-, e3eF<C '\%&; 6; T<9w 1 11 August 2004 TAPERED BLOCk COPOLYMERS OF

HONOVI NYLARENES AND CONJUGATED Di ENES Field of the ‘Invention This invention
relates to tapered bl ock copol yners of nonovinyl arees and conjugat ed di enes
and net hods of preparation of these tapered bl ock copol yners. Background of
the I nvention There has devel oped in the polyner field, and especially in
"the packaging and related industries) a need for thernnplastiflggg§g%ba4
that can be forned into colorless, transparent articles having go inpact
strength and ductility. There are needs for polyners which are useful as
singl e components as well as for use in blends wth other conmmonly used
polymers to make articles wth inproved properties. The pol yners sati sfying
t hese needs should be suitable for use with conventional extrusion,

i njection and. bl ow nol di ng equi prent and al so suitable for use in other
met hods of formng plastics into containers, tubes, filns, fibers, and the
| i ke. Polystyrene, high inpact polystyrene, branched bl ock copol yners, and
the |li ke have been devel oped to neet these criteria with various degrees of
sati sfaction. -2= 11 August 2004 Much effort he's been directed to the
preparation of substantially transparent bl ock copolynmer resins with a
variety of block structures produced by a variety of nononer addition

sequences end a vari etypeEEnCRtRK] %&gmﬁarﬁa%&ﬁgﬁiﬁgggerti es and an

econoni ¢ advant age can be obtal ned by

monovi nyl ar omat i c- conj ugat ed dimyq;@g@@A-pglﬁEf,fm}giFt h polystryene polymers.
However, because bl ueness of bl ends of nonovinylaronmatic-conjugated di ene
copolyners with polystyrene pol yners cannot be predicted by rul e of

m xt ures behaviors, getting a desirable conbination of properties can be a
conplicated task. Sonetines réliald wél yhe Ah@sdtaS8

nonovi nyl aronati ¢- con& ugated diene i copol yners give blends with high

bl ueness when bl eldédierRiebiretstesstoameradd plsEosRpPHYsEYs£ne. Bl ueness
of artic ﬁovfigrﬂer%nfrom various copol yners and bl ends of copolynmers with
other pol'ymers’ 1% *4°F s FANIRREP DS esnench methpdi io€apiapasanbar ecol or | ess
mat eri al g i o} e _goqd inpact . strength and ductility are

desi r abl eﬁé%pg%i’%eg %i}?r%pf%soqiyﬁ?ﬂsude materials for water and food
contai ners. The present invention provides novel resinous ~ ~- tapered

bl ock copol yners of vinyl-substituted aromatic hydrocarbons and conj ugat ed

di mes from which can be madggag4, s with Jow bl ueness -and accept abl e
i npact strength and' ductili E"y, 1oibé otirthe v S for use in .blends with

pol ymers of styr&@here paktdgidhagddy 1Rl @RAS.{ i-ch' can be made articles
11 August 2004 that exhibit |ow bl uenes_go a;rrlngma%\%elgt’ able *F %ﬂgﬁqgt’rrbngt h
and/ or difiét PRtlag Inprandhielntedniddesused i o n2RB! $ £ tﬁ%}]&&%ﬁ?é (farr}ofjgmrgsof t he
ot her cor@Dnl y used resinous pol ynodal nonovinyl substitute

aromat i C='E@5nfily&eectritiedatntsl oelerdepnl ik BnhleeBds] o4 hiv Q! yoBis of
styrene to gchi eve simlarl g | ow bl ueness | evels and good inpact strength
and/ or dUREFY XY P& artd dussihitde fTemetdre btendsor HayheMenhion &lso deal s
wi th noygl, p[ %%eggne%ef or maki ng resinous tapered bl ock nonovinyl a

romati c/ conj ugat ed i eRE RGOy ABreelli axlfodi wap dopolepdersitsubtidl e for use
in bl endgmndMO0E.£ i ment of the process of the invention, copolyners
are prepared Jgdg?da?%?g'ﬁrosnlc‘boﬁa)lfﬁﬁritia%?soHiE‘bri‘leﬂ?‘(mispirvpa:trieact iThe zone
by: (a) pehpkddsngaei JEIRQViayl ar ti mer and as initiator in the
presence of a r_andosrr?zeér/ an%igéﬁgg%\’/visﬁﬁu CQI FnEtit2RLe dert bsoodth unti |

essent i abhyedidohs BxTBNIFRT 1S ePEE5EHL4 hhereafter 4b) charging a

nonovi nyl ar omati ¢ nononer andﬁgn J|§5r§11i tglltl%tbéfw ant d?iﬁ'? oe\ﬂi"%lﬁ’"eﬁ‘(’fl g?ﬂerailfati on to
occur untitabtdssént ivakl h BOLEF GG tHEIIOPE ¢ - thereafter, (c¢) charging
a mxture of nonovinylaromatic nmononer gﬁﬁ”@%?%ﬁ% cédllb‘?oeﬁgn?ﬁfﬁ‘%ﬁér and

al | owi n§upesy fbtszatfiierst, oait ¢HE 1ML | r235&tdeal | 1R fl .88 MONONEr IS
present; and thereafter (d) charging the reaction MXture with a coupling
agent . PA!MISERRY, brtoddiedehtocsf cddodypsaGesst Chet NG oY iV QALA Yy $OPY YIRS
are prepared in the same nmanner as those of the first enbodi nent, ‘except
that addft1%6hafrspe aFtteriatwiph(viriand degeeeeding kepcddy., a second
separate charge of a m xture of nonovi nyl aromati ¢ nononer and conj ugat ed
-4- 11 August 2004 diene nononer is nmade and allowed to polynerise until
essentially no , free nonomer is present before charging the reaction

m xture with a coupling agent. we have di scovered novel

nmonovi nyl aromat i ¢/ conj ugat ed di ene tapered bl ock copol yners whi ch can be
used neat or blended with polynmers of styrene to produce resins which can
be fornmed into articles with | ow bl ueness and advant ageous i npact
properties and/or ductility. The polymers of this invention are
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.. The presently preferred conjugated di ene nononer is 1, 3-butadi ene. The
nonovi nyl aromati ¢ nononers whi ch can be used contai'n 8 to 12 carbon at ons
and include styrene, al pha-nathyl styrene, 4-nethylstyreae, 3-nethylstyrene,
2-met hyl styrene, 4-ethyl styrena, 3-ethylstyrene, 2-ethylstyrene,
4-tert-butyl styrene,, 2,4-dinethylstyrene and condensed aromatics such as

“vinyl napthal ene and m xtures thereof. Each of the charges copf giqni&ng
monovi nyl aromati ¢ nononer in the same -2%-6- 11 August 2004 sequ
charges may be the same, but is not necessarily the same, nonovinylaromatlc
monorer or mixture of nonovinyl aromatic nmononers. The presently preferred
nonovi nyl aronat i noner . i s styrene. Exanpl es of polar conpounds which can
be advant ageousl| &uggnp?{orf??éa b f‘%ﬁ'ﬁd’&i’?‘é‘f%“ &pethey REpRErat hdrpetthers (sul fi des)

and tertidotaabldas. ¢idnsl u referred to use ethers and sulfides in
whi ch the radi cal s§at t acshgrdy"tsto%%ée{( %ﬁ&}‘b o6 TP Ut ht Briterae by nfdb boar bon

redi cal sstiSpe6ids erexainl €9 OfsHl) pplar _nateri i ncl ude di nethyl ether,
di ethyl ether, ethyl net hgjlS et her . tj}et yl propy ddg% Ter SeHierfiehreghyt et her,
di - n- octydriethest, catplSakesgdhit@XaMe 1 La el t hane, di benzyl ether)

di phenyl et her, 1,2-di met hoxybenzene.  tet Fg%[}%?%ﬁggoﬂ §§°“°“r1°

(t et rahysivefitisgenoan diarebtydneguby ivdend HLbbyd SUbE i d%ardliarfzLropyl sul fide,
di -n-butyl sulfide, methyi ethyl sulfi 52 di met hylngt ﬁ@%’a“%@%e“)"“m{g“eﬁ
tri-n- etcﬁg}apamm,lymri& Righ gollsttyeRe pdlymécout ub@g@eg,e,betcgu@g,figg&rgsna,
triethyl amne,tetranet pﬁﬂ et hyl enedi am ne, tetraethylethyl enedi amnée;

N, N- di - rfét Rysasisi Pf renorinidielpbatcatdyfugnated ddendl-dopbhydersrahal i ne, and the
like. It i,s to be uqderstood al so that m xtures of these pol ar conpounds
can be ETFOVES EPIHRH sennet bef prevd.cped dyntuleveniixeoresT BehHARE
conpoundg are geper al L% used in adm xture with the hydrocarbon diluent.
Present By pref &r F 8 "4PE° SCPRLAetieR rofh paersatian om e ot hyhpldichesd tAgpNg t he
sui t abl @M MelsNEs s, era the di- or nultivinylaromati c conpounds, di-
or multiepoxi des., Q?O% r?ﬁ??‘f]ie§6c'§fé‘ﬁ§f-@§“r8%”§r°?ﬂﬂuﬁﬁmﬁ déene di - or

mul t i, al depyHesrs diiveOb1dRdlty ! | koxytin nds, di- or -
mul t i-hal i des) ;sa(r%ti cularl y g}l&?ﬂlt ggﬁﬂ’]}% Tdes 5%%“ ﬁ’ggg%ﬁl ulds coleslgpFng agent s

~conpri sgager@inpuzpdie- polstPEddel, anhydri dea, nono-, 11 August 2004 di-, or
multiesters, preferably the esters of nonoal cohols w th pol ycarboxyllc
aci ds, diesters Bivesbsabé estiR16s ForHBNGRYET ifh, di car boxylic
acids) lactones) and the |ike, including co&%ﬁﬁ%ggq%g%%gﬁk%ﬁggtﬁgmgﬁ nor e
groups ShFRPIYRRTESWEFD Phben polpresc dsmolongs tand anplpesb b sy t abl e
vinylaronﬁhic foupéigg agents include, but are not limted to,

i vi nyl BEHZEAETONE, YIS FRIRpsparetentalsl vBidh wilny IMaaphidedl BifRct . .
-1, 3,5-trdvi h l.en 2, 4-di vi nyl bi phenyl ,* p-dii sopropenyl benzene, and
t he |ik‘£‘e‘li%&g¥it’ %@eﬁyﬁgi‘g‘f \ﬁrﬁyﬁl%ﬁiﬂr’&i’?'c E?‘tﬁf aréxsnsles dnphedker red, | _

- parti cubhgdehYa i \E,DV. z in, either its ortho, nmete; or pare isoner.
‘Conmrer ci al g?%%ﬁ??ﬁ%ﬁggﬁgnﬁﬁ?%ﬁ‘?ggﬁgﬁ?iture of the three isonmers and ot her.
‘conpounds i s satisfactory. Epoxidized hydrocarbon pol yners such as
epoxi di zed |iquid pol ybutadi ene and epoxy conpounds such as 1,2; 5, 6;

9, 10-tri epoxydecane, and the like, can be used as coupling agents.
Organoal kyl phosphates and aryl al kyl phosphates era consi dered useful as
-coupl i ng agent s Tike bhegentvixtdmiionEpadRE 885 Alowdtl LAk g Qul tiisocyanato
couplfing agents include benzene-1,2,4-triisocyanate,
napht hdie@hged] blogk Topelymairs ooy atay BlsubBeh tuted | d domat LORPRIGLALLY gvailable
‘products known as PAPI-1) a pol yaryl pol yi socyanate having an averﬂge of 3
i socyafaPeugftedpdiensr frsrerhich emd benasdcnagec 193l eon & Wk gl s Of n gbout 380
are suitable. The nultiimnes, also known as nultiaziridinyl conpounds, _
such aStIRRS@RIont ARy 3soremmite amiar i diBeilings Rekcnol geyl e, are. useful
as coughiq&¢3%§nts. Q her conpounds useful as coupling agents include
tetrevi nyil BT and %t r FER nytR plsisithe withe pelwwins difnpkypassphi ne oxi des
or sul fgglas; LEd-azippl di nwl) nphssphi ne oxi de, _g_ 11 August 2004
tri(2- rrpét hy|°?iffaa}zli§fi Ei’.ﬁ h)%%?ph%%é]’o in‘}e&‘%z d§$n ¢ made articles e
tri(2-ethyl-3-decyl-1-aziridinyl{phosphine sulfide, and the |ike. The.
mul ti al dehyde coupling agents are represented by conpounds such as -
"1, 4, 7- napht bal enetri car boxyal dehyde, 1,7, 9-anthracenetri carboxyal dehyda)
1, 3, 5-pent anat ri car boxyel dehyda, and simlar nultial dahyde-contai ni ng
~.aliphatic and aromati c conpounds. The mnultiketones are represented by
~conmpounds such as 1, 4,9, 10-ant hracenet etrone) 2, 3-di acet onyl cycl ohexanona,
-and the like. Exanples of the nultianhydrides include pyronellitic :

~di anhydride, styrene-nal eic anhydride copolyners, and the |ike. Exanples o

ithe , f multiesters include diethyladipate, triethylcitrate,
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initiator charge produces active |iving nonovinyl aromatic conponent

pol ymer bl ocks with alkali nmetal atons (fromthe initiator) on at |east ono

end to formactive reaction sites. Each subsequent nonomer charge adds

nmononer to the living polymer chain at the alkali metal reaction site. At

each stage of charging, polynerization is allowed to continua until

“essentially no free nononer is present3- Wth each subsequent ﬁ‘%ru%ﬁst‘fgﬁh
includes initiator a new polyner-alkali netal species will be pro@uce ? and

each subsequent nonomer charge has an opportunity for polynerization of

part of the gharae, wht Bogach, Ol J NG EXLSbLOtRA WiBkes! kelingiat al spec es.

