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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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
[err]=1.6 to 2.5. This copolymer is designed for automobile tire tread. The large molecular weight of this
copolymer renders its melt viscosity too large to be foamed, let alone injection processed. 15U.5. Patent
o, 4367 320 S IE R BRI e el B o e S o CLRb P RS e eor.
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the present inelezsr?tigﬁ 19/t p')rowcc)i% use of the styrenic

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



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 from the styrenic monomer-diolefin copolymer according to the
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spectruma of a 15styrene-isoprene- butadiene micro-block copolymer fgure 9 shows a scannin
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herein, the term "micro-block of polystyrenic monomer" is intended to mean a segment of polystyrenlc
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herein, the terpy trmccndwﬁckldfqmb@l@@efm rMmasdmenitisrintende tdoneantasegnaenthef pollydl slksfiin
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styrenlc monomer-diolefin copolymer comprising mICI‘O styrenlc monomer and micro-blocks

of polydiolefinS¥6Rdih eMRECHREIng fetie IO RAEMESH H%{s H‘@oﬂﬁéﬁ’lﬂﬁf%{?@nﬁ%ﬁmr eitsTARiding
from 10 to 80 uybth & redlochlinZc RYYMMRIEG dedioiRfinreBligdahiatad AigipBoatiiis of [regiben 0%, ang a

number FLeragR o gheanuglja hve\:/e(l, (hés(f\/rl]k)nrg’nﬂingsf([’co)rrréhzlﬁg()o&tg 500h09l9ﬁered 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.



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(PSx2PRO11PSx3(l) wherein, PS represents a polymeric
segment of styrenic monomer, 5PB represents a polymeric segment of diolefin monomer,  Xi, X2, X3
and Y each represents the polymerization degree of the respective polymeric segment, and X1 is an
integer rangingfregfrd€sen 1B of thexi?ai egeh appearance, is independently an integer ranging from 1 to

150, preferably 10fpjird ©0sHMWSRI R Hreteraklofrene %tWe?%-bu%di@r?@%B@cﬂ?ﬁﬁ@&ﬁﬁPiéf 1.

ind dentl int ing f 1 to 500, prefergbl to 400, and ferab 1t
350, X315 an intedeP RGO IENCD T 140 A R HUGLr RGO 1B 9000, 410 (YRIETbly

from 10 tc53_OGbuwbeoei@@Mhanat m‘déxamrmwl%,_preferably at least 50 mol%, more preferably at least
70 mol%, still mo“itfg’&f@r's‘b%\hW@%tt%-ﬁﬁﬁ’éﬁ§%5F%ﬁr8?@f?ré’&lb’eﬁt@@é&9§rﬁn8“o/‘é Yhnaigonal

preferably at least 98 mol%, still more preferably at least 99 mol% of the styrenic monomer-derived units
are within the tﬁ'& raRfe: monomer segments having a polymerization degree of from 2 to 100, and
preferably from 3 tBig0reardd sitdeast3tvnralheprateralblyfeare leasbbispetio, mat préfdyabdyadheast 70

mol%, still m°§%/PéﬁEQ[ﬁHEYd?ér{‘éac%&9 QPo, still more preferably at least 95 mol%, still more preferably at
least 98 mol%, and still more preferably at least 99 mol% of the diolefin monomer-derived units are within

the polydiBlefin se§HERSHIMG £ PV0HERS AN Ypfer @A hBHRREPE6T VA YréfélRbly from 3 to 330.
25In another emb@tyuant tieosiyranieddinemsiod sl ¢finace potymekegyeptisimgon Kb aakssoiprene

polystyrenic n;ﬁ ?8?8(0%[2% gbigrgﬁpépcks of polydiolefin monomer according to the invention has a
multi-arm star-like structure, and may be represented by the formula (l1):
Figure 7 shows a two-dimensional 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



(PSx1(PSx2PBy)11),"R(ll) 30wherein, PS, PB, Xi, 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 mol%, still more preferably at least 90
mol%, still more pr fera}%ll)é at Ileast 95 mol%, stilldmore Brefer bl St lt%aSF 98 r’r?ol‘@x still more preferably at
least 99 mol% bf ﬂéosr}yreni% moromer-denved anitsarewi S y?ercl)fén Méh £iher segments having a
polymerization degree of from 2 to 100, and pr&e(8btyHPsinPSto 70,(Bnd at least 30 mol%, preferably at 5
least 50 mol%,Rae&mpreferably at least 70 mol%, still more preferably at least 90 mol%, still more

preferably at least 9%mol%, still mor%ﬁre_ferabl at least 98 mol%, and still more preferably at least 99

mol% of the diolefln Sﬂ@rﬁ%}!ﬁ@r% Urlits VGihi Smgﬂ]&éﬁﬁn&é@ments having a polymerization
degree offrom 2 t6B06pmse pssdgralyinéronstoe380f ticdefotiresmynbodiment, the styrenic

monomer-diolefin gapolyMes coRRYsinch L PHRIHRIQRKS RAPAPLNRRAIC 810N HBSE 8pECTVET BoRARROf

polydiolefin monomer according to the invention is a combination of linear molecules and star-Shaped
molecules hasR@ St 3 10 arms.  In a preferred embodiment, a plurality of PSx2PBy segments
constitute a styrenid nscaromegdioiingperedhotkppf which composition varies gradually, and the

(PSxaPBY)11 15 seameabeRnaiieahadluialibuebeneR iApSIR] hlaning iR svEetkogaRmegiolein

copolymer of the invention has a content of styrenic monomer-derivéd units ranging from 10 to 80 wt%, or

from 20 t80 A9, Lol 3 Pe % IEe i aldkh 5oMold® 6, or from 35 to 60 wt%, or from 35 to 50
wt%, or from 40 tovd8invidacorippeadénice 7 Gswitde feadoptes & theegistitciroonanesioc)usieféuibiye not

limited 20 to, SIeng, %gw;géayﬁ&%ﬁmr%ﬂpnghwtyd stygene, tert-butyl styrene, dimethyl styrene,

chlorostyrene, bromostyrene, methoxy styrene, acetoxystyrene, a-methyl styrene and combinations
thereof, preferably*styfeHei iagRtHpNeAE OB B-10Q. N styrene.  The copolymer of the invention

further comprises diglefinimenanmeandglageshy sits. 3ocanpieSeéifechelediforsopomer include, but are not
limited to, 1,3-butadien 2-methyl-1,3-butadiene, 1,3-hexadiene, -dimethy1-1.3-hutadien d
combinatne ther B el AR S IO e AR N A O e T BAPRL AAE: 2 the

invention, a rafi@léf, 158lbeiprechteigrailemt a8 ROtmecidtal dithedipiairsRixyabicast IaimdPmeiul,

preferably lesgihyan#arBialfy RoreRiei ahbidessihansie prlidy il Befesdn fomst e meii and
more preferably from 10, to. 20, mol%. 30Th .stgqrenic monomer-diolefin coga{g%/bner. of the@vention has a
e

number averad® MBISEIRINGD RIS MY G 6 SRV STHTEPESS, 569 PasING B ROE RIS O
300,000, morelpaeterat|§oron2 26,000, tarxbGEder iyl frmepofErabit frems 380000 1% 180 506bHhat

styrenic QEP”%‘%f@@"?ﬁﬂl%%Uﬁ@%r@f&h@o@&ﬁmmﬁy PRYGEHILE B MBIg L ISR P P IRV E,
ranging from 1.01 to 1.40 Preferabl from 1.01 from 1.01 to 1.20, more re_ferablg from

1.01 to 1.15, Sty Qfﬂ%BF’S BF@%Ya mﬁpiméfg}i%%_%%%?ggbly at least 98 mol%, and still mor

preferably at least 99 mol% of the diolefin monorderived 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



