In addition, if the
pol yneri zati on tenperature is higher than 110C,
yel | owi ng of the copol ynmer beconmes conspi cuous whil e
al so causing decreases in weather resistance and
thermal stability of the copolyner during nelting. 10
[£07 A - 0 A c ] t
used 29 e, PORTERERRAN RINGH FOBIAVIEE AI684hEY Sty IF control the
cont i.nuqus living. pol ynerization i,n conpl ex , .. .
polymigTizaigh teperalire T PienyiFinity 5 fromsa o PO §Te, e briling point of
a conplete mxing type of polynerization reactor and
cyclohgxang#<e ni xi ng type of pol ymerization reactor may
15 be conbined. In order to obtain a random copol yner
[0076]n particular, a conplete mixing type of
pol yneri zation reactor is preferable. Conplete m xing
tly phepcagaref | usihg cn nareé@nplete mixing ype @f tubular polymerization
pol ymeri zation that uses a continuous type of conplete
reactor, Whegh it [sadifficit t6 ebtdinta dditpletiy fiikéd biate within the polymerization
a- et hyl styrene, vinyl aromatic nononer and |iving

reactSPORHY AT In eRBithk Pafid fL/D) \bf sk Ra‘hg)ﬁ’fl!)ité #hé fther diameter (D) of
reaction systemremain constant 20 at "all tines.

the r%é@&ﬁis 1P ﬁlggeyﬁf"ﬁ?tk?g cH&s io? i?@%r tsﬂrrﬁ'@;'éﬁ@%ﬁg&nﬂeﬁtygenne-based

roductivity | NCreasl ng nono

' terial solution it |s desirable_to. .

copolyfhel BebhdRL feufresS koM tanb? Al il atdino 4 gplution of
. renmove heat of polynerjzation with the latent heat of
vinyl SSTeREmPRPMS o 4 1Bl acalan in thessedsidly car ry- out

renmoval of heat fromthe polynerization reaction. If
[007%wmi nly cycl ohexane (which nmay al so contain n-hexane)

is 29 used for the polynerization solvent in

paradditicira rthei coppdgoer of dhs ypresentoimvention lean also be obtained by

pol ynmeri zation tenperature in the vicinity of from 80
connedling®aosemnmerd hendzonplele mixing type of polymébraation reack?€in series

[0076] S5 In the case of using a non-conplete mxing
and dddy @ solutibH AP bidTRA&lE Aidnefmer to the second polymerization reactor
followed polymerization in the first polymerization reactor. Moreover, a block
copolymer of a homopolymer and copolymer of the vinyl aromatic unit can be
obtained by only polymerizing the vinyl aromatic monomer unit in the first
polymerization reactor and then carrying out copolymerization of a-methylstyrene and
the vinyl aromatic monomer unit in the second polymerization reactor.

[0078]

The value of the yellow index of the styrene-based copolymer according to the
present invention is preferably 3 or less, more preferably 2 or less and even more
preferably 1.5 or less. As was previously described, it is effective to reduce the
content of polar substances in the a-methylstyrene purified by the purification method

according to the present invention in order to lower the yellow index. During

production of a biaxiaily oriented sheet (OPS) or foamed sheet (PSP) used in the field
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reactor, when it is difficult to obtain a conpletely
m xed state within the polynerization reactor such as
in the case the ratio (LID) of the length (L) to the

i nner dianeter (D) of the reactor is 1 or nore or in
t he case of poor stirring efficiency, the

of foSEl vlsntl a?@élﬂéb’ "HRbr %‘?Qr%él ngfrg viﬂiﬁj pje%ﬁﬁig gf the resin

n can e produce by a ti on

beco %ggy(%o&%b%'ﬂp%%#g[ﬁ%nE@gﬁqqgﬁ tépﬂ‘gsdépgu@ﬁﬁtea' SO ]{é%hntt it Srecovering
o 4 R ol T, 58 0 B s

reactors in series and adding a solution of vinyl
sensitiye Huresn welpmes. thusimakiss dbisamiartant mffpanane%&%wrement
15 foll owed polynerization in the first polynerization
[0072]eact or. Moreover, a block copolyner of a honopol ymer
and copol ynmer of the vinyl aromatic unit can be

ditesniatio {MzyMa) bf theoZ saverages mpladutanweight @Mojtatthe weight average
mononer unit in the first polynerization reactor and

moleémsﬂ w“e@gﬁtyamq of the @BREMEDFsaat dcopdhithef cobialihg lachrAByistyrene

and the vinyl aromatic nononmer unit in the second

puraf‘ &9 by'?ﬁé bégﬁééﬂbfﬂ FefHd acc?d?dih@% She Bp@séfﬂhrﬂ%n%ntl@ ithin a range

ex of the styrene-DBased copol ymer according

of frotrf? 8% Eferéﬂlge\ﬁftﬁlﬂn 'r% BeeseHBR] %.42 9% 2. §52§'rdy even more

nore pre er a8s?aRd even nore  prefe

prefefify Yty egsrsn%&u*’?@rﬁ’ s B2 PR flRSor W is dass than 1.4,

t he a-net hyl s ren purifie t he U|f|cat|on

the bighssboBvaRIL Bhi mﬁ@qsv%ﬁeﬂ%’e ot it ihsn resih drasgmes poor
to | ower the yel I ow | ndex. During production of_ a

resuliingici theipjollentef makisgdidifficoitdy ingreasithaxdrgndrg ratiogiyring biaxial
used in the field 30 of food packaging in particular,

orientatione i addifiwes ifi thewtdtivheyedddsnB g tbé hdience between fluidity and
becomes conspi cuous causing problens in ternms of

therntgl adedompesabilitg shddontds pooeV tarey rhakinghitediffloylt to mold large
wi ndi ng. Thus, users of these types of applications

moldéd Qrtﬁ;il’éé 'tISiHL\ﬂélied moRIed aftivRstghd ®i@llikeyel | owi ng, thus
maki ng this an i mportant performance requirenent.
[0080]

Examples of methods for controlling the value of Mz/Mw may include a method
in which the range of molecular weight distribution is increased by carrying out
polymerization in a reactor in which polymerization times are distributed; and a
method in which two or more types of copolymers having different molecular weights
are multiply dispersed by melting or solution blending. Z-average molecular weight
(Mz) and weight average molecular weight (Mw) can be determined by converting to
polystyrene using gel permeation chromatography (GPC).

[0081]

Glass transition temperature in the present invention can be determined by DSC,

and the temperature determined according to the method indicated in JIS-K7121 is
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5 [0079] The ratio (Mz/ Mn) of the Z-average nol ecul ar
wei ght (Mz) to the wei ght average nolecul ar wei ght
(Mv) of the styrene-based copol ymer containi ng
a-nmet hyl styrene purified by the purification method
according to the present invention is within a range
: bly within a range of from
usM?&a@%ﬁ!&% éaQ%HGES%WB%tgfe?O preferably within a range
f from1.45to 2.8. If the ratio of MeIMvis |ess
han 1.4, the bal ance between fluidity and nechani cal

strength of the resin peconmes pqoor resylting tn the
ARG Giermfind'a aiedRE IrRtonspRetiss gl dids of the
ratio during biaxial orientation. In addition, if the
o-methidstyranec dutit and, vinre asamatice manamen Ynibiefi the aglyrene-based
thernmal deconposability becomes poor, thereby naking ‘
copolymatigdcornding to therprasenbinyentios, thel mest preferablesbonding mode is a
thin-wall ed nol ded articles and the |ike. [0080]
copolprarplcempokedebhadndbar omdst ol In rgenenal, veusceptibilityz Adthermal
may include a nmethod in which the range of nol ecul ar
decoMipostiondbRs kP iHck&dsd thel GreaRFTIRE NimSEd thAhsBfla-methylstyrene
pol ynmerization in a reactor in which polynerization
et r ISt ; A )i o]: Ny i
units {prE8&nE Trlls to‘e'g@Hfigﬁepgrlﬁe aﬁﬂtcﬁ??ﬁ, it isNprkéraBld ¥ cBhtrol the

re types of copo avi ng ferent’ nol ecul ar

[ , [ ' e t] or sol ution
nomtd o ehalns oy E e B R e B B sina el gt
008:ﬂver age nol ecul ar wei ght (Mv) can be determ ned by
[ onverting to polystyrene using gel perneation
chr omat ogr.aphy, (GPC). [ 0081 25 @ ass transitio . )
ﬂ%gﬁ)ﬁfgﬂ%"ﬁﬁ'sgﬁé%ﬁ 1é'§¥'rﬁ'ro}ffﬁ}@rﬂfl'fﬁﬁ"lE’éH"!Seﬁ‘&Ef‘@F%W%B’ even if
' by DSC, and the tenperature determ ned according to
in the Hermeohebainsditaey duay rbe irs-thg 1foim; ef @1langeghaipr Strydure. The
glass transition tenperature. [0082] Although there
invendors afdhe areseant limvertioni foand édmat ibvinylharobmatidi unitsrardeof diie AB type,
t he
in which long chains of vinyl aromatic units are present on the end of the molecular

[008

chain of the copolymer or in the form of block copolymers of the ABA type (wherein A
represents a homopolymer component composed mainly of vinyl aromatic unit
components, while B represents a random copolymer component containing
o-methylstyrene units and vinyl aromatic units), other performance including heat
resistance, thermal stability, mechanical properties and fluidity is equal to that of
random copolymers, and that compatibility with homopolymers composed of the same
structure as a component of the blocks in the form of the vinyl aromatic units is
extremely favorable. In the case of reusing the styrene-based copolymer according
to the present invention as a recycling material by taking advantage of this
characteristic, such as in the case of reusing by melting and kneading with
polystyrene, a copolymer can be used in which polystyrene chains are blocked on the

ends of the polymer chains of the copolymer.
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a-met hyl styrene unit and vinyl aromatic nononmer unit
of the styrene-based 5 copolynmer according to the
present invention, the nost preferable bonding node is
a copol ynmer conposed of random bonds. In general,
susceptibility to thermal deconposition tends to
looaﬂncrease the greater the nunber of chains of
nethylstyrene units present. Thus, depending on the

f bl e t | th .
e & 08 arlidufa? 'Hﬁ\t @%Z%%@Pﬁf?héﬁ'sﬁﬁ% qfgHg ¥y aromatic
. 0083 th
units SPGIRE CUTRDES arerager MAEQUAY, RO i1 Bagk s0eR P?rt%nrmav be
the formof chains, they may be in the formof a |ong
withine gaianget of Jmmrwomi’»oﬁﬁoem &t additioph thep ratieat Mw/Mn of a block

invention found that if vinyl aromatic units are of
portiarneompossdef vinylraramatin unitags prefénablyonvithin@tangeatdtane 1.0 to 3.5.