Each of the*active I'ivi ng polyner chains vill be term nated on both ends

wi th nonowpaybrakaeeLig thl o6k swiafdrelcapoby Medéd il @madfieeastouwmnoner char ge

cont ai ni ng nonovi nyl aromatic. \Wen m xtures of nonovinyl aronatic nononer

and conj ugaked sdimenrdr shehatyed, conmealFol§Re X eHaoNS mixm%a% er m nat ed

wi th the nonovinyl aromatic rich ends of the ta‘%ﬁr dntél geks,prior to

coupl i ng. TRPCEATYL FUREEY CEbRY| MW AFOCy FBPI IR T he Tinal nonomer

char 9¢. 1t NE AGLinte sl Ll B9 ehbD oA ol | kmEAROLY NPy He? tehaEsLava th 2

di functi onaf o pol yflunctl onal coupling agent to allow coupling of each of

the |ivingispeGias Wckhneaehest 1de16t hed hbudnprspecis¢sengti th ot hers of

the sane living species to formthe desired pol ynodal tapered bl ock

copol ymer stnd/font [dmcdddiityndnagehtcies Wtdelée"ﬁe%/l&%rhleé’filsi‘ci ent and/or if

| ess or nore than g staichionetric anpunt of . £o [N LS ed, there

can -be some uncoupl&f t"é’rvr?in%éf’gda ol 3??5;1% z’if’%sﬁlo éle gﬁﬁggg'?%efg%eci es in

the final yaacld ol dindul fapered lbidciudish i 39D4rdiset 0§/ cdinfugatednal

coupling agents wi |l produce predom nantly |inear polynmer chains. Depending

upon- f unctdicesd i dapolawdgus idedndbsg arnbiyRes s ofu b if%g HE§ be

acconpl i shed wi th_ pol yfunctional coupling agents. Variations in the anount

of a parti®ulR¥etyfunctional coupling agent al so can be used to

meni pul ate the degreg and kit ledd 38CELEGAeddie oROURLI vaitizm, The

chargi ng sequences of this invention and the resulting polynmers at each

stage are.cyElRphéfs etk ¢l Praparesichnaér desiordvnnpbayoest Fa-ivsnoner )

“conj ugat ed di ene and pol yfuncti onal coupling agent in the foll ow ng Tabl es

1 and 2. condipiofMBiE 3 T¢RASHCPOACEAANYT ng Sequence (First Embodiment) 11

August 2004 Charge Contents of Charge Resulting Polyner Chains (a) °

random zer, initia(ey, caadgiigy/ meBenovilhyldrohit Rl @bXorRRdarfl ¥ SRGEI{tr in -

but adi enex and styren a (d) coupling agent S1-Li, Si Sx-Lii Sx-Lix

Sl - Sx- Hx/ $SkelpnesSneBidSel randsoliyzapdakd & Hpeler pbllpedricopehyteoscut tlatityr ene

term nal blocks where S = styrene B = butadiene H'S = tapered block Li =

resi due f rERPREIPIABAIK 4R e mangrer nist patsomt eheirag flteron the end of the

pol ynmeri zation chain or reaction site prior to termnation or coupling.

subscripts = designghi oRpakqihg HURBIdGaly1aE8RALIiN Mot ha@ @arti cul ar

conponent was char-geo’l or 'formed. s -13 11 August 2004 TABLE 2 _Invention

Charri ng SégdsdesorSapdnalEntony mHyPethsp Hodit AR oP Ehar ge Resul ting

Pol ynmer Chains (a) = random zer) ini ti,ator%?and sttl%%ee%g)ce)(sb) initiator= and -

styrene= (GpssBtiailénercahbeetPrranss ¢4) PhEPEYTene="and Styrene (e)
scoupling agent where S = styrene B = butadiene B/S = tapered bl ocg Sa_Lii S
a-Sx_L.i i Sl-Li= Y)S=cBilyeSssl8rigturq pEpqrorinylasongiis RIFIPEHARY
S:-Bi/Ss-H:/Ss-Li = pol ynodal tapered_bl gck cqpol it h r

t er mi nal - bkonksakpd <ieag| TrRAC™EF otidad hHIF @qgmﬁé@ﬁ?ﬁé\%ﬁ"aﬁ%ﬁ “S’g%i ni ng on
the end of the pol ¥mri zation chain_or reaction sifg,fa-0r to termnation
or coupl i ngSSEUELH Pes FZeUESTGREL i*8nFo 'e“numerical order in which that
particul ar conponent,was, char gegy O o 0L i880n1:E06e NARHONIcE051 fing aiuaal | y added
with the diluent in{dt)i aﬂ‘grgt rged o t he rexact(a)r. each of the charges

whi ch has two nonongrs_nay' be either m_xt oddls L¥Oorgpnoners or

si mul t aneous chargirrgél a(‘)‘f’)éP\?\f)_ %%tﬁ)%r ﬂegltngﬁogffégsg -14 11 August 2004 As

can be seen sframdiibe, i BLELTPLLAL Carddgaksdl it €tk isadehpanher gi ng sequence -

t abl es above, in two enbodi nents of the invention there are at | east two

di stinct speci ehcefe pdl wimer £éhat nertedimente oapteply. thAtuSdApbEGRBHHN - t apered .

bl ock copol yners conprising relatively hi %h agg) | ow m)lo% ulsgray:\gL ht.

speci es can B¢ GF€ed ) TAREr BECHTY iPreBach! of* tHe Grow ng pol ymer

chains are @rﬁ%ﬁae%fb)é 13t ANE P USL oA AirBia i & Mndiloregashat won fRRONER S

as shown in the preceeding tables of the’inventive charging sequences. The

random zer regul ates tapering or random pol yneri zation of the

nmonovi nyl aromati ¢ nononer and the conjugated dune in a nm xed nonomner

charge. Choice. of -random zar can be used to mani pul ate the direction of
taper in blocks resulting fromcharges of m xtures of nononmers. The taper

o



~Prior to coupling, all of the living polyner chains have nonovinylaroroatic
term nal bl ocks on one end because of the initial nonovinylaromatic charge
(a) and charge (b) made with initiator; the wliving ends of the chains
wlll have tapered bl ocks prior to coupling because of the charge containing
bot h nonovi nyl aroroatic and conjugat ed di ene nononers made next precaedi ng
“the coupling step. In addition to thedsequence of additions 0?19\@1 JongRer s
and of the initiator, it -is inporiant to _contr nonomer
and initi&tore SERATEF off a‘f’déaﬂc’ﬁp %E%"d’é‘%‘? ' ﬂ&mgﬁg%? %Egi? %’? Qgtfédil abl e
proportion of block sizes I Ll feHOk ¥4 2Qdal d it ut & wilbhad ned.
Gener al | y£T9P §°E)?“la°§e?ﬁ IR °pre glrgrfggeofc?’%s ngn%t%dikyrent of this invention, if a
pol ymer which ,i t 7s wei ght percent nonovinyl aronmatic, based on total
nononer \/\/‘é?‘b@tif‘gi%t%gg'ed, from about 27 to about 80 weight percent of the
total nonovinylaromatic nmononer is charged in step (a), fromabout 5 to
about 21 wei ght percent of the total nonovinylaromatic nononer is charged
in step (b), and from about 20 to about 60 wei ght percent of the total
nonovi nyl aroroatic nmononer is charged in step (c)Cenerally nore preferably,
from about 40 to akoHhvd Qieebediied parved ntonof e romsttar/ eadiedtady LAP%f oat i ¢
nmononmer is charged in step (a), fromabout 8 to about 19 vveigzht percent of
the total tapercibbidck Aoighlyhe290dinbrrevi by basbmeet cmbhtided ¥ h RAFGRATSI n

step (b), and. from about 27, to about 40 wei ght percent qf.the tal
nonovi nyl afoswgtriege MnQMUq‘esrmﬁg@&qhncaglt Eb %??‘E)@ﬁﬁr%ﬁthﬁlﬁr g%‘éﬁt]l%y most

preferably, from about 47 to about 60 wei gh ercent t total"’
nmonovi ny| dloerssscaifoa8RbrtaseoRh drgeh ipﬁ°p§g§§)e{)§f‘?ﬁ ¥ 8?7‘12%1[}%{' 11 to about 16

wei ght percent of the total - i nyl ar t] | SdCha@ednddy Step
(b), and from abouT*“’Z§?gy%%8ugpggxﬁe%§ﬁ?aggr%:%ntgpo ré?%\?f%t al

monovi nyl ar onet.i ¢ Qner.. 08f diN1sds@PodL )k @eédldigne tWikh at
ronovi nyl éPBnﬁ‘fqbgr%ﬁgﬁnngJ(?%é?g% |8n st ep (ac)> isorfl'ﬁ%m about 20 to about 60

parts by weight, et noviAdRak] hah¥ng\RitO¥asel odeOtdldombrpeeed Wvgkged! t he
nonovi nyl aronmati ¢ nononer charged is step (b) i's fromabout4 to about 16
parts by Vgisgptedaeed HR0chay,l whbywhigétiodte todit eduptbmpmeest gtearifed, 2hnd t he
nonovi nyl aromati ¢ nononer charged in step (c) is fromabout 5 to about 45
parts per 1kRQtpapbstivn weittet foislt preduchoitontrs berragdd. cWPEtLbr abl y, the
sonovi nyl aromati ¢ nonomer charged in step ~(a) is fromabout 30 to about 50
parts by wdiaghttgzer 100 parts by weight of total r nononmers charged, the

nonovi nyl aromati ¢ nononer charged in ste b) i r b 14~
parts by wei ght peﬂ'hel(wlbf&?ltssPB?%?W°&&FOY%Eh%ﬁ€%%h%%gf and the

monovi nyl aromati ¢ nononer charged in sitep (C). 1S { to about 30
parts by wiliayhtShér e tpdts ?fgg‘*ﬁfe@?ﬁw‘{“’gf"%?ﬁ% aél% %%%gbngl??béhﬁ%geed. Mbr e

preferably, the nongviny|laromatjc nongr LdkESh eRedp8lyder ik E®mM about
35 to abou?r%BIb%Yt,ngB%/“\g{B?'cg@ |j?)':’er"3 T%rggér‘{bggge‘%\%fght of othotléll nononer s

charged, the 7 nQvi nyl.ar I r bp keP ddapnéss from about
8 to aboutm%’?vb’g’ﬁ[ §f%'§/%\%/5i g?rﬁot‘nﬁgrﬁgggr%a}:ﬁ%%i ght of total nononers
charged, sad no ' | GLEONERRE tvehas névs B8bm@ifcirdns abewm
about 22 t SRS g‘% 2 9%£§?¥é§%%fght per 100 pa;??g by wei ght of total
nonomers chargeghout s prhteAystroa0aboutesertal dputnlty pndsont | BrefPEsly ed
second enbodi nent of this invention, if a polyner which is about, 75 wei ght
percent NDREH RybEr OFEtd @bowadSdveizht arexkentn ROPRIY ROKAZGH t SONEBHEEY S 1 ¥ m
about 27 to about 80 wei ght percent of the total ,eonovin Ilar omati ¢ nononer
i s char gednéromst dpsed)on fthentaisduieight FiaPRiEress gbanfc’ er8Eht of the
total nonovinylaromatic mononer i s charged st e o%ﬁ)oda{rbqg};@bout 3to

i
about 19 wei ght perf@entoupdet RPTELP © SVTer?gP%t}so I'c_nononer is charged

. in step (c), and from gbout,_13 t [ 18Rl a@he b ckot &d
nmonovi nyl af Vi'“ﬁrﬁwﬁg]o%%i% }‘lgv%%tairg%e Qigr_lt%?ieﬁ{)ﬁ(g%lfym%ﬁergltlly ramrec

- preferably thgfmﬁmgtaég b2 7ARAUY 1ALV gl 1apeERlnd nbheutof aind
nonovinylaronﬁilc_np oner is charged in step (e)) fromabout 8 to about 19
wei ght  per Ggpinedf cddt@ 1k Oitall e AN Wb HtaEMITBtdperadbdnek dfsnedvaigekiriens st ep
(b), fromabout 5 to about 19 wei ght percent of the total nonovinylaromatic -
nmononmer is charged in step (c¢), and from about 16 to about 32 wei ght
percent of the total nonovinylaromatic nononmer is charged in step (d).
Generally presently nost preferably, fromabout 47 to about 60 wei ght
percent of the total nonovinylaromati c nononer is charged in step (a), from
about 11 to about 16 wei ght percent of the total rbnovinylaromatic nononer
is charged in step (b), fromabout 8 to about 13 wei ght percent of the
total nonovinylaronatic nmonower is charged in step (c), and from about 20
to about 2S wei ght percent of the total nonovinylaromatic nonomer is

. A o, NN A
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- Use of too small an anmount of initiator would result in high nol ecular

wei ght pol yners. Conversely, use of too |large an anount of initiator would
result in polymers having short: chain polyneric species and | ow nol ecul ar
wei ght . -22 11 August 2004 The weight ratio of the amounts of initiator
in each of the charges having initiator can be represented as 1:0.25-300.
~Lil " L, :: 1 : 0.2S-300 wherein Lil_ = initiator in the fir char il
= initiator in the second charge ?I or'g' preferably for nost ap i#&%f%ﬁgh
the amount of initiator in the second charge of initiator is fromabout 0.3
to.about 10 tinmes, based onm weight, as nuch as, t he,anount ipLtiator in
the firshd icvinjibgdtod dhenge. TERNERSARPYE SORUIBAFES Pﬁ%%‘?"‘%?e?‘g‘;rdé’ﬁ%,éﬁ"e
amounts of initiators are selected s Chbi h%t thoelgglgpyrgf in the second
charge Eentin, PP%P_Seﬁ&a]Ii“FBro‘r‘“clc’a?gg r 2 tHAnthat enpl oyed in the first

charge. Varying the weight ratios, 0 tS.0 Renbdy Lindbey1e8hBIGES W | |
result pal 8”‘?3’”&'55’:8?3)('}?@15?B%Ib’rutglg%%‘ggg&gﬁrbu%ets of speci e;w present in the
. copolyner. O her factors affectin 8,.PLPRALELLQNAL BoPANGS thk Speci es

pr esent °Ph°1(3}?‘érc6?fbtle§‘§refsi°r?€lsﬁ eere%r Egeﬁce of EDi npur i tsi es and/or scavengers
Yn the reagtor, effect]j of ¢ tdhe; o ranangaipezeties d pronoter and
choi ce &5 tHUPI Pﬁ%Juggehtl,?rg?%%?het pol yner i zation i's carried out in a
substanti al absence of oxygen and water, preferably under an inert gas

at nosphere. Prior to the coupling step, the reaction nmass contains a very
hi gh ' pergesntads of nolecules (polymer chains) in which an alkali netal
cation s positioned at one end of each pol yner chain, Irrpu_rHi es in the
feed such as wat @ne qrroaksohwd thés e erten 4AsuRe ST 1A U R&TI8 At 4T

polymer in the , reaction nass. -2311 August 2004 .After .es hal
conpl et dnpolatray iﬂzfatqfor‘ihef°’E&?é’°F‘P’FP£I1k%HaF§g°L{‘a88'&%°-u"tdS'%ﬁé; hgoﬁiﬂr}r‘grl,g I%)}yne or .

mare suitable difunctiqpal or polyfunctio j agenths 4 s0added. As
used hemderehe & df v é&ﬁ?ﬂh? n‘ﬁ‘cqﬁﬁgkﬁg %é’*rg?‘%arf%?ﬁgédt gggt her gn%&jooi ni ng, by

