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nononer - di ol ef i n copol ynmer conprising m cro-blocks of polystyrenic
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copolymers can be proceesed at a low cost through the existing injection foaming equipment.
On this basis, the invention is made.
(\ . An object of the present invention is to provide a styrenic monomer-diolefin copolymer

25 comprising micro-blocks of polystyrenic monomer and micro-blocks of polydiolefin
monomer.

Another object of the present invention is to provide a method for the preparation of the
styrenic monomer-diolefin copolymer comprising micro-blocks of polystyrenic monomer
and micro-blocks of polydiolefin monomer according to the invention.

30 Still another object of the present invention is to provide use of the styrenic
monomer-diolefin copolymer comprising micro-blocks of polystyrenic monomer and
micro-blocks of polydiolefin monomer according to the invention.

Still another object of the present invention is tb provide a foamed article produced from the

styrenic monomer-diolefin copolymer according to the inventiona.



I n an enbodi nent, the styrenic nononer-diol efin copol yner conprising

m cro- bl ocks of pol ystyrenic nononmer and m cro-bl ocks of polydiolefin
nononmer according to the invention has a |inear structure, and may

be represented by the formula (1): PSxl (PSx2PBy) nPSx3(0 wherein, PS
represents a polyneric segnent of styrenic nononmer, 5PB represents a

pol yner i .Sf‘grren.t t.of o(rjljtgl fin.nononer, X, X2, X3 and Y each

r epr esert’ st REHHAPRH i 28O BR ™ ¥gr ee of the respective pol yneric

segnent, anHighte |1 $haws hNHEGMIR Eptaiuigof therstreh@ biib@iene copolymerX, Example 1.
each appearance, is_independently an integer ranging from1l to f;L51%)

pref erabl y M@ onshows aobvo-grachsirmel pindragsdmopreidtism spectapn of they styrene
in egch_ Q@gﬁ{ﬁ@@gﬁolyh&rio@@gg&w@@; ly an integer ranging from1l to

500, preferably om1l to 400, and nore preferably from1l to 330, X3

i s an i nt egBiguragblmgvs rotw@dimensimal dnfraredi eorselation sgeetrymanefi Ageonvertional
5to SOQlean%Eﬁ eferably from 10 to 3000, 15provi ded that at | east

30nol % prefcera 'y at least 50 nol % nore preferably at |east 70 :

mol % stil | Fisnke 4psiefves abiwo-dimdneasial 30framet %orsdlatidn spectrymi effea gblly random
at | east 95 mBI %,. still re preferably at least 98 nol %. still nore

pr ef er alS¥FeRs- P@gﬁneﬁpﬂg?‘%rof the styrenic nonomer-derived units are

Wi thon the pRYssY¥hews & tFBNRARIsIDRATRRafed @ dIftich fRlcHiBIal ofat SN

degree of from2 to 100, and preferably from3 to 70, and at |east 30

mol % pr ef eFigsrg 6hows 4 @agﬂl%@sma%nféﬁﬁé cpretationpgetrem| o stypene-isoprene
mol % stil.l. ap bly at least 90 nol % still nore preferably

at I_,eas%ﬂluggo %C&;ogétsg)ﬁ&hore preferably at |east 98 nol % and still

nor e pr ef er Biguye Ashowasttwoglimehsiondl infrerafi airedflattomspeshrem- efer BIRS

units are wiihin the pol ydiolgfin. ment s .havi ng I rizaf.,
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enbadi mepirend-@psdneranadienomicrrbldelotefolpmenpol ymer conpri sing

m cro-bl ocks. of pol.ystyrenic .nongner and m cro-bl ocks of I gi ol eafi n, .
nononer accofdih f%)“f 8 SCAVHAR | DFF IS THCIPSFRHC. THGHOSTaR ‘i’fﬁ’@’y oamed material
st ruct Ur®taiaddidBYakslersepr esent ed- by the formula (ID: '
(Psx1(Psx2PBy).),A (11) _

Description of preferred embodiments
20 In a first aspect, the invention provides a styrenic monomer-diolefin copolymer
comprising micro-blocks of polystyrenic monomer and micro-blocks of polydiolefin

monomer.

As used herein, the term “micro-block of polystyrenic monomer” is intended to mean a

segment of polystyrenic monomer having a polymerization degree of from 2 to 100, and .

25  preferably from 3 to 70. As used herein, the term “micro-block of polydiolefin monomer” is
intended to mean a segment of polydiolefin having a polymerization degree of from 2 to 400,
and preferably from 3 to 330.
In an embodiment, the styrenic monomer-diolefin copolynier comprising micro-blocks
of polystyrenic monomer and micro-blocks of polydiolefin monomer according to the
30 invention has a content of styrenic monomer units ranging from 10 to 80 wt%, a ratio of
1,2-polymerized diolefin units to total diolefin units of less than 30%, and a number average
molecular weight (Mn) ranging from 25,000 to 500,000.
In an embodiment, the styrenic monomer-diolefin copolymer comprising micro-blocks

of polystyrenic monomer and micro-blocks of polydiolefin monomer according to the

(>
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30 wherein, PS, PB, X, X2, X3, Y and n are as defined for the
formula (1) above, R is a star-shaped coupling agent "nucleus", mis
an integer of from3 to 10, provided that at |east 30nol % preferably
at | east 50 nol % nore preferabl(i/ at least 70 nol% still nore
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| east 95 Ml % st|$ nr e c&referably at | east 98 | % and still nore
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styrenic nﬁﬁoﬁ@ml@fﬁ@@ﬂmmn&ﬁpm@tﬁeﬁ%omrl sing 10 mcro- bl ocks of

R T L L SRR

according to ronrs ac |na ion o
st atd shaped] mmﬂ@&,wzﬂsnhm/pmgerﬁblgrfrﬁntlotom arms. In a pref erred
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t he i nvent i“ehisgadntegeirings Bem 1oy #donomer - deri ved units rangi ng

from10 to gga%% g% ra%é%%:fg@nzsgcog OWaﬁH p?éfe{a'b o 1090 5B00M % or

from30 to _ Wt % 35 to 50 Wt % or
frofd 40 to ptevidedghairat ﬂemtﬁit%ot% e fenbly #ieasp ISanQi%,tmeresmnyeahlu at least 70

oo el g 8555 A B0 Sy S P 68 P50,
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of the diolefin nonomer include are not linited to,
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2, 3-di ol
LB A R PR RS RAOERRL A it more
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ot sl SR Em s naT e h ANy BrRRlioh dBERE DT & Brfy ARG prercrably from
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prefera

(PSx1(PS:2PBy)n)mR (1)
30  wherein,
PS, PB, X1, X2, X3, Y and n are as defined for the formula (I) above,
R is a star-shaped coupling agent “nucleus”,
m is an integer of from 3 to 10,

provided that at least 30mol%, preferably at least 50 mol%, more preferably at least 70



from1.01 to 1.20, nore preferably from1.01 to 1.15, and still nore
preferably from1.01 to 1.10. In the copol ymer of the invention,

the polynerized styrenic nononers and the pol ynerized diolefin

nononers are present mainly in the polynmer nol ecule chains as 5

m cr o- binoaRks, stdbmvha prafebphaiskeastePamatl Vo stillxtierst pleftraklonatt laast 95 mol%, still

pol ystyrenic n r .pha eqgi.gns .and the | ydi o] ef i hasg, r egion .
e Yery g Rty ateRd o it el Bokd BreBiab L &l Fasl o8 1B acs theWyrenic
pEase_ I @i dragrived Qﬁé‘ltsﬁ@l:eeﬁrithjlihr pktgithic Hobsmert beynpalty hevingas pglylnmdvization
shearing viscosity and a low plasticizing tenperature, and can be

bl ended SREXSR & BeRcesilfg abesterablyj et a0 o a%%_aéféaét t”g%@r/atw%efably at
bel ow t ?&s@%@%f%; HoP ptSERE[P LU 90 Hol9, SHASRbE i TeraBOL R 1688CH0 mol%,
as DCP (140C). Furthernobre, si'nce the polydiolefin phase régions are

hi ghl y dtimeersetefarsidyas taast S myl%pREH anesiepncfesably eblopst 38 motkr and still more
during cr L nki ng. b, | £ t 1,5,:4201... f Ll -

Separ at FOFDH Dabitioh g 5ar v ol Bk GERE dndbher AR y3ifiCkre ihin B Hotetin
pol ydi olsegmentphasiag iapol aczdtiomedegoée dhfrom/ enddnnd Po¢ferably freihes ted30.
enbodi nent, _t he copol r..of the invention consists.essentiglly of .
i or o- bl ocklt otqHRTry FRRGHREN o RSOT Y PEPOD T SOLETLT ORIV BT Rrising
NMONQEE! midYo-bRRKEXBF BScI &frent® NlofibMe SHRNt tddrbW16dksMoFT oBidsikfin Omonomer
pol ystyreni c_nmonomer, ‘and, m cro- bl ocks of polydiolefin nmopnoner™ it is
meant t RaeondiRs if tednpeiatsisor coipbinatipn aifilincap modesulemeand plar-shaped molecules

m cro- bhacks, #f.Polyd fin nononer together conprise at |east
90w % &ge@ra%?y at 2 east 95wt % nore preferably at |east 98w %

styreni ¢c_nononer.- di-ol £f i n | [:GONPLI S LG o- Dbl S

ol yoty PRTESIEaRER GrtrRactabd BT GinEe SpbSiitth ThisHABAIG o e @SwPBY,
accasdi RggrhenticbasistnuLapluvalityast sachmpered bidckslow t wo- di mensi onal -

Ly onre bR e Bl b gorq vort Shbt S b & SRS syrni
NONONer 15l R)nedrl dbrivA0 4RRs GORah Y TRINS 1046 80D orsRan J0 R J Wkl baaoas30 to. 75
the copol yners of the invention have novi ng-w ndow two- di nensi ona

’ |

corr el atWtm arrffera3ddoPevt PraohEomhaS tado o’ftg’/q,mref@r&érﬁttit)rﬁ%wé%t AlefrRE 40 to 48

t . t . . . . i -
ransi :}f’@‘% RS 50 B nggiﬁﬁggﬁ?ﬁ% g%'a%{%c? mlc?ﬁa# 11?8u&§,0b}ﬁ%t%125‘t Rmited

wave nunber range of froma m er eas

st yreni ¢o,30yrroaomethytistyrefel, athiyl stykersp poty) styrerm dert-fratyd tsyyreng,glimethyl styrene,

nmononer - di ol efi n _capol r _have single or nultiple discret h | .
Tranart coletpiitehel mbTRhatie  Ffhydy" hiety, FRhGLRFAAL O oL flcthoh e and
i nventi ngbli%ﬂ(ﬁe%ﬁ:edljlﬁbi’ﬁéraﬂaw st@f@ﬂ@pirﬂ@hﬁl zg:%(mzrandltpyfeeﬁamﬂ styrene.
nmonomner - di o] efi n copol yner, conpri sin cr o- bl.ocks. ol ystyrenic .
nonomer andJrPr? éPBQW%ngHTe BWGS}BP%Ifgftgﬁr FDMBRE?S aﬁﬁ%ﬁi@%‘i“@xeﬁ&“ved units,

1) addi g aapieinthofdislesial WetHonfdd iddlud@St bi¥ete At Aindeéd B! | Z3tH@itiene,
_.reactor and heating the contents to a tenperature ranging from50 to

3) addi i taaf . 26 i nitial o bf
3 oo RSB AL Sy oAl Sl SRR 96 A0l o i
suffi ci emténgioni ximtjo k0 1,2-pbd¥meisédodioldfen snigs emitle tjalodieiefini thitainayobe less

di ol ef " addi h Lt i n T
5 pert odhdy STITAEE Bt s 4heid Loplsdfhon el Fahaiy eb B 20 g%, stil
bat ch- wipgsefermily Bons b 20 ié1%4) saadeetjroRrilRyBenal Ore 20 mselee t he :

reactor bei ng controlled duri ngl %he addi tion Sﬁ t.hat fhe maxinu
30 The styrenic monomer-dioletin copolymer of the invention has a number average

molecular weight (M,) ranging from 25,000 to 500,000, preferably from 25,000 to 300,000,

more preferably from 25,000 to 250,000, and more preferably from 30,000 to 180,000. The

styrenic monomer-diolefin copolymer of the invention may have a molecular weight

distribution, My/M,, ranging from 1.01 to 1.40, preferably from 1.01 to 1.30, preferably

O
and nore prbf er phiferred endzstimesiy 2oplbralite afoPStPBepsdgyents. constitufher styrenic -

@

110@5 2-mejhyhdei-hytadians, 43.3nhonadieng, s2\3-dimathylphdrhntadigng hand e gempinations .