units are present on the end of the nolecular 15 chain
[0085)f the copolynmer or in the formof block copolyners of

the ABA type (wherein A represents a honopol ymer

qmaowtofqameéf e E-Hvéragel ﬁwhec@wmfeightuwi) to the weight
conponents le B represents a randon1copo yner

aver rormtl Aharcs t@”wﬁ ofaa ﬁ%rémértlﬁrlf‘m fBrttﬁe"’lﬂgck"cBmponent is

ornance i ncl ud I Ng

requightoE Rffin A PREb, Forl ki TR AE e grom 1.42
o2 tﬁﬂd:hat Cfﬁfﬁﬁvw@m r%é%?ﬂﬁ ff’é???ﬁe"ﬁlf@@i P Mz/Mw is

less thanot dpithe hatanges betnqen fluidiy andg merbagica! émp%gacpf the resin

copol ynmer according to the present invention as a
becomesynsiarneretyemakingoly diffculhly demanstsate adequate performance as a
characteristic, such as in the case of reusing by
resin medlded grizolel kin’eanbtiit'r@w,vif the @25iopdIMzMw exceeds 8d)) dluidilyrbecomes
can be used in which polystyrene chains are bl ocked on

poor, ttherelgnafaliig ithdiffiity e maiddanfe aloldée arociesy thm-walidd molded

[0084] There are no particular limtations on the
articléd a6k thdmte) | ength of the vinyl aromatic
[0086]

In a process for producing a copolymer having a vinyl aromatic unit for a block
component, a homopolymer composed of vinyl aromatic units is produced with, for
example, a batch-type reactor, a continuous tubular reactor, a continuous static mixer
reactor, a continuous tank-type reactor with stirrer or a continuous coil-type reactor,
followed by feeding a-methyistyrene, vinyl aromatic monomer and living homopolymer
composed of vinyl aromatic units into a continuous complete mixing type of reactor
and copolymerizing to obtain an AB type of block copolymer. In the case of obtaining
an ABA type of block copolymer, vinyl aromatic units are subjected to living

polymerization in a different reactor after having produced the AB type block

copolymer. Alternatively, an ABA type of block copolymer can be obtained by adding
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units, and the nunmber average nol ecul ar weight of a
bl ock chain portion may be wthin a range of from
1000 to 300,000. In addition, the ratio of Mv Mh of a
block 5 portion conposed of vinyl aromatic units is
preferably within a range of from1.0 to 3.5. [0085]

a bﬁ{l{ﬁ?h@%icgwgfou%/ Mé(t ‘?éeétrgglvdgh @éﬁ;@%l Wing 'I%?B%ﬁ%@ec@i\es in a

aifergi thee Dy 4G+ beviBiamrieed o Pl R phorer,

%oreferably Wi thin a range of from1l.42 10 to 2.9 and
[0087}ore preferably within a range of from1.45 to 2.8. If
the ratio of Me/Mvis less than 1.4, the bal ance
et awsesult plifugihey canduetinghexiepaivetegies: thesinyentoreof the present
resin beconmes poor, thereby making it difficult to
inventiendosnd dhat adyreatdgsedt copulymer asmposedsifnatniebdbtivo types of
article. In addition, if the ratio of M/ Mv exceeds

copolgniérs fdortlhing éﬁ‘%@ﬁ%ﬁhylﬁ?ﬁéne LRty viligk aftgmétic unit obtained by
difficult to nold |arge nolded articles, thin-walled

conti l%eﬁblr(\]gb?f)%rﬁéﬁ%a?&naﬁﬁd iR vHiH he E@%@kne I8tk t@ﬂ@@éﬁolymers

or pro a copol ymer having a vinyl aromatic unit

obtaiﬁ@d b? s%@fﬁ(g}q QﬁBanaﬁoH?QB&gL Eﬁlﬁ%ﬁs ‘é? TPR3GA of ntlnuously or

produce exanpl e

et BRbE S RRAEL BECHE oM LA v srma
monocg’@,é]rkregp%g tgagygihewfcgrg}qﬁ%\é& ?ri)}l?é égwfl%%%enatllg u(?emonstrates other

a-nmet hyl styrene, vinyl aromatic nmonomer and |i

perfofaanes | lngdlﬁﬁid@é@tﬂﬂcevﬂh?ﬂm%lrﬁiﬁﬁ'ﬂ'% m@ﬁf@wtmoaemes and
conti nuous conplete m xing type of reactor and

fluidity cewiay teethat iof gandom sogblymeers Aand y,pmnambwhownh copolymers having
copolymer. In the case of obtaining an ABA type of

a vinyllapomatio gompomient &6 ayhair coraporentithesecdisestrdrpelytfadorable.
living 25 polynerization in a different reactor after

[oosd)avi ng produced the AB type bl ock copolyner.
|ternatively, an ABA type of bl ock copol ynmer can be

AESLBpAY i S & AL REAISOTIEN] 13 copobmr
polymers composed mainly of vinyl aromatic units such as polystyrene can also be
reused as recycling materials by blending. Different copolymers refer to copolymers
in which the glass transition temperature thereof differs by at least 3°C.

[0089]

The supplying to a polymerization reactor by continuously or intermittently
changing the composite ratio of a-methylstyrene and vinyl aromatic monomer among
the monomers means that the concentration of each monomer introduced into the
polymerization reaction system changes either continuously or intermittently, and as a
result, the composite ratio of each aromatic unit of the resulting copolymer changes

resulting in the sequential acquisition of copolymers composed of at least two different

composite ratios.
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di fferent reactor after having produced an AB type of
l'iving copolyner. [0087] As a result of further
conducting extensive studies, the inventors of the
present 5 invention found that a styrene-based
copol ynmer conposed of at |east two types of copolyners:
mogﬁontaining an a-net hyl styrene unit and vinyl aronmatic
nit obtained by continuous living polynerization,

d in whigch .the composite.ratio in th : :
5iaivTasr GohE G il o Sl eotpkofie iERGR, I Be mixed in a
differs as a result of continuqQus|y ar, intermttently

solutiph zje g attr?éc'amﬁ)@r&@ﬁ%% gasglvﬁl‘ RtA %6@?%&1%&8%" & vacuum
vinyl aromatic 10 nononer represented by the fornula

to remeyeithetsadvantonganrbarecovgesd i thafern sf rallets by removing the
performance includi ng heat resistance, thernal

solvest asing ianyextmeeh ankoeadgn opdtetnaivebntheyvidan also peggaavered in the
to that of random copol yners, and conpatibility with

form 6bpstletsrdirectiiawithgut retaininglin datometype taokizmicthe padlets can then be
mai n conponent thereof is extrenely favorable. [0088]

mixed andthadé& Yagssh In &Bdtchitybd BE coABRudts mMBeNE ve8gel M Atehatively,

articles of this copolyner, polynmers conposed mainly

after @gjtt}f'{ggﬁ'le Qéﬁ’&@tihfo YNidifrt Saté $n ?wﬁbgg\?&?ﬁgﬁﬂe%éﬁts can be

used as recycling nateri al
Different ,co ner.s fer . o copolyners in which the
fuﬂhegn@%@efﬁaﬂm'?%'swgﬁiﬁéﬁq “thereof differs by at
least 3C. [0089] 20 The supplying to a polynerization

[009" eact or by continuously or intermttently changing
the conposite ratio of a-nethylstyrene and vinyl . .
#¥So FatSPECifiEn BrRgduCctAB ngxample, ndigrnisading sacravh dtiaterigl having a
concentration of each nonomer introduced into the

composite rretio 241/Mih of eametiyistysertee Mt htm iyl aramatic monomer (M2) of
continuously or intermttently, and as a result, the

50/50 ¢witsiinte natéautaf apdcpolgmeniainge feedingols swiched wWveirng a raw
copol ymer changes 25 resulting in the sequenti al

mategiélgt?&e\rﬁﬂé% Lﬁﬂiﬁ%@%ﬂ?ﬂ;{eﬁgﬁ?ﬁ%&@ﬁ chsOM 1AU2| ofad0/60 Wt %) which is
also introduced into the reactor followed by carrying out polymerization. In this case,
the raw material composition is said to change intermittently. When polymerized in
this manner, copolymers are sequentially obtained having compositions that
continuously change from the composition of the copolymer obtained by polymerizing
at an M1/M2 ratio of 50/50 (wt%) to the composition of the copolymer obtained by
polymerizing at an M1/M2 ratio of 40/60 (wt%). The resulting copolymers are then
mixed in solution or stirred and mixed in the form of pellets in a batch-type reactor
followed by melting and kneading to obtain a copolymer having a certain fixed
composition.

