An Injection-foamable Styrenic Monomer-Diolefin Copolymer, a Method for the Preparation thereof and
Use thereof Cross reference of related applications 5The present application claims the benefits of
Application No. CN200810132355.0 as filed on July 15, 2008, which is incorporated herein by reference
in its entirety and for all pyrposes. Technical field The inyention relates to an injection-foamable styrenic
monomer-diolefin copolyn%‘(ﬁ?@ efﬂonq'et %’Haf%"re tRe/ b?g'ﬁﬁ?%%n%ﬁr&sé'gfeéﬁ% é)?t%@reéot More specifically,
the invention relates to a styremd ebovrbine thedetinacepolyiher edrapadisg tesepblocks of polystyrenic
monomer and micro-blocks of polydiolefin monomer, a method for the preparation thereof, and use
thereof. 15 Background art It js well known that styrene/butadiene block copolymers (SBS's) are the
earliest commif fl?ﬁr%ﬁﬁ@é&%ﬂtﬁi%orlh%@ﬂf‘er-based thermoplastic elastomers. SBS's can be used,
for exampie, in thel peepastivrappboiisnadtiotivibe dredesits tdnigio e dmmol RigGH HHB &35m O dify irlgd
bitumen and Riasify HhodamesiRRIFRIAPEld hSER EvIheNRILEHRRALALTAIS ANCRRS's used
for soles comprise more than 50% of the world SBS's consumption.  Convéntional SBS's are
phase-separated block copolymers, and shearing viscosities of their melts are quite insensitive to
temperature anetishiearfigydate. In the processing of SBS's, the physical entanglement of styrene will
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interfaces of the PB and PS phases have a higher viscosity), so that AC as a flowing agent is dispersed
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resitance, wearing resistance an roach is to add a crosslinking agent during the foaming,
but this appro@BH s§fdRefsth two difficulties that are difficult to be overcome: one relates to the addition
of the crosslinking agent - typical crosslinking agents are decomposed at a temperature below 140C,
while thelglasgcigér%g tenra%?{ature of SBS's is above 170C; the other is that the polybutadiene phase of
the conveRtional SBSS Nas a high double-bond density so that a "scorching” (a very quick chain
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Application CN 101113188A discloses a continuous method for preparing a conjugated diene/vinylarene
consumption.

Conventional SBS’s are phase-separated block capaly, and shearing viscosities of
their melts are quite insensitive to temperature simearing rate. In the processing of SBS'’s,
the physical entanglement of styrene will resultttie inhomogenity of viscosity of their

25 melts (PB segments have a lower viscosity, andritexfaces of the PB and PS phases have
a higher viscosity), so that AC as a flowing agentlispersed unevenly, leading to uneven
cellules. Hence, articles obtained by foaming SBfisnot meet the requirements to soles in
tearing strength, stretching strength, wearing stesice, etc. In order to improve the
properties of a SBS foamed article, such as stmegchtrength, tearing strength, chemical

30 solvent resitance, wearing resistance and the #ikeapproach is to add a crosslinking agent
during the foaming, but this approach suffers fromo difficulties that are difficult to be
overcome: one relates to the addition of the croksig agent - typical crosslinking agents
are decomposed at a temperature below@4While the plasticizing temperature of SBS’s

is above 178C; the other is that the polybutadiene phase ofcitreventional SBS’s has a



10 random copolymer. The vinylarene may be styrene, the conjugated diene may be 1,3-butadiene, and
the copolymer has a molecular weight ranging from 200,000 to 800,000, and a polydispersity index
1),4,/1)/111=1.6 to 2.5. This copolymer is designed for automobile tire tread. The large molecular weight of
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stretching strength tearln strength, compression set, Wearlng resistance, Skld reS|stance 25 etc., and
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cracking, fracture of shoe heel, etc., and cannot also be Injection foamed. 30Thus, it IS desired to provide
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essentiaby the jaRidiixpthermaLehain ¢e ‘llg'gﬂgg b@ggggger@sulted from the aggregation of
polybutadiene, and 15 thus dunng the crosslinkin carching" phenomenon suffered bﬁ SBS's

occurs. This copolEH{él?esrtmu%rtﬁre 80\rHALAH esstg(é‘fﬂ% AHET MatBNIEHBNREE frdrATheke Pe
copolymers hagpracasietaftelasticing ediactethatadf/acrabierkmaterial, and the physical crosslinkage

formed through the-polyspyaiic @QMWAWS%@&%%E?@'@NBﬁaﬁ)@&%wtﬁ%ﬁcr%ﬁ'é{ﬁcter in

reprocessibility possessed by conventional SBS's. Thus, the styrenic 20 monomer-diolefin copolymers of
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provide a styrenic monomer- ymer 25 comprising micro S Oij) yrenic monomer and
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for the preparaiioinfefidve\eéyrexie resisemee deleflieconslyngkranrisiog Ny hbECksco! podysarabic
monomer andarlrsn(():rt())ebllr%glé§ r{ P&A}’T‘?é%ﬂ?f'” monomer according to the invention.
30 Thus, it is desired to provide a novel injectiorafimable styrenic monomer-diolefin

copolymer useful, for example, in the applicatidrsoles.

Summary of theinvention

Through molecular structure design and extensiueliss, the inventors have found



30sStill 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 to provide a foamed article
produced frorrt1hthe S{[ renic monomer-_di.ol%?’.n copolymer ac ording%totth inverlltio a. Brief d[escrciption of
the drawings " SFIGars 1 shBws A RIRIR Do OR AN B the VHRRaliells; /R eNaly ME U R e 1.
Figure 2 showsii#anle-dingasiondl #iterid gorretitio Spedtrureosimiicsigrerid® kburidielgstpisslianer of

Example 2. noQbRFe? W%FW%Q&ER@%P%IW‘?@@% Cﬁféﬂmv%?tﬁﬁﬂcpfiFﬁ@@ﬁWﬁﬂHQﬁiﬁﬂf@'OCk
SBS.  Figure 4 shows a two-dimensional infrared correlation spectrum of a fully random
styrene-butacRiRREBhol}Hfer A5 e BahANRS G ANRHSI RN APEH SRR CoaSHIALf o

SIS. Fiyure@Bshesispswtdiriensiorabeftarad comblatigaciecasse dhadihane-tbepnaa hoiwioglock
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shows a two-dimensional infrared correlation spectruma of a 15st rene-lso%ene-butadiene micro-block
copolymer.  URIRIFBASEHE Y D Aok G 18IER IR RERTRISEE P& Gy PRI tRE TR &4 Rgaiea!ly
obtained in Exaogdkén8irgesitaptidrhef guetdyrad e mbediohentse20 ioknieadt thispegh te seventissiipkavides a
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of polydiolefin monomer. S use %_ereln, e term "micro-blocCk of %c_)lyst renic monomer" is intended
to mean HsedtAMSERHYEGNORIE HiBitbMBIORKSifY S BlYRRG IFRIRIA 'é&rééedf%’oﬁ?'ﬂ‘@sl%?%ﬁ’d%
preferably fromy3ie ¢OeAscasdhrigingdne. tEha i@t dcwetpolintefitamenwaenciponensiedrio

A T T e e
polystyrenic nfSHEMEr AMRNATIREE-BIRIEKE o PBRIBRIMEN AioddPndP v@Bb RN toadrentially the rapid,
exothermal chain crosslinking reaction resultedrfrine aggregation of polybutadiene, and

15 thus during the crosslinking, no “scorching” phereran suffered by SBS’s occurs. This
copolymer structure design ensures that the foammederials produced from these
copolymers have a sufficient elasticity similarthat of a rubber material, and the physical
crosslinkage formed through the polystyrenic monomécro-blocks results in that these
materials remain reprocessibility possessed by epnnhonal SBS’s. Thus, the styrenic

20 monomer-diolefin copolymers of the invention arevieoment-friendly. The styrenic
monomer-diolefin copolymers of the invention can bged to produce soles, and the
copolymers can be proceesed at a low cost througlexisting injection foaming equipment.
On this basis, the invention is made.

An object of the present invention is to providstgrenic monomer-diolefin copolymer

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

Another object of the present invention is to pdeva method for the preparation of the
styrenic monomer-diolefin copolymer comprising noidslocks of polystyrenic monomer
and micro-blocks of polydiolefin monomer accordiiogthe invention.

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

Still another object of the present invention iptovide a foamed article produced from the

styrenic monomer-diolefin copolymer according te thventiona.



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 invention has a linear structure, and may be represented by the formula (I):
PSx1(PSx2PROEL FSXB(Pt whéfeihe BEvdpassents a polymeric segment of styrenic monomer, 5PB

represents a polymggigrs e0sHN OLAINIRID SpaBRNIATef thel sK4efs BN SRCBISHRARERE MG 1.
polymerization de%r.ee of the respective }Boly. eric ser?ruem, and X1 is G’Tn Jnte%er ran P%t?from 0 to 150,
X2, in each appealafct; iéirﬁla"&%o%ni VO RES TR IR TIn OISR RS ﬁ’é@bl@ 108" f00,
and morerefénathalgiérmercopolyder of FBxaeaicle ppearance, is independently an integer ranging from 1 to

500, preferably fromg}fe 40Q18A4 CHR RGIRENN HAMNk R P QotisBPBIRIRT 5~-7YIRgHRMiBHQ1 150,
and n is an integer rg%%g from 5 to 3000, and preferably from 10 to 3000, 15provided that at least
2’6%9 S

30mol%, prefé'iJ t 50 mol%, more preferably at least 70 mol%, still more preferably at least 90
mol%, still more prieiguebly atHeast AStwoldtmstilsimoae priedeecab lyoateraspO8tmol%of siillfollgrezgpredenably at
least 99 molw%wrg}%%ﬁm%@o Wﬁgéq{ived units are within the polystyrenic monomer segments
having a polymeérization degree of from 2 to 100, and preferably from 3 to 70, and at least 30 mol%,
preferabfPat 20 IHEHED IOy Hrid ¥ Bret NP aRldHER RO RIRER e MR&EARBAP at least 90 mol%,
still more preferablyigiileasisBowoanstitiimers piedeiabiyratl leantegpotiouandrsilmareepredprably at

least 99 mol% edi Lg ' er-derived units are within the polydiolefin segments having a
polymerizatio:i{Iﬂ ngBfé’gdg fgggyg}%gﬁlbo, and preferably from 3 to 330. 25In another embodiment, the

styrenic monomerfd @6 &purpnieoeiptesiatpnal infrared correlatspectrum of a SIBS.
Figure 8 shows a two-dimensional infrared correlati spectruma of a

15 styrene-isoprene-butadiene micro-block copolymer.
Figure 9 shows a scanning electron microscope mgraqh of the foamed material
obtained in Example 8.

Description of preferred embodiments
20 In a first aspect, the invention provides a stycemnonomer-diolefin copolymer
comprising micro-blocks of polystyrenic monomer amgicro-blocks of polydiolefin
monomer.
As used herein, the term “micro-block of polystyiemonomer” is intended to mean a
segment of polystyrenic monomer having a polymeéibzadegree of from 2 to 100, and
25 preferably from 3 to 70. As used herein, the termcto-block of polydiolefin monomer” is
intended to mean a segment of polydiolefin havimmplmerization degree of from 2 to 400,
and preferably from 3 to 330.
In an embodiment, the styrenic monomer-diolefin@ygmer comprising micro-blocks
of polystyrenic monomer and micro-blocks of polyéifitn monomer according to the
30 invention has a content of styrenic monomer ungtsging from 10 to 80 wt%, a ratio of
1,2-polymerized diolefin units to total diolefin s of less than 30%, and a number average
molecular weight (Mn) ranging from 25,000 to 50000
In an embodiment, the styrenic monomer-diolefin@gmer comprising micro-blocks
of polystyrenic monomer and micro-blocks of polyldfitn monomer according to the



micro-blocks of polystyrenic monomer and micro-blocks of polydiolefin monomer according to the
invention has a multi-arm star-like structure, and may be represented by the formula (Il):
(PSx1(PSx2PBy)11),"R(ll) 30wherein, PS, PB, Xi, X2, X3, Y and n are as defined for the formula (I)

above, Ris a star-sthaipﬁd COLHOIin a en% "nucIeLCJ]sr';1 m BS an integer %fﬁr?m 3 tP ]I( , provided that at least
30mol%, preférrlggw'g 1048t 50"1R8 (V%, %Coyéepr%?erab?)y at Iéa%ﬂi% Mol o,%’tml#n% ‘preferably at least 90

mol%, still more preferably at least 95 mol%, 8#uiitFeRPekétably at(@ast 98 mol%, still more preferably at
least 99 mol%,pfctiestyrenic monomer-derived units are within polystyrenic monomer segments having a

polymerization deg)ngge of from 2 to 100, and preferabl¥ from 3 to 70, and at least 30 mol%, preferably at 5
r

least 50 mol%, m b‘?BfSF&Bf? StRRAK ¥ rﬁ%(i"%,egfiﬁ) rﬁ[y.rgfape%?ggw at least 90 mol%, still more
preferablysat leastf5 iewiosestil arnmigmesic seigly antl ehsiddimolegioand still more preferably at least 99

