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TAPERED BLOCK COPOLYMERS OF MONOVINYLARENES

AND CONJUGATED DIENES

Field of the Invemtion

This invention relates to tapered block copolymers of

monovinylarenes and conjugated dienes and methods of preparation of

these tapered block copolymers.

Background of

tha Invention

There has developed in the

'polymer field, and especially in

the packaging and related industries, a need for thermoplastic polymers

that can be formed into colerless, transparent articles having good

impact strength and ductility.

There are needs for polymers which are

useful as single components as well as for use in blends with other

commonly used polymers to make articles with improved properties.

The

polymers satisfying these needs should be suitable for use with

conventional extrusion, injection and blow molding equipment and also

suitable for use in other methods of

tubes, films, fibers, and the like.

forming plastics into containers,

Polystyrene, high impact

polystyrene, branched block copolymers, and the like have been developed

to meet these criteria with various degrees of satisfaction.
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str%gtures produced by a variety of nononer addition sequences and a.
varisety of coupling agents. Desirable properties and an econom ¢ advant age
‘can|be obf ai ned by bl ending sone nonovi nytaromati ¢: conj ygat ed dkeanuspu .
copol yners with polystryene polyners. However, because :bl-ueness oﬁ bl ends -
novi nyl ar omat i c- conj ugat ed di ene copolzymers with potystyrene pelyners’=’
cannot be predicted by rule of m xtures behaviors, getting a desirable

nati on of propertichsetfant besabeonpliirodeddia &bk .pBpaettiimesof el ati vel y

| ess nonovi nyl aronati c-conj ugat ed di ene copol yners give blends with

hi gh{ bl uenessuhitant bt diydsengiee rentob ke sepqjamer gies pay pdse pohydetyr eficlock

Bl ueness of articles forned from varjous copol yners and bl ends of

copo] yners wWEEFPSURR? RFSAYGRT, BY a5 var i gRf 4RartRy prbifiiem sequapeas ead ifons
wherg col orl ess, mate ials1 ich al so haye good inpact strength and

duct{lity ar &5 8hEP Be9ntE - eﬂ?ﬁ%?’btglei ﬁ%qurgéief?ataé?i"é‘l g iGat er and
food} containers, .Jerr] It ig.a bjiect, of . this invention to provide nqv

resi hous tapgcrlveacf't%%c{a"c%ﬁoﬁ%fﬁgnreg i()) %\}Fﬂé’rqgsﬁ%"éet euted’ g?’fﬁ‘r"ﬁ? fg conjugate
hydr bear bonss gk ¢8pb HAALEd: 13k §A9s LA Yl iGhe e f@ye% ¢ L Bludidl | oW

bl uepess and acceptabl’e I npact 'stiengt ucti I'S anot her obj ect
of this invegki YRl & A¥hSANGIMBhat RSEBRANUTat 8P Y 18Fe RIoBE Ky @R MEr S Of

vi ny| -substituted aronmati c hydrocarbons and conjugated di'enes suitable for
use | n bl endgorydthrped Yarymeraf caringt 6L prfbitcied Wyaklh Ve blcend&ukEH PN Gisgan
be nhde articles [err] that exhibit | ow blueness nnd acceptabl e i npact
st re‘3gt h andgetting a desirable combination of properties can be a complicated task.

Sometimes relatively colorless monovinylaromatic—conjugated diene
copolymgrs give blends with high blueness when blended with colorless
general purpose polystyrene.

Blueness of articles formed from various copolymers and blends
of copolymers with other polymers is a longstanding problem in
applications where colorless materials which also have géod impact
strength and ductility are desirable. Specific examples include

materials for water and food containers.

; Summary of the Invention

It is an object of this invention to provide novel resinous
tapered block copolymers of vinyl-substituted aromatic hydrocarbons and
conjugated dienes from which can be made articles with low blueness and
acceptable impact strength and ductility.

It 1is another osject of this invention to provide novel
resinous tapered block copolymers of viﬁyl-substituted aromatic
hydrocarbons and conjugated dienes suitable for use in blends with

polymers of styrene, particularly blends from which can be made articles
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ductility. Further, it is all object to pr'ovi de novel resinous tapered.
bl oék copol ymers of vinyl-suhstituted aromatic hydrocarbons and conj ugat ed
di efes whith can be used in smaller amounts than:some of -the ot-her. gooupnl y

e

used resinous pol ymodal monovinyl substituted arematic-cenj ugat-ed diehe. . .
bl ogk copolyners in blends w.th pol yners of styrene.to--achi eve--si mkar |y [ W
bl uéness | evel s and good i npact strength and/or ductility in articles nade
frrom the bl etk ekh fhitt her hobdet ki AdteprhbMeNhpant s6rdn@tprand/de novel
prodesses for nmaking resinous tapered bl ock nonovi nyl aromati c/ conj ugat ed

di ene copol ydmrtd litync| Barthgrcojroliy mor eb Sutitt @bipeotgie bsw:l medlrenestapkhed
firgdt enbodi nent of the invention, copolyners are prepared under solution
pol yrer i zat i B¥rckoretialynexs of winydoobrbitutehearopat {cahydtasegbens and

non
and

vinylaromatic nononer and an initiator in the presence of a random zer
al | owi ng°PIrERERd daeresnwhirtotduPe utited] 1 soahtararrus Fhafe sppmofeths s

t: th ft b h i initi d i nyl ti
P omdrr and SGwEIoReY JiiR atran paDmsett Tney v d SRR o T o6
mongner i s p&&%ﬁ?ié-ctog?lgge&fe&eéiewb1%@@f ipgﬁmaeréﬁ & ygre.of Jappovinyl aromatic
g nd-all1o

nongner and conjugate

unti
t he

ene rononer . a W g pof Vet S At H S Rt cur

! essenté@rle}{e% fa[:ﬁﬁev@@%ﬁ:fys & %ﬁﬁ@r‘eissaﬂgletlgeg %%g%&ﬁng%c(phargi ng

reaction mxture wth a coupling agent. In a secon nt of the

i nvention, CORQhYMRIahdP6L dREEPBESU Bl HXBe "BHORCERADIEARSE Of the first
enbddi nent, except that additionally, after step (c) and preceeding step

(d) | a second separ atsesehnegeotghce ofi Ki 14l EnntIBNQEI By |RLONBE nevaDNOMEr  and

conj

ugat ed
4 processes for making resinous tapered block monovinylaromatic/conjugated

diene copolymers, including copolymers suitable for use in blends.

In a first embodiment of the invention, copolymers are
prepared under solution polymerization conditions In a reaction zone by:

(a) chafging a monovinylaromatic monomer and An initiator in
the presence of a randomiier and allowing polymerization'to occur until
essentially no free monomer is present; thereafter

{(b) charging an initiator and a monovinylaromatic monomer and
éllowing polymerization to occur until essentially no free monomer is
present; thereafter

{c) charging a mixture of monovinylaromatic monomer and
conjugated diene monomer and allowing polymerization to occur until
essentially no free monomer is present; and thereafter

(d) charging the reaction mixture with a coupling agent.

In a second embodiment of the invention, copolymers are
| prepared in the same manner as those of the first embodiment, except
that additionally, after step (c) and preceeding step (d), a second

separate charge of a mixture of monovinylaromatié monomer and conjugated
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[er¥] 4 diene nononer is nmade and allowed to polynerize until essentially
no {4+ ee nononer is present before charging the reaction mxture with a -
coupl ing agent. [err] We have discovered novel nonpvinyl:aromati ¢/ coriSugised
di epe tapered bl ock copolyners which can be used rneat or: hlended with = -
pol ymers of styrene to produce resins which%can be forned into artrcles - -
wi th | ow bl uepness and advant ageous inpact properties and/or ductility. The
pot fmers of t®iee AoRATer off Apde @R HdPBrt 28uPaymeatie dast hEAsetIBe Y 81 ock
copql ynmers of _at | east one conj ted diene with at | east qne ,

mondui nyl ar enEConAGTIRS“at® FERRITE) RF e HEREL B BT HGAR” AHA CUT% AP far ed
so tthat, when 0j of coupling agent permts, at |east a portion of

t he |f i nal proa%‘&qiﬁg eJ(%f%'ﬁf'if-bran(:hed, coupl ed character. The polynmers
prepgared according to this invention contain fromabout 55 to about 95,
preflferably from about 60 to about 90, nore preferably from about 65 to

85, weight percent of gpepfilsatidszefhtIBA0YS R}b IaveR®ddnC NONONMer based
on tihe wei ght of total nononers enployed. Correspondingly, the inventive

about 10, and nore preferably from about 35 to about 15 wei ght percent
copol yner i zedteparedglotoedl chpmiigmesneith basdd wyed heatt ot ablanded)htitbfpolymers
nmonoprers in the copol yner. The coupled portions of the resinous pol ynodal
bl ock copol ynef styferdite produneissidtmwaicercannkd fpotedndneyiamyicleenelth deks

on the extending arns of each linear or radial copolyner nolecule, and
furtlher cont abhueness eans adfantRaRASNHIPACE RIORET Ble§cRAGPT eS¢ L A -ar ene

The polymers of this Invention are characterized as resinous .

T' non-rubbery block copolymers of at least one conjugated diene with at
least one monovinylarene, having at least one random-tapered block and
are prepared so that, when the choice of coupling agent permits, at
least a portion of the final product is of a branched, coupled
character.

The polymers preéared according to this invention contain from
about 55 to about 95, preferably from about 60 to about 90, more
preferably from about 65 to about 85, weight percent of copolymerized

monovinyl aromatic monomer based on the weight of total monomers

- £

employed. Correspondingly, the inventive copolymers contain from about
45 to about S5, preferably from about 40 to about 10, and more preferably
from about 35 to about 15 weight percent copolymerized conjugated diene
monomer based on the total weight of monomers in the copolymer.

The coupled portions of the resinous polymodal block
copolymers of this invention have terminal polymonovinylarene blocks on
the extending arms of each linear or radial copolymer molecule, and

further contain at least one internal tapered block of monovinylarene

. This Sheet Has Been Replaced
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[.erF": and conj ugated di ene. The resinous copol yneric pol ynodal products

al sojcontain portions of |inear uncoupled bl ock copolyners of

pol-y{nmonovi nyl arene) - pol y(conj ugat ed di ene); the |iinear .un¢oupl ed bl BSK3?JS:

copolfymer content is considered to be an inportant cportion;df thé resinous
prodgct with respect to its overall properti&s. [err] The process of-thi’s

inverftion can be carried out using as an initiator any of the
foronoal kafdd wepiiisatedplianes ok

1, 3- Qut adi ene, adi ene, 2-et i‘ene,

t he gharges contai ni ng conj ugat ed

e triq8 | FINEPRe IRNE Wite PRl Yok | raduaiskgiso
cycl dqal kyl or aryl carbanion containing 4 to 8 carbon atons and Mis an
i netal cafPURINMSHEIPRS °bf Ligryadaaruelied Rlack crolyBRifdS can be used.

tl f i niti .al kyl | Lt hi d

21y n ot PR e Bl rog T e orad: i L GRPBc eghird bloek
: whi ch i N4 6 b i

ronorers whi ¢ cg&gg?% :é%ﬁ@' ) 8?}% 6}:1?951detrg.fé coc%l;{)ng,tg@cg{}t%g rb%r:g.%;rl Y€the

for
crre

| methy |- | x5 hidhad) sagc0de 3shan adi RBCoAM 1Y oA dyher eof - Each of

e in the same sequence of charges may
be the sane, but is not necessarily the same, conjugated di ene nononer or

m xt e of conjugated di ene nononers. The presently preferred conjugated
di eng nononer ¢Cempbpdntiit adi ene. The nonovi nyl aromati ¢ nononers whi ch can be

ontain 8 to 12 carbon atons and i nclude styrene, al pha-nethyl styrene,
yl styrene, 3-netThkspoyocese of 2ttrist ytestyoreran e ethyledt gutepeing as an
vl styrene, 2-ethylstyrene, 4-tert-butylstyrene, 2,4-dinethylstyrene

and ‘¢gpndensed &rigtater ngueh the orgapdmonaptiad il evedadnebmppyadsr e thise ferpfula RRith

of the charges contai ni ng nonovi nyl aronati c nononer in the sane
wr , wherein R is an alkyl, cycloalkyl or arylcarbanion containing 4 to 8

alkylmonolithium compounds, especially n-butyllithium or

sec~butyllithium.

.~ This Sheet Has Been Reblaced. '
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carbon atoms and M is an alkyl metal cation. Mixtures of organcalkali

metal compounds can be used. The presently preferred initiators are

The conjugated diene monomers which can be used contain 4 to 6
carbon atoms and include 1,3-butadiene, 2-methyl-1,3-butadiene,
2-ethyl-1,3-butadiene, 2,3-dimethyl-1,3-butadiene and 1,3-pentadiene and
mixtures thereof. Each of the charges containing conjugated diene in
5"& the same sequence of charges may be the same, but is not necessarily the
same, conjugated diene monomer or mixture of conjugated diene monomers.
The presently preferred conjugated diene monomer is 1,3-butadiene.