[0092]

Copolymers obtained according to such a method can be considered to have a

copolymer composition in which the composite ratios of the a-methylstyrene unit and
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[ 0090] Copolyners having two or nore different
conposite ratios may be mxed in a solution state in a
bat ch-type tank foll owed by flushing into a tank
heated in a vacuum to renove the solvent, or can be
recovered in the formof pellets by renoving the 5

vinyl ?l‘#gﬁtm umit i:gﬁxpgﬂeﬁf&t&iﬂgf r é?clf%df)ﬂﬁgpaffibtam#eéé‘?ltré%@{ Yhereof have

can al so"pe recovere orm or pe

directly withqut.retaining in batch:t .
extrofighyf gpad ittt v RoBtbrdlamRisier WitBF staigc Féndrs, and
. batch-type or continuous m xi ng vessel. Al ter,natival&/ .
sinceathay afat ebley tehEngiateintisanshaseneyy iaul Seutig @ decrease in

m xi ng vessel, the pellets can be further nelted and _
mechanicatl prepartiesirtheytwergedeterminedoipipe golvneischaving extremely high

production exanple, after feeding a raw materi al
utilizaieni vajueaas cecynting heatedalso ML/ M2 of a- net hyl st yrene

(ML) to vinyl aromatic nononer (M2) of 50/50 (wt%
[0093]nto a reactor and polymerizing, feeding is swtched

over to a raw material having a different conposite

1R the. liviige BnshidbolinéizaABh68e Mg s Wi Chrodeictidn phGeess of the

introduced into the reactor followed by carrying out
. : | o c o . . fon |
copolffiet ¥ i drteny Pybfitisny; E5fpletiofSof e FifinbAzation reaction is
Lymerized in .thi ol yher r .
prefel3ly EReal Pyt Byt kaad RS FracBAY LB Jn@ Fiomatic monomer has
continuously change frogmthe conposition of the .
reachegnapimdl BREH A coPISIBTISHERTS Y TSIAh RiihRpreaglig system.
of 50/50 (wt% to the conposition of the cop(g(lj,\érrer )
Termipptian e dthey polymesizatien ireastiprats garmiad obt Ly: aediten 4f g geaction
(W% . The resulting copolynmers are then mnixed in
termisatouin the formafiarcardpeunt havieg anoxygenthydiogen pend sush as water,
in a batch-type reactor followed by nelting and
alcohbhgidinopot carbokglicacidc apdisimitar dffects gan atser baienpécteddor epoxy
conmposi tion. [0092] 25 Copol yners obtai ned according
compo@ndsCaster ekl keforrobempeuads,t carbaxgliciacid anhydrides and

copol yrmer conposition in which the conposite ratios of
compbolRd8 ARy Tavb&ilhalddeh BB, The amount of these additives used is
preferably about one to ten equivalents of the growing species. If the amount of
these additives used is excessively large, not only is this disadvantageous in terms of
costs, but there are many cases in which it impairs mixing of remaining additives.
[0094]

Polymer molecular weight can be increased and the polymer chain can be made
to have a branched structure by carrying out a coupling reaction with a multifunctional
compound using the growing living polymer species. A known compound can be
selected for the multifunctional compound used in this type of coupling reaction.
Examples of multifunctional compounds may include polyhalogen compounds,

polyepoxy compounds, mono- or polycarboxylic acid esters, polyketone compounds,

mono- or polycarboxylic acid anhydrides and the like. Specific examples may
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35 vinyl aromatic unit conponents differ. Copol yners
obtai ned as a result thereof have extrenely good
conmpatibility with honopol yners of vinyl aromatic
nononers, and since they are able to maintain
transparency w thout causing a decrease in nechani cal
includ¥ OP§ifiédifsS: tett:'%\%}‘lg*ﬁ'é? q&gﬂbmd&?@l‘y”@tt%e?"' X,’q?S»‘irilB}%Yr'ldeanzene,
uttlization value C

extrenely high as recycling

ovoxffShebgert e b o Batfivitbiryriiongage, amety
NI R ML T g ER L —

) in the case the reactivity of the vinyl aromatic
like. npnoner has 10 reached 99% or nore, and
a-net hyl styrene nmay remain in the reaction system
[0085fer mi nati on of the pol ynerization reaction is carried
out by addition of a reaction termnator in the form

Follewirgmoompdetivay bh gpolymerigation; lunceacged rhomsmeo @ndasolvent are
wat er, al cohol, phenol or carboxylic acid, and

remoSédibyajol&ilizatiés fronm tivd polybrerdsp esdovery and eageiyeration. A known
conmpounds, ester conpounds, ketone conpounds,

methéé“c@?uxl’g!% g.rsea%?' gg!]ﬂ(}mgé%ﬁ&ﬁel%dal.w A€ RTBIRGH GiSvaMaMg Tilishing into a

carbon ogen e anount of these additives

vacu#’rﬁggrél% %nd'?ro‘?faer'h@m _iﬁP@V%ﬁg{bgartT%@ g{:%g/]aﬁﬂ!t'éijl?éﬂl if %t%lc‘lﬁ;m using an

W ng sSpeci es ese additives
sed | s excessivel arge, . naqt |y iLs.thi
extrufE 8 | BefdroaiL BE wrelsPhY st ol e Vbl rema alapparatus.
cases in which, it ippairs..m xi of remminjn
Althoyigh VerKjRG accqrgingutp t VPE?WW&Y“H%|S@[¥@P§W%@3|'@%?meaﬁea@ such as
I ncreased_and the polyner chain can be nade to have a
solvept aandth etesidual cmanomsrsc are y imicalit remeyed| Pig veldiiizatiph at a
with a rmultifunctional conpound using the grow ng
tempénatinegoffodng 80 te3HOF €sandrdégrearof vanpommf foan 10€ Pa to 50 KPa.
sel ected for the nultifunctional conmpound used in this

[009d]ype of coupling reaction. Exanples of
mul ti functional conpounds may i nclude pol yhal ogen

RORRANGE $n whHicH ObMRIRRAt6 - ASREVE] GshpaiBtiiBes Gire connected in series

pol ycar boxylic acid esters, polyketone conmpounds,
and arranged in two or more stages is also effective. In addition, a method can also
be used in which water is added between the first stage and second stage to enhance
the ability of the second stage to volatiize monomer. Moreover, after removing
volatile components with a flushing tank, an extruder provided with a vent can be used
to remove residual volatile components. The styrene-based copolymer that has
been removed of solvent can be finished into pellets using a known method.
[0097]

Known compounds used in styrene-based resins can be added to the
styrene-based copolymer according to the present invention for the purpose of

improving thermal and mechanical stability, fluidity and coloring as necessary.

Examples of such additives may include primary antioxidants in the form of
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nono- or pol ycarboxylic acid anhydrides and the Iike.
Specific exanples may 36 include silicon :
tetrachloride, di(trichlorosilyl)ethane,

1,3,5-tri bronobenzene, epoxidated soybean oil
tetragl ycidyl 1, 3-bi sam nonet hyl cycl ohexane, di net hyl

2 ESERR) R L PSS RO, v
oo AL 9B e P RSANBBR BRI 25 *Cpeniaenrri

framthe, pol yper for recovery and regeneratiqn. A
tetra%ﬁ{v@fﬁ'ﬁ’e{zﬁwﬂgﬁwdﬁ@(@@ﬂyﬁ<9¥°P)8P% | ‘?CZ%‘?‘?%’#%F enoval .
A method involving flushing into a vacuumtank and /
(3,5-ctirt-hwityled-hydroxypleny ngopienatan d . 3.6-tamaiad=, 4. 6rinists. 9, -di-t-butyl-4-
vacuum usi ng an 10 extruder or kneader can be .
hydraxybéeryienzesed f arodtadeaydidal3, 5-ditrbityh-drhydsoxyphenyl)propionate,
apparatus. Al though varying according to the
2-t-butgHH 3-t-buyyl-2E hydrexg-8-metiylberadylitd-hesthyiphengint s such ascrylate,
sol vent and residual nononers are typically renoved by

2[1-(2.8} @i T §1di-LpeptylgheryDae-al-tipeénipHengm 180 to 300C acrylate,
[ (ang dggree 61?-%vaf:yuﬂ1n? of "from 180nga?t8950 KPa. [0096] i

oo ATRIAGS0, 00 By O LIRS, |, motane

2.0 blal B PAT VAR S Tndh BB RP Y9 Sl Evicthy-

between the first stage and nd.st,a t o enhance

248 REEBPKF I IE R acond 's! gt vt pLRy 2 e ERypenaytys-
. . Moreover, after renoving  volatile conponents with a

triazing-ashb g, 2Hst)-wenexd nlS(grfaeﬁhabﬂ'wyawg%{‘y'Eg‘ﬁnlﬂkb“ta“e’

used 20 to renove residual volatile conponents. The
4,4'-atylidenebistoeth ddbt-putiphenal) ardtheolen renoved of

sol vent can be finished into pellets using a known
[0098fet hod. [0097] Known conpounds used in styrene-based

resins can be added to the styrene-based copol yner

af edddioRgphespHiRoRs-Bassd antivadangrorisulfut-based aptisxidafits can be
added as secondary antioxidants, and hindered amine stabilizers or UV absorbers
can be added as weather resistance agents. In addition, plasticizers such as mineral
oils, lubricants such as long-chain aliphatic carboxylic acids and / or metal salts
thereof, coloring improvers such as organic dyes or organic pigments can also be
added.
[0099]

Anthragquinone-based organic dyes for improving coloring are particularly
preferabie because of little impairment of thermal stability of the copolymer.

Silicone-based and fluorine-based mold release agents, antistatic agents and
other known technologies used in styrene-based resins can also be applied directly.

These stabilizers can be added and mixed into a polymer solution following

completion of polymerization, or they can be melted and mixed using an extruder
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25 inproving thermal and nechanical stability,
fluidity and coloring as necessary. Exanples of such
additives may include prinmary antioxidants in the form
of 37 2,4,6-tri-substituted phenols such as
2,6-di-t-butyl -4-net hyl phenol, triethyl ene
-his- butyl - 5- nethyl 4- hydr oxyphenyl ) prop
f0||0\ﬂ.ﬁv'l(% g%&‘é}%%{nﬁo'gﬁ‘e ‘hritol
0100getraquis[-(B,S di-t- butyl 4- hydr oxyphenyl )
[ ropi onate], octadecyl -

:(Lrh§ %tghﬂteng; 3 cgpgfl))//g{q?';(qvcg:g%lélg )tg t88 Iq%ggér% ipvestion is preferably
hydr oxybenzyl ) benzene,

suntable ofer anigstipn 3mpliesl @rtiales,ut i Partiguiare it sABNDE ) ysash i efructural

mateﬁals -and gontaineBs reduiting {ranspareoxy.- Beatoesistannezgng highwgidity, as
hyl phenyl acryl at e,
well 23 ih-rhaldey dirtiedgs and-elécttic fighting pivars Irgquifing whatheprmsistance.
phenyl acryl ate,
t et raqui s[ net hyl ene-3-(3, 5-di -t-butyl -4-hydroxyphenyl)
propi onat e] nethane,
Exanfﬂi@s bi s[ 2-{3-(t-butyl-4-hydroxy-5-net hyl phenyl ) propi on
y}-1,1-di nethylethyl] 10
[0101i 4,8,10-tetraoxal 5, 5] undecane,
,3,5-tris(3,5 -di-t-butyl-4"-hydroxybenzyl)-s-

iazine-2,4,6 H 2H 3H) -t rione . et .
Lfrhfaf@\'?ww( BN e At SXianatian of el §t"l%'¥3rﬁ>é“"f'°at'°"
4' - butyl i denebi s( 3- net hﬁ/l -6-t-buty] phg@l%’ ar]__dri
condlppng of[tmggresqrﬁ igMemtigro Af roygbswg@ gef. Furthermore, the
ant i oxi dants or sul fur-based anti oxi dants can be 15
presendl iranéion s vohlimitgd bwithese examplesand hi ndered ami ne
stabilizers or UV absorbers can be added as weat her

[0102]esi stance agents. In addition, plasticizers such as
mneral oils, lubricants such as |ong-chain aliphatic

s otk fdﬂoam‘igj?)r@ndeé tesEriptionsef bsaluatien anéthods used in the
coloring inprovers such as organi c dyes or organic

exa &”&%%oﬁ%ﬁrﬁlv%%ﬁ?n jggded. 20 [0099]

hraqui none- based organlc dyes for inproving

gﬁt‘&lméi%n%&%%%y cularly preferable because of

rrpalrrrent of thermal stability of the

(1) SR pas SUERRRCESTT - Affwleighg" e Pased ™!