mol% of the diolefigymanomersdaryec UNiFs GER IS ithe PyRIRIEfIR-BREMeNS? Vg PAEMRIFAERE

degree of from 2 to 400, and preferably from 3 to 330. In another embodiment, the styrenic
monomer-diol&F# M PoRMer comprising 10 micro-blocks of polystyrenic monomer and micro-blocks of
polydiolefin monond&risaanontigg teatiggrigVemidntés1d@ombination of linear molecules and star-shaped

molecules having §amy3 (3,40 20Brancih AIRIEREHEMRPAIMAa Y AN SS13 By sramRyS

constitute a styrenic monomer-diolefin tapered block, of which composition varies gradually, and the
(PSx2PBE\) 11 P5sh itnkP cBndiste &t R pitrahty BPsudni®aféred blocks.  The styrenic monomer-diolefin
copolymer of the irveintioadnasmpearnieot pisiyitsie naenan andeategshingta sanging $00) poetie 8®Mt%, or

from 20 to 80 ‘ﬁ,fgr&)&%,3Qrﬁoﬁ%g%tgge%rgwf§é)rﬁ016$ \g/é%) or from 35 to 60 wt%, or from 35 to 50

wt%, or from  wi%, or _ wi%. Examples of the styrenic monomer include, but are not
limited 20 to, styr&FeiSRABHYE R rENRT BT Rieel MUtpNetyrene, tert-butyl styrene, dimethyl styrene,
chlorostyrene, bromigsiyirgiegsrady Gireens RCBH0RY siydairéisrapetny 8¥eme and combinations
thereof, preferably styrene, p-methyl st e and p-tert-buytyl e. .., The copolymer of the invention
further cg%prises Blr()%/\é_l#:? Cr’h%r%r%ttg%- %ﬁ@%nﬁsg Eejg%pﬂgsag?%r}a%%’ﬁrﬁn r%roen%rn%\feerr%[)cpu te?eoausttﬁé not
limited to, 1,3pat¥dishié, "xB e preferably3ableasiehe, mA%estthep @referaiyetiyeasBruraalemnestind

combinations m@q{réfe%ﬁwfgfal@é(sl13@%6%%@”@'1 8rén§l'fﬁﬂty1 a%bééé@iggenq'&%%ﬁ@ﬁé"%@%rﬂé the
invention, a ratio of 1 2-§$I%méerized diolef.iﬁguni;bg to the total diolefin units ma)ébe less that 30 mo|%
ol%% s8Q

preferably Ies%%’ ) ok BF%f‘élll 'IV SW%]W%?rsﬁﬁgﬁpgfg?a %\/'ﬂgrﬁ B} %%&U}%ﬁand
more preferabdg fire® a0ftorP02ntol I BCATHE rgterdblyhinome elidiefiatctepsly dle nuflthe pnetarabty tats a

number gyerage NG GHREAVIdFe(MIBrERRgN & T RIMs2 003 SRR Q480 et ha frRs2 289840,
300,000, more preferably from 25,000 to 250,000, and more preferably from 30,000 to 180,000. The

styrenic monotHErTRsfe he&%raavrﬁéﬂ%?%B%veﬂ%oﬁwaiw&%sr& J6aRLeE Rt AR LRI AR,
ranging from p&fambliOaprefasabBofromi¥0btotheS30dipteferatgnorderived units are within the

polydiolefin segments having a polymerization degoé from 2 to 400, and preferably from
3 to 330.

25 In another embodiment, the styrenic monomer-dialetopolymer comprising
micro-blocks of polystyrenic monomer and micro-ldec of polydiolefin monomer
according to the invention has a multi-arm staelgtructure, and may be represented by the
formula (I1):

(PSa(PS2PBy)n)mR (1)
30 wherein,
PS, PB, X1, X2, X3, Y and n are as defined forfibrenula (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 I&gkmol%, more preferably at least 70



from 1.01 to 1.20, more preferably from 1.01 to 1.15, and still more preferably from 1.01 to 1.10.  In the
copolymer of the invention, the polymerized styrenic monomers and the polymerized diolefin monomers
are present mainly in the polymer molecule chains as 5 micro-blocks, so that the phase separation extent
between the po Sfyrenic monome se regions e iolefin ons i very low and, at
the same tlme g }%951{]” Ors‘? Pentlrg?r%%%(% p tagscg reglé)h %s T 180 e[)a} ar v%%?c't %gﬂw}/ ls)/tlhemI
polymer has am@v\ﬁsh@ﬂf&jlms@bmsétﬁﬁanmh%lﬁﬂicmm@téma@&r@aéhc%am@i%b(énﬂi@dwmrac

processing aigraRd ieekendnolfnd ake E@i’tﬂﬁ?%@@ﬁ@ﬂf?&” Mlﬁe@%ﬁiéﬂ%“ﬂﬂxﬁﬁ@%@éﬂfﬁté@z&f&t
crosslinking agent such as DCP (140C). Félrt a{ imce d|oI I?(ﬁE ser lons &E‘gﬁ&}/
dispersed, the RIS OBhZn St AR RIS EAT A oRbIRRHG MR pPRdFt

there is nét fulepha SO sBpBfativnrecpreferathly polt&yte?@cmmmmmrptmséemwet peaalidlefimgtase in
the polymer offifcriayerier ra%tp BALRIEY 81 ABIP AMIERiplasraRR TRt Uie IYeRTaRFepiFiare

essentially of micro-blocks of polystyrenic monomer and micro-blocks of paolydiolefin monomer. B

expressmn "cOfeierallysaht Eﬂ‘l?} &%?&%/ (LI 'ﬁ*‘é’r\tﬂ‘?ﬁei" '&'ﬁ% L e 'Btﬂ%loleﬂ n
monomer" it iSegeanitthiah tivegnipalymherksatd paggiygre it froan 806 reardpiiegaraolp-ttonk3 f Padydiolefin

monomer together compgise, At IGASHAMMAN, pfﬁé”%@)‘e?ﬁgon%%ﬂ%ﬁﬁéﬁ“ﬂ%le‘ﬁ‘&ﬁ%l%%‘?r%trt?ﬁ

98wt%, and more preferably at least 99wi% of the total copolymer. he styrenic monomer-dioletin
copolyméP coMPHEITRANEr 09I 0RRY B FRINS ty FRRTE T oRhiel éfﬂt?rrﬂlétﬁcméc@@fjﬁﬂﬁfﬂiolgmﬂﬁmﬁbmer

according to thedorgintiorn has moentiog-windowninnadioreosianel didrried eodelatiosrspreirniolditesent
from those of Hl{%/ %? oW 8 yienée onomer-diolefin block copolymers and styrenic monomer-diolefin
random copolymers. As can be seen rom the Figures, the copolymers of the invention have
moving-window twidt BmRiSRIRaH cBFrEIRdtREIRtafe @ lspRiEY a HatlHey 1 F8 BPEREE cCONBHRIIBUS (FI¥FRTAF

transition peaksofori@MmpeKsir eaiiee @f&t@mbﬂmtﬂfbwn%@ﬁmew@wmmbeﬁcuatﬁee(ﬁtsfmm about

2842 to 2848cm %ﬁe‘:’\r/ttt]e{)%%ss O(t)%h uSrté(lﬁ (‘T30 monome Nglolefln block copolymer and the styrenic
monomer-diol&fih copo ymer have smgle/ or mtfltlp?é)drscref)e thermal transition peaks in the above

ranges.  In a sedBRdAYSELE thenametaw sfbvisesaymethot e préparimesadiseatetyrehgiyrenic
monomer- diolﬁfahéﬁféttw@ﬁt@@mm@mmt?rblﬁ% & mlm%mﬁ peoRosEhend sifehPEeks o6

polydiolefin mongmer, com sm 0 ) ad am ctlv or to
polymerlzatloHVnO%lc?érfré’ﬁ'(]j %OtWé CoRteht: éﬂ %g né)éj Jrr%’? §§ Eo%n af 49 55 48iding 0
to 45 wt% of al\létzyremércrmrﬁﬂrterla tigareareanples ofFhaditingraaiexired Iﬁﬂt@dmt blﬂtaarmmletcblmﬁetﬁe
reactor andl aligwing&he raaaiion 48/ RGRNTRM IfgfypetIQe3%lWF§1i%S’tert ﬁh@ﬁt%tﬁ\éﬁ@'%"ﬁ'téfﬂwgﬂzﬁé%@ 100

wit% of the styrenic monomer with all of a diolefin monomer, a dln%%he resultin mlxture to the reactor

over a period SPEHRS MRSy RSy £86 'mmgtggxeltﬁe\f'reaﬁtln AR M SRUREY o SHIRISRINARGth a
reaction tempeoathieatisite ttrey ¢e qhoe feedidycaintai e dodumetty tee @ dditipnrte o -ihatythstymeana mum 10

reaction tempefaturﬁéi'tfeﬁautmr@r%? ‘{HHaH%ﬁ%\m[ﬁ‘EHB? RGP G HANRO R AR PY.RRIMOre
than 30C, and more preferably by no more than 2
Examples of the “diolefin monomer 'include, but aret dimited to, 1,3-butadiene,

25 2-methyl-1,3-butadiene, 1,3-hexadiene, 2,3-dimeth@lbutadiene and combinations
thereof, and preferably 1,3-butadiene and 2-meth$tbutadiene. In the copolymer of the
invention, a ratio of 1,2-polymerized diolefin uwnito the total diolefin units may be less
that 30 mol%, preferably less than 25 mol%, morefgnably less than 20 mol%, still
preferably from 5 to 20 mol%, and more preferabbni 10 to 20 mol%.

30 The styrenic monomer-diolefin copolymer of the intien has a number average
molecular weight (M) ranging from 25,000 to 500,000, preferably froByaD0 to 300,000,
more preferably from 25,000 to 250,000, and moefgmably from 30,000 to 180,000. The
styrenic monomer-diolefin copolymer of the invemtionay have a molecular weight
distribution, M,/M,, ranging from 1.01 to 1.40, preferably from 1.@l 1.30, preferably



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 15 copolymer.  The solvent useful in the present method may be any of those
commonly used in produgtion of solution polybutandiene-styrene rubbers. Examples.include, but are
ot et to, EYRloh L R el B b T et e e RS R Boreor
In the presentlndéthod, the amount of the solvent used may be such that the 20 concentration of the
monomers ranges|f{ofRed E%ﬁ_@lyﬂ%% Qﬁsﬁ%omm%ﬁ' WMM‘@i&%&?F@ﬂ@%@HSme@hﬁdB'FWQV
useful in the prefent metho m%.udes a varé%]of alk§II|th|ums commonly used in anllonlc(gc)ol merization,
such as n-butPRtHRT AR SLSy AN ST hALmBUIRTHHBANINADN: RO MLy B 80 petiiing
on the desiredmtofebldaeksveighhat the mivakets @Banati ohisidaikirmtiieck polyitvigsn of 3 prosteT skikee in
theart. ~ An fugiiRtealdhpachygionsalub il RigeRat el isietayreobu (HE). 2hbean be

used in an amount ranging from 50 to 1200, preferably from 80 to 500, more preferably from 100 to 300,
still more pref@%lﬁﬁyﬁ%rﬁﬁclr@@'i'8@96,%%@'8%%@%@8%%%%J§6@’rﬁ'@eTPﬂi'YI%er has a

polymerizatiomosolsbeh 83t pisaoally, tredpeedenwt plathiot: fugthemgra poyasda carcrostrhteode dnedifien

Examples inclydle L e %ﬁ&%ﬁamﬂeeﬁ&%zrﬁHmaﬁe&%ﬂ%%ﬁ&Wwﬂ‘?gi&é‘@&%ﬁgﬁgmﬁ s QLeinyiene

glycol, and the like, andthey can bé used in an amount ranging from 1 to 50 m olymerization
solvent. iPthePhraseRSHIEHAE, ALeBtyFERRE AtoRSief@InpHEES RMRE1 5tBAS0 HireP Ay disieliPorhiae
wt%, or from 38diens \wito,HigHhitpmii3p épsed Wike, osdmohiiytodhudtn as fiomaady tadc®dwdlo, auffiegn 40
to 48 wt%, or gl%@gﬁ&ﬁﬂago wt%, of the total monomers, with the balance being diolefin monomer. In step
3) of the present method; the monomer mixture may be added to the 5 polymerization reactor over a
period of time randir§ Retiesed sy H?i?f@té%,'Weﬁ‘éyéﬁlﬁﬁnﬁﬁfﬂ@f?@qtmﬁﬂﬁ@%ﬁ?ﬂﬁéﬁﬁ%‘ﬁ&éﬁé’&?%m 15

to 90 minetespaaddnost fiefpsnaliofedn pR4se60 MivpEynidpeiitie eesmpletion of the monomer addition
in step 3) and in optional st 4%1 the reaction is optionally allowe continue for further 5 t9.120
inetos M pretaldy 5 B EH R mERL b e (o0 B e i ense A 0
controlled in aniigertsTaksn foRoly St GO g resemig frited 6Tt 188 aedyaiotefiratortinet-oRy 2bao 90C.