The monovinylaromatic monomers which can be used contain 8 to
12 carbon atoms and include styrene, alpha-methylstyrene,

4-methylstyrene, 3-methylstyrene, 2-methylstyrene, 4-ethylstyrene,

and condensed aromatics such as vinyl napthalene and mixtures thereof.

Each of the charges containing monovinylaromatic monomer in the same

3-ethylstyrene, 2-ethylstyrene, 4~-tert-butylstyrene, 2,4-dimethylstyrene
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5sarily the .same, nonovinyl aromati c nononmer or m xture of

Vi nyl aromati c nmonomers. The presently preferi.ed nohovi nyl af o8 59ys:
er is styrene. Exanpl es of polar conpounds which can:.he advanfageo6usl.y.
pbyed as randoni zers are ethers, thioetHers (sulfides) and te€rtfary’™ -
2s. It is usually preferred to use ethers and sulfides in which the

ral s at t efmeanceoof tbassgrgasy B sl Fare attyhslaret MAsrsear Bonthadpeal s.
fic exanples of such golar mat eri al s i nclude di net hyl ether, dletq¥l

, et hyl PRBOHYY L2TIReFiC SPROIeTHPEJYREBIh &L, ’"‘tﬂ°"ﬁ"b’r*’cfﬁ§91’ti§t fggomers

toctyl ether, gnisole oxa ethaq&yadlbenzyl et her

Lyl et h8F o> 0¥ FTRIEHE yﬂg%%"éhé}“wfﬁgcﬁg & |
[ ahydrof ur an) di ﬂﬁ&ﬁ?é g dlq? ?OQnI ‘SBPA(;Q wﬁ?%ﬂc CQEhb dladOarWaggglls 1§U| fide,

- butyl sul fide, sul
n- et hyl ang,Beoyddl hs &aﬂ&&nﬁ)ﬁ'eﬁé“a'}% elifelrs - ﬁﬁk&@lﬁknﬁé‘%ﬂf%@t bys A0 0€ary

hyl am ne, tetranethylethylenedlan1ne tetraethy hyl enedi am ne,

i - met hylgamhdd.next I\tsnewmhfus&tf@y;}eantblm othdrat hod o1 pheki e whady thie
It is to be understood al so that m xtures of these polar conpounds

be enpl oyediddlst hetqehad ttioC EhOfoxyfn pkesAFur i dvvant 41N hyd dderipal ar
unds are generally used in adm xture with the hydrocarbon dil uent.

Presently prehétecadd.arspeeilfirecexdmgilesmidsoéumpahaomadeeidiyl intlnde . diebing t he
sui tbl e coupling agents are the di- or

ether, diethyl ether, ethyl methyl ether, ethyl propyl ether,
di~n-propyl ether, di-n-octyl ether, anisole, dioxane,
1,2-dimethoxyethane, dibenzyl ether, diphenyllether, *
1,2-dimethoxybenzene, tetramethylene oxide (tetrahydrofuran), dimethyl
sulfide, diethyl sulfide, di-n-propyl sulfide, di-n-butyl sulfide,
methyl ethyl sulfide, dimethflethylamine. tri-n-ethylamine,
tri-n-propylamine, tri-n-butylamine, trimethylamine, triéthylamine,
tetramethylethylenediamine, tetraethylethylenediamine,
N,N~di-methylaniline, N-methyl-N—ethylaniliqe, N-methylmorpholine, and
the like. It is to be understood also that 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 tetrahydrofuran or diethyl
ether.

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

silicon halides and halosilanes, mono-, di-, or multianhydrides, mono-,
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‘mul Tqvinyliromatic conpounds, di- or nultiepoxides, di- or

mul t:¥i socyanates, di- -orf rmultiimnes, di- or nultial dehydes, di- or

mult | ket ones, al koxytin conmpounds, di- or nultihalides, .particularly33i53ys

siliFon hal i des and hal osi | anes, nono-, di-, or mu fianhydf.tdes, i noho<, “*7 . ¢,
7 di-, or nultlesters,preferably the esters of nonoal €ohols with -~

polyfarboxyllc aci ds, dlestors whi ch are esters of nonohydric al cohols with

boxyl i c &dielsor I"‘éiéf'jcﬂ?égrs 'nﬁﬁ‘bﬁ%@b’ thei enterp taf ﬁB’I‘WI"Eb‘h’(ﬂ ¥leych as

glycgrol, and the |ike,  |ncl ounds cont ai ni ng {wo re groups
e B xtur o o LFGR SRy HT 8 R BiATasT™ BRARDI 8. 61E°C0 @ BPEoBIdRIF I BRER T
coup

ing agents jng) ud ngit aacisan kcgm b ofioroBys B M BIRE M uaconote

-trivinyl'benzene, |V|ny1nap Tar eM r|V|nyIn

di vi nyl bi psfa%ﬁy%ﬁ gcggtgoaormp@w'lgﬁmqg&umgI %Ja\a%omcige ogaﬂhpgsmt he

yl aromatic ond are preferred, par arly |V|ny nZene in

either its ortfg, s &Hd RBERhS YPPLyo GRMRBYLLApodhyd Nyl benzene which is
ture of the three isoners and other conpoundJ I's satisfactory.

Epoxgdi zed hydrocar bonepsipie®rot seitabas aRPXd Gmdett lcbapl idgPodenyt adiigae, and
compounds such as 1,2; 5,6; 9,10- trlepoxydecane g e like, can be

benzgne-1, 2, 4-triisocyanate, naphthalene-1,2,5, 7-tetraisocyanate, and the
Com"rerC|mldliyswab¢fatilben{ﬂﬂedlmldst*md\meas OppMese, the divinylaromatic

hydrocarbons are preferred, particularly divinylbenzene in either its
ortho, meta, or para isomer. Commercial divinylbenzene which is a
mixture of the three isomers and other compounds is satisfactory.

Epoxidized hydrocarbon polymers such as epoxidized liquid
polybutadiene and epoxy compounds such as 1,2; 5,6; 9,10-triepoxydecane,
and the like, can be used as coupling agents. .

Organoalkyl phosphites and arylalkyl phosphites are considered
useful as coupling agents in this invention.

Examples of suitable multiisocyanate coupling agents include
benzene-1,2,4~triisocyanate, naphthalene-1,2,5,7-tetraisocyanate, and
the like. Commercially available products known as PAPI-1, a
polyarylpolyisocyanate having an average of 3 isocyanate groups per
molecule and an average molecular weight of about 380 are suitable.

The multiimines, also known as multiaziridinyl compounds, such
as those containing 3 or more aziridine rings per molecule, are useful
as coupling agents.. Other compounds useful as coupling agents include
tetravinyl silane, trivinyl phosphine, the triaziridinyl phosphine

oxides or sulfides such as tri(l-aziridinyl)phosphine oxide,

" This Sheet Has Been Replaced -
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: poky$ry|polyisocyanate havi ng an average of 3 isocyanate groups per °
.ol e¢qul e and an average nol ecul ar wei ght of about 380 are suitable. The
mul till mi nes, also known as multiaziridinyl conpounds; such as those s3;5gysr
contgining 3 or nore aziridine rings per nDIecuIer ar e useful as coup4|ng.,
agent]s. O her conpounds useful as coupling gagents- ‘i ncl ude tetrthnyL e T2
silane, trivinyl phosphine, the triaziridinyl phosphine oxides or sulfides
suchias tri (| ta@i2-hethpi- ) s pdinge) shosgRine oxfdy,r] tri (2-nethyl -
1- azijri di nyl ) phosphl ne oxide, tri(2-ethyl-3-decyl-1-aziridinyl)phosphine
sul fijde, and thi2-ekieyl-Thdeayll 14aziidbiipgd) gosphimegsabedes adetiediksent ed by
conpqunds such as 1, 4, 7- napht hal enetri car boxyal dehyda,
1, 7, 9- ant hr acenet r i carthexyslitdakdatade I‘OSp’éir{mnsaﬂét ey aepsepak ek vy degmpandds
sim lfar nultial dehyde- contalnln al i phatic and aromati c conpounds. The
nul tilket ones &¥Eh Pép%ésém@?th? eaghptrdnBexraddphyde
1,4,9 10-ant hracenet etrone, 2. 3-di acetonyl cycl ochexanone, , and the |jk

les of the's r?uF?‘f*%fﬁﬁ?‘b"rﬁréé%ﬂPﬁH W&sY%ey:r dréid” PF?‘E:""“BF&??H%’H"&&G“Y , and

ne-nal ei ¢

hyd nd Kk th
sters |ﬁ£’$ﬂ é (rflq?ﬁ ‘10% paﬁ°§§é¥"r‘1"§t% pB?’%jr ef'éﬂrnpa“c Qnpolfds. The
benzene&“ﬁg_ﬁgp&@él hfe 9eseh£$c?thpy1:o %M? ﬁﬂf he like. Among the

al i de coupl1 ng agen e Si |co es such as silicon

hloride,, §'9' h@%th?&é&'@w{?oqe ﬁ@ddﬁdceksmcfy@icfh%k%n@&artch%he like.
osil anes’ such as trichlorosilane, trichloroethylsilané,

Ppnobenzykgddpaes o Rfe e tiddngdr AR el dyirbRd 19 e sukakdubed
arbons, such as 1,3,5-tri(brononethyl)benzene,
2,5, 6T9 t et ra@k&x@he-:&ﬁideﬁm@am cédtlymers, and the like. Examples of the

multiesters include diethyladipate, triethylcitrate,
1,3,5-benzenetricarboxylic acid, triethyl ester, and the like.

Among the multihalide coupling agents are the silicon
tetrahalides such as silicon tetrachloride, silicon tetrabromide, and
silicon tetraiodide; the tfihalosilanes such as trichlorésilane,
trichloroethylsilane, tribromobenzylsilane, and the like; and the

multihalogen-substituted hydrocarbons, such as

1,3,5-tri(bromomethyl)benzene, 2,5,6,9-tetrachloro-3,7-decadiene, and
. the like, in which the halogen is attached to a carbon atom which is

alpha to an activating group such as an ether linkage, a carbonyl group,
or a carbon-to-carbon double bond. Substituents inert with respect to
lithium atoms in the terminally reactive polymer can also be present in
the active halogen-containing compounds. Alternatively, other suitable
reactive groups different from the halogens as described above can be
present.

Other metal multihalides, particularly those of tin, lead, or

germanium, can be employed as coupling and branching agents. Silicon or

. This Sheet Has Been Re laced
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the  lfi ke, in which the halogen is attached to a carbon atom which is al pha
to ag activating group such as an ether |inkage, a carbonyl group, or a
car b@n-t o- car bon doubl e bond. Substituents inert with respect to |IQﬁl?n}y
at.o in the terminally reactive polymer can al so-bé’ presenl inth& ,ﬁé,
hal ogen- cont ai ni ng conpounds. Alternativelyg othef suitabl’ereadtive groaps’
rent fromthe hal ogens as described above can be present. O her netal

yed as coupling and.branching agents. Silicon or [err] other netal
mul t ijal koxi desyitsbitd caspbinlgi agamtset r aet hoxi de, are al so suitabl e coupling
agentls. Exanpl es of conpounds containing nore than one type of functional
i ncl ude 13- di chEserples pfogamsmeds Zopteiding mpr3- tearanoactype of

I br ono- 3- pent anone, 1, 2; 4,5-di epoxy-3-pentanone. 1, 2;

i epoxy- 3fuickaprsfegraum inglude ol Jrdbehlpre-2rereratesanone, 1, 3;

18, 19- di epoxy- 7, 14-ei cosanedi one, and the |ike. Useful nmultifunctional
couplfi ng agen‘f’s2 Ahbrangal é’ﬁ(‘iﬁﬁ‘%eze%l ‘\/é@%’f%Fé‘Rﬁ“F%“%@h as epoxi di zed

b I d | d I t th f. Th
ooredntly pref%??éé-%g B SRIRRo1E bt ot #AaPoRGar APPESBT 1 | resent |'y
prefqrred is PQ_,QX egi%ﬂggé%gg‘l‘ﬁ“ﬂ gcess The uni que pol ynodal tapered

bl ocH§ character’ Bl°deness and good i npact strength
and/ gr ducti li}ﬁ% Qé,fithiéao§§ 7,l4~eicosanedione, and the like.

Useful multifunctional coupling agents include epoxidized
vegetable oils such as epoxidized soybean oil, epoxidized linseed oil
and the like or mixtures thereof.

The presently preferred coupling agent is epoxidized vegetable

oil. Presently preferred is epoxidized soybean oil.