The solubility of basic substances in a-methylstyrene was judged visually and
evaluated based on the following criteria. In the case a basic substance is a solution,
the state of a-methylstyrene in the reaction oven was observed after recovering the
solvent of the basic substance in the form of an initial fraction.

O: Uniformly dissolved and transparent.

A: Slightly dispersed or suspended.

x: Completely separated.

[0103]

(2) o-Methylstyrene Purification Effects
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ot her known technol ogi es used in styrene-based resins
can also be applied directly. 25 These stabilizers
can be added and mi xed into a polyner sol ution
following conpletion of polynerization, or they can
be nmelted and m xed using an extruder 38 follow ng

I ver 0 0100 B :
EHS! S Shodtt pYRBlned i g nobEre®! e iasE3 were quantified by
r ef er abl R e for injection |ded articles. In
gas Qusmaldhraphy O ERAoshfhadtl ot oo Tl Srodit afiiidt, substances
and containers requiring transparency, heat resistance
was takenhioyiver the detal amaunterl agstonylaggidng dnmetbyled-cyrgpetenone,
electric lighting covers requiring weather resistance.
benz@ldehydesand1acetophentne. f olfhewiptapreanbsiances iepieval rate was
detail ed explanation of the distillative purification
deterntmet basedonfthé Fedlopvieg ortmuladent i on t hr ough exanpl es
thereof. Furthernore, the present invention is not
[01()4f]i mted by these exanples. [0102] First, the
ol l owi ng provides a description of eval uation nethods

BV AR LT A MO, RO FRIAE UBENSS{eiin) / Content of
. ' Lubi | i ¢ .
poar SREEAREE beldle TMBRAOEIRAERE 1085 T Uage vi Lual 1y and
[Omsjval uat ed based on the following criteria. In the case

basi ¢ substance is a solution, 20 the state of
a-nmet hyl styrene in the reacti on oven was observed

af: Rymdo e oater ofgebiee thawbo¥nt of the basic substance
in the formof an initial fraction. 0: Uniformy

di ssol ved and transparent. A: Slightly dispersed or
suRemaeiel rate of greater than 90% to 99%.

a: Removal rate of greater than 80% to 90%.

%x: Removal rate of 80% or lower.

[0106]

<Production Process>

[Production Example 1]
(1) Raw Materials

After storing styrene (St: Sumitomo Chemical Co., Ltd.) and cyclohexane (CH:
Idemitsu Petrochemical Co., L.td.) in a storage tank and bubbling with nitrogen, the
solution was passed through a purification column packed with activated alumina
(KHD-24, Sumika Alchem Co., Ltd.) baving a volume of § liters to remove
polymerization inhibitor in the form of t-butylcatechol.

a-Methylstyrene (aMeSt: Mitsui Chemicals, Inc.) was purified under the

conditions indicated in the subsequently described exampies and comparative
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x: Completely separated. 25 [0103] (2)
a- Met hyl styrene Purification Effects 39 Pol ar
subst ances contained in the recovered main fraction
were quantified by gas chromatography (GC 14A,
Shi madzu Corp.). The anmount of polar substances was
n%):pé@n to be the total anpunt of acetonyl acetone,

exa -net hyl - 2-cycl opet enone, benzal dehyde and

2) Sﬁﬁémhenone. The polar substance renoval rate was 5

ned based on the following formula 1. [0104]

Regoval... t at %,,~_ Amount of redycti i ol ar .
SUBAlnebEh T35 e ndaBR s ek Bl Aol Ingusiries. Lid)
purification (ppm X 1?0 [0105% 10 (r): Renoval rate

was gjluted wathegyclohgxangdy afadteiRildPlrate of greater than
90% to 99% A Renoval rate of greater than 80%to

(3) dewninator Renopval rate of 80%or lower. [0106] 15
<Production Process> [Production Exanple 1] (1) Raw
Ni¢thanal Gansiytioal grade, nyakoyPuneeChémicabundustries,Cidn) wab diluted
Co., Ltd.) and cycl ohexane (CH Ildemtsu

with GRldteanEteal cdrtentration of Brwids.st or age tank and
bubbling with nitrogen, the 20 solution was passed

(4) 'PHIpneRzatidH Methéqt i on col umm packed with activated
al um na (KHD- 24, Sum ka Al chem Co., Ltd.) having a

?@lj%’ﬁgetg{i) r?ﬁ"t) It f..{%aél;’l(@g?g%’r%&hga' WRER" bZ &fifr&n (MRRbRINGCImpelier,
Sumitomo Heavy Industries, Ltd.) and condenser and further equipped with a raw
material feed nozzle, initiator feed nozzle and polymerization solution discharge
nozzle was used for the polymerization reactor. The outlet of the condenser was
sealed with nitrogen gas to prevent entrance of outside air. The volume of
polymerization solution in the polymerization reactor was controlled to 3 liters at all
times. A portion of the polymerization solution was continuously maintained in a
boiling state and internal temperature was controlled to from 82 to 84°C. The
rotating speed of the stirrer was 320 rpm. Gear pumps were respectively attached to
the raw material inlet and outlet of the polymerization reactor, and the polymerization
solution was controlled so that a solution mixed at a ratio of SVaMeSt/CH of 10/21/69
(wt%) was allowed to flow at a constant flow rate of 1.5 L/Hr. In addition, the initiator
was introduced into the polymerization reactor at 0.07 L/Hr.

The living polymer solution discharged from the polymerization reactor was
further led to the inlet of the polymerization terminator solution through a pipe having a
diameter of 10 mm with a gear pump. The length of pipe from the reactor to the

location of mixing with the polymerization terminator was about 2 m, and the pipe was

maintained at a temperature of 65 to 70°C. The terminator solution was introduced
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a- et hyl styrene ((xMeSt: Mtsui Chemcals, Inc.) was
purified under the conditions indicated in the
subsequent |y descri bed exanpl es and conparative 40
exanples. (2) Initiator n-Butyl lithium (15 w%

n- hexane sol uti on, Wako Pure Chem cal Industri es,

o g PP A st
38 BT AP b (o 0 il i
volureg ob 4 Zokfetk (MOUe StV SHIZERLCRP o MaRRYSTefHe Pagmet Solution was

Sum tono Heavy | ndustries, Ltd. % and condenser and
heateidiiot 280°Covyith gppiehaaten aadrthen fivabed intp aneappraxmately 50 L reactor
initiator feed nozzle and pol yneri zation sol ution

heatall océ sepiemperattire ofi@260tG emdeoa redecqubpreassure at 6@ torr followed by
reactor. The outlet of the condenser was sealed with

sepaftitiohCaf ratdvehPoPssivent amd unraanted mandrserdieom the @digmer. The
vol unme of polynerization solution in the

tempgﬁt&if@éf ﬁ%@ﬂhéﬁﬁ%@rﬂu‘yﬁﬁlgﬁﬁﬁ éiﬂbf Rastdabodit Pubas 258PC, and the

15t A portion of “the polynerization sol ution

reten}ﬂ@ﬁ tﬁﬁ’é‘to‘f WH%%%'I%&BW&%' 2% Whs %IbogP bb %@Hﬁ@te@.ﬂd After being

r‘ature was contr ol rom82to

Th rot at
caoafiyhib PATRIE BB SHACh  FP L —

inlet and outl et, of zat i
i the R of Py 26pisA Wh Mﬁq%ﬁrﬁaéew?ﬁ PiASE GG PHQ? r ip recover

solution mxed at a ratio of St/aMeSt/CH of 10/21/69
styrepe-bagsedycopalynagn owed to flow at a constant flow rate

of 1.5 UHr. In addition, the initiator was introduced
[0107Int o the pol yneri zation reactor at 0.07 L/Hr. The

l'iving polynmer solution discharged fromthe

HProdutiondiaomplecict or was further led to the inlet

of the polynerization term nator solution through a

DA RyreRBibiked copolymer was obtained by polymerizing under the same
conditions and using the same method as Production Example 1 with the exception
making the flow rate of initiator solution into the polymerization reactor 0.16 L/Hr.
[0108]

<Analytical Methods>
(1) Measurement of Molecular Weight (Mn, Mw, Mz, Mz/Mw)

Molecular weights were measured with a GPC system consisting of connecting
two columns (TSKgel SuperHZM-H, 40°C) to the HLC-8220 manufactured by Toray
Industries, Inc. and provided with an RI detector. THF was used for the mobile
phase. Calculation of molecular weights was carried out by preparing calibration
curves using polystyrene standards (Toray Industries, Inc.) and then converting as

polystyrene.