‘means of one or nore gentral_c [ QB BP0 TR RhARIkall VO OF
more of G@AEOPi&koRg ?‘ﬁ)‘ﬁg{aﬁﬁaﬂ a%?glm[ltg%?trﬁ nated pol ymer chains.. A wide
vari ety of conpounds_for ch. aur eSrdsaht PE pe Pl eadin ATy tefd acki ve
. anount dtf"“"lﬁﬁec SBF?%gcagggﬁt&c%ﬁ Efeh%e N oyegp\ﬁhi | e the anount is not
bel i'eved to.ba nart il @kb%ufdd ! e6fdota 81y hobwdy100B funConnouUNt rel ative to
. the acti%k Y&%??%’é%‘%ﬁéﬁ%imbn‘ét al’ te}?\édcs toyspr onot e maxi mum coupling as a
-general it c-bEEflsﬁQ kynpreferred is an anmount of coupling agent slightly
greater than stoichionetric relative to the active pol ymer - al kal i rnetal-.
- However) |ess thameStéi figatsdtdicaeammuonts eairtheandedvied Mt 4défrees of
* coupli'ng where desired for particular products_of broadened nol ecul ar
* wei ght désxtbonbatdmsnandyiicdatis yi, I-huesdd pnoof 2tpesbEhnbdi-BRFAe8Ps t hi s
" invention, the total amount of coupling agent is in thz an g%é)fe %bo};‘
0. 005 t 02-dxhyhnl (Iivesadieme], 08, Iraiimetiyil=1.GrartafdapAeA e n%w&@ eRe; i
pol ynmeri zation). Preferred when nost. conbi nations of n r d;coupling -
agents arixtyges thergPhct ike&bt Bf sthien?)@ﬁﬁ?soﬁ"wéaié'g‘%tc @g¥%ﬁag%€# 56 phm of
coupling agent, depending on anounts .of i niflat QL USEGot RILS8HE M yTORS
pref er r ebP§ s“&ﬁoﬁ*tdpuﬁ.“%et é’g‘%ﬁeso.mgy ﬁrrfﬂedégt%’di ng Upon amount s of
initiator used e MRURnddf of di£8SANEDIcnlighien efdiechentnezoupl i ng
agent wi ERT¥ tcﬁgi%artgég%t%r ovi des Bolmymers with a noderately broad
mol‘ecul a&hx\ﬁjrggt?néiysgﬁgkwéeqncwﬁigaba@ dpéra @Bnateef B4 X,0-buskidemd. nol der s.
- Use of an insuffici"ent anount of coupling agent will result in |less .
conpl et e coupl i ngrief mbhev Lripliergmgpkymeonetrarhictandn kreperdistgtttod t°- 24-
11 August 2004 choi ce of coupling agent, nore branching; use of an
excessi ve2agmiboh' aafnsconp| invdvdeertyrerel 18 lihsonedy sty 5 ®mpre uncoupl ed
chains. At the conclusion of the coupling process, the o#%l edngolyrrer may
still contaerhyistncensol §rmethy latxeeme, RorafhyarkipeRgas &55 YE§"On the type
of coupling agent enployed. -The systemis treated wt ] i rpeund
such as waethylsayeeitol ?'ﬁ%ltgfe‘bearg'otr‘?r&'l'bd&?rg%tygrgnﬁ'r?égrdﬁ%%wgst% |
al i phatic nono-_ and, di car boxyl isc_aci ds to anyq Ay, Mdnat s, netal
fromthe 5eép6<rfgﬂﬁéﬁe‘%rﬁf’ﬁ§t8?ﬁy|5§°? He ﬁ%]y;rr%errp%g?icl)e uectg)ﬁli s“c,ﬁl still in solution
stabilization nts can_be gdded. Addi '§Jﬂ,afl §t 2P nbh SRS 16 GMeds &t added
during fiEﬁFEh?ﬁg?‘Be?ﬁbarxéeﬁaf?ne &g??%mg%ﬁtﬂs‘ treatment will provide oxidative
stability for the polymer during processing and handling and subsequent.
| ong termuse by the custoner. Comumonly used stabilization processes can
* use a conbination of conpounds which include) but era not limted to) a
: hi ndered phenol and an organophosphite, particul ar exanpl.es of which are
. octadecyl 3-(3',5 -di-t-butyl-4'-hydroxyphenyl) propionate and
1 tris-nonpl phenyl phosphita. After stabilization) the hydrocarbon diluent is

o " o o . ——
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amines, It is usually preferred to use ethers and sulfides in which the

radicals attached to the oxygen or sulfur atoms are hydrocarbon
radicgls. Specific examples of such polar materials include dimethyl
ether, diethyl ether, ethyl methyl ether, ethyl propyl ether,
di-n-propyl ether, di-n-octyl ether, anisole, dioxane,
l,Z-dimethoxyeﬁh&ne, dibenzyl ether, diphenyl ether,
1,2-dimetﬁoxybenzene, tetramethylene oxide (tetrahydrofuran), dimethyl
sulfide, diethyl sulfide, di-n-propyl sulfide, di-n~butyl sulfide,
methyl ethyl sulfide, dimethylethylamine, tri-n-ethylamine, |
tri-n-propylamine, tri-n-butylamine, trimethylamine, triethylamine, -
tetramethylethylenediam;ne, tetraethylethylenediamine, |
N,N-di-methylaniline, N-methyl-N-ethylaniline, N-methylmorpholine, and
the like. It is to be understood also fhat mixtures of these polar
compounds can be employed in the practice of the present invention. The
polar compounds are generally used in admixture with the hydrocarbon
diluent. Presently preferred are either tetrahydrofuren or diethyl
ether,

Among the suitable coupling. agents are the di- or
multivinylaromatic compounds, di- or multiepoxideé, di- or
multiisocyanates, di- or multiimines, di- or multialdehydes, di- or
multiketones, alkoxytin compounds, di- or multihalides, particularly

silicon halides and halosgilanes, coupling agents

comprising mono-, di-, or multianhydrides, mono-,
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“mHAmM VA . -1 HonmH WO 3 my~L aO N nO Qd¥-nmm-' ~U9nF~WOm avvvvN 1-§3r8 ' ]’1;]0 4
August 2004 After coupling at |east the coupled and uncoupl ed ;B W@tr (9
'species shown in Tables 5 and 6 are present in the pol ynodal pol ynmers of
the first and second enbodi nents, respectively, of this invention. TABLb 5
Pol viar i e1Speei sl diastadgdpiatdriabsy draboskd@Nb e SbnS81 @Nods-Zth~/ B~ S: ' Si

S1 S= gl/S~ z g~/gl _Sx Ss'Bi/S~-z-S~/Bnsi Sx Bi/S~ S1 S= Bi/S , S'=

nonovi nypahorabexy Idkoedkids , Bl iestens uddchde i enteddl afknddoBydricapdesthigl ock z
= residual coupling agent or coupling site subscripts = indications of the
char ges whitcH ineriexy hic soddte lobtedrs ,potd/ibde blkscksncinding 2@mpdulsgust 2004
TAHLfi 6 Pol ynmeric Species Included in Second Enbodi nent Si-Sz-Bi/S~-Bz/SW
X' Sv/ Bz- SUIBilnipe $¥0 T FPI B FroupBAngy mAX BBz SN oiSHore compounds .

Sz-Bz/ Sz' Bz/ Sa' x' Svi BWs~/ Bt-Sx ‘Sz' Bi / SWBz/Si Si'Sz'Bt/Sz'Bz/Sv. S =

monovi nyl ar omat i E*BFRLRE RE SWSAP Ly AtealekoBAEih cOER! Besaaentspdretidshock x =
resi dual Lin ent_.of_c | i site subscripts, =,indi cations of the
charges W ?gﬁe\ﬁsorace%?%%esdoﬁ?tgq§%n¥q%§nﬁ%qey rf’rfﬂ*(%g%"si.nyllhe’é‘fé'ﬁ’of t he

entiod! e i 440 BANML PRk HdReRe CHOLCE. 0s AP 160U, kI AYG B 1 RenpPoNt S

and -whet her coupl 1 ng agents are charge sa mxture’or 1nC ntaf Ty,
there cag-dil8oprdpsapinatbrl, RakYORS 1EkSPCBE O bl Nenbal Y g 1080298 Of
branchi ng. Bl ends The resinous pol ynodal copol yner producfs of this

i nvent i oflydxane Bonk| e @de MdrRd Ot fiak 1PO1 TR 13U IbASene 1n either its :
acrylonitrile-butadi ene-styrene copol yners (ABS), styrene-acrylonitrile
copol yneestheSANta ; amd perhetsoskyr e Ceneapdky nbiviny NivaReh€ @itk aldspar ency i s
desired or transparency is not necessary, the i-nvention copolynmers can ba
bl ended WatHrpoily sheftihgse aisgmers gindf ¢thecoporippmeds is sa®BiB fadtoygust 2004

Bl ends of the invention polynmers with polyners of styrene are particularly
useful applicati GH%“fdéPegﬁ’é'dFﬁﬁ?Wédpct]dﬁéF%@“lﬁhm epopblipedrkiqutdt hi s E
i nventi on., rticles rrgde fromt hescﬁ bl egds have surprisingly |ow bl ueness
‘end advdfit 5€35W°Pﬁﬁ£'te%?xryeﬁ§TW“3 Y/ gt thie Br 13005 FOrlOskElRpesTd eqanee | es

» made fromdswg eﬂF ha npgé es lr_.‘asncémt;i]E:!.Qlerao(l‘ oL he two enbodi nents of ‘this
“invention typica FS/ Have HInt et ne '¥e?H b tieness val ues of |ess than 20)
nost often | ess - U [ [ 0 [ 1S ded to
achi eve | ow bl uegggsﬁo%%k}élr ? ??:T%ﬂsi%rargd% df %%ﬁn%%ﬁ S O\Aﬁﬁ(&gtéﬁr@gﬁgﬂ %r?’gggl yners
t han wouls@the siceegd1af 4peRes GORRSS ahb¥ec el ynodal

nonovi nyl aromat i c- conj ugat ed di ene bl ock copol yners. The presently
preferred pol yneEgampliestof enetatpl myrdisdcvahetdlcoosibingl afdits 1dvi@ati on are
usual ly (a) honopol ynera of styrene; or (b) copolynmers of styrene as a

mej or cdrepeementl , dj4ttraisdayenatanpuaghtheleng-1yP, 1,0- 2k nadEgdianpes cantd, of any
ot her copol yneri zabl e nonovi nyl arowatic conpound ot her than styrene, such
as al phahgel Ha- st Geeneciafilpyeiadilablre Pordyrdsekiamt gmMpPBut.yk styrene. A

m nor armﬁnt%}i e g .. up to 20 weight , percent, of other nononers such as
met hyl  &SHyASHee LHSeRyAnate: FICmgl 47 &) e5e8ey Poni tLEPFXAnaHRe &7RHPS iHeE can be
copolynmeriized with the styrene. The in tign _copo] ynmers can he bl ended
with stff%ﬁ%“dlreeg? §“rr§%f‘§a¥ﬁ "Bﬁleﬁ“g"tﬂ Vﬁéﬁ]@zaglﬁ?u TEs8re s8ttebigre comonly
prepared by heat| r nd,any. _conononel, .at .1t eratures jn the range
of 100 to 200C wi mg%%ﬁjiﬁgg?%ogl% 3kﬁ)’?"ézés"‘l'lf’r ("3“,1{%‘az%\’é@ggggrcﬂnp?‘@d&nﬁcﬁe t he

Tonorter ss F1soPELIRALEAL! ON 520 @304l G4 8 Q.BI1d CUEL (LERDT Al Ur e

by the addition of free-radical generating pero0z c catdlysts such as
benzoyl )&pe«s&mmﬁ% 3eRty] PeHX Bfpoutllis tusdith Y asPEEGIHE ARRed NEC LIS
Alternatively, the polynerization can be carried out Tn -31 11 August
2004 suspensiionltalyhe) draviiyl pRNBEn®, the BY¥kEHaAlayUpHadgMneesul ting in
a |latex of polystyrene which can be coagulated to yield the solid powdery
pol yst yr&hées Phesyddliidemeshghatasonrtdnaaisid ibel papspiede oatidan sol ution with
precipitation of the product; if desired. Solvent can ba renoved by
standard t echni ques such as steanstripping or solvent evaporation. High

i npact polystryena (H PS) also can be successfully enployed in blends with
t he invention copol yners. Suitable high inpact




pol ystyrenes can be prepared by, polynerizing styrene in the presence of an
el astoner, typically pol ybutadi ene rubber. In these resins the styrene
forms a continuous phase throughout which the rubber particles ~- are
di spersed. The blends of this invention can be prepared by any suitable
means i ncl udi ng bl endi ng, tunbling and-extrusi on. Exanples of these nethods
“include) but era not limted to, dry mxing in the formof a er
pellets, wet mning in the formof a solution or slurry) end ﬁgﬁﬁ%E%ﬁﬁﬁéion
conpoundi ng. The polyners and any other ingredients or additives may be
mechani cal |y bl ended together in the desired proportions with the aid of
any suitable m xing device conveniently used for m xi ng rubbers or
pl astic¢s),.such far a a;differential roll mll) a Banbury m xer,
or an %%%?%d@?h9?%lfﬁé§g “3%@@*8P“§F%ﬁﬁ%ﬁa met hods the pol ymers and any -
ot her - it L f u s) for
exanp|2?99?E§??%pgﬁﬁﬁ?gqg%§¥ﬁ§§?2?ﬂﬁgﬁpﬁﬁg gg}ﬂ@%bﬁ?ﬁgkaﬁrggqﬁnd/or
emul sion. Any agigi tduy 1O gevcgnpm&dqg\mcla LA rBPt BRI d A8F UolpbithdsO any
met hod known in the art. .. anpl es ~f 1 ncorporation nethods include, but
ere  sdan kb AYQUBnagRii 18kt 4 icALb&E dl@ehydey N xing in the fore of a powder
and wet wining in) the formof a solution or slurry. Helt extrusion
conmpoundf iy ea@hrdxseneat tdaationgd 1ddBydyy any, Sspeid @k er itatrbody sldxhyds, iandsi ngl e
screw or twin screw extruders or other nelt extruders at tenperatures above
t he -mektriigrpob htiaddelyfdes sotredmdng i edripbatigesst wrenagfict hempoindser SheThe
presently preferred nethod conprises blending the polyners in powder or
gr anul al‘ﬁtifkﬁf;ﬁ?%d‘rexf?ﬂmisﬁ@t#héyb?"é'ﬁﬂ“‘?dﬁ sPeeesformto feed a
therm)fO{E'nﬁ_or direct feed tQ an injection of bl ow nol order to
 'tho £

der, |
facilital PUUYHR FISARg Rt fhe PEFTHEF S S HHe 08 $aGel the Gee T od
combi nﬂé\/{ﬁ:{l&%{ O?E‘%ﬁl I ﬁlﬁtigkgﬁﬁriﬁ!agsfnfcggé | ﬁg%@ﬁ‘ﬂ%@&%ﬂ%&@ ered by

Ioss-ln- _ ers or SCrew e a tenperatwure bM/qnough to
avoi d §£5fzte%_emyléifaeapﬁ}dlr§a§-coggﬁ,p{@s?r.ﬁﬁ PRl 118ks. aEQ AL ARPEE i 0 an