Process

The unique polymodal tapered block character of the polymer
and low blueness and good impact strength aﬁd/or ductility of articles
made from the polymer or blends of the polyﬁer of the first embodiment
of this. invention are produced by the unique sequences of two separate
initial charges of monovinylaromatic monomer and initiator, followed by
a separate charge of a mixture of monovinylaromatic monomer and
conjugated diene, and a subsequent coupling step.

The unique polymodal tapered block character of the polymer
and low blueness and good impact strength and/or ductility of articles
made from the polymer or blends of the polymer of the second embodiment
of this invention are produced by the process of the first embodiment

with the addition of a second separate charge of a mixture of monovinyl
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fromthe polynmer or blends of the polymer of the first enbodi nent. of

i nvention are produced by the:uni que sequences of two separate

al charges of nonovinyl aromatic nononmer and #i.ni‘ti at dr, foll owe?B hguss
ate charge of a m xture of nDnOV|nyIaronat|o nbnomenrand conJUgatéd,,”
- and a subsequent coupling step. The '&ni que pol ynddal tapéréd bl ock -
cter of the pol and | ow bl ueness and good i npact strength and/or
lity of “a‘?"t"lt&Feé‘dnﬁEféi“ﬁFB‘?ﬂ BAE D BPYPRATS oReNY BRYFSENE HEe ptAUPHERS of t he
d enbod%gent of this invention are produced by the process of the
enbodi with the addition of a second separate charge of a m xture

novi nyl [errlygt g8 %’ﬁfﬂe t%‘%ﬁ%‘{ '%9@% e giﬁgﬁgnUPanqwﬁréletﬁ rst

edi ng the coupllng ste n each o ments o

tion th@niemsrIawakg;@tp%dsé@rgamoﬂm‘ag ,@o%by#yﬂ mmi@m&n‘mt
tic conponent polyner blocks with alkall netal "atons (fromt

ator) OBoBmelrCHEdcke NP tANA1KaQ 1 f Mt agtidm¥e( FRACEAO NS {RSr) BRLC Ht least
guent nononer charge adds nononer to the living polyner chain at the

I et al ofi€amti O ok Gcthve GREBE TThagfrddf CRERMIS it eqPOty ABRdwed! EitYgkS

d to continue until essentially no free nononer is present. Wth each
guent chédg@mondmerhtd ntleutlBaingnpdliyaéprchaimein phé tkatilmkahi deet@ion

ies will be produced, and each subsequent nonomer charge has an

tunity &bre.pohyrechzsttagenc Dichpegingofpdlyeercizarye st 4l loaedh tof codicinue
ing polymer-al kali netal species. Each of the active living polyner
chaths will hatid pe#mtﬁallmﬁomenymormmemﬁ present.

k4

1{ - With each subsequpnt charge which includes initiator a new
polymer-alkali metal species will be produced, and each subsequent
monomer charge has an opportunity for polymerization of part of the
charge with each of the existing polymer-alkali metal species. Each of
H the active living polymer chains will have terminal monovinyl aromatic
blocks on both ends after polymerization of each monomer charge
containing monovinyl aromatic. Even when mixtures of monovinyl aromatic

monomer and conjugated diene are charged, the polymer chaims will have

terminal monovinyl aromatic blocks on both ends. After virtually
complete polymerization of the final monomer charge, the active living
linear block copolymers are charged with a difunctional or
polyfunctional coupling agént to allow coupling of each of the living
species with each of the other living species or with others o€ the same
living species to form the desired polymodal tapered block copolymers.
If the coupling agent is not 100 percent efficient and/or 1if less or
more than a stoichiometric amount of coupling agent is used, there can
be some uncoupled fgsminated polymer chains of each of the species in

the final reaction mixture.
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on both ends after pol ynerization-of each nononer charge contai ning
nyl- aromatic. Even when m xtures of nonovinyl aromatic nmononer and
ated di ene are charged, the polymer chains Wil have ternfnak33139YS;

nyl aromatic bl ocks on both ends. After virilally-coaplete - ~ “77I...

rization of the final nonomer charge,'the acti've [iving I'inéar bl ock’

h ith .a dif i | yf ti | i r t

ow coupl 1 ng of ot GHEeRe BRG] euepin ekoak KT ELrodier Rtiop Tt es "
i ith others_ of th | i Vi 2Ci to f

o por yasasd: Febihed fiBer SaRSREruon FIRIBEELED, (heiBLldeRfes

rcent ghhigiagt ofi%géﬁ){lﬁg% ne§SBe %chcHPJﬁsLQ@%%hSﬁ& el TBLA 1 Qo@?ﬂﬂl@t

pling agent 1s use e Can sonme uncoupl ed ferm nated pol yner
of eaGReRfs.t N@aSRELHES 1hNeHeNEndunR3b £ lLBELE 2B 143 oty functioddl '] 11
di functional coupling agents will produce predom nantly |inear

r chai R$upl iRPegsitngl3Hean fHeNGEddORAl hdnYpuVidid OnS ddgeeLand atwhdkbnds of

ing may be acconplished with pol yfunctional coupling agents.

i ons i mrahehiagoattthefcampping sttdsar pol yfuncti onal coupling agent al so
used to mani pul ate the degree and kind of branching at the coupling
The chargi ng s®rpueheessingfsdguescdsnyérithilonimredt idre andstilet resplsdhg ner s
h stage are exenplified using a sel ected nonovinyl aromati ¢ nononer,

at ed dipehrmensdapcieghstese oirel exenppifing agtan aj sekassed ol | owi ng Tabl es

2.

monovinylaromatic monomer, conjugated diene and polyfunctional coupling

agent in the following Tables 1 and 2.

-

—_—
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] [err] [err] Charge 3 : Contents of Charge

Resql ting Pol ymer Chains (a) random zer, initiator,
[er]] and [err] (b) initiator, and styrene2 : 5033139485,
[er}] [err] (c¢) [err] and styrene, [ “. - .. o . [err]:.:.
[er}] (d) . . coupl.i ng agent 12 T Tt e e
pol ynodal tapered bl ock copolyners with yr?ne.term' nal bl ocks where S =
styfene B = butadiene B/S = tapered bik :i = residue froma nonoal kal i
methl initiator remai ning on thienveg Jo(g'f [lhei olélemlalr;‘geation chain or
reaftion site prior to term nat L—Sggrﬁﬁagﬁaﬁaﬁml pts = designation of
theg nunerical_order in which that articll ar conponent _was char ged or
forred. Charge " Contents of Charge Resulting Polymer Chains
(a) - randomizer, initiator, §5,-Li,
and styrene;
(b) initiator, and styrene, 8;~8,-Li,
{ Sz"Liz
() butadiene, and styrene, 5,-8,-B,/S,;-Li,
Sz—BI/S,—Liz
(d) _ coupling agent polymodal
) tapered
block
copolymers

with styrene
terminal blocks

where S = styrene
B = butadiene
B/S = tapered block

Li = residue from a monoalkali metal initiator
remaining on the end of the polymerization
chain or reaction site prior to termination
or coupling.

subscripts = designatioh of the numerical order in which
that particular component was charged or
formed.
——
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[err]§ TABLE 2 [err] Charge Contents of Charge

Resuljti ng Pol ynmer Chains (a) random zer, initiator,

[ert]} and styrene, (b) [err] and styrene, coe e r33lseusr
[err]f [err] (c) butadiene, and styrene; . [ £ o o e o
[err]§ [err] (d) . . [err] 13 [err] [err]- (e) cem e
couplfi ng agent ' onnDdaI t aper ed bIock
copoljymers with styrene term nal bl ocks dMQEEJS = styrene B = butadi ene
B/S 3 tapered bl ock Li = residue_froma nnnoalkall netal initiator

remai§ni ng on the end of the poly ction site prior to
ter mfnati on or coupling. subscripts =2¢ Aﬁﬂ iﬂﬁ"ﬁ} t he numerical order in

that paEIF)ALCglél\.l ar conpag Qént\évagf ?JP\ gglaed or Resulting Polymer Chains

(a) randomizer, initiator, S,-Li,
and styrene,

(b) initiator, and styrene, 8,-5,-Li,
Sz"Liz
(c) butadiene, and styrene, 5,-5,-B,/S,;-Li,
—B I/SJ-Liz
(d) butadiene, and styrene, $,-5,-B,/S,-8,/5,-Li,
. =B,/83-B2/8,-Li,
(e) coupling agent polymodal
tapered
block
copolymers

with styrene
terminal blocks

where S = styrene
B = butadiene
B/S = tapered block

Li = residue from a monoalkali metal initiator
remaining on the end of the polymerization
chain or reactfion site prior to termination
ot coupling.

designation of the numerical order in which
that particular component was charged or
formed.

subscripts

The randomizer is usually added with the diluent initially
charged to the reactor. Each of the charges which has two monomers may
be either a mixture of the two monomers or simultaneous charging of two

separate monomers.
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forfed. The randomi zer is usually added with the diluent initially charged
to tfhe reactor. Each of the charges which has two nononers may be either a
m xtlure of "the two nonomers or sinultaneous charging of two separati@159us.
MoRQIer s. [err] 1 4 As can be seen fromthe internediat-e preducts Pb§ied
i n flhe chargi ng sequence .tabl es ahove in tWo enbodil ments -of t-he 4-Aventi 0n’
thene are at least two distinct species of polyner chains before coupling.
Thud, pol ynodal- t apef@d=as BeieeeBpoirynitss ebsimed 3 teg Pt s viisFeti ghthad | ow
nol gcul ar wei speci es can he produced. Tapered bl ocks in each of the

ht )
groli ng pol yHET8tHaiSAIVHIE fﬂb 8&(ﬁ9?“6y’%9iﬁiﬂt%&ﬁ% ﬁﬂ§F§s(ﬂfaFEﬁ!+§Vﬁﬁﬁﬂqnat
| eagt . tvo m&%r;grgreasﬁspe%\gg I3 EP&IR;PC%EC_ILQQ otfabollg’r%er(:)fch}[agr?s &gﬁ]oepg 've
chalgi ng sequences:® The ¥andom zer regdPates CaperPhg” or - fando

pol yrer i zat | Qfup9td NOTRRNONS AL O TRDL G TBIRIRLoANInk P GREI AR Cd di ene | 1

a mixed nonomnefl charge. ol'ce of random zer can be used to nmahi pul ate the

degfee and didigeiéaY Righ aREow! fbIREALLS wb B bpo LT QM 6030.QAS Q. M xtures
of noners. The taper can be either a graduation from conjugated di ene

rich chain to nonovi mybexe@NBidcks inC Ba AN AIENEHY g@olglrnj%di@ltyhg_ﬂ dHaQH3 Gre
nmon@vi nyl aromatic rich chain to conjugated diene rich chain according to
preference gfrcliliced miyt ¢ uQtaredEDITicheEg 1GQ NP thX a f Weadh Etwby RENIHRBO BRI s KRN
thejother. For exanple, when tetrahydrofuran is used as a random zer, the
di efe ent er sin whe greceghimgntdtdss exf thannk ket ivenchvirgyhg sehsércest ed aronati c;
th% efore, when both the

The randomizer regulates tapering or random polymerization of

SM the monovinylaromatic monomer and the conjugated diene in a mixed
monomer charge. Choice of randomizer can be used to manipulate the
degree and direction of taper in b}ocks resulting from charges of
mixtures of monomers. The taper can be either a graduation from
conjugated diene rich chain to monovinylaromatic rich chain or a
graduation from a monovin§laromatic rich chain to conjugéted diene rich
chaln according to preference of the initiator-randomizer complex for

one type monomer over the other. For example, when tetrahydrofuran is

used as a randomizer, the diene enters into the chain faster than the
monovinyl substituted aromatic; therefore, when both the
monovinylaromatic monomer and the conjugated diene are present, the
block tapers gradually from an essentially poiybutadiene block to an
essentially monovinyl substituted aromatic polymer block.