(2) Measurement of Polymerization Rates
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di aneter of 10 mMmmwith a gear punp. The | ength of pipe
fromthe reactor to the 25 location of mxing with the
pol ynmeri zation term nator was about 2 m and the pipe
was rmaintained at a tenperature of 65 to 70C. The
term nator solution was introduced 41 into the

BRINHBS | gfapbI9ter ERAtloN westbUsdiitted aftol Ite@Mnhinatifg PolPmérization
UHr,” and subSequently term nated the polynerization

ol S T bl i St
emal R 0 2P KA RSB R S o).

approximately 50 L reactor heated to a set
polyme 430 R Falecs AStsTiariBRsas PBdoradasRLBeNe of 60

torr followed by separation and recovery of sol vent

Zomyla @dct ed nononer fromthe pol ymer. The

tenperature of the polymer in the flushing container

Wadyraerzatiopaate (%2 50 C:(mordnércontentration nemairdngin polymer

polynmer in the tank was about 20 to 30 m nutes. After

solution afide pohineerizationgddnofhomet sdndentrationdn ealvamatehial
pol ymer was subsequently di scharged 10 in the form of
30[LRBA.beFSHY Sslyielibatish)§ % #pd then palletized with a
cutter to recover styréene-based copolynmer. [0107]
[010 Production Exanple 2] A styrene-based copol yner was
bt ai ned by pol yneri zi ng under the sanme 15 conditions

EHoPOMe SR> ok ng the 1ow rate of iniiiaior

l.ution into the I rizati reactor, 0.16 UHr. L
Meidisg " Was., potried pUk st T9llopag eaeiifisusing an injection
Ml ecul ar Weight (M1, My, Mz, M/ My)_20 Ml ecul ar )
moldifg; maskingemanktastired byirunag, CE (MTQ@HQJ? i1§(\51-ngTB‘P cylinder
connecting two colums (TSKgel SuperHZMH, 40C) to
temperatures eege zet teabe 246t Gr 226°6 2867 G and 2176 mowing frare the hopper
and provided with an RI detector. THE was used for the
side. nidbielreold temperature was set to be 60°C, injection time to be 10 seconds and

cooling time to be 20 seconds. Molten resin was filled by applying pressure & MPa
higher than the injection pressure at which resin is filled into the mold. An ASTM No.
4 dumbbell having a thickness of 3 mm was molded and used as the sample for
measurement of yellow index.
[0110]

<Evaluation Methods>
(1) Evaluation of Polar Substance Content of a-Methylstyrene

Polar substances contained in sampled a-methylstyrene were quantified by gas
chromatography (GC-1700, Shimadzu Corp.). The temperature of the column
(HR-20, manufactured by Shinwa Chemical Industries, Ltd.) was held at 110°C for 10
minutes and then raised to 160°C at the rate of 5°C/min and then further raised to

230°C at the rate of 20°C/min followed by measurement.
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phase. Cal cul ati on of nol ecul ar wei ghts was carried
out by preparing calibration curves using polystyrene
standards (Toray Industries, Inc.) and then converting
as 25 polystyrene. (2) Measurenent of Polynerization
Rates 42 Sanpl es of polynmer solution were coll ected
[0111 fter termnating polynerization followed by
guantification of the anmounts of styrene nmononer and

- et hyl st.yr.ene . r i ning, in the solution by gas

@ Bipbiadboar R Cadnet chieiestRar o) | “Each
pol ynmeri zation rate was determ ned based on fornul a .
PRjansaibsiancssreaniaingd dathe samplad comethyfstyrgng ware quantified by
- (monomer concentration remaining in polynmer solution,

gas ciwomatqgraphy (L1760, Shirnadae Carbnc e Measuremenh wagycarried out
material solution before polynerization)) x 100

undef ihedollowibg covdititinsg Met hod> Mol di ng was carried out
under the follow ng conditions using an injection

OohgthRgHRet (D B2 AR Bachw GA5hmFweacpolat d.  (AUTO SHOT
15A). The cylinder tenperatures were set to be 215C1

Chrfer gﬁ&@@mnﬂ/ﬁqg &It iri8b:T1-90) t he hopper side. The

nmol d tenperature was set to be 60C, injection time to
c b o n o
(i) in EBRARLAL S0bPCE g, Cltnk 8 200-C348 ARG 300°C (held
E&qﬁfﬁmmﬂgg)the i njection pressure at which resinis
[T™ed™ the nmold. An ASTM No. 4 dunbbell having a
hi ckness of 3 was nol ded and used as the sanple
BT A AGEh QTR DRI [0110] | 20
<Eval uation Methods> (1) Eval uation of Polar Substance

Bstednr tepnperafieny®eiGr ene
[0112]

(3) Evaluation of Living Index

Living index is an indicator that expresses the closeness to ideal living
polymerization. In the case of ideal living polymerization, since the concentration of
the active species does not change before and after polymerization, the number
average molecular weight (Mn) as calculated from the resulting polymer is
represented with the following formula (b).

Formula (b):

ldeal Mn = Weight of all reacted monomers (g) / total amount of initiator (mol)
The living index is taken to be the difference between the above ideal Mn and the Mn
of the polymer actually obtained, is determined based on the following formula (c),
and is defined as indicated below.

Formula (c):

Living index = Ideal Mn/Mn of resulting polymer
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Pol ar substances contai ned in sanpl ed a-nethyl styrene
were quantified by gas chromatography (GC 1700,

Shi madzu Corp.). The tenperature of the col umm

(HR- 20, manufactured by Shinwa Chem cal Industries,
Ltd.) was held at 110C for 10 25 mi nutes and then

rai sed to 160C at the rate of 5C mn and then further
Calbéng indexzd@reater than 0.8ite 2. 20C/ min fol | owed by

nmeasurenent. 43 [0111 ] (2) Evaluation of D ner

nLivio 6l ct 9raathe ) G1yiodhs charemBLan 1208 Top | gas

chrorrat ography (GC-1700, Shimadzu Corp.). Measurenent
as. carried out., 5 under the foll ng conditi ons.
SRV a7 7 oB1akh e asbefir e 8. “hon. pot ar
Carrier gas: He (1 m/mn, split ratlo 1:10) Col um
[0113] enperature: 200C -> (3C i n) -* 290C (40C/ mn) -a
300C (held for 20 m nutes) 10 Sanpl e injection port

(4) GEeTaindton RifgeralireqTypr tenperature: 280C [0112]
(3) Evaluation of Living Index Living index is an

mgléscairaﬁsuhaﬁt téﬁﬁéﬁaién%seﬁfgz Wé%s'ed@éﬁnir@d' dRalcohipliaRBe with

5 polynerization. In th se of 1deal |iving

JIS- Kpr é‘lnﬁélhé Hhe %(% g rﬁ%ﬁufa%EJ % gqﬂnlgﬁ{aFFQ?Péorﬁ. hauard syécifically,

Specli es does no ange

the tc%’rm%r " Z%tq'gaf]dﬁ%gﬁ?r’l %ﬁ@t até r%?g ncgo Jb@"%} i V@Lr%‘atd to room
temp?rgf) rrg%??ﬁég%fé“c{mq t"(h}&gfo' l ggal ﬂ%%,%&ﬁtgﬁé&)be;ﬁgﬁggtlemﬂmmmm

. / total anount of initiator (nol)
in the presence of nitrogen. The glass transition temperature measured during the

course of the second temperature rise was used as the value of Tg.
[0114]
(5) Yellow Index
Yellow index was measured in accordance with JIS-K7103 using the

SM-5-CH-H2 manufactured by Suga Test Instruments Co., Ltd.

@: Yellow index of 1.5 or lower.
0: Yellow index of greater than 1.5 to 2.0.
4: Yellow index of greater than 2.0 to 3.0.

x: Yellow index of 3.0 or more.

[0115]
[Example 1]
Distillation was carried out by simple distillation. More specifically, a

thermometer for measuring liquid temperature was attached to a 300 ml reaction flask
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The Iiving index is taken to be the difference between
t he above ideal Mh and the WMh of the polyner actually
obtai ned, is determ ned based on the follow ng formula
(c), and is defined as indicated below. Fornula (c):

25 Living index = Ideal M1/ Mh of resulting polynmer 44

contafhin,# 58y, A & Retydlh tebhed Yo & freffhoheder Ry fnebblfing water

vapot feafparatrsy igfio Gordpnser 2ty adisr Jafpordfinecask were
(T A ass transition tenperature (Tg) was detern ned

aﬁac’i“?&i‘!ﬁfﬁtq arfderefiveR a yactiym pupp W@ﬁrﬁ?@nﬂﬁéte&ﬁe-the adapter through

manuf actured by Perkin-Elnmer Corp. Mre specifically,
a vacuum centpallestMCe30B.sOkana ¥orks, 1280 do snablecadjustmernt of the degree
10C mn, returned to room tenperature at the rate of

of deddraprassiaind Agoell batrawasdiskd f@5he fdatisbargeat e of
10C/ mn 10 in the presence of nitrogen. The gl ass

200791 bf elmEHRRY e’ MITRATHeRscAS! Intd) Whfe pRREESA thé reaction
the second ternperature rise was used as the val ue of

o 5 i A0 8t 0, SRABRIEE e i
subs R LT 0349 GRlgHh B SEUTR it (8 it thano
solutBh SRR emida] et Ll e b8 o M 05 sk whie
stirrin[gov%i%h5 1he rotor. The degree of decompression was adjusted to 230 mmHg and
the liquid temperature was slowly raised to be from 120 to 125°C.

A low boiling point fraction that condensed after reached a boiling point during
heating was recovered as an initial fraction.

The main fraction was recovered when the liquid temperature reached 120 to
125°C and the water vapor temperature also reached 120 to 125°C. The contents of
phenol and t-butylcatechol in the purified a-methylstyrene were below the detection
limit (2 ppm by weight).

[0116]

[Example 2]

Example 2 was carried out in the same manner as Example 1 with the exception
of making the added amcunt of sodium ethoxide (20% by weight ethanol solution,
Wako Pure Chemical Industries, Ltd.) 0.4% by weight. The contents of phenol and
t-butylcatechol in the purified c-methyistyrene were below the detection limit (2 ppm
by weight).