10 reaction tenperature differs fromthe initiating tenperature by no
nore than 50C, preferably by no nore than 30C, and nore preferably by

no nore than 20C, 5) adding the remaining O to 45 wt % of the
‘styrenic rmnorrer to the reactor and allow ng_the reaction to continue

for furifeer 191tte 1320, menstrgsleraify from 1.01 to b5 qand s@l wege grefergply from 1.01 to
reactiop,jgtermnating the reaction and recovering the produced
15copo|yner The solvent useful in the present nethod nay be any

of those cdmnti ycopslermeirnof e p'nmtuixtri oﬂueopobrmem'tZinnstyrenic monomers and the
pol ybut andi ene- at%rﬁze bers. n? C| i S not1 mLed oo
to; cycPBHEXAKE %r‘??e"“%eﬁ%eaﬁﬁp %ﬁ“ue‘ﬁ%l &y?e%%sp"&?%l ﬁé%%%ﬁ%‘% hnd“
combs natiionsblobley, softhhnthehmhaps egRmitisreeitedt bétheeanne polysfyrédie rﬁ@idt@él‘tphase

used may be such hat 0 concentration of the noners ranges )
from5 FE waf%t @&P 1gteTinnRhasst iBIqRs; hyeryrl lopih anhealc e SaTAF Hiafea single

The ini Fbl@%@‘i‘eﬂl@%bﬂoﬂlé} f)lﬁ?se Hégi%ﬁ’]{asn?im%él@@ﬁlﬂld@v%uﬂqtvﬁﬁﬁ Wh@ polymer has a

al kyll'i thrums commonl y used in~anionic polynerization, such
n- but y| ldw tshoanizg Figesith ang mhorvvi piastivizengtenperatire; hed joant b%ltbdﬁnd@dewth a

nmay be i

ey o RGSBAAE ACHALI O 5% BRSNS, P Bl g
thel@rtof a cro#smmmgmgmtos‘uchm BCIP (/HIO@C) UBefthidrmiaret siacpties potydiettindhase
i s tetrahydrof ur (THF‘z§ 41 e u,seclmgn an _anmpunt ran

(1 om 5ONEOIEo0H MY CPBrIohr Bl SEEETBE0 PhEOPRERPE (8, Y f Poftdoduring
to 300, cokilidkiapre preferably from 120 to 220, and nost preferably

from about 150 to 200 rrg THF/ kg pol yneri zation sol vent. 300pt| onal ly, .
the presentlt Fepnsfarad thehthereipgiasyiall phass sengsationciaiweeh i rqlkstyrenic nionomer

Exanpl egléa s3GhHYEe hletgtdﬁcgpﬂg Bps g@gﬁggsw&c&h A i RhtiBHE! hyl

et hyl enedi am ne, l'ene ‘gl ycol, and the |ike, and
t heys can bén%epdeﬁerreglnelah@djment,aﬂ@ cepdlyoar ;pfttbeamveng,lq(cg consists essentially of

pol ymerj zati qn YoJ| t n..the Jfresent, met

oo snaprafeROsy oyl Morthig il ARG ok Fya BTy FRABHRE By the
w % or eiﬁrem&ﬂ“émlsﬁs@s edstatiglly 6f oiierdShlbokHOf pvil%tyfbrnuf frofodter afd micro-blocks
w % or raﬂnélq ﬁo 48 wt % .or froma]o to 70 wt 9% 1(()f FL]he t ot al

monomer & POIEIEHR Honomes ihis Aigaat Biakithe, mgRoRiocks P pe bisprreyicgnonepger and
present tﬂéerhmgﬂbl&fk% dﬂf&?@ibléﬂd‘ﬁl‘éﬁ@nﬁ?l’o &b dtheas? 90wt%, freferably at
pol ymerization reactor over a PEI‘IO i me rang |n%1_from5 30

m n&t esleaﬁilr fwut’abmpre peefedly et igast ﬁﬁWé%eémd fpeie pretgrablymtyleastitiwtde of the
to 90 m ? m)st preferably from 20 to 60 m netes. Upon the
conpl etl on 0 he mononmer addition in step 3) and in optional step
4), the reddte shyrénsc opdmumahﬂly)leﬁri ovpa yiner contprisieg fioicrd- h}ctcherﬁ paystyrenic

120 m netes, and .prefer 1 netes. 10Dur

o rer ooigt, EP RS ELARr, OF ainlufialdins Htomsh wopt B 1 the, ipvgatigp has a
f r om 50mbo@inkl@mdow ef6ldimkisiblitn6arddocdiddl&lion BpleotBine dpff&resr ﬁbhyﬂforssrdslf the
70 to 90C. At, the end of the polynerization, a term nation, f

i s Addeknawn sFeRinmaenoma-digledin tiack sopolymers 3t styienig@epomsEinlesip random

the i nvediOfcBYADRaA e Qbed PSR G2 ¥s, U8 dcdgd1{8rsabf thé Yaberton have
wat er, al’cohol's and ot her conpounds containing an active hydrogen.
moving-window two-dimensional correlation infrared spectra having two or three

continuous thermal transition peaks in a temperature range of from about 70 to 150°C in a

wave number range of from about 2842 to 2848cm, whereas both the styrenic

30 monomer-diolefin block copolymer and the styrenic monomer-diolefin copolymer have a
single or multiple discrete thermal transition peaks in the above ranges.

In a second aspect, the invention provides a method for preparing a linear styrenic

monomer-diolefin copolymer comprising micro-blocks of polystyrenic monomer and

micro-blocks of polydiolefin monomer, comprising:



15Finally, the resultant copol yner can be recovered through

techni ques well known by those skilled in the art. For exanple, it is
possi ble to add an anobunt of a conventional antioxidant to the

reaction m xture, and then to subject the product to coagul ati on and
drying, to @i aédiagfzinnhmhenlt oﬁraod;qlvrmt and an actiTater $0 ar pelyapsitation reactor and

200t ops spins W eppRARTla & RatPotall PGP R YR T an ot i vat of 1o

a pol ymeri zaf adiing ea@usrwta@df hegirénig nﬁdlﬁmmnbem feat@ra tenperature
rangi ng from50 to 110C 2) ddrn 0 to 45-wt% of a styrenic
monomer to $haddiagadgsired amouilt o it toathgesrrien and o ing (g, reaction to

i nitisat %Bnﬁﬁuéfb‘%ort%@)tﬁine@&d al | ovm ng the reaction to 25continue for

0 to 30 m netes; 4) ‘aftér sufficiently mixing 55 to 100 wt % of

the styreni4) sBeorefficiemlyonixiangl 0O tot Rlowt% of éhfeﬁtmemn@ﬁe@melamthwgﬂ of a
the res r o) [ n

from & ;éioélfﬁg n%&ﬁ%{t‘ér a&cﬁng Elg? Feggﬁ[ %n%lgéég{ o f HE rézﬁ:({ior Jvdria ﬁer{o%]&tgrﬁe ranging

with a rfeaat$ ao (&hpeinatas) aamhesicrdmtmheusigabamh-\b]ee,ngr cpﬁ‘sefdd)jr,l e@dth a reaction

during the additi.on sr% that th maxr mhg act er attHrteth .

di ffers PPBFRAEHE IPHiAe ity FrapteeRpag fonfralls %6?: at e maximum

prefl@ra%a’ctm f@nﬁ@éﬁré hﬁﬂfe%o@ro@ndlerrmlaa@ﬂigfeﬂ@efayuﬁ@yb?/On?D{nﬁré ham 50°C,
(1N0) e

?% ional ly, adding the remaining 0 to 10 w
_d| oI ef i I mbfzébyp@ more thamd®dr, andomane yafereply by nocaers $aned°eont i nue
for 5 to BOJnaeacgsthe rema@ﬂmgqg'tggﬁa“fi%s bf ?g%%myﬂk RAbnémeP YR th8Feactor and Lﬁ

agent to th ion mxtureé and allow ng-t reaction to continue 3
for 5 t @le®img tiaetresc;tlon to contiatie forefusthdr o BAaninetss} dnh, term nat i ng

the reactio ﬁ—kr &5 dh? ggécrheonp ?1?{1!11 %gdn ¢ QRO lr%( b an recoyer %E foduced

step 6) for ion; yes 't
mat gsi alcspély&red process condltl ons as descrl bed above for the net hod
to the_.invention.

for prepari | i near ol acc I,n
or der o pr barRVEHEUS tr o8 SO PR G TR dratonty used'Tn the

i nventi %@dlﬁﬂh%hh@ﬁ's%ltﬁ%dbbl)ﬂhﬂﬁmﬂr@iél-éﬂy@ﬁe cRBbER! IBngled hadlulifebut are not
living chain ends used for a coupling reaction are polydlolefln

segnent dimitedyier guelohessne, mbasHSs DERTEs ol easpBYlgnes andcliprapes, wpd |gombinations
oo (i ThEEof hOuhl blesEMhRMod, | BB oL WP SbANESILESBP e, such that the

coupling efficienecy. Various cdlupling agents and process c
wel 120 kn@mcdmratlhnsé thk inhdreainérs ramgesdremcato B wt%d)asnd ooupt itefgl meght of the
6). For . c"%‘ trhe coupling agent may be silicon O
t et r achF &1 n&’lx\/lf ﬁyl benzene, di chl or odi net hyl sil i cane, t et raet hoxysili
cane, or di penididatorubetay fi thecmpsent nhthed)itichades rat variy iod abityltithéums commonly
COUpl‘ ! ngi’lse(iJ ?nngnlgglctpho(iyrlnlexlzz?t?onc E%cl:l? as H-%utyllithium and sec-butyllithium. The amount of
the initiator used may be selected depending on the desired molecular weight of the product, Q

25  and this is within the knowledge of a person skilled in the art.

An example of the activator useful in the present method is tetrahydro‘furan (THF), and
it can be used in an amount ranging from 50 to 1200, preferably from 80 to 500, more
preferably from 100 to 300, still more preferably from 120 to 220, and most preferably from
about 150 to 200 mg THF/kg polymerization solvent. '

30 Optionally, the present method further employes a microstructure modifier. Examples
include Lewis base compounds, such as tetrame‘rhyl ethylenediamine, diethyl ether of
ethylene glycol, and the like, and they can be used in-an amount ranging from 1 to 50 mg/kg
polymerization solvent.