At the end of @B&J%&%Tﬁﬂ“‘%@ﬁ@fb@ é%@@Ht?éiﬁno?@ﬁi&trbstﬂggﬁgéﬁé@y@ﬁ‘i@tﬁwmﬂﬁﬁéﬁﬁ%- rhitedaspination
' g)in the,art, such as water, alcohols and

t ful in th enti b f th lv u
other compouAHEASAIBIRIT, BIRMGE o dromeAnt SPa M AR fiea! RSNV EAm oD Alla g
through technitjaesinreiiinokm dfynblydeokKilie thimtireeartogethexammite, ititcpstSIDktY0, audfarabivaint of
a converyipnalartidddass tothe r&l%?g%bwi)éwT@aﬁngéﬁﬁ%ﬁ%ﬁﬁgﬁﬁw&%%wdé{cfé%@%k‘!%i% g

drying, to give a finished copolymer.
ying g total copolymer. y

The styrenic monomer-diolefin copolymer comprisimgcro-blocks of polystyrenic
monomer and micro-blocks of polydiolefin monomercamling to the invention has a
moving-window two-dimensional infrared correlatispectrum different from those of the

25 known styrenic monomer-diolefin block copolymergiatyrenic monomer-diolefin random
copolymers. As can be seen from the Figures, thgolgmers of the invention have
moving-window two-dimensional correlation infraredpectra having two or three
continuous thermal transition peaks in a tempeeatange of from about 70 to 18D in a
wave number range of from about 2842 to 2848cnwhereas both the styrenic

30 monomer-diolefin block copolymer and the styreniomamer-diolefin copolymer have a
single or multiple discrete thermal transition pgak the above ranges.

In a second aspect, the invention provides a mefioodreparing a linear styrenic
monomer-diolefin copolymer comprising micro-blocks# polystyrenic monomer and

micro-blocks of polydiolefin monomer, comprising:



The star-shaped copolymer of the invention may be prepared by a method comprising the 20steps 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 110C;  2) adding 0 to 45 wt% of a styrenic monomer to the reactor;

3) adding a desiregﬂ am G|Jnt of an initiator tP the rleacgor and aIIovvt'Ln%hetrezf\ction. to 2500ntinPe foré) to 30
minetes;  4) aftePsAfiCieht ntyg 5536 308 WHA ot 1Re Lty MRS BRI SR BBt 66 Ros M a
diolefin monofeatinddieychetesdslting mMixpeeato i earaion BOVEr B1E&rod of time ranging from 5 to 180

minetes, either conynyRlsly olatal-wise o?raPstpeils MBRTeptiRRtesperature inside the reactor being
controlled during tgiggégition S thatﬁehe maximufm 30Q reaction temperature dirfers from the initiatin

temperature by no Herf ! %%%W%? n%nrﬁ'a'tté”‘{ﬂéﬁosfﬁ?%?{d%%r% IBI‘%‘I%% ?/ BWB(?HO than
20C; 5 optiontifiyedddingal3d remeieisig O to 10 wit% of the diolefin monomer to the reactor and

allowing the reactign ieprd[Heétly MRhEINGES: 1006WAdE0 RdlRalRI ABAINEPT AP URIIBY ggent to

the reaction mixture and allowing the reaction to continue for 5 to 60 minetes; 7) at the end of the

reaction, termfHatRIL RO PeRGIRAAL Feis EF YIRS PISHIERPIGASHhaYer @ PREap: 3H R8I 3961 he
coupling ractidrgrtheés almvisSMetiindtes)plotres tlee rsaime unbte talsidamrm prosestycondtitioasraacascribed

above for the method. forprepRying thedinear seRalymenARRRIHINGHE NRINYANESnat thETHEiMBrEPare

the star-shaped copolymer according to the invention, systhesis conditions should be controlled so that
the living*€haifF8RHSLSEMRE 'R EERpRHEEFEaliRA dRe pHIHRERIARRIGHERLYr PBIySTeniBan B0
monomer-diolpfataeptjybyatcegment avitBtr highrdoteiinetOrabiy ¢gntenin toectaa®@e coupling degree
and coupling Eff'c'gﬂ%diry i ‘i'l‘?é’sr&?é‘%?ﬂ}'@% a&‘%B%"\%%"Sf’%ﬁe“% AR 'LI‘QE%Y%H@%Q‘B@ Séﬁ(‘jhed n
the art can be used’in coupling step 6). For example, the coupling agent may be silicon tetrachloride,
divinylbenzen@!l @R ib8ifeaeiP Bl &e8 i EthHXYBRICAAB NBinglsRe APimethoxysilicane, the

equivalent ratio of ghyeseatipliegRagnhie tbadibng ehaimandd haabxann wigslyyanddhe eosling egaction

may be cl%nduggeglat ae;[emperature ranging from 50 to 110 C for, for example, 5 to 60 minetes.  With
the above-descrﬁaegnme'thod, by selecting the amount of the coupling agent, it is possible to obtain a

product consisting e &tiegtorse BthinsHap ddesend pratqeh may desEnheseqeprananhatised thetdeupling
agent to the liyig 6B epel SR HolyBUMAR ANdiaeA8 ARiaiRBBMPNG GROBsENDat astamshaped
chain ond o 1050 FAAEL TP TR0 Ao e NS s PSS 5 O RRR S e AR s BOLGBILNG ) GBre
separately a litheaeebpllyther present evsthoellytheaasieyddadoiigmie usefirsnand ehenchixhiaé Buh in
a proporggn acsRFINGRAEHIARE. HbABRRIAIN ABRRSNIGN 6 SR BREREH COR thanRiANHdiyp eapertally
star-shaped Cpp o or Tixture.
The initiator useful in the present method includegarity of alkyllithiums commonly
used in anionic polymerization, such as n-butyilith and sec-butyllithium. The amount of
the initiator used may be selected depending ordés&red molecular weight of the product,
25 and this is within the knowledge of a person skilie the art.
An example of the activator useful in the preseethod is tetrahydrofuran (THF), and
it can be used in an amount ranging from 50 to 13@@ferably from 80 to 500, more
preferably from 100 to 300, still more preferabigrh 120 to 220, and most preferably from
about 150 to 200 mg THF/kg polymerization solvent.

30 Optionally, the present method further employesiarostructure modifier. Examples
include Lewis base compounds, such as tetrametthylenediamine, diethyl ether of
ethylene glycol, and the like, and they can be ueseah amount ranging from 1 to 50 mg/kg
polymerization solvent.

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



Without being bound by a specific theory, the mechanism described below may help to understand how
the styrenic monomer-diolefin copolymer comprising micro-blocks of polystyrenic monomer and
micro-blocks of polydiolefin monomer according to the invention forms. 30Taking the preparation of a

styrene-butadjene.copolymer as xample, it is believed th ere are the_following six differen
ronctions duri S eRy PSR Burc T T el S AL | P o BT 08 Tt +
RH, with a redetidoh vefé constant K2 Budd+BiBUBUILONMVER dord@8fioafriie ot aalivgh Siei+St
StLi+Bu Bu-SihiaWd SeiRgdiofienepdstant K4 0 St-StLi, with a reaction rate constant K5 0 St-Buli,

with a reaction rati constant K6f0 wherein, Bu [I?%(fsegts butadiene monomer or itsd) | merizH(gld form,
St represents styr ﬂe%ﬁ?or@m%r (t)?‘?tspﬁgﬁﬁﬂérfyg m,t %drﬂﬂﬁqgﬁem%aﬁ&llﬁ afa

initiator. The rpalytioarizat @onstaits oﬁeln@gpeﬁadtwnmwwfmﬁmlIBM@mmiMshimmﬂembw_B‘mms >
Ké> K4 Wheg {he SoRGMRES gorddrdilt AbRHIPS 2816 0 aktES, Rild Egs Al il pg!YFaRTiZatien

reaction, the styrene monomer and butadiene monomer in the monomer 10 mixture will react with an
alkyllithium ini‘ﬁﬁtm’%%‘@r?-ag%ﬂﬁhﬂwﬁﬂﬂ‘?&%‘?ﬂm%ﬁﬂ@ [MRAXMG <PULISBADARAIN PREpRR fEP 4).
butadiene hagtzelogabidm s patitratthalloeetemd obfeediadortiest bivatkénaimiesbes qnefeapblyzed so
that the specigs particiRatigg in the initiating reaction are predominately styrene, and thus the initial
reaction forms mainly StLi. StLi will react preferentially with styrene in the mixed monomers, and thus

what are'f5 predoR AR oRAVINSFZBERMS NS BRYOKs laRERIREE NI IRFA0R BHiBe Qfﬂé’ﬁéf’o
monomer in the potycesizdEicibBy ftem 62 cocESRS 40 pificisatiyr liyleveh batad@ne monomer will

participate in the r%??HB’bE%f8f%§:ﬁ§§%;ﬁg§g&erﬂ%?&ﬁﬂ?ﬁ‘%%ﬁa Ié%%l%&’lé%? @%18‘?# ‘?eactioR/.

concentration of the styrene mono I decfeases, po ocks will be predominate

formed. After AHartAEP m&eraaaﬁmm 5 tHkl idag iRt aneeyaimy b ﬁf&‘bi‘é% ﬁ%mé’ﬁéét&?.dﬁﬁdg,eaa”’

styrenic monognerr@ieitifeCORRIYARS A PEISEN G Oy OuRlOS ks RO eitivets dregemer and micro-blocks

of polydi(ilgefin mor}_qrr]nae['lryistf]%rnpeesdu'tam copolymer can be recovetewugh techniques well known by
those skilled in the art. For example, it is poksito add an amount of a conventional
antioxidant to the reaction mixture, and then tdjeat the product to coagulation and
drying, to give a finished copolymer.

The star-shaped copolymer of the invention may fepgred by a method comprising the

20 steps of:

1) adding an amount of a solvent and an activator tpolymerization reactor and
heating the contents to a temperature ranging %6ro 110C;

2) adding 0 to 45 wt% of a styrenic monomer to fib&ctor;

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

25 continue for 0 to 30 minetes;

4) after sufficiently mixing 55 to 100 wt% of théysenic monomer and 90 to 100 wt%
of a diolefin monomer, adding the resulting mixtucethe reactor over a period of time
ranging from 5 to 180 minetes, either continuouslgich-wise, or pulsedly, with a reaction
temperature inside the reactor being controllednduthe addition so that the maximum

30 reaction temperature differs from the initiatingmigerature by no more than %D
preferably by no more than 30, and more preferably by no more tharf@Q

5) optionally, adding the remaining 0 to 10 wt%tlé& diolefin monomer to the reactor
and allowing the reaction to continue for 5 to 3ihetes;

6) adding a desired amount of a coupling agenhé¢oréaction mixture and allowing the



In the methods of the present invention, if a pulse addition or a batch-wise addition of the feedstocks is
employed, the addition duration of the monomer mixture should be 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 mixtafe’ s'%ﬁ?dcr%] t(':rélrjw?ro%aa e %ﬁaﬂﬂg Fate at which the monomers are consumped in the
polymerization is cOnfdatiadlend &f diightigagtpey. tieiminatiage thevisiaeaing recaveierg dre BIPddded. In
this way, a pobgﬁgryéﬁ@.(ZPBy)ll, which comprises a lot of polystyrene micro-blocks and polybutadiene
micro-blocks, can be formed. A plurality of PSx PB¥ segments will constitute a styrenic monomer-diolefin
tapered block, of HTETPLAT SR BTG ERUELA AR (LSRR AEY] F B e AL G T el
plurality o$ suendaperegkblookgitions thirdlespdrtd thbdneehotidtiind idkepreparafghbestymeaiccopolymer
monomer-diolg@&p&galy&qﬁé afJbsiikpyention.  The styrenic monomer-diolefin copolymer of the invention
may be blended with various additives at a temperature below 110C, and then subjected to injection
foaming in a moulMaPieRY 11 85P i G S PARESS SRPAIVMSH BHRILR (RBJRYERIPR; MRS
foaming equiproeditiorey die ide ftec abtarthlese sos gthfah & \iviritpiare edsboskioh ént, a8 doaplied ashckiomayebe

prepared from, e capalymehaf e IYaILRRAY. BRINY RIS R &neaginen G RP Al aloRiihe )

invention with an’ additive such as steari€ acid, zinc stearate, and talc powder, a crosslinking agent suc
as dicumifl peHSHGENIBEIPYL SHRIFRCRYEHPS SE9es SrERYmIBRSRRYe (flowing agent AC or AC) in an
internal mixer at 88Grious toUPihg agweteanpresstEstheorasittimng Writiimehin tho sEpekiliiket ime arsheet
and then pelletizing.it in a single scr X rat 90C: feeding, the Iting ts j in rew
injector and théeolz}ﬁrl]ir%)egctllfwégeﬁ agtﬂ‘lgtgsgul@t/?é@ tr%%éjlﬁd t a%gezl;nggr%ﬁ%é’ref%%\%ﬁ#oﬁ% tr({;ﬁ%gg rf%ﬁ%?gining