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 polystyrenic monomer phase regions and the polydiolefin phase regions is
very low and, at the same time, a sin olystyrenjc monomer, phase regign has a lo olecylar weight.
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expression "consists essentially of micro-blocks of polystyrenic monomer and micro-blocks of polydiolefin
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copolymer comprising micro-blocks of polystyrenic monomer and micro-blocks of polydiolefin monomer
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random copolxgw1 ﬁxgnq@lge@eaq%gpm the Figures, the copolymers of the invention have
moving-window two-dimensional correlation infrared spectra having two or three continuous thermal
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polymerization reactor. and peating the contents to,a temperature ranging from 50 to 110C:  2) adding 0
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over a period of time ran%ing from 5 to 180 minetes, either continuousl}/ atch-wise, or pulsedly, wjth a

reaction tempEFARPSHHERS: (Y PRI BRFg BETRBHESIIRAG thBRHEOR < Bk e SRASRRIAND
reaction tempeoabisatifiesstireradh eiefgatibly t©yrpemtprenbifipie neea thpie30 0y [yt efenaibly. by no more

than 30C, and morg,arefgsaiiRy BP e aficAGurthet) BIRIRESDE ERMATRB AL 42 VEY ahthe
styrenic monomer to the reactor and allowing the reaction to continue for further 2 to 30 minetes; and
Examples of the diolefin monomer include, but aret Himited 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



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 the production of solution
polybutandiene-styrene rubbers. Examples include, but are not limited to, cyclohexane, n-hexane,

benzene, tolugne ybe%n S hexanes, and combinatians thereof. In the present methad, the ampunt of
the sohvent oL ) bR a0 e BT Lt or ok B B LA e P AT B St base
on the total wéidi® of the reaction mixture.  The initiator useful in the present method includes a varity of

alkyllithiums commgnty&ISeshigh ARNI P EWMPREARM, St a@é?m@awgw%m@nqmnahmg he

amount of the injtiator. used may be selected depending on the ?Si -ed molecular wei toffge}e roduct,
25and this is RRMMHERAGURELE SN BMIEEN SIS GR ARMYAI RANDE oFRESHLE, SIRTREAR in
the preseat maticod-Bdaeksasaltbhlréme(PhESe awh #retinrbexdsstidarathamolystysergngivonnsd 1wha8eo,
preferably fro%?%ﬁ% SO0 MRS BIRRsRAIM %%O%E{?o?ﬁoiét{}w&ﬁﬂ%?rﬁ@yéé%‘é 17Rdo 220ngrRd

most preferably from about 150 to 200 mg ymerization solvent. 300ptionally, the present

/Kg PO .
method furtheP@H%Yé%?d*i‘ﬂf&?&é%‘u&ﬂﬂ%enﬁ88|ﬂ8rﬁé&aﬂn‘ﬁl\é(s”ﬂﬂ’?ﬁfd’éeL%isTB%e W Rumes, R Ras
tetramethyl etloplesbdiannigeyidmtbiyy etner af kthwylelastgliziny aegiaedikandndahelyecdnepe egediih an

amount rang"ﬂﬂcﬁ:%%kﬂngoaﬁﬁ k0 RONERSHERIAR SN &l IR SRRt GaetRdo WkorMERIS: FaRTIRMeT

comprises from 10 to 80 wt%, or from 20 to 80 wt%, or from 30 to 75 wt%, or from 30 to 60 wt%, or from
35 to 60 196, Pr &GOS IRKIEG \HOBNbSHEM 20 RIAB (AR, Y fieiEe to $1GRONSMAY YR HoRlAsErs,
with the balanegylrisgatiolélighponzpersda stee 3)sebicaipgesentamihon, theemonamesoviktwarmgy be
added to the I%%Iglrip'%' tion reactor over a period of time ranging from 5 to 180 minetes, preferably from
10 to 120 minetes, more preferably from 15 to 90 minetes, and most preferably from 20 to 60 minetes.

Upon the completiBrisoPtateHRMEMELRRIGItIHAM Bilb PRy shaaAesBREREE Sl 2)PaESTEEstie e pnehally

allowed to corgiue fanduribasdiyi@ididfrmpratesirantt pelarriis e/ nBrminetes. 10During the
polymerization, the reaction temperature.is controlled in g range of from 50 to 110C, preferably,from 60 to
100G, artBmore B e ROm7B U B Toal o ORI IRE Bl aBIRlo kR SH P At s
added to termihigl® thl@ eka@foPO YAl teRifi agidpnaeje AR A Sl oniecinpe el efiayberamest ivdee

commonly usegpdbs it BHEIRS vaiehialiPbelniehsl DSOS FIHBHEISAQR AfYS-Bisdiegen.
15Finally, the r?sulfan.t gé)ﬁ)ol mer can, be recovered throH h te%](i%%es Weltb(known.by those skilled in the
Vi

art. For examBie PR IIELH 00 A ar Enm SUFR B DabAVeris iSLASNCHS UG LBRASH T4, and
then to subjedhtenicuatbinesscohgolxtariefindraoyingad tgivetbdimstiee abjraAgmeadwto, piafersialy-stiaped

copolymep of fRgdNERioR, RO RITPEERH BY 188G BRURING L7 20518RSI¥4st 99wt% of the
total copolymer.

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:



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 desired amount of an initiator to the reactor and allowing the reaction to 25continue for 0 to 30
minetes;  4) aftef suHi(fientQ/ mixin% 5t5 tP 100 }/vt%tof tge styre?ic monomer and 90 to 1OOtWt% o&‘ a
diolefin monomer, a?dalng'qge Rl tf?\gnm&tuares b the &l toarnoegr'\éagcé?io%o of IHE ?a'r?é]inrge from 515 180
minetes, eithefeimthriSyn ieaishtavists PP AtEE Y 20t & BidaetidhGemperature inside the reactor being
controlled during the 24lGiHign $6 Hphitos sRaxENyEnB3dreasHR BmRRure differs from the initiating
temperature by no mgge than ?ﬁ%ec,_gpr(iferab%/1 bg no more than S%C, and m%reI pre.feralb“I% bé/ no more than
20C;  5) optionatly 24409 PARAIRING Bt L G G A BB AP MO AL ¥ Yo 6RO
allowing the reaction ¢eofgoftinuzOforiBet®s0 minetes;  6) adding a desired amount of a coupling agent to

the reaction mixturg afyebRllQYHRGLING rRAGHAN 1& CRNURE IREr 4p BUTEIGE ondhRE ks 0bthe

reaction, terminating the reaction and recovering the produced copolymer. Except for step 6) for the

coupling ractiGiP & BSO8R HIT 46 THEIRA A AT DRIE AL T PYFE % BE BA R SR 2088 ibed
above for the frithdsl for pBpaning e liaitiaes c@poliymenabcotthndgstythe ipvisetidy). wilh @rderatctiprepare

the star-shapagABANIE"ASER A1 18406 InNErRoRYSIES RGANILARN S e ARl Ra et

r:
the living chain ends used 1|‘or a coupling reaction are polydiolefin segments or polystyrenic
monometdiolEiRFEBPoliFmeesaY iR afigh disiefUE) DHMBIRAREE 8% MNP G upiiy Tgree
and coupling effigienyy bywasionsreatplingoagedtsane preeeaslgdndiinsovethism@m by those skilled in

th t b i [ t - F le, ' A ili t ide,
diinylbenvene. creICEa el Con T B AEE Hhee o) R NN e Rl
equivalent ratR)|8THRE EoRipRAGLEGEIN 60 RHAURIRY BHANSERA0 B INREPYa®Pdidely, and the coupling reaction

may be conductedsit & terapenatwe tangngfiom iankih§ fee emexamplasdvering Mvgiasducalith
the abov;fédescoriqu method, by selecting the amount of the coupling agent, it is possible to obtain a

. COPOIYmEF. . e . . .
product conS|st|r[1)g gssentlally of a star-shaped copolymer (in this case, the equivalent ratio of the coupling
agent to the living EAgiIR@MENS asrfut 1n 1her pieseNamtetdogonviyahe spiteReccoomsistihguses dtathshaped