~extruder” which nelts and blen he Conponents to provide a honbgenous
melt. Rheltisederdl 1nRNG&E idYELDy1a8 Opdtel, Obr Rk ByTHiIRGatEt hods known in the art

may The ranges of amounts of polyners useful in blends varies according to

t he propestbeszandrécanory s befd) redethyFoés texanpidethavieikean i nventi on

copolyner is blended with a polynmer of styrene, practical ranges include

- using anmounts sArsiagathd mobtihsddde [@upbingbegrntiOenretthhits jddeeent pol yner of
styrene, nore usually from about 20 to about 65 wei ght percent pol yner of

st yr enketrahdl s sﬁF%fﬂér ablaronr trtizapblarides 5élatssute b brergdn, gedcent

pol ymer of styren it h the bal ance_bein ne or e of _the pol ynodal
r esi not!¥€8po %ﬁﬁ§i°%$%ﬁiuﬁ?% WFFhT*ﬂsélf?ﬁ?egT? fs ?ﬁ}ggiPﬁﬁfﬁéaB%ﬁti cul-ar

exanpl en the.invention,copgl yners,.are bl ended,w th ner al purpose

pol yst%iec\r%g?r%?%g S%ia/a geésglfil’i-’(ff"g%e ﬁ%i%&aﬁ%ﬁﬁ?s&e }%’1f9§ut st 2004 such

es fro - J I er { polystyrene, nore usually from
about @gﬁﬁgygﬁ%%%ggggagygﬁ%gség%%2%°%%|§§$§F§ne, and host preferably from

about 80 50¢ 2NAHNERe 451 HUnREL CONE, PALYSLMERIG b I L delgq Pal ANy Dei ng one
or nmore of the polynodal resinous’copol ymer products of this invention.
Gener attey 116 £ Of whOh HHEMaQbgddasi AMRBEEDRoCHORALYIEaToh WAl end woul d
result in good properties but |oss of econom c advantage. Use of too little
of ;t healiphaetd i on acopatynergsoup saichl @ndnwetibled Iikugd, lanchkosmydf graupact

resi stance. These bl ends can be econonical ways of gaining the desirable
att ri R éscofbdsoth-pubystdoubhe hond. t Bebirireptodnpd] ywiheh sregret® tvai nt ai ni ng
| ow bl ueness in articles made fromthe bl ends. The conpositions of this

i nvent}iFHier ahcefdin ttheresmisghlyhEeastiy ¢ Pody meh st P nRYl PreRpRic P on

nol ded,, bl ow nol ded, or made . into fil or,,sheets. Articles de.fromthe
conpositt BREL St f’ﬁ?%enl'ﬁ% PG SPRPRYERs p A BFFRE Yﬂyl’owftﬁruéggiﬂg’,lehave good
i npact th _an e ot her si.cal properties,.w.,thin acceptabl e ranges
( or e eLEnD atoBRE e Gy e kNS adbs BEORC ek ER it I LEEFRLID

cont aifjekg)e Medi cal drainage units, shrink wap and over wap. Articles
made from bl ends of the copolynmers of this invention can economcally

provi de advant ggeHSeRE PRANEIINS 1804, PhPicalaARPLALARL bONSLn, Tesdd ,Prpcedures
The bl end bl ueness val ues were determ ned on a Hunter Lab col ornmeter Hodel
D 25 yeirhgnfilig bhnter ebgldypd e dotpl inBl didnpamcidigiagedf£ eXpIRSHe6k as - b,
where | arger absol ute nunbers indicate nore bl ueness. -34 1 ~ Aug-~st 2004
O her properties were tested using ASTH procedures as s own n Table 7.
TABLE 7 - Test Procedures Used Property Flowrate, g/10 m n Condition

200/ 5.0 Haze, X Transmittance, X Shore D hardness Tensile strength at yield
i and break, HPa Elongation at yield and break, X Flexural nodulus, HPa |zod

o o, e o, Y —



-Pol ynerization runs were carried out under nitrogen in a stirred, jacketed)
stainless steel.7:6-liter reactor enploying essentially anhydrous reactants
and conditions. The anhydrous m xtures were stirred continuously during the
pol ymeri zati on process. The cycl ohexane diluent) which contained 0.04 phm
tetrahydrofuran (THF) in each polynerization in this exanple, was preheated
“to about SOC before nononers were chared to the reactor. The
n-butyllithiuro was charged as a 2 wei ght percent sol ution inléﬂ%‘ﬁt&p&ﬁe.
I'n thé polynerization step in which both butadi ene and styrene were
charged, they were. charged sinultaneously as a mixture. In the coupling
st ep) theo\’ﬁ'%f“leéilmﬁigﬁi?ﬁlif'?@ JYehesustd comsesine epexids zad evelret abl e oi |
comer ci al lYtaeE}\ﬁai I abllg from Vi ki ng -36 11 August 2004 Chem cal Conpany.

p

In the tefi HatiTng°Hép® Bifbdh dioxi de From a pressurized container was

admtted to provi a .4 _phm car bo iioxide tq the reactor, Water was
al so added in an ggrr’f)alﬂ"%?g}'slolqgﬁ?ﬁ/wf]ns sﬁ%?%ﬁ"l%ﬁé‘iorrf’ct - GPet Ak initiator
to separa 1y thig i f t he .pal chai ns. The anti oxi dant
m xture atcfig%%ﬂi%ﬁh% h%og?agﬁkggﬁéssﬁgépplgg%tza ﬁélg%én?ﬁ nder ed phenol

(oct adecyb, B-di8romd-Hiatadiby! thi-ahyxd,rmgxy-]r,slaﬁwﬁo)m propi onate, comercially
avai l abl e as Irganox 1076 f-rom C ba- Gei gy] and an” organi ¢ phosphite

(111 snonyk phenys-@heeRpi3-penayiedbl ;a5, STHERduy omiGRasagE) Ity Chemical s) .
Each stabilizer was dissolved separately in cyclohexane and ' m xed

t oget her . I Enoudhldid tepbrey 18- pentrad evronaglded to the reactor to provide 0.25
phm hi ndered phenol and 1 phm organi c phosphite. In Runs 1 and 2 a

m crocr ysttaPiilRel Ynbi epBEy -3 lar wlcdoS)eddams akmb thddedeas an anti bl ocki ng
agent. After each addition of nononer, initiator or additive, the feed
lines were rinsed Y%efR! apPtdkinrdiessl eonpldnpingenta lohbydmersvidiged end

cleared with_ a, nitrqgen sparge. Followi ng the stabilization step, each

copol yn‘tarve*sﬁ)eltﬁf’?}(‘)nc’ sSY9Pa8hetPoxid hzrd. q0Feet o il erfpPsidizsdr tintrediothe

di | uent. P ntJ.al | 11 of the remaining diluent was renoved in a vacuum
oven by d%ﬁo%ghy]%ogyf%r&gﬁees htoﬁfef"%qﬁe resul ting pol ymer was chopped in a

Vacuum oven. || n oaih BroRe gur e (FP Y sfhE SRl Vogr it

MONOMTEr S 44t api & e3P hrRleNF AN ks WloR 144584 s HBOAY 18, Wei ght percent of the
total anmount of cycl oh, e~xane diluent (3130 §.) was charged initially. The

remai ni ng cycl ohexane dil uent was added during the run as a dil uent - 37
11 August 2004 or flush for the various reactants added i n subsequent
steps. | rEadees® four pol ynmerizations, the weight ratio of total nononers
charged was 75/25 styzene/ but adi ene. The charges and the results of the
runs are sunmari zé#ej winap| rolynodalp sepeted it ladk erfersttarené tHeopkbyamar e
formed in step 3 by charging both butadi ene and styrene nononers. The
char gi ng ¥eqiehddigeess ®ad §oodsinpect shrengtly end/ axotptildgtagenertiflesnononer
ratios corres andi Erg tq the S1, S=, Hfl , seguence were 40) 10) 25/ 25.

Kei ght ratiGs ot ARBUARE™SF 9inPiendsort (1BePolimeh el fhes fifsi eapedleest each
of the fq ke nstant_at 1:1 but.the anounts were decreased
P om 0. O E S 1% PRl S8R0 AN Aol e REbalaly R ABL® S Re o]

decr easi ngedi®drcd | OV 4L SinA%iaThen Sy A bbbz nFORUNIRIS nbheREEUNS 1, 2,
3) and 4 ware designated invention copolynmers 1, 2, 3 and 4) and had nelt
fl ows of B9 Enitipyrm anthalsgbaéqwent, a@d3 tgoaOofria smebnd. 8hgtdd® afn,
respecti velly. rfLTrgﬁJDdi fferences in nelt ows were_attributable to

fl
di ffer enc®3 7Y AT %S° PRPPPST of2t S8 S ATREe L RE PEuP PBRET2tS  -38
TABLE 11 DY ABURHS 07 BURSy 1oifidthna EIDUABIL, CalEPRRRGLIRC RN 1
Run 2 Run 3 n 4 Step 1, Cycl ohezane, ‘phm . 14514514514STet r ahydr of ur an)
phn0. 04. @i&dd, bl O raButegulenthcoupiitidg isatepr., phm 0. 080. 070. 06.
0. 055St yrene, phnd0404040Pol yneri zation Time, mnl212'12 Peak
Pol ymer i zat i on12Telhgeraiaveepo 38284 153g88tedpb RiskBeliark bt éthiofinthienipbilydear , phm
0, 080. 070. 06Q. OsSSSt yrene, phml0101010Pol yneri zation Tinme, m nl21212 Peak
Pol ymer i z819 dRT 2T RIfBEF atadres*h Frerrt 7pSteapt s apdf erd B uelel 11 B nefS25 5438t yr ene,

pbn25252525Pol yner,j.zation Tinme, .m nl6161616Peak Pal yneri zat]onTenperature,
C1221221238141366§¥%% e RVUBEF i iRt f?ltﬂlb’ﬂﬁw.%é'%Gﬁa‘mfhwhﬁéiﬂent

m nl161616 e 4 '9 t.ep S (Terrnd nati nR~Hat er,

ohnd. 20. 20 30 BCaNEHEE SHF sy ?%.%_igéfhfpl?%gﬁsﬁ‘{?efg?ﬁﬂﬁg%fg"dm“

oh. 251 21 55T DSaE Gaar e D 9B IG0. Teaeidr hetbenthiehBiargt ur e,
Cn.a.n:a84.n.a. , -39 11 August 2004 TABLb 8 (Continued) I|Invention Runs -

Fi r st Enbodi nment Conponent saRun 1Run ZRun 3Run 4Recovered ResinHalt Fl ow,
g(10 mi n39.119.d9. 04. 8HW Hn) thousands105/ 63108/ 53128/ 6S143/ 91Het er ogenei ty

NN N A ~ — A - — AL 2 N -,



-Runs - First Enbodi nent Conponent saRun 5Run 6Run 7Step 1 - 145 14S

145Cycl ohexane, phro0O4 00. 040. 04Tetr ahydr of uran. 03 .

00" 03n-But pl l'i thi unD. 03initiator, phm 40Styrene, - phm04012Pol yneri zation
Ti.me) m nl212Peak Pol ynerization 76Tenperature, Cr7779Peak

Pol ymeri zati onPressure, psiStep 2 0 08 0.085 0.09Sn-Butyllithiuminitiator)

"phro - 10 10Styrene, phrol01212Pol ynengzation Tinme, m n12PeakllA t 2004
_Pol yneri zation 65Tenperature, C6471Step 3 25 25 25But adi ene, ugus
phn2525St yxene, phn251616Pol yneri zation Tinme, nmi nl6Peak Pol ynerization
111Tenperature) Cl117121Step 4 <Couplling) 4 ' 0 0.4Vi koflex 7170,

phnD. 4. ' | o 391Gk & tndhBne (B RXSiprRc Sedihgr tHienabiupng0 2hat er,
phnO. ZCT.JT%FE(%?%C%{%S%@ i oxi de, phn0. 40. 4. 25TiP§e, m n25' 2584Tenperature, -
C8282 , tep 41 11 August 2004 TABLE 9 (Continued) Invention Runs - First
Enbodi ment - Conponentsa Run 5 Run 6 Run 7 Step 6 (Stabilizing) Stabilizer
Hi xtura, phm 1.2% 2a25 oF. 2% ko Sobetidhamtn Of 1816, Iyeotidh Fhaefingtn 5 5 5
Recovered Resin Halt Flow, g/10 min 5.0 5.4 7.1 Hw Hn, thousands 181/114
177/ 1111 r1i38A 93r Hotsepegendites Batise 116ing Bonovdgy BATPER? ¢ CARRMNEI on of
nononer, initiator or additive) the feed lines were ri ns%d W t h

appr oxiprtyeky Siaksphisic pakoeretfd atonmelframdbel BHELH A/t AP it F68Rh.
Exaaple Il To denonstrate the second enbgdi manb of t'gi ) ioggrencthiaoné t hree
more potnareriz e i oA R vRered oL Pdbetut AT SPRT Y ePD THE™ BT ocedbit es

descri bed in Exanple | i.th the, excepti,on t e c amount s
of charg&s Rere™ tghb%%\qﬂliﬁpni;aﬁ?g"fﬁ. é’ﬁe?%l}%ﬁu%a |12n'gé/{§{1y$§aan%qgf'ocks wer e

fornmed in the,thi fourth S i G xduiide tof cttiads ene and
styrene® erion%%s?g hgg%gngﬁe%hqégﬁi gﬁﬁsmgggéeﬁdéggv&s i, S1) i, SI, HI/S"
B=/S, f 1Pl NG, sonerpreeegft rati os were 40, 10,

12. 5/ 12&%‘%&\1\%93?‘?&2&2?%%&;%3%% imlsrél y. Thep pol yners were 75 percent styrene
and 25 percent bpiwadieeae subfe@ast dfacghiahibh eimcludes dhitisterexanepl e t he

wei ght ratio of anmount of initiator in the first step to the anmount in the
second §éBmetas kel metdlstspedieat wilkll bevpteduhed apndleseh whseaventari ed from
0.05 phm (nm9)-to 0.06 phm (nm 8). -4211 August 2004 The copol yners e
" pr oducesdlosdneizhehttgec bas Lans oppsrsunitts dantrodyperigatidh o€ RidtyRerdes) 9, and -
10, and had nelt flows of 14.3, 6.40 and 10.8 respectively. It_is believed
that |ovksrarelith | aamd ef #hat PrirhiraprlYr Aotk 8§ nPESRHEST niBECR 8F . The