at that temper@{iae RSO to SHVREBEAESNENd tibeNHRIEERIAYIRE N ofeliafitAYYSibeAd o reflove

the foamed argiglpeAdid Adensly Sifpaet, thee isyantigerprevices adopmefajéstadrpanaddyHairnaing the
copolym%of the inventiogél Ir}] gWﬁ]foame article ?ifothe inv%réti n, th ist both hgsricallyncrpsslinked
e

e e
boits rewited FUVELy tadel, Apd the CupnAg redcion el bediilrcd ar S lempeaRid iang rom
possesses godf Kreildhfadostriaiggkarepleng & &fgthrei@svearing resistance, and can 20 be
rTehprc]gcesseéi- Att_ tP“’??Wﬂ%E’még@m arﬁéfjﬂ?o@t thye é'%‘i@&ﬂ%‘ ﬁ@i&ﬁ@eﬁﬁ@r@lsnﬁ @laaelfﬁﬁi%a@fce-
e Toamed articie. e iInventuon m e used 1or manuraciuring san nc 0es ang slippers, 1or
ot R SRS B S oo P ok Dol A CAYETE B LR easere:
as vehicle interiprd@eotatii® métdeats unliag egenihtultiteriyisieal inevelicus Bwiaiiohso 2B Behaficiap
effects obghe pyamHiarhrodlct ke SEaRis Shangmedhdiniafi hAMENS SRRY RO RIREBUGRGHAY Lsingdihe

current plants for producing. styrenic monomer-based thermoplastic elastomers, without reconstructing the
production plFHLMET AN e HEIEHARIS D Sre N EHRR GHHE et by indRd GHe Bigsical

entanglementlessrtsaof@es styrenic polymer may replace for the chemically crosslinked points, so that the

amount of a chemigal CrarBlkiNchAGER SREH AT b NGRS doRARPAGR LR disldsialiere

high wearing resistance and temperature resistance are not required, it is_even allowable to highly expand
in the absenc&'8f 8NansshicaPersassHidlShgdid, TR JrsU B’ BrpRKisnigeeHtingo el can
be fully resisedstah thaben msitiaatefahédsiealreepeiprrmeaistatidlly fsamschpratedpbhamnehe produced.

Mt i e el L
understand how the styrenic monomer-diolefin copwy comprising micro-blocks of
polystyrenic monomer and micro-blocks of polydiaeefmonomer according to the
invention forms.

30 Taking the preparation of a styrene-butadiene cgpel as an example, it is believed
that there are the following six different reacsasuring the polymerization:
Bu+LiR __  BuLi+ RH, with a reaction ratenstant K [
St+LIR — StLi + RH, with a reaction ratenstant K [

BuLi+Bu —— > Bu-BulLi, with a reaction ratewstant ks [

10



5material, and are confortable for body.  4) The foamed materials of the styrenic monomer-diolefin
copolymers have excellent wet-skid resistance.  5) The foamed materials of the styrenic
monomer-diolefin copolymers have a low compression set and a good resilience, and their wearing
resistance, stretcgmﬁ_stgeingth at 10 break @d arl I§trer(1ec_‘15{[ht|%rne %ger or those of EVA foamed
materials. Depending or'the contents of the in Vidug monomcers {5 ogmed aterials of said polymers
have hardnesses kjig widely——6PThe Siyfethic widhareactiolefidensiahiriters may be injection

foamed in a mouIdSt@antlh]e pares are ynifognglp?) Jine éwmprgqgg@mtﬂ&e styrenic
monomer- dlole}ﬁ g]) gmers may be used for manufacturln g##) ? shoe and slg)%)ers for
7d&ble

manufacturlndv TR ﬁ%@%%n&%ﬁ&? f?{éno ECSFe%r% ﬁh%tyg%ees
as vehiclesintariondeesratiite pﬁy«m%ae@kfmmeanmblﬂamemmdaihydiﬂbmmaamnsnator8) The foamed

products of the Styf%'?éﬁ@f‘@ﬁ”%f@'@é%’ﬂaﬂ?@%‘b’m@é% tendiR AHHRBHhRbaaasremparable to that of

EVA, but have better properties, so that they will be more commercially interested. Examples The
following example&are 'ﬁ%\?eh@foﬁr RarthBe MStrating the invention, but do not make 25limitation to the
invention in any wayhé&xathpleriohoraendragen-guogddihOl pplyseerimationrjeactaitinieretahargedtBe liters

of a mixture of, Kﬁ%@‘ﬁ%%&%‘ﬁmﬂé" g}eqn% WZSW@F'%HE&&QHQ%%%WH”HS ‘?an‘éfFH%*P 30

contained tetrahydrofuran in an amount of 20 The mixture was heated to 50C, and 8.9mmol of
n-BuLi wh adBEgUiferato’ eﬁx‘ﬁb}"’é‘thrﬁﬁgaﬂs)/'@tmm@t&t'%W%WBW:‘%HH&@MW'Yﬂli?g'B'F@&Péne and
2459 of butadigee iwerescontind sy adilecktalibebigadiene hasva toiling point, at the moment of

feeding, most butadiene molecules are vaporizedhat the species participating in the
initiating reaction are predominately styrene, #imgs the initial reaction forms mainly StLi.
StLi will react preferentially with styrene in theixed monomers, and thus what are
15 predominately formed are polystyrene blocks. Wheée toncentration of the styrene
monomer in the polymerization system decreases Bufficiently low level, butadiene
monomer will participate in the reaction to fornyr&ne-butadiene alternating copolymer
blocks and, as the concentration of the styreneammn further decreases, polybutadiene
blocks will be predominately formed. After a furthpulse addition of the feedstocks, the
20 above process is repeated. Thus, a styrenic mondiokafin copolymer comprising
micro-blocks of polystyrenic monomer and micro-ldecof polydiolefin monomer is
formed.
In the methods of the present invention, if a pudddition or a batch-wise addition of
the feedstocks is employed, the addition duratidnth® monomer mixture should be
25 controlled so that the rate at which the monomeescnsumped in the polymerization is
comparble to or larger than the rate at which thenomers are added; if a continuous
addition of the feedstocks is employed, the additduration of the monomer mixture
should be controlled so that the rate at which thenomers are consumped in the
polymerization is comparable to or slightly larghan the rate at which the monomers are
30 added. In this way, a polymer (BBBy),, which comprises a lot of polystyrene
micro-blocks and polybutadiene micro-blocks, can foemed. A plurality of PgPBy
segments will constitute a styrenic monomer-dialefapered block, of which composition
varies gradually, and the (R®By), segment consists of a plurality of such taperedks.

In a third aspect, the invention provides use o€ tstyrenic monomer-diolefin

1



over 60 minetes, with a maximum reaction temperature being controlled below 100C during the addition.
Upon the completion of the addition of the mixed monomers, the reaction was allowed to continue for
further 20 minetes, and 5m1 of water was added to terminate the reaction. 0.2 wt% of Antioxidant 1076

and 0.4wt% 01:: Ant'oxi%?%%:}ﬁg,irp\?sr%gogn the weight of the polymer, were added to the reaction mixture
and stirred for’S TRiNELESs. mally, the product was added to a mixture of steam and water, whereby the

solvent was 5 evaperasiiieind the poneretidefitedona o eolifs thed istigpentrid retHdangrd. W solids
were seperateghriRNaigsmil vilh e exiskiagndesigeatiedrrees aldevg dilimedibdrning ifo0ive
styrene/butadiene copolymer 1. g%lzs olymer was found tp have a molecular weight of 31,000 %),L), a
moleclar weiBIRHbHbatan B a2, 4 Eorahe oL LRI Fe HTERlekh LARE diSPH B aAlh Giore ©
hardness ®f 6&arhisgpelymienasraayieoitel0i capolyimescofisguleldd ahd dutenieodined.,its MidRed
spectrum is shgwiidmguiR To KR BECRurh e RoaRber BfialbfiBMMpLIRIaKal EsipRispTC a

nitrogen-purged 10L polymerization reactor were charged 3.5 liters of a mixture 15 of cyclohexane and

- p \ . . .
raffinate oil (iGPAREHGF RV BN IS PHRMMAE LA BRI RS FLePIst ARTIB T SR
amount of 20Gmd/aic Poevdaxtareross ihkatg d ge mOsTicanms 2yt lmanoai dd (PR, adoadaed dhatetocifter

stirring for 5 mypetes,pLyed MANAE @IS GRS SYER AL /50 RESITEIEARH hied o bigadisng wergadded

in a continuous pulse manner to the reactor over 20 minetes, with a maximum reaction temperature being
20 contrdffed %Wf@@@aﬁ'ﬂﬁgﬂﬂﬁé%ﬁdﬁi‘&%.rﬂji%‘r'ietH@ 'E‘Brﬁﬂ@%ri’ﬁptﬁesﬁahr%rﬂpo%% RekelzIng It
monomers, thin reaghigle was:allextesdier cord dedoiniy e r@sumimpias|andoma singriaicwgsdioen added

tot inate t ' 2 Wi L0X] t 107 AwWt% iQxi 1 h
v(;eizrrng]fzatr?e %%I@erﬁgér%?v?/@%ggﬁée%oéﬁ%or@g&%r%g%ﬁ?sr%j gn%ésgé oﬂé?éﬁ@&%s&waily, the p’roewct

was added to BRI SRSt aRPHaiere sy @ﬂ@r@o?%@@%q\%‘rﬂ {bss é‘\?’&’fﬁ@?ﬁ’t&ﬁ@%@ﬂ%"ﬁ@lﬂ%@r
isolated out agtrolifisuandsusprvdad éfdagwateridibe solids were seperated, dewatered with an

extruding-desiccatjon machine, and deyolatilized in a dry. box, to give styrene/butadiene copolymer 2.
s consmmor ardl PRI R KR SERIAR BNOES s RRARIE ATERAH Y S
1.01, a contertagfolymestrattiie invamiefin units of 15.6%, and a Shore C hardness of 80. The 30
?OV:EQ'W"EO\&V]EW%@?@@@HM %@ﬁ@@@?ﬁﬂ@fﬁ?mﬁBﬁPm%WﬁfﬁWf |'Elfl£;TyiSCS$§%WHEQd: tﬂélFfﬁsZ

or the method fo rmining moving-window two-dimensional correlatjon Infrared spectrum, reference
o b e TE NGO CHAR RiSTANIEI: TG AP BB oS Eh DE Lefaed
Studied by MaeviigewinskrsSeegDatatttriah G strelzgion tea#tirpdts pectroscomy’, IFaistZhoe, andlgan
Macromaleculgs, 2813008904 GamE IMFOMRET S SR IBENYENFAN ondipsasianal cprigiation
infrared spectra for a triblock styrene/butadiene copolymer SBS@S:B:%:?O@, gafull random
Styrene/butadiib ESIpRRE (SIS ITEH MBI LT ALEIGIANE, Us Bt T HRNRGIY ARG 8780
(S:1=50:50), abe'rurb-bllmei§ sty sBfipengttigt- indruitadieims animwﬁeu.(SEsmSels%ﬂGp @tsislooksSBS
(S::B=50:25:25) A A RiSE IR e PB2528) ARG iR AT nhedhidls 7AM4Bealt can

be seen from Figure 3 thatthe two-dimensional correlation infrared spectrum of the triblock SBS is
relatively simpS Y€ ereSeRy HE HetHE W tPe micro-crystal of 10 polybutadiene block; 126C

represengs the glass transition of the polystyrene block; 144C represents the viscous flow temperature of

the polystyre CK, ; different thermal transitions due to the different molecular
he pol r‘ﬁ 97K al I9HIGS 61 '8 SRRt hermal transitions d he di lecul

structures of the copolymers. o .
1 e styrenic monomer-diolefin copolymers maydreduced by using the current

plants for producing styrenic monomer-based thelasif elastomers, without
reconstructing the production plants.