Cﬁpplymzr_a:\é@{iﬁ&@élrci&oly&wdm l}iﬂ%@fﬁﬂk@g@g&?@ﬁ@f raggézfxg&m @@@ﬁmtg@ggnb_tgl tatﬁeli\ﬁeg
chaln enda IS Iess. nai. ,oexampe ess a . . . n an empodiment, IT IS possibie 10 prepare
S Beloete i otalo o iR e i O RS R S R et o
a proportion adwsedifglto themparasetot 2Heithait, atlee napositivnadf thiedinic aisedpoigshdreaisdchetbstahtally
star-shapgd copRbERBAtion WAL SSHRaY ARy SRsSITis theptyhsmerhanismemineddralow

may help to understand how the styrenic monomer-diolefin copolymer comprising micro-blocks of
polystyrenic mBAGHPE BhdYHficro-blocks of polydiolefin monomer according to the invention forms.
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



30Taking the preparation of a styrene-butadiene copolymer as an example, it is believed that there are
the following six different reactions during the polymerization: Bu+LiRBuLi + RH, with a reaction rate
constant K1 0 S t+LiRStLi + RH, with a reaction rate constant K2 BuLi+BuBu-BuLi, with a reaction rate

constant K3 Bulj+St StLi+St StLi+Bu Bu-StlLi, with a reaction rate constant K4 Q St-Stl i, with a rgaction
rate constant I BBt AT e STl O P RALEO DA RoTath: B8 e s B
monomer or it grlywidrized fiorm ASt ie gk yefts otyfeme Bthindihier of itteptnahenigeanens, wittl thr

represents anladiBigenasa daviaihdinerreaction rate constants of these reactions have the following

lationship: > K2> K5 > K3 > K6> K4  When th dded i I t the initial
g of e polym&rsA8n Toctude R SKHin YR ORGP an BLEAen T G AP AL 10

mix_turg will reaommmiaat'aihwaﬁdm cbn_'fgiaa)ps_ljod afstbuwnalmjmrto&dnfi&@im\gjmleit@tjrlg_es‘pM}s,mei and
StLi. Since the gyipdigneasés|adReingreriBly atdhe Mo edah edinomBash iRy e giRlosulss are

vaporized so that the species participating in the initiating reaction are predominately styrene, and thus
the initial reacBBrMOSHSMARAYD &1EiCMRIGHPR QLM RIRATANPRIIN SRR AR RIoHEmM s, and
thus what areth® pradoamnstehyitoratigdboevpdlystywatiedddokhaVhen 1120 coineted;adinh mrietleeadtiyrdde
monomer in the pelyneiigation system decreases to a sufficiently low level, butadiene monomer will
participate in the reaction to form styrene-butadiene alternating copolymer blocks and, as the

concentr&fion of tHRWHPREHE RBKERTERRIINE R FRASHOS [SENARTRISIERE hRYGS VR RRBRBbHRRARY
formed. After efunttrey, puitse raddjtioone i eofaedstacksibe: 2 efbeas ypramassosd@meated. Thus, a

styrenic monomer-gliglefin ¢ r IS ictQ-hlocks of [ icrp-hlocks
of poyciolefin morrast B PR e o e TR o o
batch-wise adHitENAARRRRBBKY S kinpI&yR i) YREIEIHMSPBY raligiPe e themapiibhEpeRitiLiResAiduld

be such as water, alcohols and other compounds cantaan active hydrogen.

15 Finally, the resultant copolymer can be recovetedugh 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



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 cor%surrgged in.the ol)gqerg(?tion i§ comparable to or slightly larger than the rate at which
the monomerd&re" 30 Bdt erH!r]HethPsrwa?/, a prBWﬁ]g?'(PSxZPBy)ll, which comprises a lot of polystyrene
micro-blocks and polyiLtaeliend rafctosbliedicsiccari®enioatiad. ingligalignef ESRYPBYIsHgnprd ueid
constitute a stygpaigmnomer-diolefin tapered block, of which composition varies gradually, and the
(PSx2PBy)11 segment cansists of a plurality of such tapered blocks. |n a third aspect, the invention
Drovides use of thEGBTR: HER A EBOER br BRI BB AL B e matenials
monomer&diolefid popuigmeonditoasnaeriizstihay bd dlenide dbibitu fari puepaddigivbs dinasecmpmistoes
below 110C, apd shersidisstiaddmiibiection foaming in a mould at 170 to 195C. The foaming process is
similar to those used for EVA, and the 5 foaming equipment may be identical to those used for EVA. In an
embodiment, a foaM&UagidR HEPHE Pl ot ad HEHRGH e PR FBILAn i dBHENI Y maYSHE SIS
comprising: kreaditigrihaltmpd ymeoofriiednserttian tvitHiarttaohd divds sustdafe stz aoa@loid, iAactiste anate,
and jaic powseAiclon LARARSH suh e dicHY AR eAER (R LoNR CRAPHER Hblcin

azodicarbonamide (flowing agent AC or AC) in an internal mixer at 80C for 10 10 minétes; pressing
the resullifig rHXEERTSHn B 5EN LR PRI ASHeees RN hePIBiIEiB2ME it in a single screw extruder at
90C; feeding the reguiting pelipimintage singledpreveissecionaichihradnjetiinghibsd SRidotmanvanid at a

i dnapiRirio Bbhalisneraiie, iy 20 i SaRseaandsiand then

temperature rgggi fr%@ay ntoc%%ﬁ R
depressurizing and opening the mould, ve the foamed article na aspect, the invention

provides a fodfiEralaEREprepdeANDEBERMNAg thélEhEest isdigventigiraetiipyysifsamRd arfiEle of

the invention, dhstierfrishieaty RBieal, eresstinkedamnirs demubedpiiom aiprane edanaigneaairnedd
chemical]y crasslinked points, so that the foamed article possesses,gqod stretching strength..tearin
Ctrength St G L SRR e A G R PSR 2 P A TR e
invention pos$¥stied EXéeliehtfokieasisiainedo BiRemé2eiRE article of the invention may be used for

manufacturing sang/ipenkre aheoe-ardsiinneisciabmanyRquting Mespiesiahudshangesnd spats

shoes, for manufactlfri?é;o utsoles of leather shoes, as vehicle interior dec rativtﬁ materials, or as h%%t
S

h
insulators useBORP VRISt LB R 098 B ERERISHNGrRRIE Y SRS Cﬁ) HERRYR RS case,
monomer-diolefinicaieotly radis ehdh e e prpling e bptusingehy tiraeneplhissabe prdddcivignstyegrsod to

monomesasgst e EMRBIRRICCBIRSIAMG S WLRAWHEcON SbpeHARd REIRE LRIV RIBNth Bh<Lidnene

foamed materials of the styrenic monomer-diolefin copolymers, the physical entanglement points of the
styrenic polyn LA RFRKE Rl CHAIRARPER S REQRHENRY S5 Hresdniblrk df LCEHRARER

crosslinking atpssttbaed &n He significantly reduced. For application fields where high wearing resistance

and temperature rgsigales AeBat rﬁ‘?é’icf%é’siﬂ@tﬁ‘fﬁ@_ﬁ?@"%@%réﬂiH@?'%W@F%ﬁB%ﬁ%‘%@?ﬁi&ﬁ?

chemical crosslinking agent, thereby providing a possibility that’a foamed matéerial can be fully reused and

that a low-tastBrTARREFrERP MRS th SRRl RIKHR §HamiE J IR R PEGROFECPr 8aERIENNY 1o d5AR%olned
materialesf trmasiyfentomrmmmmered'tokefinmpﬁpﬂmr@%ihatran_ybbmrdmtmnmwmnbave a
low-temperature PG MANeSREf! A, Hat idAHeaR ethacaa! (R HELBBIGNARIS, REfRCRY-

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



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, stretching strength at 10 break and tearing strength are

superior to those cg I_—'LV%{oamed materials.é)e_gﬁ_ndinﬁ on the contents of the jndividual monomers, the
Sl e\

foamed materials 0 polymers have hardnesses vé‘rﬁﬁ&%.b"eﬂy@eﬁ%e ty%enic monomer-diolefin

copolymers may b8tijegtion feamed-ra m&itdtlanwitheqpisrestianre raighsiant 67) The foamed products of

the styrenic monorygiisgiglefin.copolymgrs mayie; Usee Rrearnbfreising sangd bench shoes and
slippers, for manufacturing midsoles oﬁ{o}ggst shoes and sports shoes, fOf man facturingﬁoutsoles of

leather shoes" A€ (&RicRY RGP a8 MR DL ORI RRLAEL 1 e lin SR ASER SRR IS
8) The fo&mehpruzinetsoofith e cliyreric eddnomerrdidldRinemps itk ydbih ibepre durcidti20at a cost

comparable to thatr R EY A Rif RAYE-BREGIMREARGHIES: ROGRTTDeXVEIBG/ MG e crImmagfpially interested.