In the present method, the styrenic monomer comprises from 10 to 80 wt%, or from 20



15 may vary widely, and the coupling reaction nay be conducted at a
tenperature ranging from50 to 110C for, for exanple, 5 to 60

m net es. Vvth t he above-descri bed nethod, by selecting the anmount
of the couplin ent it is E033|ble to obtain a pr oduct conS|st|ng
essent i & By vg o,apr FQIR 39HApEdWEGpoT {FABY 3Q 1t 69 &6, caseom eodifliri?al enfrom 35

rati o of, 5&0ounl £id APRDYs AL NG hil 5916 HaMOE G i tggggﬁdorﬂomérs,%th the

nore) and to obtain a produ consi st ng star-
copol ynbalaacmlbangﬂnﬂaﬁnampmlnwrer (| nthis case the equi valent ratio

of the couplin othel n end is es than 1;

Oxamt o | oda' PitnadFnis bl piesent el e sEPRom: TRty Bepeitdded o the
pr epsir epsBRirdatby r@addﬁtﬁ.&ﬁ‘ a%ﬁ@ﬂmfm@fﬁlg&m’, a88ENtd 880 Yhivdtas, -ﬁb&ﬂﬂﬂy from
copol yner at flrst and then, m x the both in a proportion accor di

to denmhf tot1g02Binglss amere PESEISY fipsh [ fo PRanine aﬁm& gyt Wﬁ‘cf?faéhﬂfff’ﬁbzo to
essenti g llr)’inétreé‘rU?&?‘Hﬁdco‘fﬂﬂgﬁé{%f the moné%&PQdeQﬁ Erpgtep%l ada Py 9 10nal step 4),

specific theory, the nmechani sm descri bed bel ow may p'to und rs and

how t hethstigaeiircisraptionally dilowed itm compoieylive furtlwndy fosi gmirieteso and pradsrably 10
of pol ystgé gﬂ%‘% cfronomer and m cro-bl ocks of polydiolefin nmonomner
according to the’invention fornms. 30Taking the preparation of a

st yr@ene- butugki ﬂlecpmymyﬁe:mcas thereaxaomp kempérhturs idedntiled ih hatngdef from 50

e PR BB e ek R D HBRAGE

RH, W th a gedeleh@0r ks ﬁi)cgﬁi%ﬁtzﬁt’i'én K2 ehhinBtibh HBURUS Baddd toWeihindte the reaction.
r(eact I on rate constant BuLi +St StLi+St StLi+Bu Bu-StLi, with a

react i o’ﬁhfs tarenipding agent keetol o theinyentignipaybe any: of Hose spmmanhy paged inkhe art,
E St-Buljich 44 P ARSI AU mklec&ﬁgé&lﬁ{g coké{%u%ng an a c%@g?hfbgpr  ent s

represents Ut adi’éne mononer or yneri ze
st yt®ene 5 rlbnaitmrtholresultanpobmiemez @dnﬂmrmomdd thiRugkpedurques well known by
al kyl I'i

eatti oSSR M bonFRG rarElc SRENPRPRE' & RE7 IR o LA R Ryontional
K4 antioxidant to the reaction mixture, and then to subject the product to coagulation and
drying, to give a finished copolymer.
The star-shaped copolymer of the invention may be prepared by a method comprising the
20  steps of:
1) adding an amount of a solvent and an activator to a polymerization reactor and
heating the contents to a temperature ranging from 50 to 110°C;
2) adding 0 to 45 wt% of a styrenic monomer to the reactor;
(_ 3) adding a desired amount of an initiator to the reactor and allowing the reaction to
25  continue for 0 to 30 minetes;

* 4) after sufficiently mixing 55 to 100 wi% of the styrenic monomer and 90 to 100 wt%
of a diolefin monomer, adding the resulting mixture to the reactor over a period of time
ranging from 5 to 180 minetes, either continuously, batch-wise, or pulsedly, with a reaction
temperature inside the reactor being controlled during the addition so that the maximum

30 reaction temperature differs from the initiating temperature by no more than 50°C,
preferably by no more than 30°C, and more preferably by no more than 20°C;
5) optionally, adding the remaining 0 to 10 wit% of the diolefin monomer to the reactor
and allowing the reaction to continue for 5 to 30 minetes;

6) adding a desired amount of a coupling agent to the reaction mixture and allowing the



When the nononers are added in a pul se manner, at the initial stage

of the polynerization reaction, the styrene nononer and butadi ene
nmononer in the nononer 10 m xture wll react with an alkyllithium
initiator such as butyllithiumto formliving initiating species,

BuLi aneeaStibn t@bmudmrbubmlmmtdsas a low boiling point, at the ;
nonent of feedipg, but adi.ene nol.ecul es are vapori,zed so.that th
Spect es par Di i (i FHGOF A% KRR, (AR RGeS, 19T ah i GOk Doy broduced
styreneco?dlsjmtghus the initial reaction forms mainly StLi. StLi WI |1

react preferentially with styrene in the m xed nononers, and th

what are 13xspRiderPisROIYr the crERlingactn, (ke shayranghest R&p OWFe‘ili‘etSﬁ'@e materials
concent En?& ‘Pﬂﬂzegﬁf (%r@?ﬂ(ﬁl% yars%@TﬁH%ﬁoﬁ%(/ 'f&b :139@521 T5f h@er% tllﬁe%’ﬁﬁe%mcopolymer

decr ease 0 a suffici ently ow | eve I ene nono
parti ci patoedmg\tcttﬂnem\@auon on to form styrene-butadi ene alternating

copol yner Rl oc t ntration of r

further degpe?iggr E%O p%rﬁ}agu ﬁ%l gt %% %ikgpéjlmymer &ccgrd%%%mgztgl? ”?[3084‘[&1 SJStheSIS
Af t er aceﬁnﬂiﬁmrshbuléiSl@e ﬁﬂdrcﬂ]ed rvoothatt the lfwﬁ%iehaiﬁ ?ﬁds hflﬁi 1240 zﬁthphng reaction are
proceSS|sr ted. Thus reni ¢ _no ioj efin cop

Conpr ;| SPAGCITAIGBISER " SPFRTSLE TRBMPE. D3l e MU eubigh diclefin
pol ygli olgf | b&lt@iﬁn@%haﬁc% cBﬁfEsm@ddegree mﬂ'&oﬁé}ﬁlgr@ﬁﬁéﬁ% of the present

i nvention, a’ pul se addition or a batch-w se addition of the

f eedst ocks V@lwwbag agpets padinrpeass ¢anditioss vl krevarbydhese skilled jnethe art

shoul d r-al h a hy ; ; 7_
consurrpg ﬁ]gg&plgll &%lﬁ%t%\é)s%ﬁm{gar lgV\?%gor arggr t aﬁla?hge Slhcon ()

rate at te;ktuchh)ridlee nairanglbenagne, addiechlorddimethyisilicansys deldicthenysdicanbe -or

feedstogks is .e t he ,addi tion dur.at he nmono
shour o AihebREFERREYY et sty S48 R A% Suelb sRBREP The Fitle Ufiin end
consspathyivaryt Filep) hwme Zalpliog resctiovnmay dblcentiocted ashnghpémtdrargging from
thanthe rate at which the noponers are 30 added. In this way, a

pol yner S0 sk 2Bt AT, %FW]&]&WBF? 8BaniReledt of pol ystyrene nicro-bl ocks
and pol ybutyhhaRe afh6&-Aedirel Sncthad, Qesél%tﬂ%dthe'%lﬂd)ﬁi{t%f'thé’ c@ﬁp&ﬁ@gg’eﬁy it is

segment s W ll constitute a styremc nononer -di ol efin tap ered

of whi chossihtpdeiobtadthapapdues consishing espentaly Q%Ste@@EﬂB@I@é@Wﬁtﬂ this case, the
consi st g @fval%npﬁﬁoabf he up?#ﬁ%ﬁpﬁ)r ﬁ'ﬁi—: ]94!191 kc?ran'l Bndid Fﬁd{uﬁi nl"?lsipcﬁ%ore) and to

the invention provi des use styreni c norrer dio _
copeb ynebtanf a pfmeluchmistmg ofa staerhepat gupekwmﬁr mndcartmealdwcm)bbz&nan (in this case, the

copol ynmer_.of. the .i nveption e dW|t varl i Lives a
oo ab@EeIstl GyioLIbre GheT R bRyl Bev e s iy Bl T oI Bl HES o gfmete
- moul d atesd #an @51 9RC. The foam ng process is simlar to those used

for EVA, and the 5 foam .ng ment may be identical to those, used
for EVA | ringp cevpdumspbrit 15 P&S?l%@ﬁ@@r%q S@P%"%‘—‘gp el copalyagr Fadan egigntially

copol y gy §fapbd @cpd1yReE !atoﬁrslpymﬂ Bl B4 tEOBH Bl e[‘ﬁropBﬂﬁﬁidéc@grdiﬁEto demand, to
copol yner of the invention with an additive such as stearic acid,

zi nés s:j ebtiaix aconzpngitioal of thyokiwper copplmessp |thﬂ<¢&ﬁgnta@bﬂhﬁtafsﬂbéne%(|@pglmy|
bgent. AC ortRepufeihg Bl B9 S pe Bty AR EBRRE BE A LI thay help o

pressi ngnﬂéretanéshmmmg menomnma-mpmﬁnﬁcmpolymdroccanmhﬁag Iarmto-tHh@crks of
pelleti zi it .in a single screw extrude 0 edin

Fesul t| REDRRFFHECHORPE.. b nirtaiess! Al cEUSHORAP ( REHOTR deerifipg to the
at 90C imtcation gl at a tenperature ranging from 170 to 195C O ]
mai ntai ning_at that tenperature for 200 t.o 500 seconds and then

depPRssur i ZiHEBRF BisEAIAHEN A TRIANGDURiPRmBRROIYRET pbaMEaaEPIS: & ig believed
15In a J&gftﬁe,ge aRpPacifo B%g ﬁ?(%%fbl%ﬁt Ragibisiedurthd ﬁ%%%nﬂéﬁiﬁ oft:

prepare oam ng t e copol ynmer of the 1 nvention. I'n the foamed
article of Bm@Ianeann—shBruél et withtarepetysri it consdarddsl i Hked

poi nt's resul ey from styr epeyent 34! GiTR N eRh-HRTLGRUA 167 035! T nked

BuLi+Bu ——— Bu-Buli, with a reaction rate constant K3 0
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20 be reprocessed. At the sane tinme, the foaned article of the

i nvention possesses excellent skid resistance. The foaned article of
the invention nmay be used for manufacturing sand bench shoes and
slippers, for manufacturing mdsol es of tourist shoes and sports

shoes, for BdtBhct uring—out sdheStlds Witda reaptiaminds conyantdhi clle
interior desqg[%l ve ter| ef§pgtquw ﬁ?ahrgh&%dﬁ Pattgﬁéns’fﬁﬁqi rDr\égrl ous

si tuations Benefi ci al ects’ o I nvention

styrenic rrtﬂ’lbnﬁu di m—eﬁ—ﬁ—eopcﬂtthdmswmmW mac@mmmlcednsiyntdéd n@ t he

current pl ants_for ro ﬁ’ %B renlc nDno 1 %E nqg

el ast o T i FHJ&P PELD @9 Hgneme” |8F6 0[?“6‘%“6? e orfj’rﬁsﬁmﬁrﬁéyre“e
f oamed ARINGHcRloS 1t@fpol)hﬂeﬁze)dr1©ﬁnCaﬂmnm ese@lk@ain mlksynnﬁhmﬁreg gn ititigtor.