30 2) In the foamed materials of the styrenic monomietefin copolymers, the physical
entanglement points of the styrenic polymer maylaep for the chemically crosslinked
points, so that the amount of a chemical crosstigkagent used can be significantly
reduced. For application fields where high wearniegistance and temperature resistance are

not required, it is even allowable to highly expandhe absence of a chemical crosslinking
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It can be seen from Figure 2 that the two-dimensional correlation infrared spectrum of the inventive
polymer has distinct thermal transition peaks at 80C, 101C and 126C. 80C 15 is the glass transition
temperature of the styrene-butadiene random copolymer segment. 101C is the glass transition

temperature of short polystyrene blocks; and 126C is the viscous flow temperature of the shor
polyatyrene bRSRGL T A DR AT B HILT G- AL e AT Lot na &y

spectral resuli9\thiasteeqidpstesistatmydr om e Efciangly fnatmeaypicd caiche ok Qstructure with
SF%/rene'di°|eﬂndragﬁomle,CQBQM@Frrﬁ&@ﬂf&tsomf%'h%‘#yiﬁégﬁg g‘il'tﬁt}*igrh%iﬁﬁi& E%%Bﬂﬁ;ﬁﬁwlerﬁﬁﬁm pﬂﬁ‘e]rcrITO a
nitrogen-purge olymerization reactor were charged 3.5 liters of a mixture of cyclohexane an
raffinate oi (/DR S o ey BB A e s PR BAPRIARS 2o lshl AR al Ah A R lan
amount oﬁzommmgalmedmmwenmmh@fe_d @ocﬂOC, and 2.65mmol of n-BuLi was added thereto. After
stirring for 5 minetgs, X eGMVAOMELS ISIPIRG SfytErR AhShERRGaRA bhed A dWRdiRNe WeiRnt

continuously added to the reactor over 9 minetes, with a maximum reaction temperature being controlled
below 100C d\YEhH§ L &SR Upon the completion of the addition of the mixed monomers, the reaction
was 30 allowed to o tireudommedtmea 20 atsnefeteastytanic ofwaten svedidheopatidedrto bewairatethe

reaction. 0.2 vy, BFLRIIRXIGANL A 70 6\89&6@4%%55{%%aﬁ‘igﬁﬁ?ﬁﬁ&ﬁ%@? é*ﬁ%é@ﬁiggt&%ﬁﬁtﬂ‘?é){me“

were added to the reaction mixture and stirred for 5 minetes. Fin e product was added to a mixture
of steam’&nd WARF, dMERM S EBNERLAIRS R dtct csaAHo poshdaiss Iate dRRRETE RS A8
suspended in tbatsiater of hehsolingivigralsepenaiads slewaiefedmitt anatxtrotiisgidepicsation naohine,

and devolatili%%ﬂ @Sdg%é l?/%ﬁ'/itrgqq}\)’lﬁ qugomparative_ styrene/butadiene copolymer 1. I_n this produ_ct, the
styrene segments and the butadiene segments are in fully phase-separated state. This comparative

copolymer 1 was f@hﬁBQOSMQrﬂ%%@jmrv@é%‘?ﬁ%FQHG',W@@)T@M@&‘FH@F&B@M%@I& ARHUIBUABH of
1.01, a 5 contaptpdréLastugtHeenn the total diolefin units of 13.0%, a Shore C hardness of 89, and a

stretching_strengt reak of 17.8MPa. This polymer had a plasticizing temperature of 135C. en
orocessity aide s o Qe R PR B e A S T el e o
the polymer, 1880/ fecigsiiikisr)tb e prdcehaapaifieshapaikeioaaaiubipi snueRiefe b tate bt sbReser,

when decreasig tBSo‘Pfé’Cﬁﬁ%@g i@m%ﬂt&&@m@%ﬁ@@&h@ﬁ@%%ﬁs@% thenRiRCReSHY aklprag not
be mixed homo%ene?usl%/,%%gﬁl the resgalgqné mix'%:re could not be used for foamed materials. When the

polymer was RS D ThS S RE L4 158 'Qp\éar{'ﬂ’f\'%tf‘oélcslloc and then foamed at 185C,
scorching phenom@ndheotaumed pradegigoaiidte styrenic monomeredinlcopolymers can be produced

20 at a cost comparable to that of EVA, but have begteperties, so that they will be more
commercially interested.

Examples
The following examples are given for further illtng the invention, but do not make

25 limitation to the invention in any way.

Example 1
To a nitrogen-purged 10L polymerization reactor @veharged 3.5 liters of a mixture

of cyclohexane and raffinate oil (in 9:1 mixingimabf cyclohexane to raffinate oil), which
30 contained tetrahydrofuran in an amount of 200mg/Kge mixture was heated to 8D, and

8.9mmol of n-BuLi was added thereto. After stirrifigr 5 minetes, mixed monomers

consisting of 1059 of styrene and 245g of butadieeee continuously added to the reactor

over 60 minetes, with a maximum reaction temperatbeing controlled below 10Q

during the addition. Upon the completion of the itidd of the mixed monomers, the
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15 Example 3 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 50C, and 3 9mmo| of n-BuLi was
added thereto, Aftfr stirrin wgetesh xedfmo]no ers go conS|stOn% t of st rene Hd
182.99 of 2- meetﬁ 935 a%lé)nveewe?ecé)d €d'fh ngOunrtanUS pu AN evvraee%tc\?f over %
minetes, with @mmmmeera@n@nme@;@ena%refuw@mdaﬂbm&btbmm@‘ dwiyidrnad@Biobasgsbn the
completion of 6*&%@@@%%!1@“0‘1“@181 MRPNARR 2 dhed eacHetMRmAtavedHa sanbaue fo fHinees20
minetes, and f 2-methyl-1,3-butadiene was then added to the reactor. After 25
e 2

polymerizing o'rn R: 7211 0a%0] Il%ﬁtmgﬁ%ﬂ gtglg é’&%ﬁfn&vgse Wasc?d\é%n AfEP
allowing the ceupfintptedctio ttheopalyotdon SDattretes, eenshotivatep evas dddad eowetetinae thelids

reaction. 0.2 ik gt A\ it AR BlaRISAR SRR LB Hia eldbaling BRYymer.

were added to the reaction mixture and stirred for 5 minetes. Finally, the product was added to a mixture

of steam and RO BN Y IS/ BBaEIGRPRO éUé?fo’ratE'&'B&?Wtﬁe%%‘fyF%Pﬁ’stﬂaﬁéd%ﬁt’ﬁe 6K and
suspended inweghater 3TIEO8 (s averel seylarataxig iecabebed avithfan X teudong efeki2 catiocturaahine,
and devolatilized, iyia Qfﬁ(.tgoéf 19 886, a SH - Sh Rl b SN/ 2mEley Tri ?%Bﬂgjﬁfé“r‘ %&’Q'ﬂ“ﬁo{nwh

was found to have a molecular weight per arm of 48,600 (MO, an average numiber of arms of 3.70, a
polymer Hole€ARPWBRIhOESIYE BOR(H), by ag‘?ﬁ@e&ﬁlﬁr'tﬁe%ﬁﬁ%ﬂ%dﬁoﬁh@ﬁ@ 0P, HiGH™S Shotbie
hardness of 5grod U@ pare bigedcightahighs/ piymeargveeediianded 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 5 paraffin and 3 parts by
weight of EBSEX@AMPEDEN mixer at 110C, and then pelletized through a single screw extruder at 110C.
The resulting pelIet%vaermﬂagﬁﬁqﬂ;agélclqmrﬁe@mwwgtw%@tm BrefRagad STEhﬁtB?@rﬁe@ nmdurré could
be used [ ma’?“fe"f%% °a”r%8°'%% ‘?f er SPPesg JOEATRS, J%&e‘x%tﬁé’ge”éft’n%? yhich.
polymerization S red&t0r Were ch arge fitors'of & mix uregofacyc fexans an e oif mixing
ratio of cycloh@&@t@@&ﬁréﬁft@énedmtuwm@h @brﬂ@nﬁéattéfraawemamwtameawmh?@f@t)mm@kgnufhe

mixture was heated PO, e 6 AR S 64 Byehwas medstrmp SRR (RE® R Eixed
monomers 15 consistin 83(9{%%3 of st rene anddiiﬁl Qr utadj ene We ded in a cantinuous pulse

manner to the ALl n ftes Uty M é‘tﬁ% ?é%%e? BhiRg"CONIERES 1
100C during theaadditidn. porethe@omydetidn ahthetaslditidih of tieamivezhniomoitenyaiadureadiingvas

allowed t, Condime, IRG WIS 2biingiemAncaddiingg! 8 pePiheadirprRIGS sddadi heferstor
After polymerizir );S% for 20 minetes, 20 11.6mmol of djvin gl benzene as a cou I|ng a?gnt was added. After

allowing the cBURRAJERLISH Jo PENRAGHEP WP ARNE SR 1CoRRIURE aaééH' termandehEof
reaction. 0.2wivébenfviatitheoaad A€ Goatiednd dbitdthef ikatioritds®i2 16 8\ tasadaot 105 &vaighOofwheo mdlymer,

were added t%%%@&ﬁ?%ﬁ'xwéeﬁngﬂﬁ@%@&Iﬁ_‘t er”t‘Fﬁ@%deXré%B%j tt?ttWé‘%éaéH%‘i’ttﬂw Rfiygture

of steam and water, whereb the solvent was evaporated, and FPEO ymer 25 isolated out as solids and

suspended in #8 WG 'Ifﬂl'e SYUIB IR TR é‘é%:'@‘rat@@ W%?érmﬁ Ende Py etragtiBAARIfhe,
and devdatilizeikeire aydtlyeber|viengiver s staipshaieeld stytahe/potasidne ¢apnlpynenlikiandplgpwrdads

found 1o be a % gg@%?%?r ?ﬁé‘%eo‘ﬁ gy é}% QH}?Q%‘%@ gt QB AR %ﬂg gk ét\é%ﬂh%%mg%%ﬁtﬂ%r

weight of 150 a molecular weight |str|b a content o cture int units of

3013.2%, ancPAGHEN @ tHiZRThE S Spenox, 10 jyar sy DRAEINS ﬂngiwﬁte% WY RARMMAEHRS
parts by weighb Of A& Bere @ant@mmgbé@ht)m@mgawa moweight WGZ@IQ dtstﬁbmaa by weight of

zinc stearate, O 25 rggrrtsot*y# %rﬁ__-’ étgleée%n%la?egm 8{%‘%/8'% t of é%l ?hgart biy é%elqht of

paraffin and 35 par y weig in an open mixer at en pe Ie rougﬁ a smgle
screw exdfudehay MooEinties rvéeiipansienaivere @ﬁé@t@@éﬁ%@tftﬂ@%ﬁlﬁd@ﬁ%@e{o%éﬂééﬂﬂed.
The foamed p,r@q:h@g,e_ogld be used to manufecture midsoles of tourist shoes and sports shoes. 5

Example5 To |tr merization.reactor wer ed Ilter of a ure of
cyclohexane ant e BIFHIDR- 1l Ran) oG LM bHeRTl ATRLS BN GHIER SUa e e
tetrahydrofuraspgctin ram@mmtczomn@ngmne teixideesula hedas 080, aindl Dr30siinosci inSBRS was
added theretoy MdiRs SHEHM fPEmPERRIRS MBIRGEMOPPMREYing-Window TDimensional Correlation
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10 consisting of 157.5¢g of styrene and 192.5¢g of butadiene were added in a continuous pulse manner to
the reactor over 45 minetes, with a maximum reaction temperature being controlled below 100C during
the addition. Upon the completion of the addition of the mixed monomers, the reaction was allowed to
continue for fyrther %‘O inetes, and,5m1 of water was then added to inate r ion. 0.2 wt% of
Antioxidant 109088 GANOSH U8 AR AN T b b e A of S SO T were aded (0
the reaction mixtufeoareDSIPASEECoY, SANieeE Wi Flealyiwhe Redisivehs tateon ol aratkiope ¢f stéeimpand

water, wherehyi @I&ﬁ%YW%%’@BH@%&QQ&%Y@BW&W %%'H%%ﬂ@@%%@_ﬁéﬂ the
water. The solids were seper tg%?_d?] atered with an extruding-desicc tkl)on machine, and devolafjlized in
2 diy box, o GIOBSDERona Hatheh cofol P ERnis OEOR A S A e 5 ORABNE copaymer
wherein s$yref8: (Fhts 38 reapreisentidlo ohicty-isioeks nTetisypdlyideienas fopoly toeh 4 )& nrae cullar wveight
of 111,000 (')%ledﬂoﬁéﬁa(wﬁﬂiﬁ&%ﬁwi%@fé-ﬁﬁcn%&%&%’i@f fs2rgrugue s diglefigyapsipf
16.0%, and a Shore C hardness of 75. This polymer was combined with DCP, a flowing agent, talc
powder, zinc &@é&f&té’z‘lné’z% & Fhen the mixture was added into an internal mixer, mixed therein
below 75C fo_r _10 minetebeasmbthf_mmdﬁ@zedihhaugheatwim@&rmmimmﬁlaﬂenhefcavéﬁl@ﬁ?edfhﬁw&ﬁulting
pellets were MifEbbeiowAdns iia o uhld S lohedori e Hedipd ooy dbegtoed

as an external thermal-insulation material of piping. 30 Example 6~ To a nitrogen-pur 10C
polymeri38tioRPoRuErdiRte BIGgetZEs fRieSENE Higuwe st Hﬁ@%ﬁ'@i‘aﬂ%taﬁoo%‘%%k(iﬁﬁg mixing
ratio of cyclohexaeedntsathieatgseibsviich aeniparatuietrahydeofigagmien droaknorigues 200mgAgsHdve
mixture was h mel of n- ' e tirring, f j s, mixed
monomers cout et TyRa SR R e SR GRS U1 8 iR
continuous pulse MR IBRTERTOF BKEL 25 thith &iestWiltH i B AERIRI 28 QBtHH BsATh EPSRIFEPeRhg

controlled belgne 1005n isipg Itinardeiian stiantiberrarnalesigreakth et aiditionat thedmixed.sgrmers,

the reaction was glloed q contpue far ucher 20 07 MNGlEs,aad additonal 8,789 00 ey seame
2-methyl- ,3-butaoeleﬂe Was added to thereactor. After AllDWIRG the polymerlzationQo Lontinte%or Eb
minetes, 0.825A ol i6f HIRcarRESrHansitiae dernpaiapliitg eigehesysene dineksioamtel@businaeaction
was conductegideb38 floinatas panst a@ bofwaiesvps (e efeied. 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 fo th
eacton 10 mixturh aft el AP R84 A e BPONt S AL SR o AR and

water, Whereb_gpmrad)lvealtll\tms@lamﬁamﬂymm m@twmé_m iéﬁmmwtmsaliwm&i sm'mefhieqlfin the
water. Thg solidg¥ere appesalthalawrigrednithRiiiagsdasicraignmaciivemand dryeiatiized in
a dry box, to give a star-shapéd styrene/2-methyl-1,3-butadiene copolymer. This star-shaped polymer
was found to have a 15 molecular weight per arm of 47,000 (1)/h), an average number of arms of 3.72, a
polymer mole@darpaeagivedE 4at500A (MO, a molecular weight distribution of 1.02, and a Shore C
naraness of 65 Thto RONMSsCoYh BedertBB (fREhea B @ raatith thefibeanEdNRIAREIY RHRHIE!