Examples The following examples are given for further illustrating the invention, but do not make
25limitation to the ffivantion I dnaralfs Exdmple 1 To a nitrogen-purged 10L polymerization reactor were
charged 3.5 liters o¥laemixture mbopchehexane anld ealffimate gululse9 rhanixard) ezt todc st ee xaineHe

raffinate oil), which 30, santAined daanyRotyraB o ARAMALRt I AARME Ao ThG St Washsalef to

50C, and 8.9mmol of n-BuLI was added thereto. After stirring for 5 minetes, mixed monomers consisting
of 105g dfstyBHEUARYVILEREY WittharkAKWERWBHRRIR0LE 2 agd o HHE LI IP B VB IR with a
maximum reaspenitsnpenatunecbsing. comicellgtkbrlandid¥Chasva boiling 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



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% of Antioxidant 168, based on the weight of the polymer, were added
to the reaction mlxture an %tlrred for 5 minetes. Finally, the product was added to a mixture of steam and
water, whereby PRELOReNt was',mé evaporated and the polymer isolated out as solids and suspended in
the water. The solifiRavétgresise rartn Heivdieithwivpaty merudingrdeditiemionanadeaineeased with

devolatilized 'OaﬁuGUé RepitQ iV %X&ﬁﬁé@&%%&@@@ﬂéﬁﬂeﬁ Bt?o‘f@ét@'d%errn%%ﬁéﬁ%gr?ﬁﬁgaﬁﬁaﬁ
molecular We f31 0%% gZSngq%m?h lar w (ggfjht distribytion of 1.02, %content %g%@% -struct e |n
diolefin unlts %‘% %@én BEX iR bso@mg?(/vg’s PRfiddny pgt?/

styrene aad btaammgaeaucprtBeNNﬁaydeetrdmt@alhmmmdxerigsde‘thls mtmdamboelmrtaat.raemadnghly
damping mateffgliEXARIPIBE i@ ARUECHRRPHTBSChLBl, AR BP iRAUANdIe A58 RERGRRIARAL SHEE! S of

a mixture 15 of cyclohexane and raffinate oil (in 9:1 mixing ratio of cyclohexane to raffinate oil), which

contained tetrSRGAASRG-HAFIS PPYMGIART Fhe BTG 'VHH‘ AIkKENe \ﬁ}a@qh%%rféaatﬂ%f’)@ afid® SERIAIS of
n-BuLi was addetttienstoudiitea stiosstking aueretes)chizsdybpmoonais (DOS3tiadlofvitbggefratgreme and

1759 of butada%tar&areatggﬁgrmo% GRAWIHGUS RIS R &1 g%h&té?ﬁ&t%ck‘é‘?ra%%%”ﬁ)tﬁ% Wthe

maximum reaction temperature being 20 controlled below 100C during the addition. Upon the completion
of the adb%roﬁ%ﬂﬂ%@%ﬁ(@&%%éﬁ‘sgLtﬁ@ge@é’ﬁ&ﬁev\tasaalIBWé@td%%rﬁrﬁ[]@%ﬁ‘ﬂﬂtﬁ‘@r”zeeﬁﬁﬂétﬂg 'Bnd

5m1 of water ias w@dd@/\t@iarmamam U reedihonth@ 28It of Aetiexsdand 20316 globid)atyo of
Antioxidant 168, based é&?ngertggée N RN Rl \qeé? sctgﬂ%%ttﬁée@@ﬁgwegma% [ed for 5

minetes. Finall , the product was a to a mixture of steam and water eby the solvent was
evaporated, aRRN&IpEIINAEhes B it aEdendOara 599mmtﬂ@w§r@@w1§aw§w§eenmg

seperated, dejMataied witd m@@rm@mm@qa@achine and devolatilized in a dry box, to give
styrene/b%tadlene co 011 ymer 2. Th mer,was foun to hafve a ollecular We ht o 140, OOCL MO, a
oleﬁ

molecular weight dlstrlbutlon o??s a con Vent'PT f ruc?ure in 8 Hltspgfr?t 8% anrala ore C
hardness of 890We‘f89rrﬁ6m¢ngm@|mmtwo dimensional correlation infrared spectrum of this copolymer is

shown in Figure 2, tﬁ@rfﬁ?ﬁﬁ'@@@ﬂ%f@r&eﬂ%mﬂv@ﬂtmmm&”%QSMH%%%%T&Si@Rﬁs%W(@!ﬁ%ht@frared
spectrum, referen aai;te%&gn be made to' Mole ular Chai oveme nd Transitions of SEBS ove ?oom

Temperature & A B"Eﬂ%%ﬂ i 8(‘2&%?’ 'ﬁe‘i'nPr%&a §;9eE'EF}§s%‘oep
Zhou, et al., anerrpmaesesz(gowdm@m@gagmmngtﬁotwmwtb(ﬁndrweﬁrgawrr&mwamdanem@nal

correlatiop '”fb'%fer% SReEEadar ﬁtfthl@@é%rﬁﬁ?éb%%dfsaﬁréemﬁtﬁé SRR rﬁo%—éaszggsetu@xaamﬁm
styrene/butadie & cogllolymer (§:B=30:70) a triblock sa/renelz meth -1,3- butfadlene co%q%mer SIS 5
r

(S:1=50:50), atl SANER rdHE 39 @zlai”éct?u&{ RSP ?S'Ese(ds 551884 acibRHSatss
(S:1:B=50:25: 28)nahcdshonicanblstR{&IB) f(SnBrBac25: 1) midgifaruinsEishres3add Sk at8s, fot can

be seen from Figiige3fiatde puardimensianal saiselation (nfaebeRRRs A Iedriblech SBS fea

relatively simple. 70C represents the melting of the micro-crystal of 10 polybutadiene biock: 126
represents the FASArBASEE ALY IO BORIEAAERNS block: 144C represents the viscous flow temperature of
the polystgrene block. Figures 4 to 8 show different thermal transitions due to the different molecular
structures of tB%r%?Fb%Yr&%é ﬂq@gn?‘rao‘?{] from Figure 2 that the two-dimensional correlation infrared

I

soft

spectrum of the inventive po ymerﬁtas distinct thermal transition peaks at 80C, 101C and 126C. 80C
1) The styrenic monomer-diolefin copolymers maymeduced 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