physi cal entangl enent points of the styrenic po may repl ace. for

the chem caTheyree%%rsrqtﬁ reestyys AE these sedckigns hpve %@HPWH?g @Hﬂ%ﬂi@m

crossl i nki ng, 2 rgms/eﬁ saQ, bg significantly reduced. For application
fields where hi gh weari ng resi st ance and tenperature resistance are

not requi reWhentthlesHem@mfm | agpapddedt in m ghilse equzma iah thheinatialeniage oof the
h h
a chemi Cgla/g{ e&%ﬁ %ﬁ&goe fatg?rgtyre}‘lg Sh dxr ??Y‘n q)u[P gne ?Igo?[ogﬂ%rﬁlythte Bbnomer

a foanel rrar” can reuse
t aste- f méeturemwil Feaeosith 4 alkpﬂitMuhomatofr&ncﬂr asaliutgzlanhilnm fr mdmdadng mitiating

3) The foaned eri of .the st r-djaolefin cop

Dt PHERS B Rl iacs 614 Butdihe P R Jo boGLgaific st the moment of

per f or %@&éﬁ%bﬁrbdtﬂﬁ@né hﬁ%le%}leﬂfe fv@ﬁcﬁﬂ?ﬁsﬁsd@ﬁaﬁrﬂh@' spedied pi@cipating in the
e

(fonfortabl foamed materials of the styrenic
nonomer Ldtigieg rqacegtp@xeypfﬁé@mﬁeﬁ:vfémmém anf thies thenigial @cgtﬁar‘ﬁ@@s mainly StLi.

5) The fifﬁr%l MRL&" Pelféreﬁfclalg)hﬁvxﬁ %t Huliﬂg B i 9{ f r§, ORR ¥ﬁrt'§‘>r %Jhat are

have a ow corrpress on set res I ence, el’r wearin
r esist apedomsnatelyc Hidmueds tare rpgxlystmen&dalbclm kWehed tf@a pomgamnatlen gdn‘h ﬂm estyrene
superior to thase

of Pt he bl Rl R ReNRrL 2R PR oeesr: B € BrTGERGY Joro RbE Yiltadiene

have hamdneseesvilapattivipard fethe reactio®)o Thﬂn%t}yréﬂéﬂbﬁtmnﬂferdatﬁigeémﬁblymer

copol s, may be I njection foanged in a nould the pores are
ant £ om?f%%s;)anfbh%s SLERAFCRITARRIE DL s S&YH@%WP%W&%%% TEhsEY ol yputadiene

copol yngfoskaamihse ?’r%ﬁgmflﬁtelm%%&tﬁﬁef‘g %2Rer BEREhdARARS oL OL feedstocks the
slippers, for manufacturi ng m dsol es of tourist shoes and sports
t

shodk, #kavempredeastiar fapgaisdt Sdives fofstyregichsrongmsegliolgfiny eppalymer comprising
i nteriop,; 466Q6akd ‘63 ﬁ@}{%*&é 8ﬁmﬁ§r Q@ &%%IGE J %fu?&(}dlonefﬁ?rﬁlgﬁ'&ner is
) oared produc

si tuations. thesyre
nononer fatinedef i n copol yners can be pr oduced 20 at a cost corrpar abl e

to that of but have. better erties, sot hey .wi ||
cormer ci al 11 T rutieda e psrpre BVaREsS, T Hplie Blipn gT b i ud% i on of
gi ven o fd@ﬂbﬁ@@ks iik | eroplogéd, Nthet h@ditioN eMiraAon dTUthed endiRindibdhexture should be
25limitation to the invention_in any way. Exanple 1
25  controlled so that the rate at which the monomers are consumped in the polymerization is
comparble to or larger than the rate at which the monomers are added; if a continuous
addition of the feedstocks is employed, the addition duration of the monomer mixture
should be controlled so that the rate at which the monomers are consumped in the
polymerization is comparable to or slightly larger than the rate at which the monomers are
30 added. In this way, a polymer (PSx.PBy), which comprises a lot of polystyrene
micro-blocks and polybutadiene micro-blocks, can be formed. A plurality of PSx:PBy
segments will constitute a styrenic monomer-diclefin tapered block, of which composition

varies gradually, and the (PSx>PBy), segment consists of a plurality of such tapered blocks.

In a third aspect, the invention provides use of the styrenic monomer-diolefin

11



To a nitrogen-purged 10L pol'ynerization reactor were charged 3.5
liters of a mxture of cyclohexane and raffinate oil (in 9:1 m xing
rati o of cycl ohexane to raffinate oil), -which 30 contai ned
tetrahydrofuran in an anmount of 200ngy/kg. The m xture was heated to
50C, andopol9meolbf tie invBotion.was added thereto. After stirring for 5

m netes, mxed noners consisti 5 tyrene and 2 .
but adi ene V\t]il g‘%ﬁ’f”lcnﬂ’é’ﬁlgwr éib(%} t%?pt()#@n%egét IBVErtioh nilﬁyng’ e@fended with
Wi th a maxbadsddigasd amtehﬁmm@tw@v hedng, zﬁﬂrﬁhé@ khigdctbe kowjdada foammg in a
during the_addition. %gon t he conpletion of the addition of t1he m. X

P

rmnorrer§“0“t1‘l11é‘t 17Qaet 1 %Eheafqamwa RrECEs i iSHudar & thepe el f9p EVA, S84 the
m nek es ro ARG 5@ n}?ﬁeﬂ’ﬁh ﬁeﬁ’t%?% {0 deBlsTh Bt &V Al SRehib8Rim&ht2a foamed
wt % of Ant | o>% 1076 0 4wt % of Anti oxi dant 168, based on the

wei ght @fthlhen%ofb?nmpamér Homdthsdcapwlyher oédbe iionentiont by & arethast mm@asmg:
for 5 net Fi nal

and \Mi{né(lng ﬁ%thebcogoagm 6%’1%,[ 89&&10 V\gﬁllé%g%ﬁﬁlt c}% sqlcg] ?tslfe ﬁc% 1@ }:z%‘?c@tearate,
i sol at ednd)ltalc @Swﬂef |$&o@§]lﬂ1k&1g5@ﬁd9¢bh a% d1bﬂnyhpﬁbx1d“ér(®(2§tjl acﬂmwmg egent such

seper at ed, wat er ed an extr desi ccati.o chi ne, d '
Govel ot pF ezeGormonsaidt ihiihecatenb AR LTS 3h LARo St RS for 5 to 10
Thi 30 CORGhYIB! preasing oEbshRinBad X t@reTR!aBCH Arm bR Gt aotfhe%ﬂ-alﬁpﬁieﬁll\ﬁenetlﬂmg it
nol ecul ar wei %t distribution of 1.02, a content of 1,2-structure in

di ol ef i i asingle serevyexdvades gt 90°Ghispding the resviiang pelles intyiy Sngpls| spresy injector
was a r r oc
spectru%ﬂggﬂésr&%v&%&m% [ gurecl%t}éha?gﬁ)p??tggagg&g@e? greuse% 4%?0211\@78 toy195 Q)
danpi ngnrenteiriag at ehtepierauiofoa 200 te 606 seqgundgeahd théh dppleysmeizingandapening
reactor were ﬁfg?rggﬁl 3. Ifteri c%f a m xture 15 of cycl ohexane and

raf fi nath® BRI .‘1"%"%5% RYEPATUSISE cycl ohexane to raffinate oil),

whi ¢ cont alnng dotieh ragpedr tHeUi’n&lnmdm provddeuntioahed GRNTlE kgepakbé by fiaurieg the
was heated to 50 and 2. 71mmol of n-BuLi was added thereto. After
stirrin§opJymsr the gyentign o nononers consi st i ng of 175g of styrene

and 1759 ofpbipleaghagna d@ﬁl’:@ @ﬂﬁl%dm'vent?mPQHEﬂené#Qb’csb&H'ﬁﬁrszﬁﬂ?eroisﬁnkB& gomts
reactor over 20 m netes, a maximumreaction tenpérature bei ng

cont r ol resyltsd|ferin strene @ntaﬁglemf@t e%aé|qflﬁmcalbpeﬁﬁ>8$lﬁ&<eédw¢n@t poRhasfthe fpamed
additio &g&g e AddU8nd
for fur gﬁ&fle Es%ggn%te% od™ %S&?‘?%vgt ger%; thaéﬂég‘\eeggl%é){ egs?érﬁ ndél'f en can
t he2o eabt:wepmoc@ssﬁdmh%tbé séme itone, cthntfoam% aandemfmommntmm Passestanexcellent

168, bas n. t he i of . t Y, the r

i xt ur o Sd SeieedT o toaR kg REFIE SOy goR BU R i GE S aRTLIOge sand

a m Xt ubend! slffeeArd aNPpved] ﬁfr,m&nﬁfﬁct\ﬂhﬁg@ﬁ)ﬁﬂséhe of ebutegdishewessand sports shoes, for

evapor at ed, and t he po solids and suspended in

the wat Spanufaciuring PB@ Lﬁ‘é ‘étr Leé% gioé?& a%@@&&?‘ér‘é‘ﬁf‘% dgcorpfive g’ate“ag or as heat

extrudi g PRsisGRal IPRaABENdiRfRtioald devol atilized in a dry box, to ()

gi ve styrene/ butadi ene copolymer 2. This copolynmer was found to have '

a mdbecul ar wei ght of 140,000 (M), a nolecul ar weight distribution

of 1.01y f ure in diolefin units of 15.6% and a
gQﬁi @ﬁtg‘& 5%11%@@3&&1 .

Shor e C ness o novi ng- wi ndow t wo- di nensi onal
correl ati on1)| The atyechis pnmtommdlblaﬂml eolmd]zmbl;snmaylbs:_ mhduq:ed by Fistpgr the urrent

For th h f t i ni -d | '
correl aPIBH | AT PHOETEC: TS PSPERE RESH b U HSBIRRe - sl without
Chai n I\/Mﬁﬁg@ﬁal@me'ﬁrmﬁmqﬂ@t@f SEBS above Room Tenper at ure

St Udl ed by Movi ng- Wndow Two- Di nensi onal, Correl ati.on
2) In the foamed materlals of the styrenic monomer-diolefin copolymers, the physical

entanglement points of the styremc polymer may replace for the chemically crosslinked
points, so that the amount of a chemical crosslinking agent used can be significantly
reduced. For application fields where high wearing resistance and temperature resistance are

not required, it is even allowable to highly expand in the absence of a chemical crosslinking
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I nfrared Spectroscopy”, Tao Zhou, et al., Mcronol ecul es, 2007, 40,
9009-9017. For conparison, novi ng-w ndow two-di mensi onal

correlation infrared spectra for a triblock styrene/butadi ene

copol ymer SBS (S:B=30;70), a fully random styrene/butadi ene copol yner

(S: B=30agent; therelyi proyeding pypassidilptynbahg foamel materinl cae bedylyyspsedng that a