The weight ratio of monovinyl substituted aromatic monomer to
conjugated diene monomer in each of the tapered blocks is from about
1:0.63 to about 1:2, preferably from about 1:0.67 to about 1:1.8, and
more preferably from about 1:0.8 to about 1:1.5. The weight ratios of

monovinyl substituted aromatic monomer to conjugated diene monomer in
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nmonoWi nyl aromati c nononer and the -conjugated diene are present, the block
taper}s gradually froman essentially pol ybutadi ene bl ock to an essemﬂ;gbéy
nmoneVi nyl substituted aromatic pol yner bl ock. The-wei gh—t rr atio- of ~fonevi-nyl
subst]i tuted aronmatic nonomer to conjugated tdi ene m)norre-r ’I'ﬁ eaoh of the': . fre
t apenped bl ocks is from about .1:0.63 to about 1:2, preferably f r'om about
1:0.67 to abeath Dfitig: tandrednbkprpﬁe'hleraé)lqﬁmﬁrmmyaboumaln OGl8nbo habeuto bel. 5.
ight ratios of nonovinyl substituted aronmatic nonomer to conjugated
mononefh¢ same. [ Sep]Exaapke §fit he tapered bl ocks in the same pol ymer
do not have to be the sane. See Exanple VI% General |y each of the
two fapered bl ocks méf8eFhligt 458 ?E)than'd“’( G)‘P‘éﬁedt bocksceide érsePae(s) efd
thi s{inventi cgn@gof e aJh i ze; actual sizes of the two
tapefed bl ock® & P;?"V\? APPRREn gt p61“§ﬁ?él‘°‘&ié:ﬁén‘d‘? ﬁg Eﬂiﬁ‘r’r ’Eh"’é’
amoupt s of npponers charge i %V%P% theté g nd fou

charges. SeefUT 1PN BLAPT & oatpef?) LIaps 587 "aﬁrP’ Btt ﬂ }H PRy
pol yfrer chai I I cks e, end be e of
Phe’[ni ti ol Bopaghe: PRk fi 2?%9?5@ P gBeBET ol E kR SRS

i tfator: tgyd MO GaRRES wBhoddiCcidighas Wb ays 1%aE§£n§>qeb4/ﬂCk5 prior to

coupjing because of the charge contai'ni ng both nonovi nyl arondtic and
conj pgat ed di ene nDNEFRbES HBESupIexd, RIECALULOA LISy GRUPd NEnSiRPhadd)
addijion to the sequence of addi tions of the nonomers and of the initiat or,
It kB 1 nport asdoviiay Didhabic theniaaDWibckd cpabhe A BRLEUSNG fi Bhd 18l O1al
addti on at each stage or increnment so that a suitable proportion of block

and pr epontipplarohapld ghodal (4)y and abistrae r(dd. made with initiator; the

living ends of the chains will have tapered blocks prior to coupling
because of the charge containing both monovinylaromatic and conjugated

diene monomers made next preceeding the coupling step.

In addition 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, 1f a polymer which is about 75 weight percent
monovinylaromatic, based on total monomer weight, is used, from about 27
to about 80 weight percent of the total monovinylaromatic monomer is
charged in step (a), from about 5 to about 21 weight percent of the
total monovinylaromatic monomer is charged in step (b), and from about 7
to about 60 weight percent of the total monovinylaromatic monomer is
charged in step (c). Generally more preferably, from about 40 to about
67 weight percent of the total monovinylaromatic monomer is charged in

step (a), from about 8 to about 19 weight percent of the total

i TthhmnH
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Ily in a presently preferred first enbodinent of this invention, if a.
r which is about 75 wei ght percent nonovi nyI,arOrratic, based on total

T wei'ght, is used, fromabout 27 to about 80-wei git ‘percesit dP3tIRES:
monovi nyl aromati ¢ nononer is charged in step ‘(a), rfrom abdut 5 to ; :,:.
about 21 wei ght percent of the total rmnow‘rf‘yl aromati ¢ monomer s thar ged
mabo t 7 to about, 60 wei ght percent of the total

, d
noRoVj ﬁyl aror?‘gg?Y:J'H‘gﬁb?f‘Ert F "PR%F A rﬁﬁ‘%?‘ép‘“(ﬁﬁ"p &EBherdf §/"’r’f‘0f"é°“ 27 to
bly, f t bout t of the t
nono rﬁyl grongor%:q‘%g%jréﬂ %)I‘C%F1'gtrOF gh °§?g|6"°? f“yq%%"atﬁdﬁ'?mgm?% Sbout 19
t
wei g per CeQ:rhaQ% rﬁ qandl‘%tpr L&l abég{ergjil]}ﬁggp%gl\lﬂ PZ-%er OFP‘%] eq‘alQRvnO?PJm _Fﬁ?lht 47

charded in step out perdent o
totall nonovi nyl AEQIERED G, dIRA Pakchit cRAHICEL i ﬁ&&qisgiarom@{wm&aer is
presdntly nost preferably, from about 47 to about 60 wei ght percent of the
t ot al| nonovi nyhagaahi £tSPONOIE Frod abbdy geded Abshen6(Agighttr pypcaROWs Ee t O
aboutf 16 wei ght percent of the total nonovinylaronmatic nonomer is charged
in stjep (b), tandl froanvhtydatro@ it anomboert 187chavgedhin peec b, Gindt Front abalt
nono\i nyi aronmati c nononer is charged in step (c). Generally in a presently
prefgrred seddntio eabootli Iemeligiit pércgnt michbe dotal fmoaopbiylaesnastit clenbse alisut
75 wgi ght percent nonovinyl aromatic, based on total nononmer weight, is
used from alsbarg<d7 inostepole) 80 wei ght percent of the total

g}l nyl aromaCi ¢ nononer is charged in step (a), fromabout 5 to about 21
(b)

t percent of theG%fmraF1%&0%%9?%6%&%6%%?%%eﬁ‘??éﬂg%fef of Shisp

from about 3 to
1nvent10n, if a polymer which is about 75 weight percent

monovinylaromatic, based on total monomer weight, is used, from about 27
to about 80 weight percent of the total monovinylaromatic monomer is
charged in step (a), from about 5 to about 21 weight percent of the
total monovinylaromatic monomer is charged in step (b), from about 3 to
about 19 weight percent of.the total monovinylaromatic ménomer is
‘charged in step (c), and from about 13 to about 36 weight percent of the

total monovinylaromatic monomer is charged in step (d). Generally more

preferably, from about 40 to about 67 weight percent of the total
monovinylaromatic monomer is charged in step (a), from about 8 to about
19 weight percent of the total monovinylaromatic monomer is charged in
step (b), from about 5 to about 16 weight percent of the total
monovinylaromatic monomer is charged in step (c), and from about 16 to
about 32 weight percent of the total monovinylaromatic monomer is
charged in step (d). Generally presently most preferably, from about 47
to about 60 weight percent of the total monovinylaromatic monomer is
charged in step (a), from about 11 to about 16 weight percent of the

total monovinylaromatié monomer is charged in step (b), from about 8 to
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about{ 19.wei
I n styep (c),
nonoMi'nyl aro

pr ef gr abl y,

ght .percent of the total nonovinyl aromatic nononer is charged
and fron1about 13 to about 36 wei ght percent of.the total
mati ¢ nonomer is charged in step (d).. Generakly nore ,133159Y8.
from about 40 to -about 67 wei ght percent oft tlre toral;

:'r P

nonov
wei g
(b),
nonone
perc

Gbneﬁ
perce
abouf
Is C
perc
from

L
h

nono
i nve
addl

h

|nylaronat|c mononer is-charged in stéh (a),

fromtabout 8-torrabout 19"

er

t perce he total nonov aromati c noner Is, charged in step
from ab?r}fﬁ % gﬁ%/ gg 3‘\1Fn

&' e4BRL P e i ptadntongy ‘PH@ TeBRH Y
nt IOfS tcﬁhaarrgog +n s% élc)ahdapr% From a%)"f: g"DGOllttOZ bOUth pettg%&( 8)E the
ut 60 wei ght

Fonovi o 'S char wedg
ally pr
in step (a),

YI"ar ondti ¢ fononer
t r mek ! s
R e R e S e i R 3‘“@

11 to about 16 p¢ehOiter RS €8N tewOf edbB@1died! o MMAY 1 NVLAE R E CisMDNONET
arged in step (b), fromabout 8 to [err] 1 7 about 13 wei ght

bnt . of t headtibtal toTeBmticRYdudr OVt h€ IMBRBOVES oF St imkatigeddd it ioht &P ohe)oer and

about 20 to about 25 wei ght percent of the total nonovinylaromatic

I s charegefl the shepeménts. of nindtldieir, ofhusheptead iegriidde reustisg Difukbher
tion it is feasible to stretch out over an interval of tine the

i on of thee polymgiadityf of hidei nemdbng profucitnipdracovplipBus spreadi ng

reasing) further the polynodality of the resulting product upon
ing. The pol ynerlbgardlgnepjeatiagispracesaris earoiad pye anhydrsrdéa@%@nn

‘Fent at any suitable tenEerature in a range of about errg t o about
. pref etaiepti 4 BRE 94 iﬁ%eofeﬂfﬁﬁﬁﬁ“rFeF?]ﬂ fer&fosht a8t r110°ako Abessur es
suff] SELALANG LE5L 0T 2 UEGSURSLAbhR I obd, LRSI gu g

cient t in
1( Egdu%,

sufficient to maintain the reaction mixture substantially in the liquid
phase. Temperatures and pressures will peak during polymerization of
each monomer charge and then decrease when essentially no free monomer
is left to react. Appropriate hydrqcarbon diluents include linear and
cycloparaffins such as butane, penténe, hexane, octane, Eyclohexane,
cyclopentane and mixtures thereof. Presently preferred is cyclohexane.
Generally the choice of hydrocarbon or hydrocarbon mixture and the
temperature is su;ﬁ"that the resulting polymer is in solntion.

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 of 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
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Tenperatures and pressures w || peak during pol ynerization. of each
r charge and then decrease when essentially no free nononer is left
act. Appropriate hydrocarbon diluents include:linear and: 233139480~

- e

paraffins such as butane, pentane, hexane, ‘octane, :cycl oexane, - %-:-
pentane and m xtures .thereof. Pr esemly'preferr'ed i's cyClrohéxane.

rally the choice of hydrocaybon or drocarbon _nmi xture and the

er at ur eachrgﬁtantf hete ¥?f’e°tﬁ'égvl f‘-i"ﬁd%é‘f%z‘ﬁé?“ﬁ%"f n“E"onu'ftl’t?H?“Snal I

nts of pol,ar, conpounds -used to.inpraqye.the effectiveness of

I rmnoal‘rk%*é‘ ?m%rze ‘a S"’Tdﬂrii tIi:oZi{ g’r‘ésjmpgﬁéhﬂésggqu\é?mﬁqﬁfﬁ%‘um di ssoci ati on of

al kyl monqal kaddy 188f8lenid¥ahi M QL8 RLLEE[nbihhdlme ;afreinmcfhi asion and

merization. Thé polar conpounds also effect” partial random zation of

Vi nyl ar e ey YaRddRdzeH L RBa Qod6 JOthd GLRASE 11 d’ aRslMRes tised of the
red bl ock. The polar conpounds are generally used in adm xture with

hydr ocayfrantel lpdetfculdPelndbMbdLS 4Hd ROMcMers Qi¥RAUNTISheSRIYeAE1dnaRGKYT Zer s
pronoters of effectiveness of initiators in this invention will vary

] accordbsegibed bhbtow.calduevet y tanthlgtteniraneesstaf vtk paros<thar

om zer used. For exanple, 1,2-dinethoxyethane..

aret hyletehyiemedl hrgonseamed to 2oup kestibwxinbe ndembe artdmenaftenotte ef fi ci ent
om zers than nost of the others |isted above when used with the

i cul ar inditdphirsestioandn fdAomncseusdahi snvithenenyenthilep, ribase drscri bed

w. However, tetrahydrofuran is often used because the reaction will go

er to CUWPPELT JAFI4FIgUEHAY ERs appiAFsaPf cachRf thPYS APt SEELFHNEi n the

me; I):c ngaéx Er\n/ | %e%tgg;ghggech rré‘lz.slﬁ.ote)? ]Enrﬁlgtlﬁegdn.tar Eor.d re?‘cgl?‘;glie(f Y& ipca){}irmoer}slzgpiow Csuch
as those shown in the examples of invention runs in Example I of this
application, much less tetrahydrofuran than 1,2-dimethoxyethane would be
needed.

The amounts of polar compounds used as randomizers will also
vary according to the desired molecular structure of the portions of
tapered blocks which result from conjugated diene addition. For
example, when using tetrahydrofuran, and it {s desirable that the
tapered blocks of the polymer havé nearly equal amounts of 1,4 addition
of butadiene and 1,2 addition of butadiene or only a little more 1,4
addition than 1,2 addition of butadiene, larger amounts of the
tetrahydrofuran would be used than when more 1,4 addition is desired.
When polymers with higher vinyl character ;esulting from 1,2 addition im
excess of 1,4 addition are desired, then the useful amounts of
tetrahydrofuran needed would be considerably larger. However, use of
too much randomizer can result in excessive polymer-lithium termination
during polymerization and/or poor stability of the polymer and/or

undesired side reactions, depending upon choice of randomizer. Use of

| This Sheet Has Been Repiaced

Tl



random zers which will be needed. For exanple, for polynerizations such as
thoge shown in the exanples of invention runs in Exanple | of this

appli cation, much less tetrahydrofuran than 1, 2-di met hexyet hang wgubxisoes
neefled. The anpunts of pol ar conpounds used as random zekg will: al:so vary.:,
accprding to the desired nol ecul ar. structuré of the portions of~tapered -
bl ofks which result from conjugated di ene addition. For exanple, when using
t et § ahydr of utam, lidhde inandenidesivoubdd er~shht tnhéndffdetwd bh bllesoofustehe pol yner
havg nearly equal anounts of 1,4 addition of butadiene and 1,2 addition of
but hdi ene or cBfRas L5 lenalt varigsiens) and gdedqronoleratan W Lalelidlsspityr ion.

di ene, |arger anp nt? of Ehe t et rahydrof uran woul d be used than when
1,4 addition is d€siPEd2l\IeERY PuIlehmad i thethe gifereds mitD cHigr act er
lting from addi tion in ces 1.4 addition arge desired, than the
ul anoun %no?"'%f%’f rpéfﬁf/%f‘rr}o ﬁf-gtﬁ'en”e@dggp"\ﬁ&uf 95§ %éc))r‘fsaf‘?jg"rgagﬁ‘f/ | ar ger .

us
oo ool AT a0kl BErSGIELye PRl b o

or undesikeghak @ Iye Ao NRo1AFRENHL [hc URD (GBRY G, Of 14 @RdORjozer . Use
[err] 1 9 too little random zer would result in inefficient initiator

, CONPOSi knbtBime &Y ot LIRS {AMAL DEDATR IvaTPhOE Uhal antah 8o i 814 1iaRYE 15@N.

initial nmonovinylaromatic charge is made wth the random zer present

t he addi eronalf eid awb diargedidanthgt heit@BoY] Yk ad iFat ém:e€ OMP@dEEiular

regulting fromeach initiator charge to be of relatively narrow nol ecul ar

ht di strwbightsnof the tdm@viimylaromatic components resulting from each of the
two charges can be increased.