12



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
short polystyrene blocks. It can be known from the moving-window two-dimensional correlation

infrared spectral resylts that the polymer obtai in,thjs Example has a typical micro-block 20 structure
with syrene-chETh AR BORAHLr <o A e THURE AT Ak, s, & b 1
To a nitrogenJpurgastd Or ipsligrieeizagiov iepRitvides dydqrms B iia reasf benpsadrsed cyclohexane and

raffinate oil (in 9:1 s)ixiRg %ﬁ%@ﬁcﬁ%@@ﬁéénﬁft%@fﬂﬂﬁ&@'%WH&R@&HW'&W@F@WH@W&%W an
amount of 200mg/kg. The mixture was heated to 50C, and 2.65mmol of n-BuLi was adélgs(gzéeto. é\fter
Stiring for 5 mHBEL R AGTRSHE eI EoARAS BPS Ay SPRRIPINE B SR b BeLA A viERie
continuously aulateditd, thedresetordoetad imioetesdyith a maximum reaction temperature being controlled
below 100C duringyheradditian dperdfia sompietiogabibeaskilinaisheopihd dronamers. dhpdiqaction

was 30 allowed to continue for further 20 minetes, and 5m1 of water was then added to terminate the
reaction. 0.2 W5 BKAHRSIGRICL076 and 0.4wt% of Antioxidant 168, based on the weight of the polymer,
were added to the5pdtimrfoninkeoeraact stfsedffah® styretas. Fioadydhedipradpol ywasr sdded ta donixture

of steam and wates WoReRE e, 3oVebWaR SMaResatery alH%ﬁ'ﬁﬁgﬁ’%@%ﬁé&!aéﬁ%tBHFnag?&?Qﬂﬁtﬁnﬁ

suspended in the water. The solids were seperated, dewatered with an extruding-desiccation machine,
and devdiatiliZ¥83K é'%ﬁﬁ%i{]Q&b’ﬁ/’é%%%?ﬁp%%?i%@@/ﬁ@ﬁ%é&%ﬁ@%%@f -1D‘F1ﬁ’$ﬁi‘§"b9d6@1é?,ethe
styrene segmebotaeitd the hbtadirtieisegmenisarneis, fullie phesess paiaic ostaieidT psigoraparative

copolymer 1 : lecular weight of 146,000 (1),11), a molecular weight distribution of
1.01,a 5 Coﬁ?ﬁgﬁ?%&%ﬁ 'ﬁrg%(?@&total diolefin units of 13.0%, a Shore C hardness of 89, and a

stretching strengtrPatTh@ &6 NIz BIArAMeFidi pishimed e iRt riAIes Yem Raaefe b RIS dvakh
processing aidrespeheasaRCiMiasthAC were added at a temperature above the plasticizing temperature of

the polymer, 135G, prasslinking ook place Iy ihe Intemal mixen and Bitbles were, gsneraied, dauever.
when decreasing the processing temperature 10 i Fﬁ%&n?ﬁe poﬁ/mer_ang(%_e procesé’ing aids could not
be mixed honbgeHEsIgNNGsatebereMinbaRsare stDRProt ol RRIKTOE foHASEMH ety st\Tieeshe

polymer was @ﬁtﬁ@ﬁhﬁiﬁﬁtgﬁﬁ&cﬁﬁsmgrﬁﬁ‘f’&m ﬁﬁ'goﬁéftﬂl@ée&ﬁé&%@l%éngsth@hi@@mi& Hebrative

scorching phenomenon occurred in th? Qroduct.(}S Examﬁ)!s? 3
materials, or as heat insulators used In variottesons.

8) The foamed products of the styrenic monomereatinlcopolymers 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

13



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 3.9mmol of n-BuLi was added thereto. After
stirring for 5 minetes, mixed monomers 20 consi Q%V%érSZO‘S%,[of st reng and 82.9

oh Wag ano 0 conti wat wa dded.
2-methyl-1,3- butadiene Ward added 17 SO0l puise Thannlto the Tedtior over 30 HiiReteS With a

maximum reatﬁrmlm@tﬁdélfaf@@cbemd)cbmt%ﬂl@fﬂ Betswi deo Tl @ thetie otidntidgdanha @dnhgikeidn of

the addition OBW%@%%H}WN@@@I%E{P&WB%‘ ArrealloRE fie £ oRthR faﬁé%th%@@ommm@ed
additional 9.6 m thyl-1, butadlenea‘ivz]s then added to, the regctor After 25§ %meri)i for 20

minetes, 0.875M SIS Yt X4 9 é‘om’)ﬁ% BEFHW& Aigh. ‘,’&l?t%r Blﬂﬂ'iﬁg
reaction té condapt)fateso andetks, pohinsnistEatahs added @ieEsuiseeadad neatd:teowabez Wibe folids
Antioxidant 1Q7&-and Qef¥/ER, %fe%me@@anhﬁ% Qi&?@ﬁh g‘ H&&%Q&mﬁ@%ﬂe'%\%la}ﬁﬁ%@#ﬂ% d9 the

reaction mixture and stirred fOF 5 minetes. Finally, the product was added tO a mixture of steam an

water, Wheredgpt’hetoﬁ‘éeoﬁ}é(ﬁ?W@%@Q%@W%M@%&pd@%ﬁ”@ﬂa‘f@fdﬁ’t‘ﬂg DYeBaSsMRed in
the water. Tha\mmdsoﬁlerhmehmednddaml&aedwghtafnmbwmhrmd&sﬂlﬂ;a&mnmath;lestamiure in
devolatilized ig;g,dpy, b@n(vtéo HVeAsEAr-shaps diyrene/ Zraaiiwl b g Priadi %ﬁ/ﬁ%qowgke Wi WAS

found to have a molecular weight per arm of 48,600 (MO, an average number of arms of 3 70, a polymer

moleculatOweigPP Y TS, COoSEL SNy, %‘%&e@ﬂéﬁ%eléﬂgd@rmww 19NN S kg€ Hardﬁ&s of
52. 100 parntsdyueteight o thiepadyraetigreyedalepiias matiedal. 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 EBS
in an open mi%X@8IRAI®CL, and then pelletized through a single screw extruder at 110C. The resulting

pellets were injected af Mﬂﬁénupargwmt;i@&jﬁiéﬂmmamadt&mefna@@d Brodissicorld hexused to

manufecture o tsol S of Ieather hogs. 10 4 To a nitrogen-purged . 10L polymerization reactor
were chair%edg g}ﬁers 3PE X (Erreaﬁ cgltclc(ﬂ'\ iane and 1afina é o?cjm §: meixti(r)]éara |c%{{on cy@k\)’ﬁ]exane to

raffinate oil), wRitlaioeetdaieanustiatwarofaran wmahm@ﬁ%ﬂgmmkgu Eneasixeréed 8 BRaged to 50C,
and 6.2mmol of n-Bkd wers Rerrd hesetyiterisiineing iRfér napiRs: BIXAHMYIOMKE 1 sApRIsHag of

1759 of styrene and 166.3 utadiene were ous manner to the reactor over 40
inetes. with SRR Feb b TR bR R Beh s ot SIS, 2006 ity TR SIS, BUBEn the
completion of mhenadditiontbethie anigedaven @M ensingie se artib navaseaiioveed tio it detimpey fbv feirtbeing0

minetes, gnd gdgitiond $EB 01 botadiritmyaradiratiththe S6ACIRE ASBHRAIYM Sz RS < Giminetes, 20