[0117]

[Example 3]
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[Exanple 1] Distillation was carried out by sinple
distillation. Mre specifically, a thernoneter for
nmeasuring liquid tenperature was attached to a 300 ni
reaction flask 45 containing a rotor, and a K-tube
attached vvith a thernoneter for neasuring water vapor

HETRFRHE R B hERSHEP DGR mpdalyte WK SAEHST (5% 160 mi
smolff ﬁﬁﬁu@ﬁ{fﬁsﬁ%ﬁ %@%8@*&&% KR 8&@@2&3"% a fhermometer

enabl. e ad ustment of the degree 5 of deconpressi
for mﬁﬁs%”"g Wé & WQ’E@EBG%\‘% R 'ﬁ'yatcoasenéﬁr axoe-way eﬁapter and a
nmet hyl styrene (Mtsui Chemicals, Inc.) were placed
holdmsh flagk Wergcattaghedr thgestoa n Maraeven guyacuusmpaimn was ernected to
rai sed to be 80C. Subsequently, a basic substance in
the adaptérothmoedh & e8cuby emttipiter dVG308u RkarivoWarks( Rt by enable
wei ght et hanol solution, Wako Pure Cheni ca

adjustmensof thesiegréal o) deeompdsibnl o Mdreovernci-methylstamene was fed into
while 10 stirring with the rotor. The degree of

the fidsic atHeefete @ 160 nilthinsthaslighPa 8o 1aRiditidre sbifli @thoxide
tenperature was slowy raised to be from 120 to 125C.

(20% by W@,luggﬂ étgﬁﬁzf[%llﬁﬁorf \R8kd %ré'@?] erhRAI RIS, 184, . was fed into

reach ing poi'nt "during heating was recov

f
the B8 3 8 ol ot 368 ifining tfieliBh A MR ERBimp, B), ,The liquid
maodd S GBS AR ST W S P58 . e
| catechol in the purlfledarret%lst ren )
pressws@ 946 heisyden was mifiaingdah A Bym @mf gistiiaorsyas carried

Exanpl e 2] 20 Exanple 2 was carried out in the same
out atdhadateof EAnpl/ein. win it hatheaspusesh fotherherhgourre.  Once
added anount of sodi um et hoxi de (20% by wei ght et hanol
conditiohs had stabilidedy thaudistil@dmonemdriiquit was analyrdd) The%ontents of
by wei ght. The contents of phenol and
phenol and t-butylcatechol in the purified a-methylstyrene were below the detection
limit (2 ppm by weight).
[0118]

[Example 4]

Example 4 was carried out in the same manner as Example 2 with the exception
of using sodium hydroxide (50% by weight aqueous solution, Wako Pure Chemical
Industries, Ltd.) for the basic substance.

[0119]

[Example 5]

Purification of a-methylstyrene was carried out by adding 0.8% by weight of a
basic substance in the form of sodium ethoxide (20% by weight ethanol solution,

Wako Pure Chemical Industries, Ltd.), distilling at a degree of decompression of 230

mmHg and liquid temperature of from 120 to 125°C, and recovering the main fraction
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t-butyl catechol in the purified a-nethylstyrene were
bel ow the detection limt (2 ppm by weight). 25
[0117] [Exanple 3] 46 A thernoneter for measuring
liquid tenperature was attached to a 160 ml  5-nouth
reaction flask containing a rotor, and a K-tube

e
art R, B o BRI R S b R o i 2

vacuum control | er (VC- 30S, Ckano Wbrks, Ltd.) to
ppm hyamieighthdj Beadustionoef sheenedased ofesine copgivwags was carried out
Mor eover, a-nethylstyrene was fed into the flask at
acconding icathe mocasodesdribedintProdugionEpamplenl. | n additi on,
sodi um et hoxi de (20% by wei ght ethanol sol ution, V\ako
Hinee nOdrerc averageu sioleadar welght \Wis dfethe rrEsuItingestyrene-based
flask at the rate of 0.008 m/mn through a

copolfhdr £ 981000p U aBiitiohh thd palyhibrikatibn va1ée ware $9.3% for St and

was di scharged at the rate of 0.1 nilnin usi ng a punp

48. 9"@%@ gressure inside the systemwas nmaintained at
and distillation was carried out at the rate

[012 f 1.9 mM/mn. An oil bath was used for the heat
ource. Once conditions had stabilized, the distilled
nome[ﬁj'lis qui d was anal yzed. The contents of phenol
]Iyl catechol in the puri fi ed a- met hyl styrene

were bel ow the detection 15 || g rE)émb vveug:f)éé

[Ryrifigption E&armﬁwy,!ﬁtyr@aamsecamﬁasm& R the gamgmpnnenes Example

same manner as Exanp w th the exception of using
1. Teecamenipdiohens (esu%lwa}tyln@t@hpl iy thepurited m—mﬂwlsmme were

Pure Chem cal 20 Industries, Ltd.) for the basic
belove thesdetecton Jiodt(@] ppm by weight). Production of styrene-based copolymer
was carried out according to the process described in Production Example 2.

The number average molecular weight Mn of the resulting styrene-based
copolymer was 62,000, and the polymerization rates were 99.8% for St and 47.5% for
a-MeSt.

[0121]

[Example 7]

Purification of a-methylstyrene was carried out in the same manner as Example
2. The contents of phenol and t-butylcatechol in the purified a-methylstyrene were
below the detection limit (2 ppm by weight). Production of styrene-based copolymer
was carried out according to the process described in Production Example 2.

The number average molecular weight Mn of the resulting styrene-based
copolymer was 61,000, and the polymerization rates were 99.7% for St and 46.5% for

o-MeSt.

[0122]
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[ Exanpl e 5] Purification of a-nethylstyrene was
carried out by adding 0.8% by weight of a basic
substance in the formof sodi um ethoxide (20% by
wei ght et hanol solution, 25 Wako Pure Chem cal
Industries, Ltd.), distilling at a degree of
ion of 230 mMHg and liquid tenperature of
ggg%?%éfo 125C and recovering the main fracti on 47
en the ter r_tenperature r ed 120 to
Hhicafic A et ifilinens Vst Sotel RIS AL AANS MOpRE S Example
urified a-nmethyl styrene were bel ow the detection
3 T?’Pn?Q"t?Q is qu?hempl @adghwtyloﬂmfn e afmg %ewglm&iwne were
resin copolynmer was carried out according to the
belovbtf&@%@cgmgmmaopnm byrwelight)i o fPrestagsineofistyreneHased copolymer
nunber average nol ecul ar weight Mh of the resulting
was carjed nat becardingdopthé yprecessadesagibedon Rradeatiting Exampleha
pol ymeri zation rates were 99. 7% for St and 48.9% for
Jrhiee fumite? 1aMgragbEnuipdidal lweightPin f ofc e aesaiting styrene-based
a- net hyl styrene was carried out in the sane manner as
copolris 60,0008 énd HY sﬁlyﬁlé?fzaﬁ&@ Fﬁbs@ﬁ&e@%‘%\%? 8t 8AA6.3% for
in the purlfled a-met hyl styrene were bel ow the
tection limt (2 ppmby weight). Production of
st'yrene-based copol ymer was carried out according to
[0123&he process described in Production Exanple 2. The
unber average nol ecul ar wei ght Wnh of the resulting
E%%/ren%-glased 15 copol yner was 62, 000, and the
ation rates were 99.8%for St and 47.5% for
a- MeSt. [0121] nple 7] Purification of
w@pﬁmrspf/%nethwlﬁyr@aw%cm@duw timéhe spmeraanRer asExample
Exanpl e 20 2. The contents of phenol and
3. Themanjentataf prenol mndhiebyiyicataabdl in the pytified cemethyistgrene were

a-Me

below the detection limit (2 ppm by weight). Production of styrene-based copolymer
was carried out according to the process described in Production Example 2.

The number average molecular weight Mn of the resulting styrene-based
copolymer was 61,000, and the polymerization rates were 99.7% for St and 46.4% for
o-MeSt.

[0124]

[Example 10]

Polymerization was carried out in accordance with Production Example 2 by
adding benzofuran to the polymerization raw material solution (mixed solution of
styrene, a-methylstyrene and cyclohexane) to a concentration of 65 ppm based on
the a-methylstyrene.

[0125]
[Examples 11 to 14 and Comparative Examples 5 and 6]

Benzofuran in the amounts shown in Table 3 was added to the polymerization
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bel ow the detection limt (2 ppm by weight).
Production of styrene-based copolynmer was carried out
according to the process described in Production
Exanpl e 2. The nunber average nol ecul ar wei ght M of
the resulting styrene-based copolyner was 61, 000, and

caw B RELITBGL 2O 3o Lol cRBMpfEIG:

[012@%% hyl styrene was carried out in the same manner as

anple 3. The contents of phenol and t-butyl catechol
in the purified a-nethyl styrene were below the
deeterenemExample b ppm by wei ght). Production of
styrene-based copolynmer 5 was carried out according )
tReferancer Bxarvpledd s padiedrowrindbetsasie manneras2Exameple 2 with
nunber average nol ecul ar wei ght Mh of the resulting

the etcpptior- bhamsihg aieiblapotamines (AR gndef Wako Pure Chemical
pol yneri zation rates were 99.6% for St and 46.3% for

Indus‘kié@ﬂid?F&hﬁé]basﬂcﬁstﬁt@tm.e 9] Purification of

a-net hyl styrene was carried out in the sane manner as
[p127gxanple 3. The contents of phenol and t-butylcatechol
i'n the purified a-nethylstyrene were belowthe

i?&%&h@%&hﬁﬂe le ppm by wei ght). Production of

yrene-based copol ymer was carried out according to

R R A R TRl Bl 2 i
the <SRt of 29t PYAUDe’ (REPb 69! S3AdeorVaRO dhire §hamiga) Industries
Ltd.) %_rl}/ﬁes tbésmoslu%dé{anc[e'.zxanpl e 10]

[0128]

[Comparative Example 1]

200 ml of a-methylstyrene (Mitsui Chemicals, Inc.) were placed in a 300 ml
separatory fuhnel followed by the addition of 50 ml of sodium hydroxide (10% by
weight aqueous solution, Wako Pure Chemical Industries, Ltd.) and shaking 100 times.
After allowing to stand undisturbed, a procedure for removing only the aqueous layer
was repeated five times. Subsequently, 50 ml of distilled water were added instead
of aqueous sodium hydroxide solution and the same procedure was repeated until the
aqueous layer became neutral. The oily layer was then removed and a distillation
procedure was carried out in the same manner as Example 2 without adding a basic
substance.