could be used as a vehicle interior decorative material. 20 Example 7  To a nltro%e_n-purg_e |
polymerizatio? F&XEtBP GIRECRRF T BIGt8H (5t 3 bR LRSS ARd Y fiHiARIBIPh ¥iGhixing
ratio of cyslohexataéniedradtiradipdodiu minidch anrdaivedttefrabgdroidgamiixaneawas heate20@ngkgndhe
mixture was h , and 1. -Bul L was ed. tQ. irri iﬂﬁ’iﬁﬁ' mixed
monomers 2? %\%ﬁ?ﬁ&%ﬁ%& 0 tge%t- uct&;/él(ﬁs]t{)?lr%hée% dnﬁ@foé{@%ﬁ%iﬁﬁévt\%rﬁe g%é%%%a continuous

pulse manner&eNFEHRAGLL 98r 5 HiRBRANHitH ahPhiaMeTBER R IBRpIET A ALIBEINY EBniRaRiar

below 100C dovigggheireldis onith om dhennam pieiesio vt énepadstiémmoot dhe tnee o enpnamer siuihegeaction
was allowed tg_continue for further 20 minetes, and,5m1 of water was then added to terminate the
Al e The e R oSl !

reaction. 0.2 Wi% Ot ANtOXIdant B%C%rr? G4 0 NtioxXi ar?’?'fgg,rgggg Shstﬁee\:/vréala o the>
polymer,3Rercadgded 1§ thentdtidarmiscthrs 2QdmtnetesiorBinfrhdrase Fivagythele prldadctongsnainaésl to a
mi>c<jture of stdeeéﬁe a@hédﬁatfrovz?]ww@ﬁhmwmq?zaa?ma@% gﬂ@ﬁh@ﬂ@hﬁﬂ%@@f&%@&%ﬁ&éﬁidS
ana suspenaed Iin tne er. € SOllds were sepergted, aewatered wi n exyguaing-aesiccalion
ching, anc S GBI 08 Ao R e EAE B T [ PG BB TS oot e S bt
tert-butyl styréhe prigugenapradded ite mitrotbieckt stErenpangveteis fydhd &olvand wansivapriaiedight
of 234,000 (Mg BQHRRyHaE MYSHEAYediDAE QR IRfsLR & CABiRIthe atdePIrHRRIERS IR HRKENSUREPRE d,

15.5%, and a Shore C hardness of 68. This polymer could be injection foamed in a mould at 185C, and
the foamed product could be used to Smanufecture a highly resilient material. Example 8
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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 10 mixed in an internal mixer at 90C and then
pelletized through a single screw extruder. The pellets were injected below 110C into a mould at 180C to

be foamed, too%ve a foamed material. This oamingcprocesr%iiqsmfimilar t9 thaé_lbjsedég)r B‘r)q(in?ry EVA's.

The properties o‘f"fhtgrreeSI\J'\ﬂtanfal Pog%wtc%dmgf Aal A Shownqn ab‘?g'vé)@e I(')%/f/a. fefse ning erellon?

microscope méogeipkief atyress/buttidiets wepfdamed ndreHupitichdhe HyFasogmassanddiseen
that a foamedyngigiialcnautiadiosme W@fﬁﬁlQﬂJhB@eOQé@Q%ﬁéé@@iamsoﬂm&%lm DR ARIOlREE The

f d produgct obtained in this E I I t t nd bench d sli .
Comparative EAgHE 8GN BRI IS AP e RN P FCHRCC EREh ARG A Sy
shown in Fableobtiealoof arittsiroctgseih hyefdtitatidip dfepratdareddescibertic bradmnsiessyt@Yivend a
foamed materigle I B Yeritigs o s darubpryiaRmed materalaraghewhktiliahlg Zed@eititire of

Formulation of the foaming material Styrene/butadiene EVA AC DCP ZnO znst St TA Paraffin EBS
copolymer 2 EXB%00YRaMoPs8oe 5 Ads 54190 £§ EGhp2 B%k Af1 irretasd e oWl apoyedhe
Notation: St: gtéesiiciatid, t2hzpedatzire aXide pohstiezintG§eavatdinkidgtedo o pvaderir&B& internal mixer

N.N-ethylenebistaqapide JaBle2nBrorel e Ridhs fopmst NAlG AR BISE¥ S temperature to
10 110°C, the polymer and the processing aids could nomibeed homogeneously, and the
resulting mixture could not be used for foamed mats. When the polymer was mixed

with the processing aids in an open mixer at°Cl@nd then foamed at 185, scorching

phenomenon occurred in the product.

15 Example 3
To a nitrogen-purged 10L polymerization reactor @veharged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixingimabf cyclohexane to raffinate oil), which
contained tetrahydrofuran in an amount of 200mg/Kge mixture was heated to 8D, and
3.9mmol of n-BuLi was added thereto. After stirriigr 5 minetes, mixed monomers
20 consisting of 157.5g of styrene and 182.9g of 2hwylel,3-butadiene were added in a
continous pulse manner to the reactor over 30 mBjetwith a maximum reaction
temperature being controlled below ®2@0during the addition. Upon the completion of the
addition of the mixed monomers, the reaction wdswad to continue for further 20
minetes, and additional 9.6g of 2-methyl-1,3-bu¢ad was then added to the reactor. After
25 polymerizing for 20 minetes, 0.875mmol of silicogtrachloride as a coupling agent was
added. After allowing the coupling reaction to cantdfor 30 minetes, 5ml of water was
added to terminate the reaction. 0.2 wt% of Antilaxit 1076 and 0.4wt% of Antioxidant
168, based on the weight of the polymer, were addedtie reaction mixture and stirred for
5 minetes. Finally, the product was added to a uméctof steam and water, whereby the
30 solvent was evaporated, and the polymer isolateadasisolids and suspended in the water.
The solids were seperated, dewatered with an eixigudesiccation machine, and
devolatilized in a dry box, to give a star-shapgdene/2-methyl-1,3-butadiene copolymer,
which was found to have a molecular weight per afm8,600 (M), an average number of
arms of 3.70, a polymer molecular weight of 180,Q00), a molecular weight distribution
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Comp. Ex. 2 Ex. 1 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 Density after foaming (g/cm3) 0.16 0.16 0.16 0.162 0.15
0.12 0.25 0.16 Shore C hardiness 50

of 1.02, and a Shore C hardness of 52.

100 parts by weight of this polymer were blendethwi.1 parts by weight of AC, 0.26
parts by weight of DCP, 2.25 parts by weight of ZiX)45 parts by weight of zinc stearate,
0.25 parts by weight of stearic acid, 10 parts l®ight of talc powder, 1 part by weight of

5 paraffin and 3 parts by weight of EBS in an operxeniat 110C, and then pelletized
through a single screw extruder at 3CO The resulting pellets were injected at 4@0nto a
mould at 188C to be foamed. The foamed product could be usedaoufecture outsoles of
leather shoes.

10 Example 4
To a nitrogen-purged 10L polymerization reactor eveharged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixingimabf cyclohexane to raffinate oil), which
contained tetrahydrofuran in an amount of 200mg/Kge mixture was heated to 8D, and
6.2mmol of n-BuLi was added thereto. After stirriigr 5 minetes, mixed monomers
15 consisting of 175g of styrene and 166.3g of butaelievere added in a continuous pulse
manner to the reactor over 40 minetes, with a marimreaction temperature being
controlled below 10TC during the addition. Upon the completion of thadidion of the
mixed monomers, the reaction was allowed to comtirfar further 20 minetes, and
additional 8.7g of butadiene was added to the ora&fter polymerizing for 20 minetes,
20 11.6mmol of divinyl benzene as a coupling agent wdded. After allowing the coupling
reaction to conduct for 30 minetes, 5ml of wateswaded to terminate the reaction. 0.2wt
% of Antioxidant 1076 and 0.4wt% of Antioxidant 1@8sed on the weight of the polymer,
were added to the reaction mixture and stirredsfaninetes. Finally, the product was added
to a mixture of steam and water, whereby the sdlweas evaporated, and the polymer
25 isolated out as solids and suspended in the walter.solids were seperated, dewatered with
an extruding-desiccation machine, and devolatilizeda dry box, to give a star-shaped
styrene/butadiene copolymer. This copolymer wasnfbuo be a 6-armed star-shaped
styrene-butadiene copolymer, have a number avemgkcular weight of 150,000, a
molecular weight distribution of 1.07, a content bP-structure in the diolefin units of
30 13.2%, and a Shore C hardness of 55.
100 parts by weight of this polymer was blendedhwitl parts by weight of AC, 0.26
parts by weight of DCP, 2.25 parts by weight of ZiX)45 parts by weight of zinc stearate,
0.25 parts by weight of stearic acid, 10 parts kight of talc powder, 1 part by weight of
paraffin and 3 parts by weight of EBS in an operxeniat 110C, and then pelletized
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through a single screw extruder at €0 The resulting pellets were injected at 3@ 0nto a
mould at 188C to be foamed. The foamed product could be usadaonufecture midsoles
of tourist shoes and sports shoes.

Example 5

To a nitrogen-purged 10L polymerization reactor eveharged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixingicabf cyclohexane to raffinate oil), which
contained tetrahydrofuran in an amount of 200mg/Kge mixture was heated to 8D, and
2.30mmol of n-BuLi was added thereto. After stigifior 5 minetes, mixed monomers
consisting of 157.5g of styrene and 192.5g of bietael were added in a continuous pulse
manner to the reactor over 45 minetes, with a marimreaction temperature being
controlled below 10TC during the addition. Upon the completion of thadidion of the
mixed monomers, the reaction was allowed to comtifar further 20 minetes, and 5ml of
water was then added to terminate the reactionw®2 of Antioxidant 1076 and 0.4wt% of
Antioxidant 168, based on the weight of the polymeere added to the reaction mixture
and stirred for 5 minetes. Finally, the product vealkled to a mixture of steam and water,
whereby the solvent was evaporated, and the polysmated out as solids and suspended
in the water. The solids were seperated, dewateddd an extruding-desiccation machine,
and devolatilized in a dry box, to give a styrengddiene copolymer. This copolymer was a
styrene/butadiene copolymer wherein styrene uniegewpresent in micro-blocks. This
polymer was found to have a molecular weight of ,000 (M,), a molecular weight
distribution of 1.05, a content of 1,2-structuredimlefin units of 16.0%, and a Shore C
hardness of 75.

This polymer was combined with DCP, a flowing agdatc powder, zinc stearate, zinc
oxide. Then the mixture was added into an intemider, mixed therein below 7& for 10
minetes, and then pelletized through a single sceg&twvuder below 11TC. The resulting
pellets were injected below 10 into a mould at 18@ to be foamed. The foamed product
could be used as an external thermal-insulatioremedtof piping.

Example 6

To a nitrogen-purged 10L polymerization reactor @veharged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixingimabf cyclohexane to raffinate oil), which
contained tetrahydrofuran in an amount of 200mg/Kge mixture was heated to 8D, and

3.8mmol of n-BuLi was added thereto. After stirriigr 5 minetes, mixed monomers
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consisting of 1759 of styrene and 166.25g of 2-iplelh3-butadiene were added in a
continuous pulse manner to the reactor over 25 tagewith a maximum reaction
temperature being controlled below 2@0during the addition. Upon the completion of the
addition of the mixed monomers, the reaction wadsvadd to continue for further 20
minetes, and additional 8.75g of 2-methyl-1,3-bigad was added to the reactor. After
allowing the polymerization to continue for 20 mieg, 0.825mmol of silicon tetrachloride
as a coupling agent was added thereto. The coupdiagtion was conducted for 30 minetes,
and 5ml of water was then added to terminate thetren. 0.2 wt% of Antioxidant 1076 and
0.4wt% of Antioxidant 168, based on the weight lod polymer, were added to the reaction
mixture and stirred for 5 minetes. Finally, the ¢mot was added to a mixture of steam and
water, whereby the solvent was evaporated, andptiigmer isolated out as solids and
suspended in the water. The solids were seperdtadatered with an extruding-desiccation
machine, and devolatiized in a dry box, to give &astar-shaped
styrene/2-methyl-1,3-butadiene copolymer. This-staaped 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 (Nl a molecular weight distribution of 1.02, and laog C
hardness of 65. This polymer could be injectionniea in a mould at 18%&, and the
foamed product could be used as a vehicle intdBoprative material.