11.6mmol of divin i%/l benzene as a coupling a ent was ad ed After aIIOW| the coupling %aaaqctlon to

conduct for 30THIRS RO e B HATFSASEAN @c‘i;t% KR! FB%E%H b 2RYESERN AL PR 2076
and 0.4wt% ofvargiowiaahdib8ddaddo termneateitie [IfahEOpm}Wﬂetf Averexatiiedl @y thanmddctondmpditure
and stirred forg, QeSS EHB"‘”MaQ%%I RIRGHE! Wé‘@ﬁt‘jQFﬂq@ Wﬁeoéé&%%m@ﬂﬁje“f%%udﬂ‘%ﬁl?éfr@e

solvent was evaporated, and the polymer 25 isolated out as 50| s and suspended in the water. The

solids were s&ﬂéjrafﬂéﬁeééc%@@d"% '%&H%dﬁ@ﬂ@g%aﬂ%%ﬂlﬁema’ﬁdr&e%%ﬁl"i’i@cf‘l?’ﬂa"@rﬁ?box
to give axgar- Medyﬁtheselbemdmeemmlmw ahis theppheetatss dowrd todlie s Grarsuegpended

tar-shaped 0
olecurar wel et G SH0Y Hefe Cu PR MR AN GiBE A T A S b d e,
Shore C hard@é Qﬁ‘\’:%a““Z@b'%é’rt@fréﬁ%ldﬂt%??n%%@ﬂ#ﬁé#%ﬁs%léﬂd@t?%hﬂ‘@ p“a@@'bfma@ﬂ% of
AC, 0.26 partsdpnweightoé Iafhﬁblaczﬁaaamm WEIIT, 00815k thikepalds muwghs@ibm@rstﬁaxm 0.25

parts by weight of ﬁEea{l f’;’l_C[I ]_[0 Lparts %\é % t oL F}acsz %(f)\ﬁ% &)artép( welghh g arafflnfaé'td %_Earts

by weight of EBSIh an open'mixer at then pelletized t%rough a single screw Fextruder at 110C.
The resuding ﬁmw@wer@ﬂﬂemobmm@naﬂocarmweﬂn@ewﬁe%wm&ﬁ@dsw%ﬂn@d@wﬂ could
be used to maﬁLﬁgﬁ;pgeZmidsoles of tourist shoes and sports shoes. 5 Example 5 Toa nitrogen purged
10L polymerization.re or we [r} fﬂ o{ 3.5 liters of a.mixture, of ¢ exane gnd raifl ate o §
mixing ratio of cyc ofe %E" o 13findte 6 F)‘”‘v“Jﬁ.'&%’ BRANTeY {JeanY}% Péﬁoﬂl.a kLo ?Q)IJ 56 Fre1 /kg.
The mixture WBREhHEBd R SBOCaTA 2 3O madt 6 riNBYlecwas @mmemﬁo&m@f@nﬂtmﬁoﬁESﬁB&es
mixed monomgis kD Wt'WGrﬁbéﬁaﬁLﬁg oaiyiene WW@W‘MW'W%WQ@GQdH@I%WHUOUS
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 further 20 minetes, and 5m] of water was then added to terminate the
reaction. 0.2 wt% of Antioxidant 1076 and 0.4wt% of



15 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-desiccatign hine, and d tilized | 0Xx, to give a
styrene/butadl}léﬁg fgg%%fg,%erg _Sﬁ%gycbpo_y%ﬁé?v\’/aes 3@3@%&8%‘}%&%\@% JlCZ(D‘Jp% yn?égrQ/vlt?érein styrene
units were presentiarnsieropglosks. Thyipahywietavasworsicnenhaveh stasieouiafraisighsrectia, Bmox(1)/L),
ﬁm(;)lecular]; \;Vglg_l_m_c‘w%f HH@befaJd%eg&%B%% §»PB§ F%ﬂ%!@h@}”ﬂﬁﬁ%ﬁﬁ%@ﬁ&%/&ﬂg(ﬁeﬁ@re C

ardness of 75. This polymer was combined wijt ,.a flowjng agent, talc powder, zinc stearate, zinc
e oxice. ThoRQNE FRLRL S SHCTR nc all Rl MR AL LR 7SO0 T8 it
and then pellefztebhidl)gla asicrghb eoiewtgsened2rhetby-11D@iThe cepdtirgue(BitSietdin@)cted below
110C into & Mgl S eshedoanad: B chaeRIKMBRIE bs LB R8RS BB ven in
thermal-insulation material o p;g)lng. 30 Example 6  To a nitrogen-purged 10L polymerization reactor
were charged 3% [fers B & Rixt FE%bP cyclohexane and raffinate oil (in 9:1 mixing ratio of cyclohexane to
raffinate oil), whichtamaiaheeskttmiréoyd fBiyuean nthat aheotvnd -«fi 2@0si griug e TEhie minfraed/ap datated o6 50C,
and 3.8mmol glRplduasedieddnaralfy AffehiEHDY dBreLENRCie: MBIBAINARSGANSIRY of

1759 of styrene and 166.25g of 2-methyl-1,3-butadiene were added in a confinuous pulse manner to the
reactor ober 2BONPIERA SRR Rfadidfa TP RISS RO R YA EAnSIHG R S tHORSCHEBRRIBSHC idting the
addition. Upondpeesempletionvidbesadlditior oidaimizedfmbacgiesicthg seactagunes allmvedsisow
continue for f ' itional 8,7 @-Im I-1,3- e a the
reactor. AfterLg o%\'/rf’r%g %ﬁg%@ﬁ%?%@%ﬁj gé.'i ggr?tltr?&eé%rg é my%@[}ég?sglé%gﬁ%n%&iﬁ@%ﬁ%ﬂé&hloride as
a coupling agent whSaHB8FaRITdI8 MR BliRR BBt viHE BHEReRHIBI AR eHEIhAl of
water was theihaalgashtpteptimate thesrartiion tRe?rimd?erafodifbioxidont @76 and GAwtlred . Attioxidant
168, based on the weight of the polymer, were added. to the reaction 10 mixture and stirred for 5 minetes.
Finally. 118 ootV S a O P TR 1% S BRRATEr RS SR AL Rl
and the polymkQdigolasetheuslassdliaRsamnsisipeatRitd teshatbmtyirneonipsiisrane pabitdsl thewatered

with an extruding-eesigeatiempaciine snedensiaghirgdyin kg PoX, to give a star-shaped
styrene/2-methyl-ﬂ3-buta iene copolimer. his starrsh?ﬁ%go$olymerawas found to have a 15 molecular

weight per arm of 7554 ﬁh%nﬁﬂvgv ?36% &1 % VY%.'}\Q,Oé HH %%I@éﬁ‘%g?gﬁ{%
175,000 (MO, spestiacuksulieighatlistébpidynudrl OXairetiais hidiead blerdies scot BB cThig sobHrieckould
be injectign foamesi @v\‘ﬂ%@r@héﬁﬁ@eﬂﬂ%ﬂ%ﬁﬁ@?ﬁ%W@@#‘_&b‘?ﬁk"ﬁ\%@%ﬁﬂ ascanvRhicln detarior
decorative material. 20 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 tetr@loydpafatare & xanmgrteolint of 200mg/kg. The mixture was heated to 50C, and 1.67mmol of

n-Buli was added el el 5lia 96,0 SRR, SR DIRRGTBRER AT EPBHRILLA 400 Rhure

tert-butyl styrene and 210g of butadiene were added in a continuous pulse manner to the reactor over 55

minetes, with & REKARGHPREBAGN BHRGLE%!l 6 iy s e RS 1SRN egeecdrirfthatafiitiodhGBon the
completiaa of ¢hatadditioe wh tiye nmixech moaorearsuthefexidingMgs rallawedtascoptite to Ry rémer 20
minetes, and ter was the terminate eaction. 0.2 wi% af Antioxi d
0.4wt% of 30 %\rr?u%éﬁq_ a?]tS[G ﬁase%%dﬁid%vhei@g%gﬁh&%% ﬁl\%rerg_ g@ﬁféé? tgd t égrée@lqcﬁéﬁgrﬁ%ﬁe
and stirred forPS MaiRERSs OFhaty ahetyidrfe AWk’ 2RIl 20/BERe0ot ISR M R dRALP iScreRsithe
solvent was evapp@iathaaad, thetpalyagmaniaied aisrasesglidsmbaegusnersied ibdkewiderdlihagolids
were seperated, dewatered with an extruding-desiceation ine, and devolatilized,in a dry.box, to give
B tort byl sty SO U T A R 2 OB T G MARGTIGES R SR i
micro-blééks. FlivesymepH IR A flu thare2l moletesaraneiGiflypE Vet MA) ad dae i ée dRIMURaht
dir']stribu:ion Ofth@laea&wﬁ.eot@f\?k%ﬁg U@M@(iaﬁ(’jﬁ)lﬁﬁlﬂé}l%ﬁ@ Qf.ﬂii/&ﬁ/mrﬂmﬂgaa‘ihdoisé? balgééieéﬁ *h&8.
This polymer could pe.injection foamed in a mo t 185C, and the foamed pr t cou used to
Smanectre B G R AT S ROIA e Fr e R BRI ey HIBF > S from
Example 2 wdb€apnadiate o ascstdashtcoameidforratbsieashone ivalhastby el eovand tas compinated,
materials wer@ngd the polymer isolated out as solids and susgeimdthe water. The solids were seperated,