[0129]
[Comparative Example 2]

A distillation procedure was carried out in the same manner as Example 2

without adding a basic substance.
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20 Pol ymerization was carried out in accordance with
Producti on Exanple 2 by adding benzofuran to the
pol ymeri zation raw material solution (m xed solution
of styrene, (x-nethylstyrene and cycl ohexane) to a
concentration of 65 ppm based on the a-nethylstyrene.
[013@0125] 25 [Exanples 11 to 14 and Conparati ve Exanpl es
and 6] Benzofuran in the amounts shown in Table 3

ﬁ@?’ addetdetd% the!:égﬁdymsri zation 49 raw materi al

MRAAAIVeKNP itions were the same as in Exanple
10. .. [0126] [Reference Exanpl e 1] Reference Exanpl fL .
vRrification efjaonethyistynese g CcamisdQqut 2y sigrng e g gthyistyrene in
5 the exception of using diethanol am ne (anal yti cal o

a stogagaitan bebblinawishi nitiegen fellpwead by passing)thfeigh Adurification
basi ¢ substance. [0127] [Reference Exanple 2]

colurie fhravingcan finzerpdiam2tevasf £6.3r e height of 66@ nemnandwolusne of 2.5
as Exanple 2 with 10 the exception of using pyridine

liters (pagRéd Withadctiyatedicalukiviid (KidDe24 8urmikal AltneimsCo.| Bil.).
Ltd.) for the basic substance. [0128] [Conparative

EARIBLR eials I%@Q)%%ic glibftanBd ffﬁé/roﬁﬁ'%tﬁ%t%élhée were measured by

Chem caﬁ nc.) were placed in a 300

sampi@@%—?nﬁcﬁ%lﬁwlé‘@% ltlﬁtgt%y).l%‘ﬁeﬁoﬁy a k}{‘uﬁﬁégt%rf LR ! ??@ nl‘!Hueraﬂer the

y Wwel ght aqueous so

star $f sl ieufifin e Fhoud e bitiefifsdiinh o "7

SRR OB eEba s SBphyber SRCRHTAL %, RS g methos
desc'},i\b,a(g(;e rinmsgo%u%ggg dE)icaPnigt)I%ag with the exception of using a-methylstyrene
sampled 200 hours after the start of passage of a-methylstyrene through the
purification column.

The number average molecular weight Mn of the resulting styrene-based
copolymer was 61,000, and the polymerization rates were 99.5% for St and 46.2% for
a-MeSt.

[0131]

[Comparative Example 4]

Purification of o-methylstyrene was carried out in the same manner as
Comparative Example 5.

The content of polar substances in the a-methylstyrene was measured by
sampling a-methylstyrene that eluted from a purification column 300 hours after the
start of passage of a-methylstyrene through the purification column.

Production of styrene-based copolymer was carried out using the method

described in Production Example 2 with the exception of using a-methylstyrene

sampled 300 hours after the start of passage of a-methylstyrene through the
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of aqueous sodi um hydr oxi de solution and the sane

procedure was repeated unti l
becanme neutral .
distillation

purifi%s%oﬁwg%qjth
B

mpl e 2 w thout

4vaveesip

s carried out

ribles g, Bk iy

a-nmet hyl styrene was carried out b
copolymstwids 80,308, and the podyrperigationg;

nitrogen foll owed by passing through a purification 5
o-MeSbl utm havi ng an inner dianeter of 76.3 nm height of

600 mm and vol une of 2.5
[0132! um na (KHD-24, Sum ka Al chem Co.,

B3Pl
SWE'HE

storin

Ltd.).

The

the 20 aqueous | ayer

The oily layer was then renoved and a
procedure was carried out
manner as Exanple 2 w thout adding a basic
nparative Exanple 2] 25 A distillation
in the sane manner

as
Ao bfs fttl"rflg Cr%‘sul%%g[ gt%/?’eonle-based

E@t% Ec@r 3f and 5.7% for

in the sane
subst ance.

liters packed with activated

contents of basic substances in the a-nethylstyrene
\EebmpRang BfamplesSsaRUie)g a- met hyl styrene that el uted

froma purification colum 200 hours after the
‘ﬁﬁd%%ﬁﬁé
col um.

amolffi hin3H ol

013éarrpl ed 200 hours after the start of passage of
[ -met hyl styrene through the

nunber

avera

e
St l%"a@@%“‘t

HOWRR JATBY 0 o e
.ﬁebgﬁegerﬁ%bm%ns%
ption of us

start

rbe nittehdl eafutiBR in the

n

ased copol yner was

i Fifetsio

purification colum. The
nol ecul ar wei ght M1 of the resulting
S5 copol ymer was 61, 000, and the

pol ynmeri zation rates were 99.5%for St and 46.2% for .
Fheorssults of sygluating the examples and comparative examples are shown in

Table 1.
[0134]

[Table 1]

Example 1 Example 2 Example 3 Example 4

Basic substance | NaOEt EtOH sol. | NaOEt EtOH sol. | NaOEt EtOH sol. | NaOH H,0 sol.
pKa of conjugated acid 17 17 17 16
Catalyst concentration 0.08 0.4 0.08 0.4
Discharge  of  low Yes Yes Yes Yes
molecular weight
by-products
Solubility o o o A
Purification effects o ® o A

Reference Example 1

Reference Example 2

Comp. Example 1

Comp. Example 2

Basic substance

(EtOH),NH

Pyridine

NaQOH H;0 sol.

None

pKa of conjugated acid

9

6

16
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[ Conparative Exanple 4] Purification of
a- net hyl styrene was carried out in the sanme manner as
20 Conparative Exanple 5. The content of polar
substances in the a-nmethyl styrene was neasured by
sanpling a-nethylstyrene that eluted froma
cataiysPUlLbdssali on cQl,um 300 houyys after the _start pf
am’“ﬁ.’pass"age of a- rre'f*hyl st reneu"?%rough the purification
Dischargd! WiMiew IPr oduct i on of | st yrene- based copol ynmer was
carried out usYeﬁg t he| net ho®® 25 descri in )
moleculgs, ot on Exanpl e 2 with the exception of using
by-prodaatset hyl st yrene sanpled 300 hours|after the start of
passage o —a-methytstyrene throughithe 51—
Solubjlityr i fi cati on cql utm. The nurger average nol ecul pr -
wei ght Mp of the resulting styrene;based copol yner
Was 60, 000, and the ppl'ynerizationfrates were 80. 8%
Pudficafioppffestt amd 5. 7% for @-MeSt .x 5 [01B2] [ Canparat| ve x
Exanpl es|5 and 6] Bengofuran was aflded to the
pol ynmerization raw material solution in the anounts
shown in Table 3. O her conditions were the sane as in
Exanpl e 10. [0133] 10 <Eval uation Results> The
results of evaluating the exanples and conparative
exanples are shown in Table 1. [0134] [Table 1]
Exanpl e 1 Exanple 2 Exanple 3 Exanple 4 Basic
substance NaCEt Et OH sol. NaCEt EtOH sol. NaOCet Et OH
[0135j0l . NaOH H2O sol .
5 [Table 2]
Production | Basic Substance Content in «- | Styrene-based Copolymer Evaluation
Process methylstyrene Results
Acetonylacetone and Benzaldehyde | Living Glass transition Yellow
3-methyl-2- temperature  Tg
cyclopentenone (wi ppm) | (Wt PPM) index | g index Y1
Example 5 | Production <2 <2 o 131 o
Example 1
Example 6 | Production <2 <2 o 131 °
Example 2
Example 7 | Production <2 <2 o 130 ®
Example 2
Example 8 | Production 36 15 o 130 °
Example 2
Example 9 | Production 72 21 o 130 N
Example 2
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pKa of conjugated acid 17 17 17 16 Catal yst

concentration 0.08 0.4 0.08 0.4 D scharge of |ow Yes
Yes Yes Yes nol ecul ar weight by-products Solubility
000 Purification effects O o O Reference Exanple 1

Ref erence Exanple 2 Conp. Exanple 1 Conp. Exanple 2
Basi.c $ubstance [( Et OH) 2NH Pyrijdi ne OH H20 sol ] No
Compatie T ERTIRRAG aci OB 6 16 |- 52 el yqe o0 | 180
congcentration Q.14 0.4 - 0O Digcharge of | gw Yes|Yes No
Examp?ﬁg?»l ecEP‘ﬁP"R’%' ght by-productg Solubility o -
PUrification efflects X X X X |[0I35] 5 [T4ble 2
Comparative { Psedldiond Subst'88ce Content $%h a- $tykene- badl@
Copol ymer Eval udtion Process |nethylstyrene Results
Examiletdony Exaptpden2 |and Benzal dehyde Living djass
trancifii~nn VAol | \AL 2 it hyvl 2 tonmnmorat e a4 T
CTuUATrToOT U TTuUTt LAY B | \AY J e Ilyl ~ 19 UIIPUI alt Ul IU
cycl opentenone (wt ppm (W PPM index (C index Yi
Exanple 5 Production <2 <2 0 131 a Exanple |
[0136]
[Table 3]
Ameunt —of | Gonv. Molecular Weight | DSC Yellow
benzofuran
added to o | Styrene (o-MeSt |Mw  x|Mn x|Tg Index
methylstyrene 1 0-4 1 0-4 (Y')
(ppm)
Example 10 65 >09.9 50 23.8 11.3 125 o
Example 11 210 >89.9 65 26.3 12.5 131 o
Example 12 500 >09.9 72 287 14 133 o
Example 13 1000 >09.9 75 28.7 14 134 R
Example 14 4000 >09.9 76 28.7 14.1 134 .
Comparative | 10000 >99.9 74 285 13.8 134 "
Example 5
Comparative 0 >99.9 44 21.2 10.2 121 o
Example 6
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Exanpl e 6 Production <2 <2 0 131 0 Exanple 2 Exanple
7 Production <2 <2 0 130 Exanple 2 Exanple 8
Production 36 15 0 130 O Exanple 2 Exanple 9
Production 72 21 0 130 0 Exanple 2 53 Conparative
Production 105 32 0 130 X Exanple 3 Exanple 2
Conparative Production 185 52 X 106 X Exanple 4
Exanple 2 5 [0136] [Table 3] Anount of Conv.
L ecul ar Vi ght DSC Yel |l ow benzofuran added to "-
Indu%ﬁﬁvgﬁgmﬁb t Mv x Mh x Tg Index nethylstyrene 10-4
10-4 (Yl) (PPm Exanple 10 65 >99.9 50 23.8 11.3 125
[0138 Exanple 11 210 >99.9 65 26.3 12.5 131 0 Exanple 12
500 >99.9 72 28.7 14 133 0 Exanple 13 1000 >99.9 75
2scording 16 AheEpeasent invention,thighly paire e-etivylstyreneican be provided