5 (5:1=50; } = 3 - - - L ol ymer
(siyn ( L 28he abyiEne e oA AR Mo il bl PRk Y Tk
(SIB) n (S:3): BasGoabe@5hatarielsgafvte stprddigumanodjer4lioBfin6eopdlamersgremain their
It can be.seen fromFEigyre 3 that the two-di.nmensional correlati

i ¢ ar B RUBE SR PARETR iR AdpYlertsiet R RERRDeF HRU T BRh B VA oamed
I epr £sefiateridlcaritirici g fatabld orBodyo- crystal of 10 pol ybut adi ene

bl ock; 126C represents the, ?I ass transition of tc{]e ?ol ystyrene bl ock;
144C r epr esBntle {978164 Qetiely Phihe EfF aanemer-diple IBd'-}QPQi/)?’il%fﬁé‘ave excellent
bl ock. GiegWk@Sedisiac8 show different thermal transitions due to the

different nolecular structures of the copolyners. It can be seen
f rom Fi gur é8)2Theidpampé malsridisnehshosbreniormenamendiolefin gopelyspas havena low

s0c, | 10tCHBRH P Y dRf il hnd ML entibE RS etk RERIDI sropath o
st yi@nebirakaddeesingstcangtic agpoduperor setiorndf EVO Hansed meategials Depending on the
b omous bR BE B o i Bl hnditak b PSroitindlilet S ot nave

can be knQdwBsses 9BiMewi@IyNg- W ndow t wo- di nensi onal correl ation
iinfrared spectral results that_the polyner obtained in this Exanple
has a typi &IThe Ly6snin Peromer-diolefin GerOlyiners By peAricetion &amed igageapld, and

copol yngy, B Sif9hg! ed in the m cro-blocks. Conparative Exanple 1
To a ni treop}gn- pur géfjg 10L pol ymeri zation reactor were charged 3.5

lit&rs of &)rlthet formedfprogadts b€ dangyramiic mahbineatdéolefin copalydnets mayibegused for
rati o of cyel ohexane .o raffinate,ai.l i.ch 25. contain :

ot r any 0N GEBREIE S SorshodF 250 Olippicg: Rraa AP PRE A lss g gopist shoes
50C, angin® spasrehoesf for BahufasagimddedolcbafdéamherAhbey, astvehidldgntériur decorative

m netes, m xed nononers consi st ng of, 1759 of styrene and 175g of
but adi eM@teHa e%%le%m@?tyrsawed VAP HESIFENONSr " over 9 ninetes, with

a maxi num rgagid Ramed rﬁ@ﬁa@éty 6?tljlgéeé.ttﬁ%ni@ﬂbh@ﬂn'eﬁ@%&@fri]ﬁ?\é’oﬂ&ggte@édﬂ"ge bRfluced

addi tion. Upon the conpletion o addition of the m xéd nononers,

t he2® eatt 2 eastvresnzmable| tovibat eHEYgnthuihave dettey pransrtigsy saithelt they wiHdbe more

5ml of ded to term nate the reaction. 0.2 w % of
ey By LefsR

Ant i oxi Wt % of Antioxi dant 168, based on the wei ght
of the polyner, were added to the reaction m xture and stirred for 5

m net eSExaFr'nSfé's' Y,
(_7 _ The following examples are given for further illustrating the invention, but do not make

25  limitation to the invention in any way.

Example 1
To a nitrogen-purged 10L polymerization reactor were charged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixing ratio of cyclohexane to raffinate oil), which
30  contained tetrahydrofuran in an amount of 200mg/kg. The mixture was heated to 50°C, and
8.9mmol of n-BuLi was added thereto. After stirring for 5 minetes, mixed monomers
consisting of 105g of styrene and 245g of butadiene were continuously added to the reactor
over 60 minetes, with a maximum reaction temperature being controlled below 100°C

during the addition. Upon the completion of the addition of the mixed monomers, the
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the product was added to a m xture of steam and water, whereby the

sol vent was evaporated, and the polyner isolated out as solids and
suspended in the water. The solids were seperated, dewatered with an

ext rudi ng- desi ccati on machi ne, and devolatilized in a dry box, to

gi ve a cawpanavas ellswyd émebbtived fentirtepd0yminetds, and jthl of mabduwm added to

th t t d

phase. SETATATE P foiton 1R oviep e ABRHAE SRR e bt ntifident RS based
a nol ecyhahe Wali ghttofahe %@Mpw(ei\&iddeﬂ mhe@bdoﬁlbn\dﬁimh’é ahid st tedUfloir Gr‘mmetcs
of 1.01, .a b content of 1, cijructurelnfthetot diolefin unjts

13.0% &inghlys sheoprpdughees aéfie & agRiktareset Yeaniang Ceteenyherely the é%lwent was
of 14. 8MPghord usaﬂ@twsaﬁcp @olmea&tﬂt%zsloﬁas RAIRALREE iRfthd 3ater, W8Molids

proceSS|ng al ds” such C were added at a tenpera ure above
the pl astarebofienged edmyentered rvetlbtm @xtéu@ogyﬂqmccatma@acmn@wdu defolgilized kn a dry

pl ace 'Bo% %h%w%%{ nale/Bl t)ég]tenggg?&%%qs ﬂ%@of%g%%ra\&%dfo W '\tabe &Vi?ﬁfe%cular

decreasnng Cessin ynmer - an
pr oc essmm@gtalafss 1¢@0d (tMQph nhﬂemlmﬂefghﬂdgmm‘mmmi of 1.8Bda tdnﬁenm;ﬁ,ll Listigicture in

m xture d not b for fqaned terials the nMer was

T xed vl s BELT TG et ok @ Hurtas aif 85 ThtreraRipetngns ' fandom
f oangd @5pél§151@r ofCay et %dmﬁa&@ﬁaoau@@@wm spBcthiif ip's@duat in Efure 1. This
Exanpl e To a nitrogen-pur d 10L pol ymeri zati on reactor were

char gedPED(BlCF Febe upd £r @ highly aatm@&etaéfﬁ ane and raffinate oil (in

9:1 mxing ratio of cyclohexane to raffinate oil), which contained )
tetrahydrofuran in an anount of 200ng/kg. The m xture was heated to O
50C, andEme@lmi)l of n-BuLi was added thereto. After stirring for 5

m net es, tia n%ﬂg%%ﬁ%g ﬁ)(i OISt Ien'%atcfon 1l‘gact rgwgre 31 ﬁe%n?Sqﬂgrs (%2 4 %gxture '

of 2-net hyI PROL T ESHT hods Se”‘manner to
t he 15 eaof eycloliexandCindi raffirse oi/M (i1h9ﬂ MBREh G w6 eﬁcyalome)taaafme rafifinaes oil), which

bei ng controlled bel ow 100C during th di tiopn, Upon the l.etion

of the SORRHIEICERNYRBRERT uanBROHES gfe 2‘?‘%@ }rk@a@tl? gﬁxvﬁ% was hgated ip gV Cs and
conti nue fIHmbU6FNEBURD WHsNSIRY, t1RPslo addidri @ahg %P S Ainctes, mixed monomers
2- et hyl - 1, 3-butadi ene was then added to the reactor After 0 25

pol ymer pﬁtlsngtntg) of G 5gi elestyrencoarl 4 ing pidrutadiene grere ciddad Hn ot icqatinuous pulse
coupl i n ggovﬂ% added. ot’rbécro?é Rl NYith h?(grféﬁ’}ﬂﬂtuh{'g‘eécﬁﬁﬁf[ 't%i‘ﬁ%érgture being

conduct m net es wat er was added to termnate _
reaoi onont@ol?ed/vbetﬂm 1%%@ dnndgrthe Mﬂﬁlmﬂmmm@/@mﬁpmmnm{ taraddié®) of the

based on.th ht ed to .t
mxt ur o aiee BtReRRge Abe R EE e Rl fo SO’ By sln REbBtgn prd st of
a (rjn XL umtejsrfwﬁst m_amaladl@tt waﬁeﬁmnavmwa&bycttdme g(ﬂ)wsmlofgﬂnzthm\mp&maﬁ OHwt% of
and the po r 1.s as S and, suspende
The sol Addiofft éége a0 P thevke 9% b ﬁoa'ﬁleéxfﬂﬁtrdﬁ%e%d e s mixture

machi ne gn@Redeet @tthidei'e%dFiﬂM@ ﬂ{é/ lkb@iict ﬁ/ﬁs ﬁﬂ&’&l B ShaAktgbdPeEam and water, C)
styrene/ 2- net h 3- but adi ene copo whi ch was found to _have a

nol 8¢ ul athepdivg spé\renawwama@@o ap e palymsy dpelgiedrnitss sobids andnsuggrended
3.70,
X . aurFﬂ{ey %{e{ n?h%g&'llt g\é@e‘ %ﬁ%ra%dcjl% g&gd vaﬁi ag%xffﬁhﬁ%% {ccﬂﬁ‘btg a;hme,

di stribution ore nes parts
wei ght efid tlevslapibikedrar a dey bok| tergled siyirere/Hutddisae tcspddylme 2gAhisofopalymer was

by e o % s Hinofben B e Bt BRLAGh (MR ieqfler fREdm: ditBbRY e 1.01,

parts gu mlt@ﬂtofO$ ZIS@hSﬁtlﬁe\dﬂQﬁoleﬁnpﬁﬁts @mmrygtgndoi gﬁoﬁ@mﬁirlkilﬁeﬁnﬂf go The
parts by wel EBS |.n an open m xer at 11 and then pelletize
thréﬁghﬂsPVémswmg%w‘éwdéWPﬁag U cgrrelatgrn nfiageq sRsbhgt ﬁar’ ceRYRSF &8 shown
i nj ecte¢h, pjoy }dOC into a nould at 185C to be foaned. The foaned

pr oduct co%d be used to manufecture outsoles of |eather shoes. 10

Exanpl e 4 For the methpd fogeetepuingegi moyingwinday twetdimanyiesateorrelgiiaa Infrared

char ged spo'eérdnll tr%f'e%et?(fe (%nrgg(xrnﬂﬁg t Of‘M%Y&clu?ﬂeC)ﬁ?anr? Mn{e%ftg ﬁﬂli'itl"?an% lon@'oq' SEBS

above Room Temperature Studied by Moving-Window Two-Dimensional Correlation
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25 isolated out as solids and suspended in the water. The solids were
seperated, dewatered with an extrudi ng-desi ccation nmachi ne, and

devol atilized in a dry box, to give a star-shaped styrene/butadi ene
copol yrrer Thi s copol yner_was found to be a 6-armed star-shaped

styrene lﬁmraau ORETSHBY B0, Ly &t al M%m@@@lﬁa@% HHHACRO-UH g ht
of 150, 000,f ][ﬁ.ﬁrwo #ﬂ%%ﬂﬂé&rrwgﬁ%sg{%aﬂ é:ggrega%gﬁnoﬂltf %éd Qbectra for a

125tructure|n units of
har dnes mldbclsStyrene/bu@dxeparctogob@mmsIgﬁt(SOB 3¢i78), pofulherandasm istyeerdebutadiene

par s byPRAYIRT or S T a8 phipdade, MRk RO il Soiptyger sis

partsbbys \I\aefi(ﬁﬂm) anﬁé@?]?lb@k ac;rrdme/mnaaytt;a; 3bb‘utwﬂegé1tcopbly&riﬁrC(Sﬂ));\/(ﬂﬁt&SOiBO) a
part by vei ght araffin a rts by wei S i
ixer - aiode s B BRHBTs0a S0 3ab % itnck hmeis Totr s 327 iereiven in

at 110Cgiglhesr s3ild i7nghapel l ets were injected at 110C into a nould at
185C to be foaned. The foamed product coul d be used to manufecture
m dsol es oflt paube seets frous Figge 3 gbatt hedwoedimensignpl eorgelation igraged spectrum of

nitroge o, L.Lers

2 e o G S8 RRCHRICL? SrhilB, RS el e e, e g bhigperdbial of
cycl®m hepahybutadlenaﬂﬂomiat 266C] teprasemts fthe (gmsaltmsitmﬁtdfahy gobfstyrane bh)ckn 144°C
amount of 200