15



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, 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 microsco icro f -sec ion of foa ed .material is
shown in Flgure‘ﬁs } qépcvé{g%aémsgénr Haqgaqsggrg%aa{n {Tga aﬁ né%mg unaft?')}ﬁwe pépe% Cih B obtahed From
this styrene/bgriii@beh chytiene/Pheafbante dqroluee obtaingtitd ubis BrastplensogrubE Nt @nd the

manufecture &ﬂﬁ%?@ﬁé@%épﬁ%%@;@@@'Pii’@ﬁﬂyﬁ;ﬂ’fﬁ@é“@_%‘ﬁ&rﬁtﬁ?&ﬂ@ AR Ga BRIV A
was 1ormula or 0 e rormulation. snown In_lLal elow esse ollo e
e adire do A B DR B N a4 R eSS As LA 1 hey
material afe shontrnih dfab2-Ardetble 1n mrtmtmtmnlefithmohﬂrﬂ nymatStialr St§ronedbeatzdEriRO Eamd AC
DCP 200 Z0si 34 I RAIRGTRS ORI ZrRNuBAOR 1 At 430185 A0'3 GpETAS 3100

4.10.17 2.250.45 0.2 1013 ation: St: stearic acid, 25Zn0O: zinc oxide, Znst: zincC stearate, TA: talc

powder, EBS: INRCetMGReBiOsetAghialdSTSHfs QSFQ&%FH& 69%8%@@&%%?&[%%

Comp. Ex. 2 plasticizing temperature of the polymer, 285 crosslinking took place in the internal mixer
and bubbles were generated. However, when decipabi@ processing 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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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 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
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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. 5-Wearing resistance is measured according to GB 11208-89.

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
(glen)
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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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 contained tetrahydrofuran in an amount of 200mg/kg.

The mixture was, heate tro ?R g 2.71mmol of c% ?‘; %ged thetret Aft rstlrrlpg for 5 ﬂunetes
1

mixed monom&rd SoN& ing O Y OF styrehe’q A LRt 2R SRR o BXREMOS s

pulse mannerandr@r@é@wzgdeﬂzmdmn@és twmnva mmmm&&mﬁm@olwebmmw

below 100C dying t{@ﬁm@t@mmm\@@@m%ﬁiq@ @‘omgmddltlon 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 0.4wt% of Antioxidant 168, based on the weight of the polymer,
were addéd tdEpkmrplection mixture and stirred for 5 minetes. Finally, the product was added to a mixture

of steam and WatefOZQVMH%GQM %&8&’ %ﬁ."\(ﬁﬁﬁ?{éﬁ%ﬂ@q ré‘&&&?@v@ﬂ%’&@& '§‘§aﬁ§‘éjr§'é? %Srﬁﬁlt%ea”d

suspended in the water. The solids were sep erated, dewatered with an extrud |ng desiccatign machine,

and devolatiliZAFHFR ey HYx Ay 93'36}&-Hﬂ/ﬂUtQ&eWgW%@Y@OWp@Jﬁ@PW&s%r‘lﬁmﬁrhave a

molecular weigbi @i riekb 12O fiytdo fo faxaim ple 46 outcod AdtoggRgpurgeal Ol po lyezeeid aHGBDy eactor were
charged 3.5 litersaf 3 gpixfuref Sy globexaieackraiinate o é@wﬁ%ﬁ%@@g OfXSIPRESABM DS

raffinate oil), which contained tetrahydrofuran in an amount of The mixture was heated to 50C,

and 2.10Hmof B8RPG Rh<%eRicd PR ARsy éﬁﬁﬁwé’?o?@%ﬁlﬁ% arHﬁ?éH I Gh RBYEYRLSoRYISENg of
2459 of styrenaantdQbgthkbusadieneoveressddrith#ie3 Cantinuo us gritseeaa et évriber seaciobeivey 45

minetes, with gone? JEH*‘B&F‘@% sleogiliiil ‘ﬂﬁ% 0eih SR“ILPEJW Belo &n&?c%&’#%gtﬂﬁﬁﬁﬁﬁ %??}pgpo” the

completion of fhe addition o omers, t € réaction was a fo continu rther 20
minetes, and Hiﬁ?@fmm@mﬁé% tmrﬁéﬁﬁgrtd"l@?naim@%@ reQEtEH. 'orhRid OMIRRBEARC19TS ahd

0.4wt% of 15 ﬁat@xmmwaaaéad@mm WedigteOf dhetRPNie b MaTecadiias tolie dradianimixsere
and stirred for 5 mine es, Iy, the Rro ct was added to a m|xture of and Water wherehy the
solvent v%gs evap{)]:)ra?[ed an bg?tl Ma yme(r]{ﬁ:olategﬁ‘t FaﬂqsoPagl At rseugr(?é%gq i éev%gl 'é)rn he%/ blids
were seperateiﬂ@éWé@é@fﬁtmm@&r@nﬁLﬂéﬁemdeﬁd é@n@d@%lﬁﬁh@é@@ﬂﬁ*oﬁj@d@@gwe

a styrene/b Ut@dﬂ@ﬂ@bipﬂﬁéyme H'Nﬁa%oéwﬁﬂl%(@ﬂaﬁiﬂﬂ%@oﬁé’ﬂy’mw@% @ngd %WMQ’EWE St¥RnfIERits
were present in ro-hlocks, and Was found to have olecul Wel ht of 191 Fr%é’; 11). This
polymer was QSRR BEEP MAGKEHS SERAAIEH: SoWAMMEN Al AL NGRS S ashiiene
combined mawnrihisdegndaditided irito am iternalaxixeio mipeel tf&er@tymwlﬂe fora® tyvinetes Taigl then
pe||et'ze%hr0é’@rbﬁé‘/'l§'lgﬂ§cﬁ§ﬁ%w é‘é‘éréigﬁfe*?el\ﬂ‘é’sz%lfgé)% Thmigsuliipe:ge ”‘?Iﬁli’ger\ﬁé%e%‘?é’s'é‘ﬁ'loWnlloc

into a mould at 180%t0 be foamed. The f amed roduc COUI?‘H%% used as an external thermal-insulation
material of pigHgr ERGR e 3OS RAVEGEHR ?J T6resyIpmeRRLASH AR P were charged 3.5 liters of

a mixture This polymer was comblned Wlth 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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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 minetes, mixed monomers consisting of 227.5g of styrene and 122.5¢g of

isoprene were, sly. 0 th eac or over 2 |net X|mum actlon temp rature
being controlleg%g T@O@ duggrité?ﬁe a.%rtlon Eﬁooﬁ e Eoorﬁg@lon o?The Cadd |on o Re" r%%te%
monomers, theepsdictiornmiasallivestl to cornitiuesfoiofurfiighe0 Ainetes, atto 828Ammel obkiliibern

tetrachloride aspaePidHing agent E@ﬁa?h‘ﬁ:ﬂ é‘&é‘ﬁ@' Wiy efie A RIGRURMAN nliRer CQMHQJQH@“@BJ@I ,ﬁ@ntlnue
for 30 minetes, 5m1 of water was %% to terminate he reactio Wé? %é? wt% of Antio dant 1076 e(r)tgn
d d