* pol ynmerizations of invention runs 8, ~ nd_10 ar. ho i,h Tabl 0. TABLfI
10 | nvehb? cﬁ?%ﬁsl’t"igéc?ﬁ?d"éﬁtfgai'h’hr‘i’ti?bgbr?pgﬁ"é’?@gge%@ﬁy\@o%uﬁn‘gpﬁgﬁglo Step 1
Cycl ohexane, m Tet r ahy.dr of ur.an h - j ki i pltdmato m :
Styr ene’,"°‘b‘ﬁ"rﬁ"‘%gl %%"‘ﬁt?atbfilc?ﬁ{‘ ia%ré?: ﬁ%on%geellai%mlf%‘%dy%r%%t 'ig%ﬁndm'?'grr%hgrrgtg ure, C
Step 2 n-Butyl.lithi LY L 1w P t RiFMu &Rl iszakdtqk Tinme) mn
Peak Poi:?/ﬁ'te&ri?ﬁzig i'L(;Ar#%pé}ﬁ%je%é%%eif'Cmgtegp'y%ﬁgﬁ?sadi ene, [%mIStyrene, phm

Pol yITer 2 abddn afll Bon jUk £k dReakedROk YRk Z9dd, 08h I gRPEReat theinsCw Sllebed

But adi ene, phm Styrene, phm Pol ynerization Tinme) mn Peak, Pol ynerization ,
Tenper aktWf@indted with the monovinyl aromatic rich ends of the tapered bleocks .
1451451450. 040. 040. 040. 060. 050. 0554040401212. 128582840. 060. 050. 055t ot ot 012
' 12126968 tE0tBuSlAgS1ABEL \3TRushly. saelete e sBepization 9fothy final
'12.512.516161696102102 a -43 11 August 2004 TABLE 10 (Contj nuedq)

| nvent | epndRaTs cha goitle BASOW r%éﬁ#“@dgrﬂﬁfeﬁtlg%ﬁ?&ﬁp%ﬁﬂﬁr@ﬁ&ﬁ iwgg S

((Coupl i ng) Vi kof | ex 7170, phnD, 40. 40, 4Tine, gi.n wl61616Tenper at ur.
()8?8989836}3 & difupeiienst ry) palvdenchings! 553 LB AERY ¥Ej %&ef"‘%}%ﬁ’ﬁ%.
0.40.4Ti ne, m n252525Tenper ature, 08282St.ep,. 7 il b2 biLi zer

Hi xt ur eP FpRfan 2’51?1?‘51.%%t?ﬁ‘f%@k\'%"ﬁﬁ%\tﬁf g‘?]%{?g%%qig%ﬁlg%%eﬁ bk

m n55STe rature, n.a 81 Y . j ¢k, o Fe redbb@yiddaild. 3 6.4
10,8 HWFRRR SSTE oo et 1 09 8 00 Ro b e odgeg\r%lgi ty Index 1.48 1.50
1.62 aAfLeE . &4 o8HHdpondlh . MIFOBRE \cobPlingabéntots addi 100/ @erédme feed .
lines were rinsed with approxi mtely S-20 phm cycl ohezane dil uent and

cl ear ed oWirt b1 dHd wagSY 1EZBAR! & InYrdWhaeonpiodthiosepolcy mmewmtwef e used for
conmpari sons of physical propgrties of blends made with pol ystyrene.

Conpar atdovpl iy agesit 1is weéd ,atheasi noudessywenectupladiteqningyd| prhsmeRi th a
nmelt flow of 8.4 g/10 nin. Polynmer 11 was polynodal fromnultiple initiator
and noneiminghafr gesh (& the specs ip §he Sined) reprtlep AIFEE M t h an epoxi di zed
veget abl e oil coupling agent. Polyner 11 contained nomnally 75 wt X
styrene and 25 wt X butadi ene with n6 styrehe/ butadi ene tapered bl ocks.
Polymer Il forms S0:50 by weight blends with polystyrene that have high

bl ueness and nodest physical properties. L '



-4411 August 2004 Conparative polyner 12 was a styrene-butadi ene copol yner
with no tapered bl ock segnents..Polyner 12 contained nomnally 7S wt X
styrene and 25 w X butadiene and had a nelt flow of 8.8 g/10 mn. It had a
pol ynodal nol ecul ar weight fromnultiple initiator and nononmer charges (S,
Y, i,S, B) and was coupled with a~ epoxi di zed vegetable oil coupling agent.
“Polyner 12 fornmed 50:50 bl ends by wei-dbt with pol ystyrene thablh ve | W

bl ueness and nodest inpact properties. Exanple V A series of |éﬁbg§15t0® f‘he
i nvention polynmers from Exanples | and Il was prepared with Novacor 55S
general purpose ﬁol ystyrene to denonstrate the properties of blends of
copol yners cont aPdf if 41€rerfiienthserrbing| erdotei wiidnpredicenboedardnently.

Pol yer ? was ncl)t i ncl U(Ied iIB t he blend series since it had a nelt flow
essent i AFTS Y RETLAmE X8 Phat 8?e'§3P§rf‘E’}°“4f.“‘P(§li9‘Pfelri§ﬂ | Vaxdgua Hegaees al so

bl ended 4 t,h BQ! ¥st en formac %riso . Jhe blends were 50:50 by weight
and war ex\%r%pg?egj?b%gﬂlso g onygtf en&f?fﬁ’qiiﬁh%/(‘fpbrhé’s?zﬁ “’\‘ﬁ‘?i&“?gét?f’a}incﬂ 100C
With stiprd f u C o] utd on f] ashe 0 renmove the sol vent
and theh %tr)%?rerﬁ)é\%g rolt'lgéI1 55%6%’3%"{; s fléa ra\%%?lf‘éia& ?°gyngdm&F¥%rtflagai n. The

dry POl ¥ s pLObaRseeANyE LAl JMubhe ], £NRPEG 2021 Ry T g 1) ection

nmol di ng on an Arburg nodel 90 injection ones and

nozzl e piardhdby £40Be 220G 102n¢hedd0C, respectively, to make specinens to
test for properties. For convenient reference, blends era designated as

bl ends with the Tios rchapaith BeqakysRir BRI hvaNdon Md FRe Flu18 le, a
bl end prepared from pol yner 3 and polystyrene is blend 1' and a bl end :
pr epar el ¥nmems pot yarmh Stegrd apooxstylicied i idgsd geasekdbl end 2' . -45 11

August 2004 The blend test results are shown in Table 11. Test speci nens
nmade " f r BIAAVHEY H4TWe tGuRCsIme Fd SoRsEBated sl ighaetrals poifanct bota lspeqp Iteps nade
fromthe c argtiv ol yners.. Speci nens nade from blends 6' .and 7' had
essent_i%ﬁﬁn3ngﬂe8§earélg?ﬂ%\¥eé§b1§§ §[fé‘6‘i frens made from blend 12': Test

speci mens made fromblends 1'., Z2', 3'~, ..1,", and 6' had |zod inpact val ues
hi ghgr:than those made from conparative blends 11' end 12'. Test speci nens
~made fromblend 7' had | ower |zod inpact value than those made fromthe
other blends: It is possible that the high level of initiator in step two
of the polynerization of polymer 7 and the resulting higher nelt flow of
the final resin prevented inprovenent in the Izod inpact value of Arburg
test specinens made from bl ends pol ymer 7. Test speci nens nmade from bl ends
1', 2', and 3" had hi gher haze val ues and speci nens nmade from bl ends 1' and
2" had higher nelt flows than those nade fromthe other blends. s° -46 11
..August 2004 NN Nma Hap mGCynrom)b vte7 nHa NNN. nm.w .H ~nNonttm N
MM A ~nnaO0-f wt NAL. -11 NOp .UNa>H, Y Om O -OFt NWtitn) O OHa Nmr-1
~-1.rb.yOnNNn of Wj NT4 fC. wNnNopl~1 iV. 01nElnmyO ..wWUFOH 17~NNrwO01Ch . YN

| ~F -a.-~nnN.tnnNNN. rbAO V> R . ~Nn. Im J N. NF~ONACH bN GhymaH. rv7 nN nC U-m

. H bbOM-OnnN- b> (pNr1n. ~1m~. 1 P7Nm~FnoNDCH ~YF - N(~1Hlv1n¥fs bb O ~~NN~~
~b hn> A HANs m ~00~H. NoH . Q1 OO 4nrilto~ Q 1~1 PG a-a .-1 V1CyOvnNm,
a0~Cel PWYNg O7Nn. 1~ mf NN;.,n-a.w aOH ~pY ON..rNbaNH-' 1IN, F

-a. - ~NNQ( GonVNOnhVb> ow~. ~n.rmvt N.-n MAnro' rGOH Va Omtitvlivli-Td mN
f~wl~~"m-t' 1P JN n WL1na01l~1 Nn-1Ha ~GHJ7a6HHoHA06€00. m H~- VhVLL i LY a\ HHH
y' ylp.t Tt> EN QHMN -alYO Nli T.HaSWaemaH -O - 76~pm ~m N dV ~ b m 7HA

40H 7-~ maao ov .r-aam o au~ .. . i s ,HAHUG Wniddu ,OHOH-mT,O- T ~
OMR7SXNZ~-WW 0O OHAN THD TOU. OObmaF5LNOmMmM -47 6zanple
VI i | August 2004 A series of blends of double tapered block invention

pol yners (second invention enbodinent) with pol ystyrene was prepared to
denonstrate the properties of articles made fromthe bl ends. Copol yners 8,
9, and 10~~from Exanple Il were bl ended as described in Exanple V in S0:50
by wei ght m xtures with general purpose polystyrene to formblends 8, 9,
and 10'. Test specinens were jnjection nolded fromthe bl ends as descri bed
in Exanple Y. The results (Table 12) show that articles made from bl ends of -
invention polyners 8, 9, and 10shad better |zod inpact values ..than those
made from conparative blends 11' and 12' (shown in Table 11). Articles nade.
from bl ends of the invention polyners also have | ess blueness than those
‘made from conparative blend 11'. s -48 11 August 2004 TABL& 12 Physi cal-
--Properties of Polyner Blends Wth Pol ystyrenes

~I'nventionl nventionl nventi onConpar at i veBl endBl endBl endBl endPr operty

+~8~9' 10" 11" St yr ene- but adi enecopol yner 891011Bl end nel tfl ow, g/ 10
_.minl4.812.014. 816. 8Haze, X4.14.05.14.3Hunter bl ueness,
T tb-17.9-18.5-17.9-20. 3Shore D. hardness76777677Not ched: | zodi npact
J/ ml4.917.119. 212. 3Vi cat softening) C89.390.590.585. 3Tensile Strength'yield

R 1 N /NN NN O TTNGY O TTNN ATl o, 1 N7 AN PN = oA ~

TS |




-50 11 August 2004 TAHLfi 13 Invention Runs - Second Enbodi nent Run 13 Run
14 Run 15 _ Step 1 Cycl ohexane, phm Tetrahydrofuran, phmn-Butyllithium
initiator, phm Styrene, phm Cycl ohexane, phm Peak Pol ynerization
Tenmperature, C Peak Pol ynerization Pressure, psi Step 2 n-Butyllithium
initiator, phm Styrene, phm Cycl ohexane, phm Peak Pol ynerization
Tenperature, C Peak Polynerization Pretkure, psi Step 3 Butadi ?%‘ﬁgu&@ﬁbél
Styrene, phm Cycl ohexane) phm Peak Pol yneri zati on Tenper at ure;| eak
Pol'ynerization Pressure, psi Step 4 Butadiene, phm Styrene, phm
Cycl ohexane, phm Peak Pol yneri zat'i on Tenperature, C Peak Pol yneri zation
Pressure, psi 168.9168.9168. 9. 04. 040A¥I2010b10. 06T
~0. 0654040401. 11. 11. 1838383313230
0. 0480. 0560. 0581010101. 11. 1Veat g Omayzimeg Seqgemd® O07. 810101. 11. 11. 1110109,
10957585518.119. 119. 117. 2, 14. A ¥Fsk1Enppdfmentd5989752 ~54S0 -51 11 August
2004 T IEE éL3 (Conti rt%%(g%n nv n{;l on Runs - Second Smdocu ment RO 13~Run 14
Run 15 BEF&fer Anal ysioatBF 8F Y¥&8upi nR) Hu/ HieS T hiflts ARBER ThChadms ar ea
conposi tion) Peak,(~1 104/99 (64) 100/95 (63) 95/90 (64) Peak 2 50741 (36)
471 44 ( 46/ 43 (36) Linhg) 4 0 0.4Vikoflez 7170, phro0.4.0
55Cycl oﬁééane, phnd. 5%(%%%%@1 %ﬁg{iﬁf&)‘ C888688Pr essure, psi 50g2'4f§8t ep 6
(Term nating)fater, phrol3~ 1313 ~Carbon Di oxi de, phro0. 10.10. 1Tenperat ure)
C878787Rpgssure, psi SBR1atorR0BER Ly et abi |1 zi nx) 25 1St abis!li_ e_rL[iI;Ii xtura,
phrol. 2S1.-25. . Anti bl ocki ng agent, phnO. 3.0.30. 3Recovered Resi'n 2t TFl ow)
g/10 min - .7.011.S13.7 aPol ystyrene equival ent Hv Hm Hw Hn of® pofystyrene
with thé€cyame hydrodynasdcensql st seprebbp pol ymer peak. sbRgspopserqf a
dielectric detector in an Applied Automation process contg,ob, ,C.LiEaarrpI e
VIl Two conparative polyners (16 and 17) were prepared for conparison.wth
the invéA?i on pol ynercsupling Egentpl e YI 1. Pol yner 16 waspdlyasdgl ed pol ynodal
styrene/ but adi ene copol ynmer containing 75 wt X styrene tayerad w X
but adi ene. Pol ynmer 16 was prepared with the -52 11 AugleskE 21184 sequence
i,S,i,S5B/Si,S B using nononmer charge weight ratios ofc®pjyn&gs 7.5/5 14,
.17.5, respectively. , polymer 17 was a coupl ed pol ynodafitst §¥%n¢d8pbut adi ene
copol yner containing 70 wt X styrene and 30 wt X but adi &f@8ishbjgeks :
prepared with the sequence i.S.i,S B,i,S, B using nononer charge wei ght
ratios of 37, 19, 9).ddre %1, Le3pegll vely. These conparative polymers were
prepared in a 380 L reactor accofding to the procedure in Table 14. Pol yner
16 yiel ded blends wth polpystyngegijehi ch were made into test specinens that
had | ow bl ueness and nodest physical properties. Polymer 17 forned bl ends
W th pol ystyrene whi ch wemB¢snadepestiobldcgsSt speci nens that had high
bl ueness and good physi cal properties. The flow rates for polyners 16 and
17 were 8.2 and 8.6 g/10 mn, respectively. a -53 11 August 2004 TABLE
14 I nvention Runs - - SecondEhifodessive Compon eninsaBual 116440 IniStiepor
1Cycl ohexane; phnl68168Tet r ahy drefindes onptin) e62C2f02he Butlyhdritzht 16H ni ti at or,
phrD. . 034, 0.031Styrene, phnB73%Fsars Pehyrimni sitd erimnper ténmivat {on ‘
C8887Peak. Pol yneri zat i onPr essufE, $98PLiP86St ep
2n-Butyl i thiunD. 048( .SQ:SZi Qi tiagtor, PhrrSt rene, phnml919Peak
Pol ymeri zat i onTenper at uref - t86 %ﬁﬁ 98| YhdPe Altes At o 08¢ 1BsTIF2St ep
3But.adi ene, phn¥Styrene, phm5 aga’f:;&ﬂ} CORRITSAT AT FRANSeE, 082, 83Peak
Pol-ymeri zat i onPressure) psi 3736 ?remﬁ 4 n-Butyllithiuminitiator,

" phm~0. 0850. 110St yr ene, phnil4~, 14Peak Pol yneri zati onTenperature) C8785Peak
Pol ymeri zati onPressure) psi 4140Step 5 Butadi enel7. 521Peak

Pol yrmeri zat i onTenperature) C101107Peak Pol yneri zati onPressure, C5458Step 6
(Coupl i ng) Vi kof | ex 7170, phnO. 40. 4Tenper ature, C8995Pressure) psi S154 n
-54 11 August 2004 TABLE 14 (Continued) Invention Runs - Second Enbodi nent
Conponentsa Run 16 Run 17 Step 7 (Term nating) water, phm 13 13 Carbon

Di oxi de) phm 0.1 0.1 Tenper,ature, C 87 87 Pressure) psi SO 50 Step 8
-(Stabillzindt) Stabilizer Mxture, phm1.25 1.25 Anti bl ocki ng agent, phm
0.3 0.3 Recovered Resin Belt Flow, g/10 mn 8.2 8.6 BAfter each addition of
mononer, initiator or additive, the feed lines were rinsed with

approxi mately 5-20 phm cycl ohexane diluent and cleared with nitrogen.
fizaaple I X Polymers from Exanples VII and VIII were bl ended with Novacoz
55S general purpose polystyrene to produce blends 13', 14', 15') 16', and.
17" for evaluation. The resulting bl end was extruded on an 8.9 cm di amet er
extruder and sheet line. All bl ends were 50: SO by wei ght except for blend
16', which was a 60:40 copol yner: pol ystyrena by weight blend. A 0.51 nmro
di e gap opening was used for the preparation of a 0.38 nmthick extruded
sheet for evaluation.