Bl tsesairathe Kspaty Rost {aRe SRRt ilg b uSne, Bockr FRaes 4o 8 show

nononer giflde@aRsingdlitiGsRfond Ale 26 tiad dﬁfe)‘éxﬁr}ﬁolaaﬂall&&uﬁ@re@fofbhe aébcﬂﬁﬁers
WEre added in a continuous, pul se manner tg the reactor over

mi netes, wilt RAmbeEsshirRiy Bigars & dhatdhp dvardimengienalcasiation }I@Eﬂfﬁ%ﬁﬁﬁﬁtmm of
100C du{Herleéﬂlﬁ/eaIﬁﬁyﬁj'epﬂas M@ﬁﬂcttthemqmpin%moqﬁpéaics Lhgodd Iberhnaflztshe 80°C
m xed nonomner s e’reaction was allowed to continue for further

m nét esis thedzBay trahsiianetempgsatutee nf dbiel stiyrenc-buiadiongt rand o cta;mdymgn segment
0.2 W% At i,0Xi t 76a 0. 4wt % Qf a. 8

0 Mgl oot b BT R AR R, AR B 228 5 e
sti rredvﬁswuﬁﬂmmahp&anﬁermaftlheyshctrhﬁolgmdemblwés added to a m xture of

st eam and ter reb he sol vent, was. evapor at ed, and the l.yner
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St y 2&ne pplimagfizng GoEYA IweeD@PO@ﬂ@mmlt ofSpilivan petraghiorieEmSa copplipaagent was
Ex. 8109&&3(11 &ftngal%ovgi%gothéSCogpﬁﬁg 10d3ion to conduct for 30 minetes, Sml of water was

added to terminate the reaction. 0.2 wt% of Ant10x1dant 1076 and 0.4wt% of Antioxidant
168, based on the weight of the polymer, were added to the reaction mixture and stirred for
5 minetes. Finally, the product was added to a mixture of steam and water, whercby the
30 solvent was evaporated, and the polymer isolated out as solids and suspended in the water.
The solids were seperated, dewatered with an extruding-desiccation machihe, and
devolatilized in a dry box, to give a star-shaped styrene/2-methyl-1,3-butadiene copolymer,
which was found to have a molecular weight per arm of 48,600 (M,), an average number of

arms of 3.70, a polymer molecular weight of 180,000 (M), a molecular weight distribution
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100 parts by weight of this polymer were blended with 4.1 parts by weight of AC, 0.26
parts by weight of DCP, 2.25 parts by weight of ZnO, 0.45 parts by weight of zinc stearate,
0.25 parts by weight of stearic acid, 10 parts by weight of talc powder, 1 part by weight of
paraffin and 3 parts by weight of EBS in an open mixer at 110°C, and then pelletized
through a single screw extruder at 110°C. The resulting pellets were injected at 110°C into a
mould at 185°C to be foamed. The foamed product could be used to manufecture outsoles of

leather shoes.

Example 4

To a nitrogen-purged 10L polymerization reactor were charged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixing ratio of cyclohexane to raffinate oil), which
contained tetrahydrofuran in an amount of 200mg/kg. The mixture was heated to 50°C, and
6.2mmol of n-BuLi was added thereto. After stirring for 5 minetes, mixed monomers
consisting of 175g of styrene and 166.3g of butadiene were added in a continuous pulse
manner to the reactor over 40 minetes, with a maximum reaction temperature being
controlled below 100°C during the addition. Upon the completion of the addition of the
mixed monomers, the reaction was allowed to continue for further 20 minetes, and
additional 8.7g of butadiene was added to the reactor. After polymerizing for 20 minetes,
11.6mmol of divinyl benzene as a coupling agent was added. After allowing the coupling
reaction to conduct for 30 minetes, 5Sml of water was added to terminate the reaction. 0.2wt
% of Antioxidant 1076 and 0.4wt% of Antioxidant 168, based on the weight of the polymer,
were added to the reaction mixture and stirred for 5 minetes. Finally, the product was added
to a mixture of steam and water, whereby the solvent was evaporated, and the polymer
isolated out as solids and suspended in the water. The solids were seperated, dewatered with
an extruding-desiccation machine, and devolatilized in a dry box, to give a star-shaped
styrene/butadiene copolymer. This copolymer was found to be a 6-armed star-shaped
styrene-butadiene copolymer, have a number average molecular weight of 150,000, a
molecular weight distribution of 1.07, a content of 1,2-structure in the diolefin units of
13.2%, and a Shore C hardness of 55.

100 parts by weight of this polymer was blended with 4.1 parts by weight of AC, 0.26
parts by weight of DCP, 2.25 parts by weight of ZnO, 0.45 parts by weight of zinc stearate,
0.25 parts by weight of stearic acid, 10 parts by weight of talc powder, 1 part by weight of
paraffin and 3 parts by weight of EBS in an open mixer at 110°C, and then pelletized
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.through a single screw extruder at 110°C. The resulting pellets were injected at 110°C into a

mould at 185°C to be foamed. The foamed product could be used to manufecture midsoles

of tourist shoes and sports shoes.

Example 5 |

To a nitrogen-purged 10L polymerization reactor were charged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixing ratio of cyélohexane to raffinate oil), which
contained tetrahydrofuran in an amount of ZOOmg/kg. The mixture was heated to 50°C, and
2.30mmol of n-BuLi was added thereto. After stirring for 5 minetes, mixed monomers
consisting of 157.5g of styrene and 192.5g of butadiene were added in a continuous pulse
manner to the reactor over 45 minetes, with a maximum reaction temperature being
controlled below 100°C during the addition. Upon the completion of the addition of the
mixed monomers, the reaction was allowed to continue for further 20 minetes, and 5ml of
water was then added to terminate the reaction. 0.2 wt% of Antioxidant 1076 and 0.4wt% of
Antioxidant 168, based on the weight of the polymer, were added to the reaction mixture
and_ stirred for 5 minetes. Finally, the product was added to a mixture of steam and water,
whereby the solvent was evaporated,r and the polymer isolated out as solids and suspended
in the water. The solids were seperated, dewatered with an extruding-desiccation machine,
and devolatilized in a dry box, to give a styrene/butadiene copolymer. This copolymer was a
styrene/butadiene copolymer wherein styrene units were present in micro-blocks. This
polymer was found to have a molecular weight of 111,000 (M,), a molecular weight
distribution of 1.05, a content of 1,2-structure in diolefin units of 16.0%, and a Shore C
hardness of 73. ‘

This polymer was combined with DCP, a flowing agent, talc powder, zinc stearate, zinc
oxide. Then the mixture was added into an internal mixer, mixed therein below 75°C for 10
minetes, and then pelletized through a single screw extruder below 110°C. The resulting
pellets were injected below 110°C into a mould at 180°C to be foafned. The foamed product

could be used as an external thermal-insulation material of piping.

Example 6

To a nitrogen-purged 10L polymerization reactor were charged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixing ratio of cyclohexane to raffinate oil), which
con’;ained tetrahydrofuran in an amount of 200mg/kg. The mixture was heated to 50°C, and

3.8mmol of n-BuLi was added thercto. After stirring for 5 minetes, mixed monomers
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consisting of 175g of styrene and 166.25g of 2-methyl-1,3-butadiene were added in a
continuous pulse manner to the reactor over 25 minetes, with a maximum reaction
temperature being controlled below 100°C during the addition. Upon the completion of the
addition of the mixed monomers, the reaction was allowed to continue for further 20
minetes, and additional 8.75g of 2-methyl-1,3-butadiene was added to the reactor. After
allowing the polymerization to continue for 20 minetes, 0.825mmol of silicon tetrachloride
as a coupling agent was added thereto. The coupling reaction was conducted for 30 minetes,
and 5ml of water was then added to terminate the reaction. 0.2 wt% of Antioxidant 1076 and
0.4wt% of Antioxidant 168, based on the weight of the polymer, were added to the reaction
mixture and stirred for 5 minetes. Finally, the product was added to a mixture of steam and
water, whereby the solvent was evaporated, and the polymer isolated out as solids and
suspended in the water. The solids were seperated, dewatered with an extruding-desiccation
machine, and devolatilized in a dry box, to give a star-shaped
styrene/2-methyl-1,3~butadiene copolymer. This star-shaped polymer was found to have a
molecular weight per arm of 47,000 (M,), an average number of arms of 3.72, a polymer
molecular weight of 175,000 (M,,), a molecular weight distribution of 1.02, and a Shore C
hardness of 65. This polymer could be injection foamed in a mould at 185°C, and the

foamed product could be used as a vehicle interior decorative material.

Example 7

To a nitrogen-purged 10L polymerization reactor were charged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixing ratio of cyclohexane to raffinate oil), which
contained tetrahydrofuran in an amount of 200mg/kg. The mixture was heated to 50°C, and
1.67mmol of n-BuLi was added thereto. After stirring for 5 minetes, mixed monomers
consisting of 140g of tert-butyl styrene and 210g of butadiene were added in a continuous
pulse manner to the reactor over 55 minetes, with a maximum reaction temperature being
controlled below 100°C during the addition. Upon the completion of the addition of the
mixed monomers, the reaction was allowed to continue for further 20 minetes, and 5ml of
water was then added to terminate the reaction. 0.2 wt% of Antioxidant 1076 and 0.4wt% of
Antioxidant 168, based on the weight of the polymer, were added to the reaction mixture
and stirred for 5 minetes. Finally, the product was added to a mixture of steam and water,
whereby the solvent was evaporated, and the polymer isolated out as solids and suspended
in the water. The solids were seperated, dewatered with an extruding-desiccation machine,

and devolatilized in a dry box, to give a tert-butyl styrene/butadiene copolymer, wherein the
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tert-butyl styrene units were present in micro-blocks. The polymer was found to have a
molecular weight of 234,000 (M,), a molecular weight distribution of 1.08, a content of
1,2-structure in diolefin units of 15.5%, and a Shore C hardness of 68. This polymer could
be injection foamed in a mould at 185°C, and the foamed product could be used to

manufecture a highly resilient material.

Example 8

The styrene/butadiene copolymer 2 obtained from Example 2 was formulated
according to the formulation shown in Table 1 below, and the combined materials were
mixed in aﬁ internal mixer at 90°C and then pelletized through a single screw extruder. The
pellets were injected below 110°C into a mould at 180°C to be foamed, to give a foamed

material. This foaming process is similar to that used for ordinary EVA’s. The properties of

the resultant foamed material are shown in Table 2 below. The scanning electron

- microscope micrograph of a cross-section of the foamed material is shown in Figure 9. It

can be seen that a foamed material having uniform pores can be obtained from this
styrene/butadiene copolymer. The foamed product obtained in this Example could be used

to manufecture sand bench shoes and slippers.

Comparative Example 2

A commecially available EVA was formulated according to the formulation shown in
Table 1 below and processed by following the procedure described in Example 8, to give a
foamed material. The properties of the resultant foamed material are shown in Table 2.