In each of the two embodiments of the invention, amounts of
initiator employed are those which will produce resins with desirable
melt flow which can be used in blends to make articles with a good
balance of properties including minimal blueness, and good impact
strength and/or ductilit}. Presently preferred when making invention
polymers to be used in blends are amounts of initiator in each of the
two initiator charges sufficient to obtain a block copolymer having a
melt flow in the range from about 2 to about 50 g/10 minutes, more
preferably from about &4 to about 30 g/10 minutes,_and most preferably
from about 7 to about 20 g/10 minutes, as determined by ASTM D1238-73,
condition 200°C/S5.0 kg. The amounts of initiator contemplated as useful
in each of the two charges having initiator are shown in Tables 3 andlh.

Use of. too small an amount of initiator would result in high
molecular weight polymers. Conversely, use of too large an amount of

initiator would result in polymers having short chain polymeric species

and low molecular weight.

m
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ments of this invention, by varying the amounts of initiator in each
two charges having initiator, the di fferences in nol ecul ar vvelg
moriovi nyl aromati ¢ conponents resulting fromeach:of the tfwo.: ch ’r-é’é‘g

can be increased. In each of the two enbodi ts of:the:inyention, ‘arfounts.:.
of inftiator enployed are those which will produce resins vith desifable
mel t §low which can berwsediim Rhendsrt @ BkSnaL L Gs: MicbP 7 98¢ oteaL hce

of "prpperties including mniml blueness, and good inpact -strengt or
ductility. Presgpgdsy hamfgerme@ha\e/eerhaﬂamrtg tdneaiRtd Q3 Pal.pEEsgH .t O be used in
bl endi are anounts of initiator in 'each OF the two initiator charges

lent to obtain a bl ock copolyner having a nelt flowin the range from
about] 2 to about 50 g/ 10 m nutes, nore preferably fromabout 4 to about 30
I nutes, and nost prekég ably, fr:om al@oaﬁ 3poto about 20 g/1 O m nutes, as
det erjm ned by ASTM D1238-73, condition errg’q‘a . The anmounts of initiator
contgnpl ated as usefilieredn EAcIF dnitiasor vim & rfdest Ishersry initiator are

in Tables 3 and 4. Use of too small an anpbunt of initiator would
resulft in high nol ecul ar whitylit {ptriphersin tepdeepnkicharatse of too |arge an
amourgt of initiator would result in polyners having short chain polyneric
specifes and | ow nol ecul ar wei ght. [err] 20 The wei ght ratio of the

ts of-initiat h ; he
e EMGRM RSO X SN BN R Bt

in the second charge of initiator 1s from about 0.3 to about 10 times,

based on weight, as much as the amount of initiator in the first
initiator charge. Generally, presently most preferably, the amounts of
initiators are selected such that the amount in the second charge is
only slightly smaller, 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 ﬁroportionate amounts of species
present in the copolymer. -Other factors affecting the proportionate
amoﬁnts of species present in thé copolymer include presence of
impurities and/or scavengers in the reactor, effectiveness of the polar
randomizer as a promoter and choice of coupling agent(s).

The polymerization is carried out in a 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) iﬁ which an alkali metal cation is positioned
at one end of each polymer chain. Impurities in the feed such as water
or alcohol reduce the amounts of mohoalkali metal polymer in the

reaction mass.
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[erF]’: initiator in the second charge Mire preferably for nost

appl igcations, the anmount of initiator in the second charge of initiator is
fromjabout 0.3 to about 10 tinmes, based on weight, .as siuch as_t he: aymgapws of
initijator in the first initiator charge. Cenerally’. pres«ently frost e,
prefdrably, the ampunts of initiators are 2&l ectied :such that t he -amount in
the 4econd charge is only slightly smaller, equal to, or larger than that
enpl gyed in the fi rstAféhﬁrEQEF"VéﬁiY [fG"e FRE aneP bimerizatilos of thaolines dfarghe

i nitiator chaﬂ?es wi | | result in variations of the proportlonate anount s of

species pres8ifted fictthe BIFIPymAre ¢k Here radtehle difuetionglt RE proportionate
anoupts of s nt t he copol ncl.ude sence, of inpurities
and/ p scaveﬁ%@ "nfﬁ g c°é’§2ﬂ§r A8} é%/r%gﬁéSsABf“Taﬁeﬁf)‘iﬂ aF"¢ 4588 zer as
a pr )rmt er am ce of I ent The nmeri.zat carried
oulto n a subs‘%jou t :31 aggrésﬁgggo rqg§ﬁ%et°és%’er nd IEfg%yeigéIrb:?'bl'"ly und’% °'én°i“nert

gas pt m)Spheﬁ\gre c'éhpr.ralt po\IIHQn%%Q‘n% g g@’ln%%ieg%t.l Qno ﬁsﬁoxcogta!}hrls met al

veryl hi gh percentage or nolec pol al ns) whi ¢h an al

catipn is p0§N£n%nR&w%tlk9flem@fﬂ-@ﬁrrﬁ%ﬁ?e@%!%r chaidy. A %H&'Jdr%t;} et he
feed such as water or al cohol reduce the anounts of nmonoal kal i net al

pol r in tbemgoRags iR SBMSpurposk€rdah ¥ eAbl&fedessentially conplete

pol yreri znti on of the final charge added to the polynmer, one or nore

sui tjabl e di functi onalangreffekyfivahdaitabs addptdupd 1A agest icanabiéletploydd. used
herd, the term

While the amount is not believed to be particularly critical, a

stoichiometric amount relative to the active polymer-alkall metal tends
to promote maximum coupling as a geneiality. Presently preferred is an
amount of coupling agent slightly greater than stoichiometric relative
to the active polymer-alkali metal. However, less than stoichiometric
amounts can be used for higher degfees 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 coupling agent is in the range of about 0.005 to 10 phm
.(parts per 100 parts of total monomers employed in the polymerization).
Preferred when most combinations of monomers and coupling agents are
used to practice this invention is about 0.2 to about 0.6 phm of
coupling agent, depending on amounts of initiator used. Presently most
preferred is about 0.3 to about 0.5 phm, depending upon amounts of
initiator used. Use of an amount of a reasonably highly efficient
coupling agent within these ranges provides polymers with a moderately
broad molecular weight distributioﬁ that has proven useful to custom
molders. Use of an insufficient amount of coupling agent will result in

less complete coupling of the living polymer chains or, depending upon

] —— -

— —
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“coygpl i ng" neans the bringing together and joining, by neans of one or nore
-centjr.al coupling atons or coupling noleties, two or nore of the |iving
nmondal'kal i ‘netal -ternminated pol ymer chains. A wide variety of: cqnpouﬂﬁ&
for-}such purposes can be enpl oyed. Any effective armunt of t he- ~cogpling ¢.:.
agedt can be enployed. While the anpunt is2not believee to be- partTcuI arl y
ifical, a stoichionetric anpunt relative to the active pol yner-al kali
"3l tends ¢hoipeorforeuming maent omolre g aash tnggemer alfi 41y excPrsigenadopnt of
prefferred is an anount of coupling agent slightly greater than
st oifchi onet r"r%‘Pllé*I'SatﬂB%t t”éli H’ésac’teﬁvg t gl o var led mrdrs - However, |ess
thag stoichionetri c a?ncgn be used for higher degrees of coupling

I

whefe desired for FHIRTCPS Be BeWddBRdTorti e bharconaigthpolymer
ol arpuntis ar#?%ﬁéf%’ et bR Sty 0 SRR 'r"r%?atssg‘zﬁngeﬁc#@% L Wl
(Pajts per 180 Bard 3¢ 5,9&,?4 SHBROTRE S0, RHP! B8] 1 s ROLYLEY L2A LoN)

0

Pregjerred when nbrna oners and coup |ng agen a8 used

ractice mlise'&\asaéddogueé a300ier 0 Acbflo APBHENds® AIILR"q6QURL I00 agent,

deppndi ng on anobunts of i1nitiator use Prée’s y nost preferred i's about
0.3jto aboutlﬁeérmrfnr@l@eaeamﬂnatwaanmuat&cgtbamkeaathasU&eqemovléssmpf an
anopint of a reasonably highly efficient coupling agent within these ranges
proyi des polyemaising &lksl inheanatadsy tid @agdo IgeeCellalh. Wei ght di stri bution
has proven useful to custom nolders. Use of an insufficient anount of
ling agent wil| Wesld the pollpssr pomjucet £ soipl iingsalfuttidre, Isicebiidzpoiopmer
chgi ns or, dependi ng upon [err] 22
agents can be added. Additional stabilizers could be added during

finishing before pelletizing. This treatment will provide oxidative
stability for the polymer during processing and handling and subsequent
long term use by the customer.

Commonly used stabilization processes can use a combination of
compounds which inélude, Eut are hot liﬁited to, a hindéred phenol and
an organophosphite, particnlar examples of which are octadecyl
3-(3',5'-di-t-butyl-4'-hydroxyphenyl) proplonate and
tris-nonylphenylphosphite.

After stabilization, the hydrocarbon diluent is then flashed
from the polymer solution to increase the solids content. The polymer
cement, i.e., the polymer in the polymerizgtion solvent, usually
contains about 10 to 40, more usually 20 to 35, weight percent solids,
the balance solvent. Preferably, but not necéssarily, the polymer
cement is flashed to remove by evaporation a portion of the solvent so
as to reduce the solvent conteﬁt to a concentration of about Q0 to 50,
more usually about 0 to 10, weight percent (corresponding to a solids

—
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choi de of coupling agent, nore branching: use of an excessive anmount of
coupfing agent will also result in nore uncoupled chains. At the conc| usion
or the coupling process, the coupled polyner nay still contain houtd>oUs
pol ygeric al kali metal al koxi des dependi ng on t:he .typk of. coupl i Elg agemnt:--
enpl pyed. The systemis treated with an a tive compoufid Such "as "wat er,

al copol , phenal s cftar Eontngi @xi d el | i near , sat gr ated aliphatic gono- and

di caf boxyl | PHEPHLY 8O HIR tongO v BRES AHE BN BBPYE HOP At PP i8BE copol yrer -
chaip. Wiile the polymer product is still in solution, stabilization agents
can pe adde%ﬁrc,&aaf)'ti onal stabilizers could be added during finishing before

pel | ptizing. This trealimploticht BNONLAZeRKIAY S ShafJelatdy FOr the

pol yrer during processing and handl i ng and subsequent [ong term use by the

custprer. Cougmokye 4388 et 10nZ@thOPa dUuRC &S IBAnEA Y SSrRAWELIY Batdyon of
conppunds whi ch include, but are not limted to, a hindered phenol "and an

', 5" -di-t-butyl -4'-hydroxyphenyl) propionate and

4- nony| ptieany bphospght eerddriter stabilization, the hydrocarbon diluent is
flashed fromthe polynmer solution to increase the solids content. The

mer cenent, i.eThetirsipots/gepoliymetire ppaduatrer caabeomrgohymmatl ly eal | y

conflai ns about 10 to 40, nore usually 20 to 35, weight percent solids, the

dnce sol senpeunded @ih APk~ oxddentset antdcbbecking yagenfe, Follgeny asenfsnend s

fl aghed to renove by evaporation a Eortion of the solvent so as to reduce
t hégsol vent Ottt adtitdpes, @8nRoWD iy Foh orPalire ®4t8-50, nore usual |y about
0 use?usl ranges of amounts of the

, 10, wei ght per(i_ggica(lcgﬁarreg Eondl ng to adsoll

g sequénces an
charges for each of the two embodiments of this invention are given in