"The extruded sheet sanples were evaluated and the results are shown in
Tabl e 15. The fold test involves bending the sheet on itself in the nachine
direction (HD) to induce a transverse directional (TD) break. The sheet is
folded at two different rates to allow a differentiati on between brittle
sheet sanples. In addition, the -55 11 August 2004 ' behavior of the
“sheet in response to a tear in nmachiré3-and transverse directi qRs ﬁ%gagtz 04 T
determ ned. Sheets nmade Frominvention blends 13", 14' and 15 ‘Ai a(P ﬁess
bl ueness than sheets made from conparative blend 17') but nore blueness

t han sheets made from conparative blend 16'. Sheets made from bl end 13' had
the highest total energy dart droprpgakue of sheets fromthis set-of blends.
Sheets made from bl ends 14' and 15~ had |low total energy dart drop val ues
simlar to the values of 3ghesitsonariarkimymskheatkel6’ . Sheets made from
conmparative blend 16" had theg skovssEnbbdizeasd val ue of any in the group,
but had.a | ow total—ehergy—dart—drop—ratue—antd—brittte—fotrd—test—Sheets
made fgh@pypsonpar at i \Cenbdmusdof Thahgal t he hi ghesResylibtnseslnairuChaits bet t er
ducti ity thanirAventi-en—blenrds—t4—and—15— —561TT—AUgUST 20074 Tabl e
15 Physical Properties of Polynmer Blends Wth Pol ystyrene | nventjon

| nventic@an | nventi on r@odqelzari Veitkehsanati ve property Bl end Bl 8ndiBl end

H end Blend 13" . 14' 15 264 st¥yremuyrene- but adi ene copol yner 13 14 |S 16
17 Copol yner: Styrene blend ratio 50:50 50: 50 SO:50 60: 40 %Og_ég_%nt er

bl uenes$)b -8.0 -10.3pithaFor: &pd7sENEENg: Haze X 2.46 2. 4B 2.°37.1. 63 3. 60
Transmission, X 89.6 89.3 89.2 89.8 88.8 Total energy dart drod, 3.17
0.80 1.11 0.95 1.61.Transverse .di ion Folds (fast/ sl ow). H D B/H
D' D Hadff’na directi Sit ej;er"§‘~an5 %)gg’%g‘ﬁ’D Tr ansver 8e d?’r‘eﬁi%? iﬁ? DDDD
D aD=ductile, B=brittle. ~ These results show that either of the

enbodi (Tarjts of the if¢enidRR) &ANsbprdasgd i n bl endg-gi48q/ppiBye(sLiof styrene
to produce resins fromwhich can be nade articles hsyingsi-da/Bldeness and
ot her properties conparable to or better than the properties of articles
made fr@m bl ends of qabyiey ageft styrene wi th ot her polymodal

nmohovi nyl aromati ¢/ conj ugat ed di ene copol yners. Nore partepeifdarly, a

conmpari son of the 50:50 (copol ymer styrene) invention bilesks 13", 14' .57
1 1 ..August 2004 + and 15 with the 60:40 (copol ymer: “€P3}¥78%8} conparative
bl end 16" shows that a smaller anmount of invention cop(?fli

AR AN
conparative copol yner can be used to show conparabl e ir‘f‘B rJreg?%c *n
reducti on of blueness. Ot her surprising blend properties are denonstrated
by these runs. For exenpla, invention blend 13' which had a total of about
75 wt Xtotal styr en‘ﬁ1 n éhe=bl engngorrposi tion had total energy dart drop
of 3.17 J conpared t'0'°4%t

ot al s'iatﬁ'errgy dart drop of 1.61 J for conparative
bl eed 17' which had only ﬁboutb&gdg\@ne}( total styrene in the blend:
conposition. While the polyners and -nethods of this invention have been :
described in detail for the puifRsed Hiokkl ustzation, the inventive polyners
and nethods are not to be construed es limted thereby. This patent is
intended to cover all changes and nodifications within the spirit and scope
thereof. s 5% _ 11 Auguski 2005iGud\ fyenm' a ImonAahiealioretdl PitdaEePhg a
bl ended pol ymer whi ch conpri sesensdapng ioagthe epa oA f Paqoéam#zegi r ; j ugat ed
di one copol ymer under sol uti oncisdPyPRIRAEFRE SRYIPERORSO TR PRRTH on zone
by anet hod whi ch conprisos: (aj* cRYPHN8g a moaovi nyl aronati ¢ mononer and an
initiator sad in the presence of a randonm.zer, allqQw L ;on ‘to
occur until essenti é‘I‘EP%‘FrZBtST F egfhﬁtﬁﬁ%%’r” (n;g '%'reeg‘é’b = %g}rgﬁ%ﬁi ggl‘%ho

i ; 2} ticular "Com ent c ¢ .
nronovi nyl anmafi ¢ nononer and '?om'eﬁﬁ' ator; and ~sl'low ng polynerization to
occur until essentially no free nononer is present ; thereat:er (c)

charging a nixty(e . ghsdinoy ! AYLAATR dda AR kna N 1600 uaRad1sl e

nononer, and all'ow ng polynerizatioh to occur until essentiallyno firoe

mnonerchﬁi%e%r ¢se rLdktdiberpat)oChAL AHAGg8s MWL RS Ofwd TR | agmal i C
nononer and conj ugat ed t hané& nononer, and all owi ng pol yneri zation to oeaur
until @3sentted! b YniRuid 82 ERNQPE monSmé¥LHLNE imudBshdoa} cHaagigngevistd a
coupling aged and subsequ~tly bl endi ng said nonovi nyl aromati c/ conj ugat ed
thane gepolyt®hoNdrelsa pol ymer of styrene wficrcin said polynmer of styrene
is blended in an anobunt in the range from 10 to 70 wei ght percent basal on
the total weight of said blend. 2 . The nethod according to claim 1l wherein
each sai d nonovi nyl ammati ¢ nononmer contains 8 to 12 carbon atons and each
sai d conjugated dlene contains 4 to 6 carbon atons, said nononers belrg
added is a ratio of 55 to 95 wei ght percent nonovinyl aromati o nononmer and 5
to 45 wei ght percent conjugated titans nononer, thus giving a resinous
tapered bl ock copolyner. 3. The nethod according to any one of clains I-2

Y o I o - o o
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aUc aJc aUc aJjcalc aUc aJc aUc aehjnosy{}~ & )*/0|vgkf [Unhb\Wg]UU c
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each of the tapered blocks in the same polymer chain do not have to bs
the same. See Exampla VII.

| Generally each of the two tapered blocks ﬁade in steps (¢) and
(d) of the second embodiment of this invention can be of equal siza;
however: actual sizes of the two tapered block; can vary within the same
copolymer depending upon the amounts of monomers charged in each of the
third And fourth monomer charges. See run 13 in Example VII.

Prior to coupling, all of the living polymer éhains heve
monovinylaromatic terminalrbloqks on one end because of the initial
monovinylaromatic charge (a) and charge (b)'ﬁade with initiator; the
living ends of the chains will have tapered blocks prior to coupling
bec&usé of the charge containing both monovinylaromatic and conmjugated
diene moﬂomers made next preceeding the coupling step.

In eddition to the sequence of additions of the monomers and
of the initiator, it is important to control the amount of each monomer
and initiator addition at each stage or increment so that a suitable
proportion of block sizes and proportion of polymodality is obtained.

Generally in a presently preferred first embodiment of this
invention, if & polymer which is about 75 welight percent
monovinylarcomatic, based on total monomer wéight, is used, from about 27
to about 80 weight percent of the total monovinylaromatic monomer is
charged in step (a), from sbout 5 to about 21 weight percent of the
total monovinylaromatic monomer ié charged in step (b), and from about
20 to ;bout 60 weight percent of the total monoviﬁyla:omatic monomer is
charged in step (e).” Generally ﬁore preferably, from about ﬁb to about
70 weight percent of the total monovinylaromatic monomer is charged in

step (a), from about 8 to about 19 weight percent of the total
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SPAPE St labBPRoudre eidrued] ¢ midferably, the

monovinylaromatic monomer charged in step fa) is from about 30

to about 50 parts by weight per 100 parts by weight of total-

monomers charged, the monovinylaromatic monomer charged in

step (b) is from about § to about 14 parts by weight per 100
parts by weight of total monomers charged, and the
monovinylaromatic mopomer charged in step (o) is from about

20 to about 30 parts by weight per 100 parta by weight of

total monomers charged. More preferably, the monovinylaromatic

monomer charged in step (a) is from about 35 to about 45 parts by
weight per 100 parés by weight of total monomers charged, the

4
monovinylaromatic monomer charged in step (b) is from akbout 8

to about 12 parts by weight rer 100 parts by weight of total

monomers charged, and the monovinylaromatic monomer charged in

step (c) is from about 22 to about 28 parts by weight per 100

Parts by weight of total monomers charged.
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total monovinylaromatic monomer is charged in step (b); from about 8 to
about 13 welght percent of the total monovinylaromatic monomer is

charged in step (c), and from about 20 to about 25 welght percent of the

total monovinylaromatic monomer is charged iﬁ step (d).
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about 4 to about 12 parts by weight per 100 parts by weight of total
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monomers-charged, and the monovinylaromatic monomer charged in step
(d) is from about 12 to about 24 parts by weight ﬁer 100 parts by
weight of total monomers charged. "More preferably, the

) monov1nylaromat1c monomer charged in step {a) is from about 35 to
about 45 parts by weight per 100 parts by weight of total moncmers
charged, the monovinylaromatic monomer charged in step (b} is from
about 8 to about 12 parts by weight per 100 parts by weight of
total ménomers charged, the monovinylaromatic moncmer charged in
step (c) is from about 6 to about 10 parts by weight per 100
éarts by weight of toéél monomers charged, and the
mono%inylaromatic monomeg charged in step (d) is from about 15

to about 19 parts by weilght per 100 parte by weight of total

monomers charged.
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sufficient to maintain the reaction mixture substantially in the liquid

"phase., Temperatures and pressures will peak during polynerization of
each monomer charge and then decrease when essentially no free monomer
is left fo react, Appropriate hydrocarbon diluents include linear end

cyclopareffins‘such as butane, pentane, hexane, octane, cyclohexame,
cyclopentane and mixtufes thereof. Presently preferred is cyclohexane.
Generally the choice of hydrocarbon or hydrocarbon mixture and the
temperature is such that the resulting éolyﬁsr 1s 4n solution.

| Small amounts of polar compounds are used to improve the
effectiveness of alkylmonoalkali metal initiators such as
n-butyllithium; dissociation of the alkylmonoalkali metal initiators
affects the rate of initiation and polymerization. The polar compounds
also effect partial randomization éf'the vinylarene/conjugated diene so
as to increase the random portion of the tapered block. The polar
compounds are generally used in admixture with the hydrocarbon diluent.

The amounts of polar compounds used as randomizers and

*

promoters of effectiveness of initiators in this invention will vary
. 4
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1,2 addition of butadiene, more of the tetrahydrofuran can be used.
¥hen polymers with higher vinyl character resulting from 1,2
addition in excess of 1,4 addition are desired then the useful amounts
of tetrahydrofuran needed would be larger. However, use of too much
randomizer can result jin Lxcessive polymer-lithium termination during

polymerization and/or poor stability of the polymer and/or undesired
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10988 eplyveSxte Be 10iiben (Dlendy ar@o®ainty -of initiator in each of the

two {nitiator charges sufficient to obtain a block copolymer h;ving a
melt flow in the range from about 2 to about 50 g/10 minutes, more
preférably from about & to about 30 g/10 minutes, and most preferably
from about 7 to about 20 g/10 minutes, as determined by ASTH D1236-73,
coﬁditionvZOOIS.O. The amcunts of initiator contemplated as useful in
each of the two charges having initiator are shown in Tables 3 and 4,
Use of too small an amount of initiator would result in high
rmolecular weight pof}mers. Convergely, use of ioo large an amount ?f

initiator would result in polymers having short chein polymeric species .

and low molecular weight,
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More preferably for most applications, the amount of init{iator
in the second charge of initiﬁtor is from about 0.3 to about 10 times,

' based on weight, as much as the amount of initiator inm the first
initiator charge. Generally, presently most praferébly, the amounts of
initiators are selected such that the amount in the second charge is at
least equal to or larger than that employed in the first charge.

Varying the weight ratios of amounts of the initiator charges
will result in variations of the proportionate amounts of species
present in the copolymer. Other factors &ffactingathe proportionate
amounts of species present in the copolymer include presence of
impurities and/or scavengers in the reactor, effectiveness of the polar
randomizer as a promoter and choice of coupling agentts}.

The polymerization is carried out in & substantial absence of
oxygen and water, preferably under an inert gas atmosphere. Prior to
the coupling step, the reaction mass contains:a very high percentage of
molecules (polymer chains) in which an alkall metal cation is positioned
at one end of each palymer chain. Impurities in tge feed such as water
or alcohol reduce the amounts of ﬁonoﬁlkali metal polymer in the

g
reaction mass.