Example 7

To a nitrogen-purged 10L polymerization reactor eveharged 3.5 liters of a mixture
of cyclohexane and raffinate oil (in 9:1 mixingicabf cyclohexane to raffinate oil), which
contained tetrahydrofuran in an amount of 200mg/Kge mixture was heated to 8D, and
1.67mmol of n-BuLi was added thereto. After stigifor 5 minetes, mixed monomers
consisting of 1409 of tert-butyl styrene and 210dotadiene were added in a continuous
pulse manner to the reactor over 55 minetes, withaximum reaction temperature being
controlled below 10TC during the addition. Upon the completion of thadidion of the
mixed monomers, the reaction was allowed to comtifor further 20 minetes, and 5ml of
water was then added to terminate the reactionw®2 of Antioxidant 1076 and 0.4wt% of
Antioxidant 168, based on the weight of the polymeere added to the reaction mixture
and stirred for 5 minetes. Finally, the product vealkled to a mixture of steam and water,
whereby the solvent was evaporated, and the polysmated out as solids and suspended
in the water. The solids were seperated, dewateddd an extruding-desiccation machine,

and devolatilized in a dry box, to give a tert-dwttyrene/butadiene copolymer, wherein the
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tert-butyl styrene units were present in micro-ldcThe polymer was found to have a
molecular weight of 234,000 (N a molecular weight distribution of 1.08, a canttef
1,2-structure in diolefin units of 15.5%, and a 8h&€ hardness of 68. This polymer could
be injection foamed in a mould at T8 and the foamed product could be used to
manufecture a highly resilient material.

Example 8

The styrene/butadiene copolymer 2 obtained from nigpda 2 was formulated
according to the formulation shown in Table 1 belamd the combined materials were
mixed in an internal mixer at 9G and then pelletized through a single screw exdrudhe
pellets were injected below 110 into a mould at 18® to be foamed, to give a foamed
material. This foaming process is similar to thaed for ordinary EVA’s. The properties of
the resultant foamed material are shown in Tableb&2ow. The scanning electron
microscope micrograph of a cross-section of thanfed material is shown in Figure 9. It
can be seen that a foamed material having unifoomeg can be obtained from this
styrene/butadiene copolymer. The foamed producaiobtl in this Example could be used
to manufecture sand bench shoes and slippers.

Comparative Example 2
A commecially available EVA was formulated accoglito the formulation shown in
Table 1 below and processed by following the pracediescribed in Example 8, to give a
foamed material. The properties of the resultaatried material are shown in Table 2.
Table 1. Formulation of the foaming material

Styrene/butadiene _
AC DCP zZnO Znst St TA Paraffin EBS
copolymer 2
Ex. 8 100 4.1 0.26 2.25 0.45 0.25 10 1

Comp. Ex. 2 - 100 4.1 0.17 2.25 0.45 0.25 10 1

Notation: St: stearic acid,

ZnO: zinc oxide,

Znst: zinc stearate,

TA: talc powder,

EBS: N,N-ethylenebisstearamide

20



0.7 0.7 Wet-skid resistance 0.8 0.4 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.
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 |
0.16 0.16 0.16 0.162 0.1% 0.12 025 0/16
(glemd)
Shore C hardness 50 5( 25 4Q 48 55 65 35
Stretching strength at i
2.2 15 - 21 1.8 2.3 3.0 17
break (MPa)
Resilience (%) 42 36 10 45 48 25 1P 58
Compression set (% 18 32 100 16 18 22 10 16
Wear loss (g) 0.6 0.6 - 01 0.1 - - -
180 tearing strength
19 16 - 18 18 15 - -
(MPa)
Dry-skid resistance >1.0 0.6 - 0.7 0. - - -
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

5 -Wearing resistance is measured according to GB8-B20
-Skid resistance is measured according to GB/T332805.

Example 9
To a nitrogen-purged 10L polymerization reactor eveharged 3.5 liters of a mixture
10 of cyclohexane and raffinate oil (in 9:1 mixingimabf cyclohexane to raffinate oil), which
contained tetrahydrofuran in an amount of 200mg/Kge mixture was heated to 8D, and
2.71mmol of n-BuLi was added thereto. After stigifior 5 minetes, mixed monomers
consisting of 192.5g of styrene and 157.59g of bietael were added in a continuous pulse
manner to the reactor over 20 minetes, with a marimreaction temperature being
15 controlled below 108C during the addition. Upon the completion of thadidion of the
mixed monomers, the reaction was allowed to comtifar further 25 minetes, and 5ml of
water was then added to terminate the reactionw®2 of Antioxidant 1076 and 0.4wt% of
Antioxidant 168, based on the weight of the polymeere added to the reaction mixture
and stirred for 5 minetes. Finally, the product vealkled to a mixture of steam and water,
20 whereby the solvent was evaporated, and the polysodated out as solids and suspended
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5-Wearing resistance is measured according to GB 11208-89. 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 10 of cyclohexane and raffinate oil (in 9:1 mixing ratio of cyclohexane to
raffinate oil), which con aln tetr drofuran in an amount of 2 /K e mixture was heated to 50C,
and 5 71 ol AR e SOl e SRS e A e TR R L Taiating o

192.5¢g of styrand dauolaiizghbirhatatiehexwtredaddetyinredoinmucappuimendariie: eopodyreaciypdver

20 minetes, vvfgnjﬁcm@ﬂg%nbr,e@(p@@(méemgg@ltwfelbr@mqgﬁ/pontrolled below 100C during the addition.
Upon the completion of the addition of the mixed monomers, the reaction was allowed to continue for

further 25 minetes, and 5m1 of water was then added to terminate the reaction. 0.2 wt% of Antioxidant
1076 and®.4WtRaroplentidxidant 168, based on the weight of the polymer, were added to the reaction

mixture and st'rredr@%ﬁmasé@ﬁpﬁfgawylme RIRAVSS YRR AGESE R S/Hﬂéﬂgﬁ@f‘doé %t%@é‘i”saé‘ﬂd"’ﬁ i%fure

20whereby the solvent was evaporated, and polymer isolated out as solids and suspended in the

water. The soR&§Wé‘?Be§@dléaré’:Bﬁ r&HW&E@rQH WH?én@%ﬁtﬂjﬁ?&%%%?&%%%%%é%ﬂﬁ%”& ABvdraifited in
a dry box, to givetaiyih &rataytieoie copol yamesr o Thie af (padymadityey asi kowiredvia 4 dea te dnol &2 landveight

of 145,000 (Mé)iérﬁr%%'i“B#eril%uLuT\?/z?s”%%%“ 1RHrees JHepaly %F%‘%ﬁ%ﬁ‘&&orﬁﬁ@%cﬁ%@@rﬂ@‘é liters

of a mixture of cyclohexane and raffinate oil (in 9:1 mm}@ ratio of cyclohexane to raffinate oil), which
conta|neélotetréﬂﬂ}a't%f[]%Hﬁr?éﬁ%r%&%&f‘?o@ﬂﬁb/k%%‘ RIRHORES Adet b 80@9”&%‘6“2@0%& of
n-BuLi was adﬁladrteer&iotﬂmeeaﬁwmgﬁmMInﬁm&eﬁlxmwwmmmmmmoef&%@ Glestiyene

and 105g of bulagigne sl Bﬁf“d%r%? il ?Ogﬂgllcﬂe{h@ t%&% agal %Y%&ﬁa@#-ﬂ%ﬁﬁ&%‘; :g‘n"’; f

maximum reaction temperature being controlle rin ddition. Upon the ¢
the addition ofMAE®hREABHENES, rﬁ?@tﬂ@ac\f@ﬁ W%%@%GQ@*HBHI‘HUB%)@QJHH@?@ n#Ree8laPid 5m1

of water was Wafeaddedfe fesadeatecer aastonh 8 & uitio Aldatimadaikidiif 20ddwtHaihs of
AnUomdaiEt 16 basgg qnl e&d‘?‘j ofnttere vovl mer, \{yel,{e ad ed to the rgagtlpn ixture 1iand stlrred for 5

minetes. Fina y, e prgduc wa &d't0'a mixil r}te of Water Wherebyefhe Solve n{nwas

evaporated, aﬁGOth:‘élﬁ@@ﬁ%r%@lﬁl@@%uf@@%hb@a@f@%%m||ﬁ0tr$em}atléfemes§ﬂidi15andrwater
seperated, deWRERERR) \WHE @&@ﬁfuﬁa&ge%ﬁi@f:@tﬁ@n mme%@yﬂmﬁﬂé@laﬂl?sg %@d@%@@u@p@r\(@e@

t /butadi I Th /butadi h the styr it
it present 11 NS BIcke S S 1oL T8 AVE D HTBCETAP TG M 0E S0t (D) e THE

polymer was @ndbidesoAitHizedP, ia flawidgyageox, tale pgweerazw&mmmmemd chpo lyxiges, Thbisthe

Comb'”egd“aEQVPéﬁélYSi]%%?&l?@ inE SR EE M iXRe Mixedihgreimgelaw (ntslohtPemifiesssand then
pelletized throu?fg asi gBe screw extruder below 25110C. The resultin g peIIet were injected below 110C

into a mould AN EBRIRCKRE RAMYAS TALR ARAVErBdle e AR LR0, Mltemal thermal-insulation

material of piping. Bxamplgridr was combined with DCP, a flowing agdatc powder, zinc stearate, and
zinc oxide. Then the combined materials were addéa an internal mixer, mixed therein
below 75C for 10 minetes, and then pelletized through alsinscrew extruder below
25 110°C. The resulting pellets were injected below 4@ 0nto a mould at 18® to be foamed.
The foamed product could be used as an externahtdeinsulation material of piping.

Example 11
To a nitrogen-purged 10L polymerization reactor eveharged 3.5 liters of a mixture
30 of cyclohexane and raffinate oil (in 9:1 mixingimabf cyclohexane to raffinate oil), which
contained tetrahydrofuran in an amount of 200mg/Kge mixture was heated to 8D, and
3.4mmol of n-BuLi was added thereto. After stirriigr 5 minetes, mixed monomers
consisting of 227.5g of styrene and 122.5g of isopr were continuously added to the

reactor over 25 minetes, with a maximum reactiomgerature being controlled below
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To a nitrogen-purged 10L polymerization reactor were charged 3.5 liters of a mixture 30 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 50C, and 3.4mmol of n-BuLi was added thereto. After
stirring for 5 sy ixed monpmers nS|st of 2 angd 122. 5 |so rene were
contlnuouslyrglLd}c?1 § fjou{hr}aggeac OCIPO\II%P mehgg et'ﬁ]axfrsnﬁﬁbnﬁﬁ%rdc ﬁ)trl% emperaturecbrg?nra controlled
below 100C danﬁmevmumﬂﬁmdomth@o@@mmeﬁ@h tithe addltioresf tae k&R pomomefs silieon

reaction was AawEsl R SOL [9HNETZRI0RIESI K ARREEIEIOARS SRSy AR U ARG
COUp Ing agen was en aade ere er allo cou 10N 10 ¢contin or min S,
o RGO EoUHA A0k S THAET T B R e BT RR e AaAigh. 0.2
Antioxidait 16@%asedbtiokidantigRrer tispdlgmiss, wersriddist rhthehasetopnniixeureeigit st for 5
minetes. Finali h5-pr Qb AR B 40,2 Rl A BPEPT WBRIEDY I OB s

evaporated, and the polymer isolated out as solids and suspended in the water. The solids were

seperated, detWAteRdHGH AR BRI ORISR LAY rW&Eﬁrln(‘-f-V %H%@WS&H&%@&&WB@Q 8 YVES 10
star-shaped spobmedisopotate capalyamesolitiss stal-shapeddealymasheeas itind odi deavecaemsdpeuntae dveight

per arm of 11300, iy vﬁfhaé(ﬁré&?u’&%bﬁéé%@éﬂ&%ﬁﬁﬁn@%@&8{}{@&& rnoéeaw%a&el 1£;n 638,900

(Mn). This polymer could be foamed in a mould at 185C in a compression moulding manner. The foamed
product d8uld PR HRPEE SDERRFA FARTENCAELBPIYINE aiBiSaSIRBEH POAEIRS, ‘%%%e?ﬁ%llfé‘ahé‘?@ ghd
testing methodsotitedan theigpepication afelneQPOraNeg harcuveyampfenencet arMéitd tha Mvamndicn has

been desc”bféjoYryﬁ’ﬂ‘el}eﬁ‘?é?é}gg P\ﬁé% W%%@QSS tsfr%@"g&g e IR0 ReSH §5Hé%ﬂlkﬁ‘% € art

that various c es an ficati may be ma without d rom the spirit an ope of the
invention. Thelfé’f-:o?e iR GARRIRSHPIBMBY 'Iﬂﬁlf@é}rtBEtheTrﬁ‘ﬁrlf @ﬂfﬁﬁéﬁﬁmmérﬁﬁ Hisefb3scPakais|Best
mode contempiadger s caEyaGRUéEdals invention, but the invention will include all embodiments falling

within the scope of the appended clalms ' is claime nic nomerqjloefin
copolymes comprions PR B0t peRiT i alesfiog, b SR A TR SRR e