Tables 3 and 4.
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gow. 2 TABLE 3
Ssi3 o~
o o&’ S o= Ranges of Amounts of Components in a Typical Invention Charging Sequence?
= m " os D (First Embodiment)
° m,b fS c = b c c
T Lnd o e Component Broad Range Preferred Range More Preferred mmbmmn
Oocowc Ol
o m —  ® cLC
“ 36,2 ) m = d
222685 °& randomizer 0.001-3.0 . 0.005-1.5 0.015-0.3
253 S o< initiator 0.005-1.5 0.01 -0.1 0.01 ~0.05
-3 wm o250 and
WO Lo ¢ monovinylarene 20-60 30-50 35-45
>a m.,m. & 29 © monomexr 3
<> oo oo S
SETLwE vbn initiator 0.005-1.5 0.01-1.0 | 0.02-0.1 o S—
S 000D O— an . = —
S5>32 © © e.m monovinylarene 4~16 . 6-14 8~12 MII.
o & mm O ooLc monomer 0 —
—_ N - CC o I
(SNe] o.— .- [ . ml
O O XTe) mopovinylarene 5~45 . 20-30 22-28 i
m m CoL.—-O0S> c monomer V) —
R © I ) I ] B heemnend
.V,msmbm.tv and 2
S855 .65 conjugated diene 5-45 20-30 22-28 £
wasc—-0pQ - monomer
. 0O0OoC )
CVUBOOTV T
~£>,8 £@r coupling agent 0.005-~10 0.2-0.6 0.3-0.5
o < > (%] o= -
Sh R
e gwm °eg W@mmmm of monomer and initiator are made in the presence om an m___oEuﬁ of diluent or solvent
53CC ©.—.— m Csufificient to prevent excessive heat of reactionm.
8250858525
© gE= .hk“w.zﬂidaanm within each charge having more than one monomer can be added simultaneously or as a mixture,
SIS %m = @ Sslowly or quickly. Randomizer in charge (a) may be already present in the diluent or added as &
_ X n— © oseparate charge.
£-%°8 4 wt °
=28 m.m Q SRanges of amounts are given in parts by weight per 100 parts by weight of total monomers (phm).
C .- -0 —
w >N D.de W.nm %orwmfw high vinyl content, up to 3 phm randomizer may be used.
VoDV OT W C
MOccATTOL—
NO. S @ OE
w>Eo S C._ o
‘— OO0 S Da 05 0=
) m O ®© m O O ELW
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m X D m —_wn TABLE &
—_— O - — a
it Smmua”_ I -9 m = Ranges of Amounts of Components in a Typical Invention Charging Sequence
N ] QN © O)— :
S L=RA I E 8 — (Second Embodiment)
UV T OO0 ] b < p P
w.m m%m6 kw@:% S W“ Component Broad Range Preferred Range More Preferred Range
[y
— S E n - m .
CoTe5a2@wEES randomizerd 0.001-3 . 0.005-1.85 0.015-0.3
STs-udee 95 initiator 0.005-1.50 0.01 -0.1 0.04 -0.08
mm[ﬁ:fn_lmpman and
>> 8§ TS o monovinylarene . 20-60 30-50 35-45
22cmc " sats monomer
T TosS5%3 0
T o Mo o
VB COT e Olb) 3= initiator 0.005-1.5 0.01 -1.0 .03 - .07 :
— T VOCOU gos A _ [
D.mVklu.l_l_%ev,cw.A an ¥
w Y.m T S22 = monovinylarene 4-16 6-14 8-12 : m..l
e—= O =» Q O monomer . Re—
concwnw © a S
Ss0oTs2L°ELS , % nonovinylarene 2-14 4-12 6-10 Dnn_“._u”..,
c L 58l 5+~ £8®9Y  monomer and R
) Y p e : : T
© Ow %m Suw © T Q conjugated diene 2-13 3-11 5-9 m."
85 55%03%58”  mononer —
o . =
53.29%8x,. 0382 ——]
SCco._o m 0@ <= monovinylarene 10-27 12-24 15-19 - ——
00262225206 E  monomer and 3
o L 5 own m.b o 2 S m > conjugated diene 8-28 13-23 . 16-20
C00ID 0O._ 0L GO monomer
tecnu.v nm.lmhcsp
o= O Z D E(e) S i .005- .2-0. 0.3-0.5
55loa mﬁm.wem =3 coupling agent 0.005-10 0.2-0.6
Mp © S,lw w © wﬁm&wwmevm monomer and initiator are made in the presence of an amount of diluent or solvent
- O O — . o . .
t.m =2 3 ym.mmmmwm.mnn to prevent excessive heat of reaction
© © mb © w.m mem.mawﬂe within each charge having more than one monomer can be added m»acuﬁwuooam: or as & mixture,
W5..m.m W,w w __mMOmHM.mW quickly. Randomizer in charge (a) may be already present in the diluent or added as a
— %.mm O o 5 Xsgprare charge.
m.m JONe) = | Mw%u.m«%m amounts are given in parts by weight per 100 parts by weight of totel monomers (phm).
© T.mnla o0 Mﬂw m.u@,m\m high vinyl content, up to 3 phm randomizer may be used.
o C —_— —
e.I.CWIMSd mec
T Q0> DC e
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rying degrees of branching. Blends The resinous pol ynodal copol yner
s of this invention can be blended with other polyners such as

acryldgnitril'e-butadi ene-styrene copol ynmers (ABS), -styrene-acryl onitriddd5us
copol yyrers (SAN), and ocher styrene copol yners. Wlen | ess; transparency is..:.
desirdd or transparency is not necessary, thé6| nventl on copol ynmerss -can be. -
bl endgd with pol yol efins and/or olefin copoly [err] Blends_of the

i nvent§i on pol ymers wi t RER®Y fﬁé?%“‘(&fa%t'ﬁf‘%hé‘h&c%"“ﬁéf‘@|”cf‘dl &‘F‘}‘V’F’&%‘i‘eﬁ’ﬂlly“‘e‘ic
appl i @ations for the I nprove ered block co yners of this_ invenption.
Articlfes made FRUTHEEHEY “b’r'b&ﬂéfl ":fiuﬁp?‘iesf’ﬁgﬁ | Hv BeuRHEEeda), golymers of

ageous | st rengt h and/ r |I|t exa rticles made
from gtyrene ho péfsiltnlgrng sne(fc'elt OdP cetr%t‘)'(%}j‘f rrerrllr'f)lshlogf§l e"%mn

i nvengi on typically have Hunter negatl ve b bI ueness val ues of Iess t han 20,
ften less than 18. Thus, less of the invention copolyner is needed to
achi ege high inpact strength, while retai njypggrr$asonably | ow bl ueness, in
articfjes made from bl ends with styrene horopolyhers than woul d be needed of
ot her yconpar % ive pol ymdp&lyﬁﬁaﬂwlsayéﬁrsom%nuaa&qw pg@sttedmxsuaaﬂentbl ock

mers. e P , o

bl end§ of this invention are usually (a) hom)pol yrrers of styrene or (b)
gmers of styrene as a nmj 08,-Serpgsent-MyB[+S5-81 nor anount of any ot her
meri zabl e nonovi nyl aromatic conpound ot her than styrene, such as

met hyl styrene, vinyltol uehe SerB @&k ax-tSqV B i dhy- but yl

-B,;/8;-x~8,/8,-S,

-B;/8,

8:-5,-B,/S;
S = monovinylaromatic block
B = conjugated diene block

B/S = tapered block

x = coupling moiety or coupling site

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

subscripts
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styrgne. A minor anount of other nmononmers such as nethyl acrylate, methyl

styrdne.” The invention copol ymers can be bl ended . t-h st yrene tesi.ns el
in byl k polynerization. These resins are commonl y prepared: by heating 7 ...
ne and any conononer at tenperatures th the range of ferr}j~toferr]
w thjapplication of pressure, if necessg{ﬁmtg conbi ne the nononers. The
rization can al so be carried out r tenperatures by the

addi tji on of free-radic raki ey, oxi di atal ysts ,such as benzoyl
per oji de, acetyl per ox?g"oeeg—df—l—%évg-pvmmie—-iéétl. i i E 83 LoHALdid 15244 is HEET 29 and
the ljike. Alternatively, the polynerization can be carried out in

suspgnsion to yield g déyp R/ O-xL 8, ATuEsimog, Usual ly resulting in a
| at ey of pol ystyrene \}mi%LhQ;g%gﬁ e “cgaghl ated to §/i eld the solid powdery

precifpitation of the product, if desired. Solvent can be renoved by
stanglard t echni ques suc$,-as/Si-8aNsi-x-pimgs opfB,s6) vent evaporati on. High

nventi on copol yner$,~B,84&-Bab%e hi gh i npact pol ystyrenes can be
preppred by polynerizing styrene in the presence of an elastoner, typically
pol ybut adi ene rubber Si1-$21BuiesB2f%si ns the pol ystyrene forns the bul k of

the fesin throughout which the grafted rubber polystyrene particles are
di spgr sed. 'S TNVention can De prepare y any sui taple
meang i ncl udi ng bl encéi ng, mggg‘:nilniyrfgro%ggice%tlgcsi on. Exanples of these

B = conjugated diene block

B/S = tapered block

x = coupling moiety 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 as a

mixture or incrementally, there can be present other polymeric species

with varying degrees of branching.

Blends

The resinous polymodal copolymer products of this invention
can be blended with other polymers such as
acrylonitrile-butadiene-styrene copolymers (ABS), styrene-acrylonitrile
copolymers (SAN), and other styrene copolymers. When less transparency
is desired or transparency is not necessary, the invention copolymers

can be blended with polyolefins and/or olefin copolymers.
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method$ i nclude, but are not limted to, dry mxing in the formof a.powder
or pelfets, wet mxing in the formof a solution or slurry, and nelt
extrusfjon conpoundl ng. The polymers and any other ingredients or-addiisss
may- bej nechani cally bl ended together in the desired ﬁropbr‘ilons V\ntﬁ the- - «
aid of fany suitable mxing device conveni ent2y used for .fi Xi-hg rabbérs or -
pl asti ¢gs, such as, for exanple, a differential roll mll, a Banbury m xer,

or -an gxtruder. In the$déendsmpes e bivendiony pmé!nrectdswtﬂrlreppbﬂwr@f amﬂrqmyare
ot her gonponents and additives used can be in any form such as, for

exanpl p, fl uf fragséaukacly gisaful arpligndiipey fogotha iLamcover ukane T ed tfosk

emul si pn. Any additive can be conbined with the polyners according to any

met hod| known |‘FPPPI]|§"'%ﬁSt of @é&r’rb‘f"@gtm“ i r(b‘ifliﬁb‘?%lt'“iﬂﬁﬁ FROPhERS & mﬁ‘\ﬁlaeha"ﬁut
are [err] 30 no? r{ltfd tb dr de|(£\1%|n t he forrpot 2, Povder and
wet mking in ?‘H’é’r B O R SO ?ﬁel on'mor“l PEeOURRl TPASKt T USI"ER cc‘)‘\'rggoundl ng

can bef carri ed, o4, isl IE a2l T tab&ﬁu d;l"mgdé%'%maéé)rr@ &g oo filet k!

tw n strew extru ers OI’ f‘ extruders at tenperat ur es

mel ting point oryQ a§§t aaq% Lhmmme&@teﬁ&s vehbﬁomwmﬁqy HAYE Hunter

presenfly preferre d conprises blending the polyners in” powder or
granul hte form.@gmwbr B%&fbs&h&‘amh?ﬂﬁ 1essSRERT 2007 MBsl0otead 1854 N@kafzor Ner
or dirgct feed to an injection or blow nolder. In order to facilitate
t horouph m xi nghaf, Léex pel e dsvartdod GopeM@le@PLd ReedlS ithedbhGenditilghi paof
physi chl properties, pellets are

(ﬁ strength, while retaining reasonably low blueness, in articles made from .

-

1 blends with styrene homopolymers than would be needed of other
comparative polymodal monovinylaromatic-conjugated dienelblock
copolymers.