Table 1. Formulation of the foaming material

)

Styrene/butadiene
EVA AC DCP ZnO Znst St TA Paraffin EBS
copolymer 2
Ex. 8 100 - 41 026 225 045 025 10 1 3
Comp. Ex. 2 - 100 4.1 0.17 225 045 025 10 1 3

Notation: St: stearic acid,

ZnQ: zinc oxide,

Znst: zinc stearate,

TA: talc powder,

EBS: N,N-ethylenebisstearamide
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Table 2. Properties of the foamed material

Comp.
Ex.8 Ex.1 Ex.3 Ex.4 Ex.5 Ex.6 | Ex.7
Property Ex.2
Density after foaming
3 0.16 0.16 0.16 0.162 0.15 0.12 025 | 0.16
(g/em’)
Shore C hardness 50 50 25 40 48 55 65 35
Stretching strength at
gstrength 22 1.5 - 21 1.8 23 30 1.7
break (MPa)
Resilience (%) 42 36 10 45 48 25 12 58
Compression set (%0} 18 32 100 16 18 22 10 16
Wear loss (g) 0.6 0.6 - 0.1 0.1 - - -
180° tearing stren,
gsirength 19 1.6 - 1.8 1.8 1.5 - -
(MPa) '
Dry-skidresistance | >1.0 0.6 - 0.7 - 07 - - -
Wet-skid resistance 0.8 04 - 0.6 0.6 - - -

-Hardness is measured according to GB/T10807-2006.
-Resilience is measured according to GB/T6670-1997.
-Compression set is measured according to GB6669-86.
-Wearing resistance is measured according to GB11208-89.

-Skid resistance is measured according to GB/T3903.6-2005.

Example 9

To a nitrogen-purged 10L polymerization reactor were charged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixing ratio of cyclohexane to raffinate oil), which
contained tetrahydrofuran in an amount of 200mg/kg. The mixture was heated to 50°C, and
2.71mmol of n-BuLi was added thereto. After stirring for 5 minetes, mixed monomers
consisting of 192.5g of styrene and 157.5g of butadiene were added in a continuous pulse
manner to the reactor over 20 minetes, with a maximum reaction temperature being
controlled below 100°C during the addition. Upon the completion of the addition of the
mixed monomers, the reaction was allowed to continue for further 25 minetes, and 5ml of
water was then added to terminate the reaction. 0.2 wt% of Antioxidant 1076 and 0.4wt% of
Antioxidant 168, based on the weight of the polymer, were added to the reaction mixture
and stirred for 5 minetes. Finally, the product was added to a mixture of steam and water,

whereby the solvent was evaporated, and the polymer isolated out as solids and suspended
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in the water. The solids were seperated, dewatered with an extruding-desiccation machine,
and deyolatilized in a dry box, to give styrene/butadiene copolymer 9. The copelymer was
found to have a molecular weight of 145,000 (M,).

Example 10

To a nitrogen-purged 10L polymerization reactor were charged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixing ratio of cyclohexane to raffinate oil), which
contained tetrahydrofuran in an amount of 200mg/kg. The mixture was heated to 50°C, and
2.10mmol of n-BuLi was added thereto. After stirring for 5 minetes, mixed monomers
consisting of 245g of styrene and 105g of butadiene were added in a continuous pulse
manner to the reactor over 45 minetes, with a maximum reaction temperature being
controlled below 100°C during the addition. Upon the completion of the addition of the
mixed monomers, the r¢action was‘allowed to continue for further 20 minetes, and 5ml of
water was then added to terminate the reaction. 0.2 wt% of Antioxidant 1076 and 0.4wt% of
Antioxidant 168, based on the weight of the polymer, were added to the reaction mixture

and stirred for 5 minetes. Finally, the product was added to a mixture of stcam and water,

whereby the solvent was evaporated, and the polymer isolated out as solids and suspended

in the water. The solids were seperated, dewatered with an extruding-desiccation machine,
and devolatilized in a dry box, to give a styrene/butadiene copolymer. This
styrene/butadiene copolymer was one in which the styrene units were present in
micro-blocks, and was found to have a molecular weight of 191,000 (M,).

This polymer was combined with DCP, a flowing agent, talc powder, zinc stearate, and

zinc oxide. Then the combined materials were added into an internal mixer, mixed therein

below 75°C for 10 minetes, and then pelletized through a single screw extruder below-

110°C. The resulting pellets were injected below 110°C into a mould at 180°C to be foamed.

The foamed product could be used as an external thermal-insulation material of piping.

Example 11

"To a nitrogen-purged 10L polymerization reactor were charged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixing ratio of cyclohexane to raffinate oil), which
contained tetrahydrofuran in an amount of 200mg/kg. The mixture was heated to 50°C, and
3.4mmol of n-BuLi was added thereto. After stirring for 5 minetes, mixed monomers
consisting of 227.5g of styrene and 122.5g of isoprene were continuously added to the

reactor over 25 minetes, with a maximum reaction temperature being controlled below
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added t for 5 mnetes, m xed nonomers 10
consmt?ﬁél%?z1t r%ﬁb %%%%g and 105g of butadlene were added in a

cont i nuous Vﬁmlesthe rmrmabn has peea desaitied withvieferdivend prdmslaryénifodaments, it will be

naxinuntr acti t erature hein ontrolled bel ow. 100 uring th
o 1 ohbdeioed BroBiRehahed S i B B it oo g Gofieatonma be made
nmonomner ﬁzith&tﬂedd’pﬁﬁﬁ% BEm\E PirtoNRIdsdope CGINthe NHeention. Théefees, tRO invention is not
m netes, and 5mnil water was then added to termnate the reaction.

0. 220u obimitedin fsxpagisilariare diments displossdes 5 brst Mode gartemplted foa samying out
on the t

ot 11 e Torvenin, KA (RO BB qn WA EnARRER cftoRind REIE ikt HSeBE of the
st eam aappendadeclaimsher eby t he solvent was evaporated, and the pol yner

i solated out as solids and suspended in the water. The solids were
seperated, dewatered with an extrudi ng-desi ccation machine, and

{devol atilized in a dry box, to give a styrene/butadi ene copol ymer.

This 20 styrene/ but adi ene copol yner was one in which the styrene

units were present in mcro-blocks, and was found to have a nol ecul ar

wei ght of 191,000 (M). Thi s pol ymer was conbined with DCP, a
flowi ng agent, talc powder, zinc stearate, and zinc oxide. Then the

conmbi ned materials were added into an internal m xer, mxed therein

bel ow 75C for 10 m netes, and then pelletized through a single screw
extruder below 0 25110C. The resulting pellets were injected bel ow

110C into a nould at 180C to be foaned. The foanmed product coul d be

used as an external thermal-insulation material of piping.
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Exanple 11 To a nitrogen-purged 10L pol ynerization reactor were
charged 3.5 liters of a mxture 30 of cycl ohexane and raffinate oi

(in 9:1 mxing ratio of cyclohexane to raffinate oil), which

cont ai ned tetrahydrofuran in an anmount of 200ngy/kg. The m xture was
heat ed $hsaQCclaphéd &: 4nmol of n-BulLi was added thereto. After

stirring for 5 mnetes, mxed nononers consisting of 227.5g of

styrene and- f2styBgiomonsmsr-dimeiie cepdymer rowpsisingadthaobl ecks od pobastyrenic

over 25._m it [ ' . bei n ont r.ol | ed.
pel o TRERSE ikl IR BE RO ARGERRTbETRES Abbrtind i\ afelgh dhisfific
of the monetherdatmed synitsheangeacfroon Waso agdwred 1t D pobmidrived Hilefin units

further 20 ni netes,. an . 8 of. siligon tetrachloyide as a

coupl’ n&‘”ﬁ%‘éﬁzﬁ\t@% ﬂeaﬂ}eﬁogeggvﬁﬁ?%?leﬁ@eflmiwaq: P el
react i opumbec/ira eehl Hi : M5 FFOOWs S 08¢ 1 10

term nate t?le reag(r:btu?gn. g. 2 d%%qug/?gfrmi%ﬁgoxoi dant 1076 and 0. 4w % of

Ant i oxi dant? 16%, styeeaae) manoma-dialedn: capolymer pbiclaimr [, ousisting gssentiglly of
o . . . 1 . . t
e reagfiian1ghd wlfowgrfeﬁid ﬁl'bﬁﬁlmfmoﬁn@m%rg%\}géks (gi’ ﬁk&%lefﬁ}@g{?&%ﬁc

was added to a m xture of steam and water, ere € SO
evapor at ed 3. Ghelstyrenip olonesreridaiefinedpolymeasfsiiinds onnldirs 25 phinhedmipnises:

the water. i re sepernated ewatered with a
ot vl g, dabear Syidte WRnRERRURHS don dHRE PSSl u the fompyla ¢y
give a 10 star-shaped styrene/i sPpg&P®,EBpRPSMED. This star-shaped

pol ymer s. found to have a nol ecul ar wei ght per armof 118,000 (M),
an aver ag¥Wanmber of arnms of 3.72, and a pol ymer nol ecul ar wei ght of

438, 900 (MP}S-reﬁiﬁtwdﬂéﬂ@%@nmtﬁ@%ﬂﬁoﬁoﬁwl d at 185C in a
e

conpr essi on_noul di ng ‘manner.. f oamed "product coll d be used as a
vehi cl e i nPBrEpesaécopeymeec pegmreant af the dBofefen manemes, pat ent

applicatio d I i L S i.fi i .
Reor por at a0 far Sty piclEr eRtsthé B3z S REle JeF SRR polymeri
descr i begmesit, and ef erence to exenpl ary enbodi nents, it will be
under st ood- hy tho§e ski | legs?i n thE[‘ @rt t hat various changes and

nodi ficati© slsﬁlhi)l B e (P’P.&}? é parting fromthe spirit and scope

of the i nvein, iwBachldypicaiace, is ifdependaiity 4Nintdze @inpgdfl ot { @6l 150, t he
parti cul ar _enbodi nents di scl gsed as the best node ,contenEI ated for
carryi ng odt B ERE ARRFEFATCENS IRdRPeARN A HSESE ToRSIng fiem dde S8

enbodi ment gafiahh irﬁggég:irﬁ}tiléiﬁgtfﬂﬁn %QQ@?O,%EQ'[ he appended clains. Wat is
: S

clainmed is: 1 yréni ¢ nmonomner - di ol efi n copol yner conpri sing

M cr o- bl ockds &f ingegey sanging fomd tkowd®0, and mi cro- bl ocks of pol ydiol efin

nononer , | 0 f St i c,.nononer-deriyed units ranges
Trom 10" t oPERIG if SOMEE aorlis' ¥F S SBlR TREGERHderTed rlef 8 B
SOZ% of poﬂ]ﬁtyremialmolﬂionﬂeiefsb@ndﬂﬂ Emdg urﬁdlﬁmeﬁﬂﬁidfm@egi'g@@gg%&ﬁ zhaglo(mé 83“ at
nunber .aver.gge e ar. wei ght (M angi ng.from 25,. to 500, .
2. The Kt rﬁ@%ﬂ%ﬂﬁr @’d’r%lrrgm%%&%ﬂrewgﬁl “g*ﬁsc%fai%ﬂ?ﬂ}l Rbyfliplsfin sgements
essent iRlving #poNnfdrRaibRdksreefofBRInY 2tt¥ 400! & nononmer and mi cro- bl ocks

of pol ydi ol'ef i .n nononer. _ ]
- multi-armed star-shaped styrenic monomer-diolefin copolymer represented by the

formula (II):
(PSx1 (PSx2PBy)n)mR (IT)
wherein,
PS, PB, X1,X2, X3, Y and n are as defined for the formula (I} above,
R is a star-shaped coupling agent “nucleus”,
m is an integer of from 3 to 10,
provided that at least 30mol% of the styrenic monomer-derived units are within

polystyrenic monomer segments having a polymerization degree of from 2 to 100, and at
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3. The styrenic nononer-diolefin copolyner of claim1 or claim 2,

whi ch conprises: - linear styrenic nononer-diolefin copolyner
represented by the formula (1): PSxi (PSx2PBy).PSx3 (1) wherein, PS
represents a polyneric segnent of the styrenic nononer, PB represents

a pol yrr!?éa‘sf33§‘5iﬁ6‘i@/ﬁ‘tonfqeW@leﬁh%ﬁﬁélﬂ SN wnit arex{wthﬁg olydid Jegments
greeo]%1 th i e pol ymeric

each represents the pol ymerization e respec
segment hadng ayplymeripation dagsee oBfiginytf 4@mod to 150, X2, in each

appear ance, I n integer ranging from1 to 150, Y, in
each appear adn(gelhﬁggﬁﬁl?ggmeenﬁleﬁ‘tly an integer ranging from1l to 500,