by efficiently removing trace amounts of polar substances contained in
a-methylstyrene, which were unable to be removed in the prior art, without requiring a
complex process. The resulting o-methylstyrene is useful as a monomer for
industrial production of polymers, and allows the obtaining of high molecular weight

polymers free of coloring.
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Conparative 10000 >99.9 74 28.5 13.8 134 X Exanple 5
Conparative 0 >99.9 44 21.2 10.2 121 0 Exanple 6 54
I ndustrial Applicability [0137] According to the
present invention, highly pure a-nethylstyrene can be
provided 5 by efficiently reaning trace anmounts of
pol ar substances contai neg "? a- net hyl styrene, which
were unable to be rennved I'n ﬁe prior art, wthout
requiring a conplex process. The resulting
a-met hyl styrene is useful as a nmononer for industria

prqducti on of_pol ye Il ows the obtal ng of

hi gh r%'l“@&ﬂ difr par gaﬁBP léref‘Pe%O'ES'P”%'GEld ﬁgﬁﬁp%@

CLAIMS 1. A nethod for %)urlfyl ng a-met hyl styrene,

deashing arigplan substapse gontained tin @gn‘&tWSWFe@Jﬂst%Qéesence of a

contained in (x-nethylstyrene in the presence of a 5
basidmdistarghandnce; and separating a reaction product of

t he pol ar substance and the a-nethylstyrene. 2. The

rgeiplaratingod reatiohyproduet-ofthd yoidrisubstanecaidiihag:-heethyistyrene.
Claiml1l, conprising the steps of: 10 reacting the

pol ar substance contained in the a-nethylstyrene in

the presence of a basic substance; and separating a

'%"*I‘Hé?'rhélﬂ%yl B t Bhrlﬁfﬂ{ﬂs%&ﬁgfhl)igtg@%e&é&dh@ o{)t?l%tﬁ-hieﬂ'bompﬁsing

yrene t1on product
substance. 15 3. The nethod for purifying
the S{é%lsqz{fhyl styrene according to Caim1l or 2,

reacting the polar substance contained in the a-methylstyrene in the presence of
a basic substance; and
separating a low boiling point component produced by the reaction, the

a~-methylstyrene and a reaction product of the polar substance.

3. The method for purifying a-methylstyrene according to Claim 1 or 2,
comprising the steps of:
1) reacting a polar substance contained in the a-methylstyrene in the presence
of a basic substance;
2) separating a low boiling point component produced by the reaction from a
mixture of a reaction product of the polar substance and the a-methylstyrene; and
3) separating a-methylstyrene from the mixture of the reaction product of the

polar substance and the a-methylstyrene.

4. The method for purifying a-methylstyrene according to Claim 1 or 2,
comprising the steps of:

1) reacting a polar substance contained in the a-methylstyrene in the presence
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conprising the steps of: 1) reacting a polar substance
contained in the a-nethyl styrene in the presence of a
basi ¢ substance; 2) separating a | ow boiling point
conmponent produced by the reaction froma 20 mxture
of a reaction product of the polar substance and the

Ofa@agﬁgn%étgﬁgéene and 3) separating (x-nmethylstyrene
fromthe mxture of the reaction product of the polar

Z 3? %gata t@@?@t n$f Hylloi';}c 58&85 @O'FBEH%ROnﬁ]EE!P dFocched by the

|S|n ste reacting a

react,hdn B%téﬂﬁ%e" 4 o the ﬁ%@qgﬂnsmﬂ%@ﬁtw? e pelar substance;
presence 56 of a basic substance; 2) separating a

and i xture of a | ow boiling point conponent produced by
the reaction and the (x-nethylstyrene fromthe

5 r e3¢ tseparaiingdthet aahethyistyrenarfrembitieamidure ahthe IBY boiling point

separating the a-nethylstyrene fromthe m xture of the

compomenb prddutediisyi the reactigrpand theaaretisdbtmenehe react i on
and the a-nethyl styrene. 5. The nethod for purifying
according to any one of Clainms | to 4, wherein the
pol ar substance contains a carbonyl group-containing

@”’Pﬁé"ﬁﬁ’ethé@ f8r pd h@.ﬁ&éé&ﬁ%@fto%y c{;}ﬂé B# Cfé;@%;ﬁgd‘ﬂ Wherein the

any one of O ains rern-t stance

polar SR ErES ot 2Rt BoG RGBSR, 0 7,

purlfyl ng accord| ng to Caimb5 or 6, wherein the

10 carbonyl gr oup- cont ai ni ng conpound is a conpound
ﬁ%?ﬁ‘étgpqggﬁp@@ym%l égcvgrdlngqgna%&aéne &9 (r;‘lanlng 1( tlo) 5, Wherein the
polar substance contains a carbonyl group-containing compound and a mixture of
phenol and catechol.

15 7. The method for purifying according to Claim 5 or 6, wherein the carbonyl
group-containing compound is a compound represented by the following general
formula (1) or general formula (2):

0
A O 3
R! R R ..
O
I
C—R?
200N d . (2)

{(wherein each of R', R® and R* independently represents a hydrogen atom or an alkyl

group having 1 to 6 carbon atoms, and R? represents an alkyl group having 1 to 6
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00 11 11 RIZCNI' R2 '~CN~" Rs (1) OIll CR4 20
...... (2) (wherein each of Rl, R3 and R4 independently
represents a hydrogen atom or an al kyl group having 1
to 6 carbon atons, and R2 represents an al kyl group
having | to 6 57 carbon atons). 8. The nethod for
carbd}Péfofrﬁ(éJng according to Caim7, wherein the carbonyl
gr oup- cont ai ni ng conpound contai ns at | east one
conmpound sel ected from 5 acetonyl acet one,
3- et hyl - 2- cycl opet enone, benzal dehyde and

ce hengne nEthod for purif ordln to

3y TBROTBRNG fofspUriy §as Ackpreina Hon CIdt ¥, Typefsin  fhg Zarbony

basi c_substance is 10 or nDre in ternms of the acid
grouptreRi@ining i 6aMPswedarfontairs 8t leasbnpogarcempaundorsealgeed from

basi ¢ substance. 10 10. The nethod for purifying
acetanytanetong methyizreyclopgtenene, hénzaldalivde andhacetopkenane.

a basi c conmpound containing an al kaline netal or

al kaline earth nmetal. 11. An a-nethylstyrene for

anioni c polynerization, wherein a total of an 15

i whétméth@arf@e@nhfﬁm@émmgam apgBridobeIdie 1 to 8, wherein a

foll owi ng general forrmula (1) and an intranol ecul ar

basncﬂg'bﬁ’ﬂiéb 98 sﬁBQ%ﬁEé?é ?Ototﬂ‘?ﬁ@r%fl tSrrlDBf @%‘Bc@d’ dl%%beﬁhoﬁrconstant

aromati1 c car bony COfT'pOU represent ed

pKa %%aml:@@ué%eg %%?tl%@é#lelsuggfamga (2) is present at 30

10. The method for purifying according to Claim 9, wherein the basic

substance is a basic compound containing an alkaline metal or alkaline earth metal.

11.  An oa-methylstyrene for anionic polymerization, wherein a total of an
aliphatic carbonyl compound represented by the following general formula (1) and an
intramolecular dehydration condensate thereof is 100 ppm by weight or less, and an
aromatic carbonyl compound represented by the following general formula (2) is

present at 30 ppm by weight or less:

(wherein each of R', R® and R* independently represents a hydrogen atom or an alkyl
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00 11 11 RI/QR2ZQR3. . 10 200 Il CRa
...... (2) (wherein each of Rl, R3 and R4

i ndependently represents a hydrogen atom or an al kyl
58 group having 1 to 6 carbon atons, and R2 represents
an al kyl group having 1 to 6 carbon atons). 12. The

ool 05 S PR I SR S i 1 100

carbcﬁ'{'gt echols is 10 ppm by wei ght or less. 13. The

2 e h I'styrene for anionic polynerization according
to daim1ll or 12, wherein a a-nethylstyrene diner is
|l ess than 5 ppm 10 14. The a-nethyl styrene for
ani onic pol ynmerization according to any one of Cains
1.1 ofhes a-Tiedhvistyrens: dor anionis pelwmesization aecarding B Cdaim 11,
5000 ppm by weight. 15. A styrene-based copol yner

5 whergintaicorienbof alspboly pbenaliang catecholsds ) Ippny bgmeeight or less.
according to any one of Clainms 11 to 14 and a vinyl
aromatic 15 nononer represented by the foll ow ng
general formula (3) using anionic polynerization: R5
HAC=GheRB-methyist{r@he for anionic polymerization according to Claim 11 or

12, wherein a a-methylstyrene dimer is less than 5 ppm.

10 14. The a-methylstyrene for anionic polymerization according to any one of

Claims 11 to 13, wherein a content of benzofuran is from 5 to 5000 ppm by weight.

15. A styrene-based copolymer obtained by copolymerizing the
o-methylstyrene according to any one of Claims 11 to 14 and a vinyl aromatic
15 monomer represented by the following general formula (3) using anionic

polymerization:

R5
|

HQC:C

(wherein R® represents a hydrogen atom, an alkyl group having 2 or more carbon
atoms or a phenyl group, and R® represents a hydrogen atom, a halogen, a hydroxyl

20  group, an alkyl group, an aikoxy group, a carboxyl group or a haloalkyl group).
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(wherein R5 represents a hydrogen atom an al kyl group
having 2 or nore carbon atons or a phenyl group, and
R6 represents a hydrogen atom a hal ogen, a hydroxyl
20 group, an al kyl group, an al koxy group, a carboxyl
group or a hal oal kyl group). 59 16. The styrene-based

CRPOI 'S ﬁ8rb%'s r%ogaso&rﬁ%g‘aééord‘fﬁbewi@laﬁny%,'&Werein a yellow

i ndex vaI
index value is 3 or less.
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