VZ 10%B& ()-*XvZ 10%BE& ()-*t X<3)vZ 109M$& ()-*)vZ 109M$& ()-*/KSX vZ
10MB& () -*VZ 109MB& ()-*VvZ 109WMB&' ()-*S73)vZ 10WB& ()-*(/ KSX XvZ
109MB& () -*vZ 109MB& ()-*vZ 109MB&' ()-*vZ 109MB& ()-*h83)/KSX vZ
109MB& ()-*vZ 109WMB& ()-*vZ 109WMB& ()-*vZ 109MB& ()-*vZ 1096& ()-*IL3)/KSX
VZ L0WMB& ()-*vZ 100MB& ()-*vZ 100MB& 4)-*vZ 100MB& ()-*vZ 1008 ()-*vZ
1008 ()-*x\<3)/vZ 10/8& ()-*vZ 106 ()-*vZ 10WBE ()-*vZ JOIBE () *
 109MB& () -*/ KSX |\ <3)/vZ 109$& ()-*vZ 109& ()-*vZ 109M$& () I~yusust o4
109M& () -*/ KSX vZ 10%/\$&' ()-*x\ @)/ vZ 109$& ()-*vZ 1098& ()-*/KSX vZ

ig%i O X?fjfg& Sprists 9{8@% AT (! FLagl ity
| 10%/\£ %% 0, °g3§%’8€‘ 8°9€%r18%§"8@1}4562%%&4%) 35213(%&-(%) 9\(/3;)\/2

ung thVie A0FABY Zad QP &ie & ()-*$vz
SN AT e fgehug Jerte RN, ot s (e

109 'Z &l T 0 an hl ng )a
9 ({f/ﬁg s,% rip¥? %g% 8; L¥@ndOREERL) whhKDEntdy 10JMERNS ot oaNT}VZ 10vZ

more central coupling atoms or coupling moieties, two or more of the
1iving monoalkali metal-terminated polymer chains.. A wide variety of
compounds for such purposés can be employed.
| | Any effective amount_of the coupling agent can be employed.
While the amount 1s not beslieved to be particularly critical, a
étoichidmetric amount relative to the active polymer-alkali Qetal tends
to promoté maximum coupling as a generality. Presently preferred is an
amount of éoupliﬁg agent slightly greater than stoichiometric relative
to the active polymer-alkali metal. However, less than stoichiometric
amounts can be used for higher degrees of coupling where desired for
particular products of broadened molecular weight distribution.
Typically; in each of the embodiments of this.invention, the
total amount of équpling sgent 1is in the range of about 0,005 to 10 phm
(parts per 100 parts of total monomers employed in the poly;erization).
Preferred when most combinations of monomers and coupling agents are
used to practice this invention is about 0.2 to ab;ut 0.6 phm of
coupling agent, depending on amounts of initistor used. Presently most
preferred is about 0.3 to ébout 0.5 phm, depénding upon amounts of
initiator used. Use of an amount of a reasonably highly efficient
coupling agent within thesa'ranges provides polymers with a moderately
broad molecular weight ;istribution that has proven useful to custom
A

molders. Use of an insufficlent amount of coupling agent will result in

less complete coupling of the living polymer'chains and, depending upon
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the type of coupling agent employed. The system {s treated with an
active compound such as water, alcochol, phencls, carbon dioxide or
linear saturated aliphatic mono- and dicarboxylic acids to remove any
remaining alkalil metal from the copolymer chain.
While the polymer pfoduct is still in solution stabilization
"agents can be added. Additional stabilizers could be added during
- £finishing before pelletizing. This trestment will provide oxidative
stability for the polymer during processing and h;ndling and subsequent
long term use by the customer.,
Commonly used stabilization processes can use a combination of
compounds which include, but are not limited to, & hindered phenol and
an organophosphite, particular examples of which are octadecyl
3-(3',5'-di-t~butyl-4'-hydroxyphenyl) propionate and
tris-nonylphenylﬁhosphite.
After stablilization, the hydrocarbon diluent is then flashed
from the polymer solution to increase the solids content. The polymer
cement, i.e., the polymer in the polymerization“solvent, usually
contains about 10 to 40, more usually 20 to 35, weight percent solids,
the balance solvent. Preferably, but not necessarily, the polymer
cement is flashed to remove by evaporation a portion of the solvent so
&8s to reduce the solven; content to 8 concentration of about 0 to 50,

4 ’
more usually about 0 to 10, weight percent (corresponding to & solids
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other vacuuming processes to achieve consistent solvent content of less
than 0.3 weight percent.
The resinous copolymeric products can be, and normally are,
compounded with anti-oxidants, anti-blocking agents, release agents and
. other additives, &s known .in the compounding arts.
Typical charging sequences and useful ranges of amounts of the

- charges for each of the two embediments of this invention are given in

Tables 3 and 4.
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8 = monovinylaromatic block
B = conjugated diene block

B/S = tapered block

X = residual coupling agent or coupling site

subscripts indications of-the charges which were the

source of the polymer blocks.
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3 = monovinylaromatic block
B = conjugated diene block
B/S = tapered block

x = residual coupling agent or coupling site

indications of the charges which were the source
of the polymer blocks.

subscripts

In each of the embodiments depending upon choice and amount of
coupling agent or agents and whether coupling agents are charged &s a
mixture or Iincrementally, there can be present other polymeric species

with varying degrees of branching.

Blends
The resinous polymodal copolymgr prodqcts of this inventicn
can be blended with other polymers such as
aerylonitrile-butadiene-styrene copolymers (ABS), styrene-acrylonitrile
copolymers (SAN), and other styréne copolymers, When less tran#parency
ié desired or transparency is not necessary, the invention copolymers

can be blended with polyclefins and/or olefin copolymers.
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negative b blueness values of less than 20, most often less than 18.
‘Thus, less of the invention copolymer 1s needed to achieve low blueness
in arficles made from blends with styrene homopolymers than would be
needed of other comparative polymodal monovinylaromatic-conjugated diene
block copolymers. |

The presently preferred polymers of styrene amplbyed in the
blends of this invention are usually {a) homopolymers of styrene; or (b)
copélymers of styrene as a majo: component with a minor amoun£;'e.g., up
to 20 weight percent, of any other copolymerizable monovinyl aromatic
compound other than.styrene, such as alpha;metﬁylstyrene, vinyltoluene
or para-tertiary-butyl styrene. A minor amount, e.g., Up to 20 weight .
percent, of other monomers such as methyl acrylate, methyl methacrylate,

. acrylonitrile and the like can be copolymerized with the styrene.

The invention copolymers can be blendeq with stfrene resins
made in bulk polymerizatién. These resins are commonly prepared by
heating styrene and any .comonomer at temperatures in the range of 106°
to 200°C with application of pressure, if necessary, to combine the
monomers. The polymerization can also.be carried out at lower
temperatures by the addition of free-radical generating peroxidic

catalysts such as benzoyliperoxide, acetyl peroxide, di-t-butyl ﬁeroxide

and the like. Alternatively, the polymerization can be carried out in
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High impact polystryene (HIPS) also can be successfully
employed in blends with the invention copolymers. Suitable high impact
" polystyrenes can be prepared by polymerizing styrene in the presence of
.an elastomer, typically polybutadiene rubber. In these resins the
styrens forms & continuous phase throughout which the rubber particles
.~ ars dispersedl
Tha blends of this{invention can be prepared by any suitable
means includiﬁg blending, tumbling and extrusion. Examplés of these
methods include, but are not limited to, dry mixing in the form of a
powder or pellets, wet mixing in.tha form of a solution or slurry, and
melt extrusion compounding.
The polymers and any othsr ingredients or additives may be
mechanically blended together in the desired proportions with the aid of
any suitable mixing device conveniently used for mixing rubbers or
plasticé, such as, for example, a-differentisl roll miil, a Banburyi

mixer, or an extruder.

‘ In these types of blending methods the polymers end any other
ﬁompcnents and additives used can ba in‘pny form, such asg, for example,
fluff, ﬁowder, granulate{ pellet, solution, slurry, and/or esulsion.
Any additive can be coﬁbfned with the polymers according to any method

known in the art.. Examples:Bf incorporation methods include, but are
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transition temperaturerf the polymers.

The presently preferted method comprises‘Blending_the pblymers

.in powder or grenulate form and extruding the blend in sheet form to.

feed a thermoforming or direct feed to &n injection or blow_molder;

In order to facilitate thorough mixing of the pélymerg end to
develop the desired combination of physical properties, pellets are
generallf metered by loss-in:weight feeders or by screw feeders at a
temperature low enough to avoid softening the pellets. The metered

"pellets are droppéd into an exﬁruder which melts and blends the
components to provide a homogenous melt.

Alternatively, solution blending methods known in the art nay
be used.

The ranges of amounts of polym;rs useful in blends varies

. according to the properties and economics required, For example, ﬁhen
an inventioﬂ‘copolymer ;s blended with a polymer of styrene, practical
raﬁges inélude using amounts such as from abou#ilﬂ to abqut\?Oiwgight
percent polymer of styrene, more usually f:qﬁ about 20 to abogt 65"
weight pefceﬁt'polymer of styrené, and most preférably Erom abouf 50 to
abéut 60 weight percent polymer of styrene with the balance being cne or
more of the-polymodal gesinous copolymer product$ of this invention.

For & more particular example, when the invention copolymgrs are blended

with general purpose polystyrene, broad ranges include using amounts
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of this inventicn. Generally, use of too much of the ianvention
copolymers.in & blend would result in;good properties but loss of
economic advantage. Use of too little of the invention copolymers in a
" blend would result in loss of imbact resistance. These blends can be
.economical ways of gaining the desirable attributes of both poljstyrene

and the invention polymers while maintaining low 'blueness in articles
- maée from the blends.

The compositions-ﬁf this invention or blends thereof can be
extruded, thermoformed, injection molded, blow molded, or made into
£ilms or sheets. Articles made from the compositions of this invention
are transparent with low blueness, have good impact strength and have
other physical properties within acceptable ranges for such applicatio#a
as drinking cups, lids, bottles, other foed containers, medical drainage
units, shrink wrap and over wrap; Articies made from blends of the

 copolymers of this invention can economically provide advantageous

properties for similar applications.

Tast Procedures

The blend blueness values were determined on a Hunter Lab
colormeter Hodel D 25 using the Hunter Lab procedure. Bluéness values
are expressed as -b, where larger absolute numbers indicate more

blueness. 3
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Property

ASTH Hethod

Flow rate, g/10 min D 1238-88

Condition 200/5.0

Haze, % D 1003-61 (1990)

Transmittance, % D 1003-§1 (1990)

Shore D hardness D 2240-91
D 638-91 at 50 mm/min

Tensile strength at yield and
Type I test specimens

break, MPa

Elongation at yield and break, % D 638-91 at 50 mm/min

Flexural modulus, HPa D 790-86
Izod impact strength, D 256-88

notched, J/m
Vicat softeﬁing point, °C D 1525-91
D 4272-85

Total energy dart drop, J

Examples
The following examples will describe in more detail the

experimental process used and the polymodal tapered block copolymers
with vinylarene terminalvblocks obtained as a result of the process and
blends made with the invention copolymers.

These exampies shouid be

taken as illustrative and not restrictive.
|
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Exaaple I

This example describes four {nvention polymerization runs (1,
2, 3, 4) that were carried out to produce resinous polymodal, coupled,
_tapered block styrene-butadlene copolymers with resinous terminal
blocks. These runs exemplify the first embodiment of the invention.
Styrene (from Stirling Chemical) and i,3~butadiene (from Texas El Paso)
. were dried by passage over activated alumina (Kaiser A-201), and then
copolymerized and coupled in a 4-stage process using n-butyllithium
initiator (from Lithium Corporation of America).

Polymerization runs were carried out under nitrogen in a
stirred, jacketed, stainless stee1.7;6-11ter feaqtor employing
essentially anhydrous reactants and conéitions. The anhydrsus mixtures
were stirred continuously during the polymerization process. The
cyclohexane diluent, which contained 0.04 phm tetrahydrofuran (THF) in
each polymerization in this example, was preheated to about 50°C before
monomers were charged to the reéctor. The n;butyllithium was charged as
2 2 weight percent solution in cyclohexaﬁe. In the polymexrization step
in which both butadiene and styrene wefe charged, they were.charged
simultanecusly &s a mixture.

In the coupling step, the Vikoflex@ 717b coupling agent used

was an epoxidized vegetable oil commercially available from Viking




610968 ()-& 610%8&" ()- & X8: SS 610%B& ()- & 610%& ()- & 610%8&' ()- &

61098& () - & 61098& ()- & 61098& ()- & 61098& () - &0’8(8 S 610%5&'(%) &SDeM i 9
610988 ()-& 61096B& ()-& 610%8& ()-& X<: S 6 610988 ()-& 610%6& ()-&
610988 ()- & 61098& ()- & 6109B& ()- & 61QUB&' ()- & 610%B& () - &t X<: SSDeM i 9
610968 ()- & 6109B& ()-& 6109B& ()-& 610%B& ()-&KK/ : S 610%8& () &9

610968& ()-& 610985& ()-& 61096& ()- & 6109B& ()- & 6109B& ()- q%%tﬁm&

pkK/ : S_6109%% &9.61Q9 UL S 9
61096855 glé%ﬁﬂ"( ﬁ%"“ {g‘"sﬁ%go 6%%2?%3@&6%3/&?&@33 /i 610968 ()- &

: oA 1
ot AT Mk (o8 Lo et )
g%gf{/ggpg%xggg%ﬂ &1&3}%( r 6 AUB & (()H)at?&w)a?»hl/shpﬁﬁiles 5109BRopst & 13E0UER 1) - &
610988 (5 ;&SRS © (6:)105@2&(0 ﬁ& O)-& 61]:0‘Vg5& O)-& 6}0;@&%@&123457X8pp0 S
. )eh& BUCUBEIr( Fo &L OMBEN®) 1&! 2 EfS B
610@@&}() & 610%8& ()-& 610%$& ()-& 610%& ()-& 610%B& () - & '
610958 fedm &Fd] MNGYR0: had20988&' () -& 610%& ()-& 61098& ()-& 610%& ()-&
The antioxidant mixture added in the stabllizing step
contained a hindered phenol {octadecyl
3-(3',5"'-di-t-butyl-4'-hydroxyphenyl) propionate, commercially available
as Irgénon 1076 from Ciba'Geigy] and an oréanic_phosphite
" (trisnonylphenyl phosphite, available as TNPP from GE Special;y
Cﬁemicdls). Each stabilizer was dissolved separately in cyclohexane and
mixed together. Enough of the mixture was added to the reactor to
provide 0.25 phm hindéred phenol and 1 phm organic phosphite. In Runs 1
and 2 & microcrystalline wax (BE Square® 195) was also added &s an
antiblocking agent; |
After each addition of monomer, initiator or additive, the
feed lines were rinsed with approxipately 10-20 phm cyclohexéne solvent
and cleared with a nitrogen sparge. - |
Following the staBilization step, each copolymer solution was
flashed at 178-180°C to remove a portion of the diluent, Substantially
all of the remaining diluent was.removed in a vacuum oven by drying at
90°C for one hour. The resulting polymer was chopped in a granulator
into crumb size and then dried for an additional hour in a vacuum oven.
In each of the four runs (1, Z, 3, and 4), 1500 g total
monomers (Butadiene andbstyrene) were ﬁsed. About 76 weight percént of

the total amount of cycloh%xane-diluent (3130 g)-ﬁas charged initihlly.