X3 is an it @herstyrangyi mgnbmerrdibléfdn tbPolyaird of any dclaiiLyas I, aMgcRGas a
from5 to 3000, grr O%(ii ded. thﬁt at I east 30%% of the styrenl c

monorer PRSP RGN (t&oatimepsional, coprelptiop: wirarednsRERHEIM shajran &/ on avithipe
a pol ynesdtaaiond thaf@l eandtioh peAkLint Qte]a%ratﬁfﬁjra%’ge o?ﬁﬁ)tm 30080} P01 50006

di ol efin nmononer-derived units are with yd |o e in segnents

pol
havi ng &WPW#BW%&%%@@HW@@%&234r26m2§45©1n4! - multi-arned

- b .
sLar Shaped, Su 8l RRELG N Bl AR IP g %Efﬁii@%t §ito % MiGzsin o
Y and nplalraalltasofd%szBd a‘egmenﬂse:ohsntm;tl as(yh@mabmmaom& dis;lﬁirstteqmeﬂhlapeld of

couplin ent._ "nucl eus an _inte froma3

pr ovi de%h{%ﬁactomé’tosﬁ%ggs‘ian%ﬁfﬁdb? apﬂghesgﬁ‘éﬁ[%@ ﬁﬁg}’&?f’ér Hﬁf’t?\?’éd‘ Piraliy of
are w tdich tperadily¢iani c m)norrer segnents having a polynerization
degree of from2 to %00 and | east. 30 nol % of the diolefin

mononer - defr veRgHTd Lorprepgiing |ﬂi‘1‘3 POrsar ereromersEgledian Conehypaageording to

pol yneré@(gﬂggmgisegg@g &mpigAp2 to 400; or - a combination of the
bot h.
1) adding an amount of a solvent and an activator to a polymerization reactor, and

heating the contents to a temperature ranging from 50 to 110°C;

2) adding 0 to 45 wt% of a styrenic monomer to the reactor;

3) adding a desired amount of an initiator to the reactor, and allowing the reaction
to continue for 0 to 30 minetes;

4) after sufficiently mixing 10 to 100 wt% of the styrenic monomer with all of a
diolefin monomer, adding the resulting mixture to the reactor over a period of time
ranging from 5 to 180 minetes, either continuously, batch-wise, or pulsedly, with a
reaction temperature inside the reactor being controlled during the addition so that the
maximum reaction temperature differs from the initiating temperature by no more than
50°C;

5) adding the remaining 0 to 45 wt% of the styrenic monomer to the reactor and
allowing the reaction to continue for further 2 to 30 minetes; and

6) at the end of the reaction, terminating the reaction and recovering the produced
copolymer; or

alternatively, comprising:

1) adding an amount of a solvent and an activator to a polymerization reactor, and
heating the contents to a temperature ranging from 50 to 110°C;

2) adding 0 to 45 wt% of a styrenic monomer to the reactor;

3) adding a desired amount of an initiator to the reactor, and allowing the reaction

to continue for 0 to 30 minetes;
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4. The styrenic nononer-diol efin copolyner of any of claims 1 to 3,

whi ch has a novi ng-w ndow t wo-di nensi onal correlation infrared
spectrum having two or three continuous thermal transition peaks in a
tenperature range of fromabout 70 to 150C in a wave nunber range of
from about 28 t s S ni ¢. mononer - di ol ef i

copol yner o agge; ngg‘%?%?ﬂéﬁflqgosa?o i steti/‘}nxgﬁlﬁ sﬁ?’ra i Iﬁlogf’mlg’é)?ﬁe)l%(} to 100
segnent wtwoosd diakefen maloyree nadding tlosersulling] mixtiret tahe eehdodios¥er aOperiod of

whi ch ¢ osition.varjes adual 1y, ~and the (PSx2PBy)". segnent )
consi st gpf%fraﬁglﬁ‘lguﬁr%i §> b %ﬁ%@i,fb@ﬁgaowr&%lm Bacch! l.seﬁorn%laﬁ‘?fﬁy’f Bith a
prepar i factibe tehpenirs iATIBONEE réliceirchdifg CORPONERAuARS M hd@tibl BMhalfhe
clains 1 to 5, conprising: }1{)f addi nghan anmpunt of a sol vent and

gt

an act | PAEBRURGCAct (avRaratars dHTers deamp the initiaties temperatice bymoemose than
a tenpesgdre ranging froms0 to 110G 2) adding O to 45 wt% of a
styreni c nononer to the reactor; 3) adding a desired anount of an
initiator t% amenabzceddingghd rempining@ tohed mede oi dhe toolefnthonenéoto the

to 30 m S, fficient!|y. m.xi 10 to. 100 wt % of the
styr enirq&eq(rér%)g’oar%lral\lﬂ %‘ggfl% ?%a’rcagné? 8?%%#%%%@8@51& hg the resulting
m xture to6)heddiegct desioaeansouperofod afuplingeageanGbnthel FA®idn t1Aixt&R, and
m net es 1ei t th cont.i nuouslty,lwgtat gh- ise, or pulsedly, with a

reacti offlgving ﬁfiﬁcgopﬁ%fﬂ’énﬂ O @l mEKiGs 2SNt rolled during the
addi tion sq)thate tlEoMy fé'd@ﬂicﬁrﬁ%Eﬁmiﬁﬁtiﬁggﬁclsffe%tli'érg)a‘i'fd‘;%_@é@er{ﬂ % tR6duced

initiating tenperature by no nore than addi ng
remai ni $RPODYHE-45 wt % of the styrenic nonomer to the reactor and

al | owing the Tﬁ@%ﬂﬁ&at& CORMLT BUSyHREin' Hic! Q@}R{e& §0 A3l @?&dﬁ%yc?o%%xane,

6) at the end of the reaction, term nating e reactron an
r ecoveri-hgxaree hpxagackahzenpdblpere,, xydeneal andronatbinvations thaepf.i si ng:

1) addi ng gnanmou f sol.vent and an.activator. to. ol ynmeri zation
react or, aﬁdTﬁ‘éﬁﬁ%{b&%@a%ﬁf E%Iegel{lghcamt‘téﬂ;ﬁé}seﬁ"ﬁlgyﬁ‘éﬁb‘ﬁhg from50 to
110G, 2) Taddhalodof olatkh 6)tWhedEinahs a¥iieRbEisRRMRIrofRal, HRIdNERCE R in
3) addi n% a desired anount of an initiator to the reactor, and

al | owi yChhen raEunt othat disc GARteRt dnf the polymesigatipmeiobent ranges fipm 50 to
after sm‘(j‘gh%/g@_tly m xing 55 to 100 wt % of the styrenic nononer and
90 to 100 wt% of a diolefin nononmer, adding the resulting m xture to

t he react od0oVes ohthsatyrsdicononomer-dimefimgofal pmebatoordi@g toiangbéslaims 1 to

ei t her 5:?&%9&20.%31'&*‘1%%%%5 éé%gtic%. pul sedly, with a reaction

tenperature | e reactor being controlled during the addition
so that thélneéximatind dec pratucirgnpefoainedearticle, aosrisong bhadiny thekiydéhic

tenperature by.n re than 50C, .. 5) optionally, adding the, )
ooy G SRS i Gy G SR isrine () ORIl (s WEAGL Hoccsing aid, a
al | ow ngosdiakipAgidn® hnliOa FRMihBURehOrand dRicRANYIWAHRh $Rocessin

. . g zgﬂdéjl' £4d
a desired anount of a coupling agent to the reaction mxture, and
al | owi rfgrehansre ae efhyleney gy mopiateccopelynsr {BVAD and peacessingneraps of EVA, at a

br oducad eanary SERe LA0hc; FaRE (19 SRk et o AipcrASREULRP P

i s choswed thewrineygtihe liex aese]tant hellanoja hexajretdon hevldmpematidheén®, a mould
xyl enesanﬁ%"lo%r?@ %tr}%tfjogr?ls’shgrrélenrﬁg fform a foamed article.

12. The method of claim 11, wherein a formulation is as follows: 100 parts by

weight of said copolymer, 0 to 50 parts by weight of processing scraps of said copolymer,

0 to 60 parts by weight of the ethylene-vinyl acetate copolymer (EVA) and processing

scraps thereof, 0.05 to 10 parts by weight of the flowing agent, 0.05 to 1 part by weight

of the crosslinking agent, 0 to 100 parts by weight of a filler, and 0 to 5 parts by weight

of a releasing agent.

13. A foamed article obtained by the method of claim 11 or claim 12.
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8. The method of claim®6, wherein the initiator is an alkyllithium

9. The method of claim®6, wherein the activator is tetrahydrofuran,

and it is used in such an anount that its content in the

pol ymeri zati on sol vent ranges from50 to 1200ny/ kg. 10. Use of

the styreni = dj i i f i

10 5 Tor the Proguet 2kat Brraam YIhRGe 8y B sy 3 npflelinfy sand
produci hgneh slmseslipners,ohidsoles mfrtpuiisteshiobe nold mporth ehetsy amwdiioatsole of leather

-diql efi | . di. f. ¢l ail ith a,
ronore S 510, 59800 R PSRALTG Rl o LR BBk 2 gt o

opt i onalsityatisrish processi ng scraps of said copolyner, an

et hyl ene-vinyl acetate copol yner (EVA) and processi ng scraps of EVA
at a tenperature below 110C, pelletizing the resultant blend at a
tenperature bel ow 110C, and then injecting the resultant pellets via
an injection nolding machine into a nmould and allowing it to foam
therein, to forma foaned article. 12. The method of claim 11,
wherein a fornulation is as follows: 100 parts by weight of said
copolynmer, O to 50 parts by wei ght of processing scraps of said
copolynmer, O to 60 parts by weight of the ethylene-vinyl acetate
copol yner (EVA) and processing scraps thereof, 0.05 to 10 parts by
wei ght of the flowing agent, 0.05 to 1 part by weight of the
crosslinking agent, 0 to 100 parts by weight of a filler, and O to 5
parts by weight of a rel easing agent. 13. A foaned article
obt ai ned by the nethod of claim 11 or claim12. 14. The foaned
article of claim13, which nay be used for manufacturing sand bench
shoes, slippers, mdsoles of tourist shoes and sports shoes, and
outsol e of |eather shoes, or as vehicle interior decorative materials
and heat insulators used in various situations.
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