The presently preferred polymers of styrene employed in the
blends of this invention are nsually (a) homgpolymers of styrene; or (b)
copolymers of styrene as a major component with a minor ﬁmount of any
other copolymerizable monovinyl aromatic compound other than styrene,
such as alpha-methylstyrene, vinyltoluene or para-tertiary-butyl

styrene. A minor amount of other monomers such as methyl acrylate,

e

methyl methacrylate, acrylonitrile and the like can be copolymerized
with the styrene.
The invention copolymers can be blended with styrene resins

made in bulk polymerization. These resins are commonly prepared by

heating styrene and any comonomer at temperatures in the range of 100°
to 200°C with application of pressure, if necessary, to combine the
monémers. The polymerization can also be carried out at lower
temperatures by the addition of free-radical generating peroxidic

catalysts such as benzoyl peroxide, acetyl peroxide, di-t-butyl peroxide
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tenpdrature | ow enough to avoid softening the pellets. The netered pellets
“dropped into an extruder which nelts and bl ends the conponent s §959us
provif{de a honogenous nelt. Alternatively, solutipn’bl éading-methods -knewn ¢
inthe art may be used. The ranges of amourmgs of: pal ymérS -Useful i-n bl-ends
varigs according to the properties and econonics required. For exanple,
n i nvenbd arhec bije. y nkekteirgathivehedhei gdlyaepiolayites coh b¢ ymenizd peadhi cal
rang i ncl ude using anmobunts such as from about 10 to about 70 wei ght
percdnt pol ysespeassien \toenteldngrdryusendelryor rionemblsden 20isusl bbgesu B3 ngwinght
percgnt pol yner of styrene, and nost preferably from about 30 to about 60

i per cehftHoPF mLYsty eng r BHEDFA™ be heeagy L dlitde to o igdd offee 8P LidpPerdsiyt he

pol yngpdal resi pous copol¥rrer rodycts of this invention. For a nore.
partikul ar eRAWFIYET/en tf%é’°'¥ﬂFéﬁF?%‘r?“c‘b’dea§ﬁ%rh§ SFEI5A et dt Wit ERher al
pur pgse pol ystyrene ro ra s include I,ng, arnou [err] such gs

P omBbout 15T PEEstREeS B PR e RREE S 4K UBTyPdhe Vegrat dnatn JoTevs

bout{ 20 t ' I f f
about] 30 1o Ehotieoiied BelRtREl SEh A0RVEIRENG RS TVe) SullHblen O

or e of the poly ! o) e t Qi S ol I on.
Generfal |y, use of tggﬁ%cﬁﬁ%w%%yigﬁ%hi\éF@ﬁpgg)poggnéarrgfbfnma&tﬁgﬁ%@&ouI d
resul

I N gOoQMp YyRRE b@8nddUl 1EDTHe OfnvRROINTLEPAGHARS 2080 i 141 e Of 1ghOBnpact
, of the invention copolynmers in a bl endpwould result in | oss of

resi spalystyrendscgen Heeptkpacad Hyepehymeonz gl stvyesieOin Ghk pregeideof
desirable attributes of both pol ystyrene
* an elastomer, typically polybutadiene rubber. In these resins the
polystyrene forms the bulk of the resin throughout which the grafted
rubber polystyrene particles are dispersed.

The blends of this invention can be prepared by any suitable
means including blending, tumbling and extrusion. Examples of these
methods include, but are not limited to, dry mixing'in the form of a

powder or pellets, wet mixing in the form of a solution or slurry, and

melt extrusion compounding.

{ . The polymers and any other 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

plastics, such as, for example, a differential roll mill, a Banbury

mixer, or an extruder.

In these types of blending methods the polymers and any other
components and additives used can be in any form, such as, for example,
fluff, powder, granulate, pellet, solution, slurry, and/or emulsion.
Any additive can be combined with the polymers according to any method

known in the art. Examples of incorporation methods include, but are
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and the invention polyners while naintaining | ow blueness in articles nmade -
from tihe bl ends. The conpositions of this invention or blends thereof can
be extiruded, " thernof ornmed, injection nolded, blow nolded, .or made i nB®i53ys:
fil.ms jor sheets. Articles made fromthe conpositions:of “this inVention are <
transgarent with | ow bl ueness, have good inp¥ct strengthl.arid have ofher--" -
physi dal properties within acceptable ranges for such applications as
drinkijng cups,oki Heitpdito,edry airEr {oddecErrmpher sovidrednedlvedr nltiagein the
units,f shrink wap and over-wap. Articles made from bl ends of the

copol yiners of fERAPLH AvEMUELAR ©ZnsBEEHoni cal |y provi de advant ageous
properjties for siml arMeaﬂpI | cations. Test, Procedures Tp% bl end bl ueness

val ueg| were det ermined on SYETSLRT PARPUESLE AP Y MBERISIDPYS WM P he
Hunter} Lab prQeedid®: meﬁloﬂemsg%/ A UEsn %esé%%g{ §fst§gn aq%reli)’eMG&&is' ar Gth

absol Ut e nunbers 1 ndicate nore ueness. Qther properties were

tested using APMAAEELURES AP AN 1480y NG lZelt-{%Lp%izt Tasgﬁfgsocedures
- AS Me

Used Hroperty I"Met hod ow rate,
g/10 n transition temperature of the poPys&8-88 Condition [err] kg Haze,
X D 1003-61 (1990)

The presently preferred method comprises blending the polymers
in powder or granulate form and extruding the blend in sheet form to
feed a thermoformer or direct feed to an injection or blow molder.

1 : In order to facilitate thorough mixing of the polymers and to
develop the desired combination of physical properties, pellets are
genérally metered by loss-in-weight feeders or by screw feeders at a
temperature low enough to avoid softening the pellets. The metered
pellets are dropped into an extruder which melts and blends the
components to provide a homogenous melt.

Alternatively, solution blending methods known in the art may

be used.

The.ranges of amounts of polymers useful in blends varies
according to the properties and economics required. For example, when
an invention copolymer 1s blended with a polymer of styreme, practical
ranges include using amounts such as from about 10 to about 70 weight
percent polymer of styrene, more usually from about 20 to about 65
weight percent polymer of styrene, and most preferably from about 30 to
about 60 weight percent polymét of styrene with the balance being one or
more of the polymodal resinous copolymer prdducts of this invention.

For a more particular example, when the invention copolymers are blended

with general purpose polystyrene, broad ranges include using amounts
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D ha
yi el
Type
638-
790-
J/m
ener
exam
poly
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Thes
REPL
exemn
[err
usua
wei g
exam
carr

5 ttance, o D 1003-61 (1990) Shore

dness _ _ ' ~ D 2240-91 Tensile strength at
H. and . - D 638-91 at 50 m‘d m n QI’ Qak, MRa . 33’).59[13
| test specinens Elongation.at yield and break, % <, "1 = . .0
D1 at 50 mm min Flexural nodulus, KPa 33 S e R DA

B6 | zod i npact strength, D 256-88 not ched,
Vi cat  Sofuc@nNaI Frp@idbont [ BN th about 70 weight percent polystireel5m&de Tot al

gy dart drop. J 4272-85 [err] The foll ow ng

bl es Wi |dsuddsyriirbe dboubtile tdedtaik 45hee bgfpepe remttapo sogese , uast mast t he
hodal tapered bl ock coEonners with vinylarene term nal bl ocks obtained
resul t rRyfefeprblyr eams gbeiid 38| tndboutndl whlght ttarcpnl aotly oty renp ot iFhekhe

b exanpl es shoul d be taken as illustrative and not restrict.ive.

NCEMVENT ttippqe heipg oge\erferaf big £0iBrrdakeres inepd@RC BENeFpPEARNLES t 0

pl i fy the invention, and random zer, initiator, coupling agent and

I appr ofth &PLs fgvertivge (FSREFEYY  vieeofikee. muel 24t i d8VYiPRagents are
Jo t h d h t h t al

157 0reseen 1 pat s 08 hunptod rovene (0 bpced,n e ot

pl e desc{éotﬂgﬁié QHI}adé}ggf‘t oy &ka ;i:téf‘% gﬁgr%%rﬁvﬁuo%’ cobo1fhedsN3h Mere

ed out to produce reSinous polynp
blend would result in loss of impact resistance. These blends can be

"‘..‘

s
&i economical ways of gaining the desirable attributes of both polystyrene

and the invention polymers while maintaining low blueness in articles
made from the blends.

The compositions of thig invention or blends thereof can be
extruded, thermoformed, injection molded, blow molded, or made into
films or sheets. Articles made from the compositions of this invention
are transparent with low blueness, have good impact streﬁgth and have
other physical properties within acceptable ranges for such applications
as drinking cups, lids, bottles, other food containers, medical drainage
units, shrink wrap and over-wrap. Articles made from blends of the
copolymers of this invention can economically provide advantageous

properties for similar applications.

Test Procedures

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

blueness.
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t ape} ed bl ock styrene-butadi ene copolynmers with resinous termnal bl ocks.
"Thesg runs exenplify the first. enbodinent of the invention. Styrene (from
4ing Chemical) and 1, 3-butadiene (from Texas E| Paso) were driedshys:
ge over activated alumna (Kaiser A-201), dnd’ then.copolyner+zed QQQL
coupl ed in a 4-stage process using n-butyBRithiuminiti-dater (from-Lithium
Corppration of Anerica). Polynerization runs were carried out tinder
nitrpgen in a sti rrélfhef AEReeEd es st ntasded susdoR 45T preaedureme@soshown in
enplpying essentially anhydrous reactants and conditions. The anhydrous
res we ’rred continuously during the polynerization process. The
cyclphexane diluent, which contained 0.04 phmtetrahydrofuran (THF) in each
eri zation in this exanpl e, was preheated to about [err] before '
ers were charged to the reactor. I _E%butyllithiun1mas charged as a
ght percent solution in cyclohexa t he polynerization step in
whi gh bot h butadi ene and styrene e B y were charged

[ taneously_as a mxture, In tju& PE %dg%js ULQ(? the Vikoflex 7170
coul i ng agent used giRs.AaR epoxi di zed vegetable oil cegppuci@ld y available
frorp Vi ki ng [err] 34 Chemical Conpany Inthe termnating step
a pr-ssurlzed container was adnitted to provi de about 0.4 phn1carbon
di o de to the reagt@te, \Werniavas al so added in an anpurdsssgs ghtly in
stoifchi onetri c exceswmnditiiohe2dotcysat bg to separate the |ithiumresidues

frorpthe polynmer chains. The antioxidant m xture added in the stabilizing
st e( Haze, % D 1003-61 {1990)
Transmittance, % D 1003-61 (1990)
Shore D hardness | D 2240-91
Tensile strength at yileld and D 638-91 at 50 mm/min
break, MPa Type I test specimens
Elongation at yield and break, % D 638-91 at 50 mm/min
Flexural modulus, ¥Pa. | D 790-86
Izod impact strength, D 256-88
notched, J/m
Vicat softening point, °C D 1525-91
Total energy dart drop, J D 4272~85
Examples

The following examples will desqribe in more detail the
experimental process used and the polymodal tapered block copolymers
with vinylarene terminal blocks obtained as a result of the process and
blends made with the invention copolymers. These examples should be

taken as i1llustrative and not restrictive.

' ’l"us bheet Has Been RL’i

Hllllll U




ned a hi ndered phenol [octadecyl :

45 -di-t-butyl-4'-hydroxyphenyl) propionate, commercially available as

11076 from G ba- Gei gy] and an organi c phosphite:(trjsnonyl phenydsiscys-
ite, available as TNPP from GE Specialty Chem.tal $).. Each st dbil-i'zer: -

ssol ved separately in cycl ohexane and3si xed toget her "-Enough .6f the -~

e was added to the reactor to provide 0.25 phm hi ndered phenol and 1

gani ¢ phosphat e StyteneRapd butadidn® werngi charenyss alohprerswax «xBEp [ fyr the

s al so added as an anti bl ocking agent. After each addition of

nonongr, i nitimestien. apdinardenizere imdbthtiornecoundies rgasiedindi d Hluent

appr oiki matel-y 10- Zohgg:hm cycl ohexane sol vent and cleared with a nitrogen
sparge. Fol | o3AFGPEHE esfUhith P PBIMeLE T e HR e c oRtATFib L e QEuEsaB/nim P re
flashied at [err 0 renove a portion of the diluent. upstantially all of
the rfemai ni ng“sdJlallgﬁn‘fo\ﬁ/ﬁ se'i’ieﬁgvp@d “§ Pe} ﬁ& W@H%Jr’gf‘giﬁﬁ?@e‘it”[ ég‘? JEot &t
one ur. The r ltdin | wa hopped, i ranulator into crunb size
and then driel %'? %én mga%)ﬁ#o?%%nehi(?)nlﬁi(r:c?lﬁpu§q§3%ud3ﬁ19%vee'"ﬁ.l°’fen ‘each of the four
runs 1, 2, 3, and 4), 1500 g total nononers (butadiene and styrene) were
used.] About 76 wei ght percent of the total amount of cycl ohexane dil uent

g) was charged initially. The rermgﬁinpge gycl ohexane diluent was added
or

duri the run as a dil uent 35 or flus he various reactants added
in sUbsequent steps. KA1 heampfOdEsAbysEiouzainvensiod PE1yWRIrgbit foat fuhsot1,
t ot ag nononers charged was 75/25 styrene/ butadi ene. The charges and the
result s of the, Byns) dhet ueyeatdrzded iont to produce resinous polymodal, coupled,

3 tapered block styrene-butadiene copolymers with resinous terminal
blocks. These runs exemplify the first embodiment of the invention.
Styrene (from Stirling Chemical) and 1,3~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 im a

stirred, jacketed, stainless steel 7.6-1liter reactor employing

essentially anhydrous reactants and conditions. The anhydrous 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 reactor. The n-butyllithium was charged as
a 2 weight percent solution in cyclohexane. In the polymerization step
in which both butadiene and.styrene were charged, they were charged
simultaneously as a mixture.