The remaining cyclohexane diluent was added during the run as a diluent
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charging both butadiene and styréne monomers. The charging sequenca
used was i, S,, i, S,, B;/S,, coupling agent. The monomer ratios
corresponding to the S,, S,;, B,/S, sequence weré 40, 10, 25/25. Weight
ratios of amounts of initiator used in the first two steps of each of
.yhe four runs was kept constant at 1:1, but the amounts were decreased
from 0.08 phm in run 1 to 0.055 phm in run 4 to provide & series of
decreasing melt flow resins. -
The devolatilized copolymers from runs 1, 2, 3, and 4‘Were
designated invention copolymers 1, 2, 3 and 4, and had melt flows of
39.1 g/10 min, 19.0 g/10 min, 9.0 g/10 min and 4.8 g/10 min,

respectively. The differences in melt flows were attributable to

differences In amounts of initiator used in each of the four rums,
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Styrene, phnm

Polymerization Time, min

Peak Polymerization
Temperature, °C

Step 2

n-Butyllithium {nitiator, phm

Styrene, pham

* Polymerization Time, min

Peek Polymerization
Temperature, °C

Step 3
Butadiene, phm
Styrene, phnm
Polymerization Time, min
Peak Polymerizaticn
Temperature, °C

Step 4 (Coupling)
Vikoflex 7170, phm
Time, min
Temperature, °C

Step 5 (Terminating)
Hater, phm
Carbon Dioxide, phm
Time, min
Temperature, °C

Step 6 (Stabilizing)
Stabilizer Mixture, phm
BE Square wax
Time, min
Temperature, °C
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Helt Flow, g/10 min .8
Hw/ln, thousands 105/63 108/53 128/65 o 143/91
Heterogeneity Index 1.67 2.05 1.97 1.57

8sfter each addition of monomer, initistor‘oé additive, the feed
‘lines ware rinsed with approximately 5-20 phm cyclohexane
diluent and cleared with nitrogen.

Example 11

Three more polymerization runs were carried out according to
the first embodiment of the present.invéntion to demonstrate the effects
of varying the weight ratio of amounts of initistor in each of the two
initiator charges.. The charges and results of the runs are shown in
Table 9. Again, the weight ratio of styrene to butadiene-charged was 75
to 25. Samples were made with i, §;, &, S;, B,/§, addition sequence
followed by couplingj monomer ratios of 40, 10, 25;25 we?a used.

In each of the three runs of this example, 0,03 phm initiator
was charged in the first step. The amount of initiator charged in the
second step was varied from 0.08 phm (run 5) to0.0QSphn (run 7) for a
o~ range of ratios of amount of initiator in first-step to amount in second

step from 1:2.7 (rum 5) to 1:3.2l(run 7).
Copolymers from runs 5, 6 and f were devolatilized to form
invention copolymers 5, 6 and 7, which had melt flows of 5.0 g/ 10 =in,

5.4 g/10 min, and 7.1 3(10 min, respecfively.
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Tetrahydrofuran 0.04 0.04 Q.04
n-Butyllithium 0.03 0.03 0.03
initiator, phm
Styrene, phnm 40 40 40
Polymerization Time, min 12 12 12
Peak Polymerizationm
Temperature, °C 77 79 76

Peak Polymerization
Pressure, psi

Step 2 i
n-Butyllithium 0.08 0.085 : 0.095
T initiator, phm .
' Styrene, phn 10 10 10

Polymerization Time, min 12 12 12
Peak Polymerization

Temperature, °C 64 71 65

Step J

Butadiene, phm 25 25 25
Styrene, pha : 25 25 25
Polymerization Time, min 16 16 ' 16
Peak Polymerization

Temperature, °C 117 121 111

Step 4 {Coupling)
Vikoflex 7170, phm 0.4 0.4 ’ 0.4
Time, min 16 6 16
Temperature, °C 88 87 89

_ Step 5 (Terminating) .

Water, phm 0.2 0.2 0.2
Carbon Dioxide, phm 0.4 0.4 0.4
Time, min 25 25 25
Temperature, °C 82 82 84
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Stabilizer Hixture, phm 1.25 1.25 1.25
BE Square ‘wax 0.15 0.15 0.15
Time, min 5 5 5
KEecovered Resin

Helt Flow, g/10 min 5.0 5.4 7.1
Mw/Hn, thousands 181/114 177/111 138/93
Heterogeneity Index : 1.6 1.6 1,69

SAfter each addition of monomer, initiator or additive, the feed
lines were rinsed with approximately 5-20 phm cyclchexane
diluent and cleared with nitrogen,

Example III

To demonstrate the second embodiment of this invention, three
more polymerization runs were carried out according to the proéedures
described in Example I, with the exception that the sequences and
amounts of charges were as shown in Table 10. Tapered'butadiene/styréne
blocks were fofmed in the third ané fourth steps by chargiqg a8 mixture
of butadiene and styrene monomers. The monomer addition sequence was 1,
Sy, 1, 83, By/8,, By/S, followed by coupling; the monomer weight ratios
were 40, 10, 12.5/12.5, 12.5/12.5, respectively. The polymers were 75
percent styrene and 25 percent butadiene.

Ih each of the three runs of.this'example the weight ratioc of
amount of initiator in the first step to the amount in the second step

was kept constant at 1:1 with the absolute amount varled from

0.05 phm (nm 9) to 0-66 phm (run 8).
- 3
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TABLE 10

Invention Runs - Second Embodiment

Components® Run 8 Run 9 " Run 10
Step 1
Cyclohexane, phn 145 145 ' 145
Tetrahydrofuran, phm 0.04 ' 0.04 0.04
n-Butyllithium ' 0.06 0.05 0.055
initiator, phm )
Styrene, phm 40 40 ) 40
Polymerization Time, min 12 ' .12 12
Peak Polymerization
Temperature, °C BS 82 _ 84
Step 2 : .
n-Butyllithium 0.06 0.05 0.055
initiator, phm
Styrene, phm 10 10 10
Polymerization Time, min 12 - . .12 , 12
Peak Polymerization
‘Temperature, °C , 69 69 ' 70
Step 3
Butadiene, phm 12.5 12.5 12.5
Styrene, phnm .12.5 12.5 12.5
Polymerization Time, min ~ 16 16 16
Peak Polymerization : N
Temperature, °C 84 83 84
Step & . : :
Butadiene, phm 12.5 ' 12.5 12.5
Styrene, phm 12.5 12.5 12.5
Polymerization Time, min 16 : 16 16

Peak Polymerization
Temperature, °C . 96 102 102
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Vikoflex 7170, phm 0.4 0.4 0.4
Time, min =~ 16 16 16
Temperature, °C 82 89 89

Step & (Terminating)
Water, pham 0.2 ¢.2 0.2
Carbon Dioxide, phm : 0.4 Y 0.4
Time, min 25 25 25
Temperature, %C 80 82 82

Step 7 (Stabilizing)
Stabilizer Mixture, phm 1.25 1.25 : 1,25
Antiblocking agent, phn 0.15 0.15 0.15
Time, min 5 5 ' S
Temperature, °C 80 n.a. 81

Recovered Resin _ '

Helt Flow, g/10 min 14,3 6.4 10.8
Hw/Hn, thousands 154/104 173/115 167/91
Heterogeneity Index 1.48 ' 1.50 1.62

SAfter esch addition of monomer, initiator or additive, the feed
lines were rinsed with approximately 5-20 phm cyclohexane
diluent ‘and cleared with nitrogen.

‘Exangle IY

Two comparative polymers were used for compafisons of physical
properties of blends made with polystyrene. Comparative polymer 11 was.
a resinous styrene-butadiene copolymer with a2 melt flow of 8.4 g/10 min,
Polymer 11 was polymodal from multiplé initiator and monomer charges
(5, 4, 1, S, B, i, S, B) and coupled with an epoxidizéd vegetable oil
coupling agent. Polymer 11 contained nominally 75 wt % styrene and 25
wt % butadiene with nd styrene/butadiene tapered blocks. Polymer 11

forms 50:50 by weight blends with polystyrene that have high blueness

and modest physical properties, ~
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coupling agent. Polymer 12 formed 50:50 blends by weight with

polystyrene that have low blueness and modest impact properties.

Example ¥

4 series of blends of the invention polymers from Examples I
and Il was prepared with Novacor® 555 general purpose polystyrenme to
demonstrate the properties of blends of coﬁolymers éontaining a single
tapered block (invention embodiment 1)}. Polymer S.was not included in
the blend series since it had a melt flow essentially the same as that
of polymer &, Polymers 11 and 12 were also blended with polystyrene for
comparison. '

The blends were 50:50 by weight and were prepared by solution
blending in cyclohexane in & reactor at‘iOO°C with stirring for one
hour. Each solution was flashed to remove the solvent and the polymer
was dried, chopped in & granulator, and dried again. The dry polymer
was processed on a roll mill and chopped again before injection molding
on an Arburg model 90 injection molder with zones 1, 2, 3, and nozzle at
210°C, 210°C, 220°C, and 210°C, respectively, to make specimens to test
for properties. '

For convenienﬁfreference, bleﬁds are designated as blends with
the corresponding polymer npmber and a prime. For example, & blend
prepared from polymer 1 and polystyrene is blend 1' and a blend prepared

from polymer 2 and polystyrene is designated blend 2°.

-
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_ Test specimens made from blends 1', 2', 3',.4", and 6' had

Izod impact values higher than those made from compazaﬁ_ive blends 11'

and 12'. Test specimens made from blend 7' had a.lower Izod impact

value than those made from the other blends. It is possible that the

high level of initiator in step two of the po’lymeriéation of polymer 7

and the resulting higher melt flow of the final resin prevented

improvement in the Izod impact value of Arburg test specimené made from

blends polymer 7.

Test specimens made from blends 1', 2', and 3' had higher haze

values and specimens made from blends 1' and 2' had higher melt flows:

than those made from the other blends.
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8, 9, and 10 “from Example III were blended as described in Example V in
50:50 by weight mixtures with gener&l purpose polystyrene to form blends
8', 9', and 10', Test specimens were injection molded from the blends
as described in Example V.
The results (Table 12) show that articles made from blends of
invention polymers 8,-9, and 10 had better Izod .impact values than those
made from comparative blends 11' and 12°' (shown in Table 11}. Articles

made from blends of the invention polymers also have less blueness than

those made from comparative blend 11'.
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Example VII

Three more invention copolyﬁers were prepared on a larger
scale to demonstrate further the effect of two butadiene/styrene tapered
blocks in improving impact properties of articles made from blends of

the invention copolymers with polystyrens. These polymerizations varied
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Sheets made from blend 13' had the highest total energy dart
drop value of sheets from this set of blends. Sheets made from blends
14' and 15' hed low total‘energy dart drop values éimilar to the values
of sheets made from blend 16'. Sheets made from comparative blend 16'
had the lowest blueness value of any in the group, but had a low total
energy dart drop.value and brittle fold test. Sheets made from
comparative blend 17' had the highest blueness value and better

ductility then invention blends 14' and 15'.
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compared to a total energy dart drop of 1.61 J for comparative blend 17'
which had only about 70 wt % total styrene in the blend composition.
While the polymers and methods of this 1n§entiqn'have been
described in detail for the purpose of {llustration, the inventive
pblymers and methods are not to be construed as limited thereby. This

patent is intended to cover all changes and modifications within the

spirit and scope thereof.
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ookl untit diseitifiBno free monomer is present ; thereafter
(c) charging a mixture of monovinylaromatic monomer and conjugeted diene monomer, and
allowing polymerization to occur until essentially no free monomer is present; thereafter
(d) charging a mixture of monovinylaromatic monomer and conjugated diene monomer, and
sllowing polymerization to oocur until cssentially no free monomer is present; and
(¢) charging with a coupling agent; and subsequently blending said
monovinylaromatic/conjugated diene copolymer with a polymer of styrene wherein paid polymer
of styrene is blended in an amount in the range from 10 to 70 weight percent baged on the total
woight of said blend, - '
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2 .The method according to claim 1 wherein each said monovinylaromatic monomer contains 8
to 12 carbon atoms and cach said conjugated diene contains 4 to 6 carbon atoms, seid monomers
being added in a ratio of 55 to 95 weight percent monovinylaromatic monomer and 5 to 45
weight percent conjugated diene monomer, thus giving a resinous tapered block copolymer.

3. The method according to any one of claits 1-2 wherein the weight ratio of the amounts of said
monovinylaromatic monomer and said conjugated dicne monomer in each of steps (c) and (d)is
within the range of 1:0.63 to 1:2. :

4 .The method of any of the preceding claims wherein said monovinylaromatic monomer charged
in step (a) is from 27 to 80 weight percent of the total monovinylaromatic monomer charged in
said method and wherein sald monovinylaromatic monomer charged in step (b) is from 5 to 21,
woight percent of the total menovinylaromatic monomer charged in said method.

5. The method of any preceding claim wherein sald monovinylaromatic monomer charged in step
(c)is from 3 to 19 weight percent of the total monovinylaromatic menomer charged in said
method.

6. The method of any preceding claim wherein said monovinylaromatic monomer charged in step
(d) is from 13 to 36 weight percent of the total monovinylaromatic monomer charged in zaid
method.
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wherein, after said coupling agent reacts with products of sald palymerization, coupled
copolymer chaing thus produced are treated with a terminating agent and a stabilizer; and

wherein, after termination with said terminating agents, any remaining hydrocarbon dilent is
flashed off,

10.. A polymer blend which comprises

1) a polymodal coupled resinous block copolymer of a monovinyl aromatic compound
and a conjugated diene, said copolymer having polymer chains which result from coupling

§-8-B/S-B/S-Li
S-B/S-B/S-Li

wherein

S = monovinylaromatic block
B = conjugated diene block
- B/S = tapered block
Li = living polymer site
or coupling site, and

2) a polymer of styrene wherein said polymer of styrene is present in an amount ia the
range from 1010 70 weight percent based on tota! weight of said blend,

11, A polymer blend according to claim 10, said polymodal coupfed resinous block copolymer

baving from 55 to 95 weight percent polymerized monovinylaromatic monomer based on total
weight of monomers in said copolymer, '
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