2. The styreniteeop@iRie dielefoydstRyeee of claim 1, consisting essentially of 5 micro-blocks of
polystyrenic monoypgfeafié rﬂi\‘f‘éﬁn@ﬁ’% %Bﬁ'kj@&ﬁﬁ@dﬂﬂﬂpm%&en e?(eﬂb%ﬁ}%ﬁfﬂ@dm%mm% whiplefin

| f clai th f st d d unit f 10t
Gowt56, .2 LSRR AR 1 b e PSSR BP e B LA BE R B LS A e
copolymer hawihoumbepaisgafiemdhecskiriiveighs¢vpe ciribieanfiom Dacogone 300,000nt04. iF hwt

styrenic BPnofhffsialelite W?%ﬂ%ﬂﬁ?%%é@&ﬁ%@ rﬁ%&’@éﬁ%m JEy %Yfé‘é}ﬁnng out
monomer- d|oI%f|n co oI mer represented b formula QmPle(PSXZPB%/& Sx3 (1) wherein
is in , but’the Inventio w il include bodiments falling within thé scope of the

appended claims.
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PS represents a polymeric segment of the styrenic monomer, 15PB represents a polymeric segment of
the diolefin monomer, Xl, X2, X3 and Y each represents the polymerization degree of the respective
polymeric segment, and X1 is an integer ranging from 0 to 150, X2, in each appearance, is
independentlyiﬁﬂ integer r%%ng from 1 to 150, 20Y, in each appearance, is independently an integer
ranging from toaéd)%), I an integer ranging from 0 to 150, and n is an integer ranging from 5 to 3000,
provided that at lest"SGityoéyi ©ftied efyesrtiolbnorneearRie d UMY $iMg orithirossiy st reaistysedither

segments havm@n@@@Wmimmggg@%pbgwaéﬂ@%@m; least 25 30 mol% of the diolefin
monomer-derived ni%share within polydiolefin eg ents having a pol p]erization degree of from 2 tp 400;
or - muli-armecsteh S U BRRE HEHGHEE HibIEAR QYR e Arb SoNerBY aterally @
(PSxt (PSx2PBy)Ip RatR30Eyshyr €18 PBNXMX2aXs micandde afepaly dfiekal fosrthenfosrmula (1) above,
R is a star-shapedsconpling RgRRE rRGSHE dTbIEMRN E8SAGHR Ot RlActOz PIRYAEH Ut BbIRaH of

30mol% of the styrenic monomer-derived units are within polystyrenic monomer segments having a

polymerizatiors Y& BPROMES A ¥Bd 48 TRALE 33 RIBIG o MRP ibi P MBSk RA-ALNGER YATS are
within polydioledinséspadats hiaamg§/pofytne tiatt aliodefiredediinis 2rid 480ropelgrnemtirsadi onobtre
both. average molecular weight (Mn) ranging from 25,00%00,000.
10 4. The styrenic monomer-diolefin copolymer of ariyctaims 1 to 3, which comprises:
- linear styrenic monomer-diolefin copolymer regeted by the formula (I):
PS1(PS2PBy)nPS (1)
wherein,
PS represents a polymeric segment of the styrearomer,
15 PB represents a polymeric segment of the diolebnomer,
X1, X2, X3 and Y each represents the polymerizatiegree of the respective polymeric
segment, and
X1 is an integer ranging from 0 to 150,
X2, in each appearance, is independently an intesyeging from 1 to 150,
20 Y, in each appearance, is independently an intesygging from 1 to 500,
X3 is an integer ranging from 0 to 150, and
nis an integer ranging from 5 to 3000,
provided that at least 30mol% of the styrenic moeoderived units are within
polystyrenic monomer segments having a polymemzatiegree of from 2 to 100, and at least
25 30 mol% of the diolefin monomer-derived units arghm polydiolefin segments having a
polymerization degree of from 2 to 400; or
- multi-armed star-shaped styrenic monomer-diolefopolymer represented by the
formula (I1):
(PSa (PS2PBy)n)mR (1)
30 wherein,
PS, PB, X1, X2, X3, Y and n are as defined forfibrenula (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 moeederived units are within
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55. The styrenic monomer-diolefin copolymer of any of claims 1 to 4, which has a moving-window
two-dimensional correlation infrared spectrum having two or three continuous thermal transition peaks in
a temperature range of from about 70 to 150C in a wave number range of from about 2842 to 28480m 1.

6. The styrenic monomer-di -diolefin co ol% 8%8%1‘ any of of cI ims 1 to Wheref\ ﬂa 19 P(I)umlbty 2PBy

segments COF%?%S[é/remP re%?gm%rnoe P\ﬁl tgpel% ybrpoc"ﬁm \%?&1 pOSItIOﬂ vahes gra U%ﬁt

and the (PSXﬁQBWlli/Osebﬁ‘i@nd @dﬁf%mmmu@atw@ﬂmhswém mmhglefln BeAMestidRioNg a

preparing the |§3(mq;,fr&%grag@ggglgﬁﬁgﬁpglym@qgordlng to any of claims 1 to 6, comprising: 151)
adding an amount of a s.ohQJ ent and %r}]acblv tor to a polymerization reactor, and heating the contents to a

temperature rangln@ﬁ8m B%Oﬂﬁ ddlng 0 to 45 wt% of a styrenic monomer to the reactor;
3) adding@ desired. ahheuntysé aie initaiamty -ithe lefac top pahdralfonfirythaaiwas tibridod owtime farsOao 30

minetes; 204) aBGHsUfiGEOHY fUsReEh oD Wi Qhils 3%@9*@5&5‘9&%’7&5 wah A diefitee

monomer, adding the resulting mixture to the reactor over a period of tlme rang? rom 5 to 180 minetes,
&R

either contanBHEV%%éht%%ab "BORIEAR), Rﬁﬂhsa'?’eﬁéﬁgwmu% QB HEy @
controlled duringvih@ aaiditiorasgéttt fioennaaweinn @842 acti@ddemperature differs from the initiating

temperature by nogmeyg.thap, ac: moﬂ?&l‘r&ﬁo"l*é‘ﬁﬁe%?BIQH]Qrt%F%H‘ﬁ‘){BQHQelstV(SeQ'C\}JP%'?Bmeé to the

reactor and allowing the reaction to continue for furth to' 30 minetes; and _6) at the end of the
reaction, @rmHURHENYE Raktn Seanets vamsyite diyRye Wér‘d'&le’eﬁ%@%ﬁ\% ebWipiRBing:

301) adding ascoatpositibafasedvgiaidaniyaaracthealorn )a su et izatisistsedcigriaalityh eatsogihapevatents
toa temperat%rgc’r@glng from 50 to 110C;  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; 7. A method for preparing the styrenic monomer-giiol copolymer according to any

of claims 1 to 6, comprising:

15 1) adding an amount of a solvent and an activatoa tpolymerization reactor, and

heating the contents to a temperature ranging %06ro 110C;

2) adding 0 to 45 wt% of a styrenic monomer to ft&ctor;

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

20 4) after sufficiently mixing 10 to 100 wt% of thdysenic monomer with all of a
diolefin monomer, adding the resulting mixture be treactor over a period of time ranging
from 5 to 180 minetes, either continuously, batdBey or pulsedly, with a reaction
temperature inside the reactor being controllednduthe addition so that the maximum
reaction temperature differs from the initiatingnigerature by no more than ¥,

25 5) adding the remaining O to 45 wt% of the styremionomer to the reactor and
allowing the reaction to continue for further 230 minetes; and

6) at the end of the reaction, terminating the tieacand recovering the produced
copolymer; or
alternatively, comprising:

30 1) adding an amount of a solvent and an activatoa tpolymerization reactor, and

heating the contents to a temperature ranging %6ro 110C;
2) adding 0 to 45 wt% of a styrenic monomer to fib&ctor;
3) adding a desired amount of an initiator to tkacator, and allowing the reaction to

continue for 0 to 30 minetes;

25



4) after sufficiently mixing 55 to 100 wt% 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 t d|t|o S0 th tthe ma ea glont mperature differs from e injtiatin
temperature by no q|$1ore trah *‘%@t y ngj(m )%%lgr;lélbd(\z’l\fﬁ/go gﬁ%%rﬂr'ung YD Gt or¢ trhe (@)I _
monomer to tieé pegdietefiantanioniig aﬁ@hmm@rre@@l@nﬂnuemtm 3eanipetexer a@eddingf didesired

amount of a ¢ '|'ﬁ@ ﬁ%ﬁ‘@@dﬁ%@eﬁ@ﬁ'@@@'&#@r aaﬁt@lwuwéhwg@ct&rpmwnmﬁoa Rele-BBn
minetes; and 107 atthe end o

é reaction, t rminatin l] eaction, f%recover Iﬁkeproduced
copolymer. @M PREHEHOS! Fc} " 9aGiRk ?ﬁ“t%é%ﬂ%(/%ﬁ% H?'&y%?o RREXEHE,
hexanes, benzea@;QOIE@meekylermglﬁaoBdM|ﬂM|mmmmratu& Ehemm@dmrmmn 7, wherein the
initiator is an alkyllghimoAgi- J&EHBQHB)FBHT:;{%HHB 6, ey Givilie ORI D IR A aa &R it is

used in such an amount that its content in the polymerization solvent ranges from 50 to 1200mg/kg.

11. Use of the?SSrAR N8 ABmEaFREKTP CPBINH I e B AMPIESany of claims 1 to 6 for the production of
a foamed article. 6) Eldinmethiedifedpaoducit g dozonplinartégie nbeorpastianbierting thedstitewio @0

monomer- d|olﬁ{g1rg%gymr(%ﬁmgglﬁﬁqs%y&f r?\'ﬁfé@ésl 1o & with a processing aid, a crosslinking agent

and a flowing agent, and optionally with processing scraps of said copolymer, an ethylene-vinyl acetate
copolyméP (EVA) Jﬁo%r%‘t?eﬁ]ﬁgoéc‘i*é%é AR, é%r&‘taﬁ%wéﬁﬁéﬁ@‘foé\ﬂ?1@@%%"892%‘6 ARG RENt
blend at a temygyaiurehelow 110C; and then injecting the resultant pellets via an injection molding

machine into a moglld and,2alaWIAg It lfﬂwsa% BI§ 1A% VLR 18 eﬁ’o‘?ﬁ“S |ohe%§n3 Meihed of

claim 12, wherein a formulation is as parts by weight o ald copotymer, O0to 5 parts by

weight of prode@%aig scbaps e aialeepdlyiienestashgoarkiHMessHht of the ethylene-vinyl acetate
copolymer (EVA) and peogrspisy mwmthemr&@%@uﬁ&@w@&wk@fﬁmm the flowing agent, 0.05 to 1

part by W%Ight of tri%mﬁ]sslmk ? r,nO7toW0 Eﬁe /LWt |gg)? %fl}lql1 fﬁandﬂo 5% Egrt_lslhb Eyvelght of
of clal 3. e

a releasmg agent A TGamed ari e obtalne Amed
article of clainsua) @hiam Ay Heaugécp%ﬁm&mi&amﬁ@ww@ﬁtsm%frpm@@ teidsslemertkaurist

shoes and sports ghoegs@ied PiaisRIRAiteRIbR6 PRPRF0 RTIASCHISIRENSIHI JesURI\E Blakedalstgngd heat
Insulators usegl In e oSS RHSAIONS foamed article.
12. A method for producing a foamed article, commpg blending the styrenic
20 monomer-diolefin copolymer according to any of oiail to 6 with a processing aid, a
crosslinking agent and a flowing agent, and optilgnavith processing scraps of said
copolymer, an ethylene-vinyl acetate copolymer (E#hd processing scraps of EVA, at a
temperature below 12CQ; pelletizing the resultant blend at a temperahetow 110C; and
then injecting the resultant pellets via an injentimolding machine into a mould and
25 allowing it to foam therein, to form a foamed akic
13. The method of claim 12, wherein a formulatiesras follows: 100 parts by weight
of said copolymer, 0 to 50 parts by weight of psaiag scraps of said copolymer, 0 to 60
parts by weight of the ethylene-vinyl acetate cgpwr (EVA) and processing scraps thereof,
0.05 to 10 parts by weight of the flowing agenf)®to 1 part by weight of the crosslinking
30 agent, 0 to 100 parts by weight of a filler, antb® parts by weight of a releasing agent.
14. A foamed article obtained by the method ofraldi2 or 13.
15. The foamed article of claim 14, which may bedisor manufacturing sand bench
shoes, slippers, midsoles of tourist shoes andtsghioes, and outsole of leather shoes, or as

vehicle interior decorative materials and heat lakrs used in various situations.
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