0.4wt% of AntSRHR i%§°85§88 Wé“&ﬁ‘t%fﬁ’i’é SOHRIEES boebefB“tﬂétFe fidRANDr
stirred forss miviéte of FAmdilbyi tlaen o idii fctands G ddath tofa Amititunid af6lie dm settl ovattre wid grbyathéhsolvent
was evaporat%i%ﬁﬂgrthﬁé?gl)é@@édsggq@ RAcHD ﬁ‘?ﬂgétﬁfﬂdaﬁ\d@ﬁﬂﬁeéj R ﬁ'%?e‘é’afﬁhawetﬁ@“ PWEHE

seperated, dewatered with an extruding-desiccation machine, and devolatilized in a dry o give a 10

star-shaped sWASnaAd6prhée 68%‘1&5&18( SRR ARLHUREY: %ﬂﬁt@%ﬁﬂhﬁ@&%%ﬁtﬁdm@ﬂ%} Weight
per arm of 119896 évingptnealenaigas wolids ainarmagfehd@d aindtagpolyner swids uleereesgbecd ©88,900
(Mn). This pO'MH‘v%t%?é‘&d\R‘ﬁqf%%%Ua918‘8&%@5&8?%‘&%@%&@9&@@%@8rQ‘BHQeEon‘@ fgamed

product could be used as a vehicle interior decorative material. 15The patents, patent applications and
testing nféthoé&aél%@ﬂ?ﬂtété’ﬁ%ﬁﬂﬁﬂﬂfﬁ"a‘?e%%%ﬁ?éte@htér&ﬁ@ré’@%ﬂ@é wagyiQithddnl@MeioR has
been descrlbedcwetdfutafevmlgattcpeb(@mplw ]amtlmtm(mt$ ﬁmﬁ@mﬁﬁr@tomddmﬁmﬁeaskﬂlednﬂ the art

that various c c h i t | he
invention. The o on B0 TEAeg Vs S dATal e B el B s iR et
mode contemﬂ)f%ﬁe@ F@)racﬁﬁ'?‘ﬁ@éﬂt)fh|'§‘%U€Hl§bﬁ!%ﬁﬁh§l‘h@/éﬁﬂﬁl?9l/lﬂ1%ﬂk’dl@ e egfsbamiehsitng
within the scopgepibihdaprRendedgtaians. 'What is claimed is: 1. A styrenic monomer -diolefin
copolymer compri MICro- block of PQ tyr nlc monomer and micra cks oI d| efi monomer.
2. The sg[/‘[?enlc mjhﬁ(])gm r(i A éflrpcgtg]ct)lyrﬁlﬁg claim coﬁgpsrtﬁtg essertt%ﬁajlly of 5'mi ro éﬁ)(ﬁ(S of"®
polystyrenic m@@mﬁﬂiﬁwﬁf@mW@%@Qﬁﬁ%lydlolefm monomer. 3. The styrenic monomer-diolefin
copolymer of clainpwips %Mﬁ@éﬁt%ﬁh@a@%@@ﬁ%@sﬂ%@ﬂiﬁnm%f&&f Q@éiﬁﬁ&%ﬁtb@ﬂﬁéﬁ@rﬁ Wil te
80wt%, 1,2- pol tal diolefin-derived units, and the

d | than 30% of the t
copolymer nalHERCHEG BVarsE ARIERLIE T G Ofky Vol BHRGHFnio8 GORLLo80 BoBi oe frace
styrenic mononiéediotiiaitimgofione thd spjribfacidisropeacod thdeicthioconpeifers, litheainygméaic is not
monomesfliolgiRGP RO R HatERIRICEHRb BRI URIIR SR BB H RPN HpRtd How BaFRjng Rt

represents a polymeric segment of the styrenic monomer,
P p vaentlong but the mvenYon will include aimbodiments falling within the scope of the

appended claims.
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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 independently an integer ranging from 1 to 150, 20Y, in each appearance, is
mdependentlyéﬁﬂ mteger rangsng from 1 to 500, X3 is an integer ranging from 0 to 150, and n is an integer
ranging from aéd)%) provided that at least 30mol% of the styrenic monomer-derived units are within
polystyrenic monokek stgiteistgmRvones polgiercenidmheyeentufism o eoblockand aplgastesico

mol% of the diglgithiepRAMETEIRINRIE KNES S8 WHHAPAAGIREN segments having a polymerlzatlon
degree of from 2 tg 4 - multi-armed star-shaped styrenic mpngmer-diolefin copo mer
reprasented by ol EIS I 1SS AAPARSPATIS Tk (ST, AP EERGINES R3STUAlA G as
defined fos therfiononbla¢RsatiovelyR yseanstanaiaped mmmgoa@mmf pabidigdefim nzoamommeeger of from 3 to
10, provided that & leggt 3RMA1% A{dRERBIES %%%W?Q?&&H@HV@ HARGR®, V‘O\H‘?é’ﬂeﬂ%ﬂé%&rﬂ&wf”@lnomer

segments having a polymerization degree of from 2 and at least 30 mol% of the diolefin

monomer- der%&eﬂfﬁtm%%ﬁ%w%df@fﬁ? §@B%f§%ﬁﬂg@”ﬁ@1ﬁ%r‘?ﬁ¥@ﬁ%e@%? IBH% 400;
or - a combinatornpoistihe |beththab. Ik stiyteaitommbdariedinciekanitopoignies obanly oferldinssalniondhevhich
has a 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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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 2848cm 1. 6. The styrenic monomer-diolefin copolymer of any of claims 1 to 5, wherein a 10

plurality of PSx P segments constitute renic monomer. diolefin tapered fwhlch
Compouiion vARLS RN e (PSP LS SN B A S [ToMafg o QoA g st

blocks. 7. Mn@@i&@ ﬂirtbeegmiﬁ@nthéogtymﬁrcdmv@nemtﬂo@éﬁhrﬂdpmgdmrf@ce@wmtﬁn kawnsf elaims

1to 6, comprl§mgn@@a§gq|@g@f@@wgﬁp§ fosabergrand an activator to a polymerization reactor, and
heating the contents to a e%é)era e rag)ggng from 50 to 110C; 2) adding 0 to 45 wt% of a styrenic

monomer to the reatt6P™ ned amount of an initiator to the reactor, and allowing the
reaction t6 continue foh® mﬂemun@wwmmmeﬂeucﬁmehmtyeﬂmfngrmmd:aiam:k/vt% 6f thkichyfeadca

monomer W'thw?ébmg%\ﬂiﬁ!ﬁfw RRBAMREN3AHAP %w&aﬁwng.m%&ﬁo&mﬁﬁ eAStRhGVENE RSMGH eEtime

ranging from 5 to 180 minetes, either continuously, batch-wise, or pu sedl with a reaction temperature

inside the reawtwﬂﬂ%mﬁFm@&@tﬁﬁﬁ)meeﬁiﬁtiBr@s@'Eﬂ%?‘?ﬁ@ﬂ%(ﬁ’ﬁ Fﬂ%ﬁgﬂ% {OnpRRURHiffers
from the initiatiray éeempebaturanioy o6 froneatibeut 28¢2 263)848ding the remaining 0 to 45 wt% of the

styrenic monomergdo {e reagiof @”FhB‘HBMQHJWJ%CE'(S’M%BWW%ﬁ?rcﬂérmgrf %39 'WHEP%?n and

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

alternatividly, C3riBliy: %aa%dﬁﬂﬁqﬁﬁtéﬁﬁiﬁ?ﬁ?aasﬂw&ﬁ‘ﬂ%H@Qﬁ@@fﬂﬂé%?@%& adiseactor,

and heating theepotkstits icasde maeiiaiily caian o gHESY) e tenkhd Consis®) edalipig o 4s wiith ehpered
styrenic monogen o the reactor;  3) adding a desired amount of an initiator to the reactor, and allowing

the reaction to coniinue 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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