In the coupling step, the VikoflexO 7170 coupling agent used

was an epoxidized vegetable oil commercially available from Viking
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Tabl'e 8. ‘Taper ed but adi ene/ styrene bl ocks were fornmed in step 3 by charging
bot h Rut adi ene and styrene nononers. The chargi ng sequence used was i,

[ere] i, [err], [err], coupling agent. The nononer . rati os correspoﬁﬂuﬁyﬁto
the-[¢rr] sequence were 40, 10, 25/25. Wi ght rati es of- annunts-of* ©ocereoe

crer

Inititor used inthe first two steps of eadh of the fewr Funs- was- kept- -

const &nt at 1; bui t he amounts were decreased fromO0.08 phmin run 1 to
0. 055{phmin ?*tﬁ'f‘ i 6‘°6P‘E)‘V del® tBe Gesa inat 198 cttensi gbAI 4 ioKighy fr88its. The
nd 4 were designated invention

d | | d
Copol Jers” 1. PR LR Sondi ot A o Bracl e Wpv o ToGp e £85i9R) 10
mn, 9.0 9/1044y utg% £h8 A &?(%Jn VathFSRECH Y E M ded '1% 9& me‘?;ru‘? %3 %hchP’n?‘éach

fl ows]were attrl eto erences I n anounts of
of thg four r&’ﬂﬁch[ﬁ&féﬂric exé@ssT'ggLﬁm@1&9&.@2&1:0@@9%5%& the lithium resididd) 1

Run 2 Run Step I Cycl ohexane, 45
145 fﬁd].,Sthe po1ymer14581‘5@t,rahydrofuran phm 0.04
0. 04 0.04 n-Butyllithiuminitiator, phm 0.08
0. 07 0 06 The an@iBbhiabt WikbBEere @BARd in the stabilizing step40
40 40 40 Pol yneri zation Time, mn 12
12 cdrizained a hinde2edPehkndlol yetexdiezal | ON Terrperat ure, C
82 81 85 85
3-(3',5'-di-t-butyl-4'-hydroxyphenyl) propionate, commercially available
S; as Irganox® 1076 from Ciba-Geigy] and an organic phosphite
ﬂ (trisnonylphenyl phosphite, available as TNPP from GE Specialty

Chemicals). Each stabilizer was dissolved separately in cyclohexane and

mixed together. Enough of the mixture was added to the reactor to

provide 0.25 phm hindered phenol and 1 phm organic phosphite. In Runs 1
and 2 a microcrystalline wax (BE Sqdare0 195) was also added as an
antiblocking agent.

After each addition of monomer, initiator or additive, the
feed lines were rinsed with approximately 10-20 phm cyclohexane solvent
and cleared with a nitrogen sparge.

Following the stabilization step, eaqh 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, 2, 3, and 4), 1500 g total
monomers (butadiene and styrene) were used. About 76 weight percent of
the total amount of cyclohexane diluent (3130 g) was charged initially.

The remaining cyclohexane diluent was added during the run as a diluent
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g — o
Steol2 n-Butyllithiuminitiator,. phm 0.08 0. 07 0. 06
0. 05%-Scyrene, phm .10 10 10
10 Pdgl ymerization Tinme, min 12 .12 . .o 123315¢U3¢
12 Pgak Pol ymerization Tenperature, C R AT R Y (R
71§ 70 Step-3 Butadiene, phm 35 L een 2B e e 25 -
25 25. Styrene, phm 25 25
25 ' 5fpl§|hyﬁ%‘f’itfat‘79(§ﬁ°q§ ﬁearqﬁnﬁs added {n qgﬁqequent steps]g Tn these
16 16 Peaik Polzyrrfrl zat i'on Tenperat ure, 122
122 foyy polymerizationsg e yein Ei~(=015?fp‘|°| ﬂg)t%kdrqweﬂmarw
0.4 4 Time, mn
16 752%§13tyrene/bum(%§"e 16 Tenper at ur e,
94 93 _ qQ SLEOLIR at i ter, phm
The ch d the
oo oo e c ar% and the resgl?‘tzs '? i %EJ @cg édﬂﬁlié’& #
0.4 Taglé1 8. Tapered &tédiene/styrege ‘}lehi@ma% Nformed in step 3 by
25 25 Tenperat ure,
R? t hch93ging both buta&i@ne and styreﬁé—dﬁh@ﬁhﬂ@ (Sﬁﬁg”chhgéﬂhg)séahaﬁéé' zer
xtjure, phm .
Squgre wax used was 1, S,, i, S,, BUs1p coupling aghnkd The monom&- i:5tios 0.15
Timg, mn 5 5 5 5

Tenger at ur e co€responding to the S,, S,N.B{/S, sequenceiware 40, 10, 28425. Weight
e ratios of amounts of initiator used in the first two steps of each of
the 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 a series of
decreasing melt flow resins.

The devolatilized copolymers from runs 1, 2, 3, and & 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 ﬁin,

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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REPLAGEMENT SHEET 37 [err] Invention Runs - First Enbodi ment Conponents

Run 11} Run 2 " Run 3 Run 4 Recovered Resin Melt Fl ow33gioue
mn . ° ‘ 39.1 ©19.0 9.0 . ., rASM/)/{IVhr A
thousands 105/ 63 108/%3 "7 128/85 . - 143/r91--r._-_
Het er ggenei ty | ndex . 1.67 2,05 .77 1.97 - -

1.57 dAfter each addition of mononer, ini TABEoB or additive, the feed i nes
were rinsed with approxi mately _5-20 phm cycl ghexane diluent and cl eared
with fgitrogen. [err] Three rmré—-!é@r Mhﬁg‘—bﬁ%ﬂéarrled out

accorqing to the 11 rcst eneb of f&e p esent ention,to.deno strate
the efffects of varyingPThe wei qht ratio mount & initiafr? in S4RH of
the t initiator charges.- The charges and results of the runs are shown

in Taple 9. Again, the,ygight ratio of styrene to butadiene charged was
75 to|25. Sa J i, [egg] additipr sequencg,sf ol | oned, by
coupl §ng; non Eaﬁy"?ltrb?éra‘i\f 10, 25/2%§ ygre use@. gin eac Ootmt he thf eg

runs 9f this exagplA.chids iR wftbﬁ,ﬁorow@ charg%dotn the fg bgt steps gss
The ajgount of gegiéddt phmCharged in the ggcond stepowas variegsp fromO. 08 phm

(run $) to 0. Ip1pheRizhbion/ Xihdl mdn r ange 10f ratios f anmount pf initiagspr in
first{step to maRUFElymerSACDs] Sstep from1l:2.7 (run 5) to 1:3.2 (run 7).
Copol yrners from Cemsercatusfe,aftl 7 were dewal atilizedito formigsventi on 8s
copolyners 5, 6 and 7, which had nelt flows of 5.0 g/10 mn, 5.4 g/10 mn,

and ? 1 g/10 m j2
f n-Butyllithium initiastor, phm 0.08 0.07 0.06 0.055
) Styrene, phm 10 10 10 10
Polymerization Time, min 12 : 12 12 12
Peak Polymerization
Temperature, °C 67 70 71 70
Step 3
Butadiene, phm 25 25 25 25
Styrene, phm 25 25 25 25
Polymerization Time, min 16 16 16 16
Peak Polymerization
Temperature, °C 122 122 122 116
Step 4 (Coupling) :
Vikoflex 7170, phm 0.4 0.4 0.4 0.4
Time, min 16 16 16 16
Temperature, °C 94 93 90 93
Step S (Terminating)
Water, phm 0.2 0.2 0.2 0.2
Carbon Dioxide, phm 0.4 0.4 0.4 0.4
Time, min 25 25 25 25
Temperature, °C 80 93 87 81
Step 6 (Stabilizing)
Stabilizer Mixture, phm 1.25 1.25 1.25 1.25
BE Square wax 0.15 0.15 0.15 0.15
Time, min 5 5 5 5
Temperature, °C n.a. n.a 84 n.a.
Ifl]iil\iﬁﬁﬂﬁlﬁeﬁird




'[er?] ?38 TABLE 9 [err] - First Enbodinent. [err] Run 5

Run
L45
0. 04
0.03
40
12 -

[err]

6-

Run 7 Step 1 Cycl ohexane, phm 145313905
145 Tetrahydr of uran .. -. 0.04 - e
0.04 n-Butyllithium 37 L L L. 07037 - Tk -
0.03 initiator, phm Styrene, phim .., ""2 .. L -1
40 TARGE Bo|(Qomtimnad) on Tine, nin

12 12 Peak Pol ynerization Tenperat ure,

77 Invention Runs -7Birst Embodiment 76 Peak

Pol yrmrlzatlon?ressure 'gafSteo Z N- BU[yITI[I’ﬂ um

0. 08 trmpgBen 0.995% niti 3v®r2 phm B¢§rine, Pt

10 10 : 10 Pol'ynmerrzatron Trme, mn

12 Recov1e2red Resin 12 Peak PoI ymerization Tgrrpg ature,

[Be”lj elt Flow, g/10 hin 5 19.0 o 9% Step 3 oE

S’tj;?e :nel,Oh Mn, thousands 2és/m 108/53 o5 128/65 143/91 5
' t ity Ind . . .

Pol ymﬁrl zati o?le i 16 2.03 16 %7 t37

16

8After each addition of monomer, initiator or additive, the feed
lines were rinsed with approximately 5-20 phm cyclohexane
diluent and cleared with nitrogen.

Example II

Three more polymerization runs were carried out according to
the first embodiment of the present invention to demonstrate the effects
of varying the weight ratio of amounts of initiator in each of the two
initiator charges. The charées 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,, 1, S,, B,/S, addition sequence
followed by coupling; monomer vatios of 40, 10, 25/25 were 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) to 0.95 phm (run _7) for a
range of ratios of amount of initiator in first step to amount in second
step from 1:2.7 (run 5) to 1:3.2 (run 7).

Copolymers from runs 5, 6 and 7 were devolatilized to form
invention copolymers 5, & and 7, which had melt flows of 5.0 g/10 min,

5.4 g/10 min, and 7.1 g/10 min, respectively.
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Péak 4*0I ymerization Tenperature, C. 117 121
t

111 Siep 4 (Coupling) Vikofl ex 7170 phm 0.4 . 33159Us
0.4 0.4 Tinme, mn o coe e 16 o o Tt
16", 16 Tenperature, [err] 38 ST L. 88 o e e e
87 - 89 Step 5 (Termnat| ng) Water, phm - - Fae o wee oo
0.2 0.2 0.2 GABEBS Di oxi de, phm
0.4 : 0.4 0.4 Time, mn
25 o5 Inventiogyg_ﬂiyi Po ment
82 84 ecr] 39 TABLE Cont1 nye
| nvenfi on Runs_- Flcgg?onl‘:%nﬁ di ment _Conponerkt“® 5 durr 6 | Runkllg'ax
Run 6 Run 7 Step 6 (Stabilizing) Stabilizer M xture, phm
1.25 1. 25$tep 1 1.25 BE Square wax
0.15 Cycldhekane, phm 0.15 Tijgge, mn
S5 Tetrahydrofuran S5 Recovey gg Resin |VE|§ dd ow, g/ 10 r@ 1A
5.0 n- Buéfl‘iithium 7.1 MM g3t housands g,03 0.03
181/ 114 {Athddol, phm - 138/ 93 Heterogeneity | ndex
1.6 Styrénel phm 1.69 [egor] After eachsaddition of 49
m)norrﬁfr, | Ni t ipal Pherdatdb@i Tinkg, mithe feed lines were rinsed with 12
appr oxi mat el y Paalk Pdihneigat tdrexane
Temperature, °C 77 79 76
F Peak Polymerization
; Pressure, psi
‘ Step 2 .
n-Butyllithium 0.08 0.085 0.095
initiator, phm
Styrene, phm 10 10 10
Polymerization Time, min 12 12 12
Peak Polymerization
Temperature, °C 64 71 65
Step 3 .
Butadiene, phm 25 25 . 25
Styrene, phm 25 25 25
Polymerization Time, min 16 16 16
Peak Polymerization
Temperature, °C 12 121 111
Step 4 (Coupling)
Vikoflex 7170, phm 0.4 0.4 0.4
Time, min 16 16 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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bnt and cl eared with nitrogen. Exanple Il To denonstrate the second
di ment of this invention, three nore pol ymeri zation runs wer e g@g Ugd
hccording to the procedures described in Exanple I, with the ext p?
the sequences and anounts of charges yere as shown in Tabte 10, .,",' .
ed but adi ene/ styrene bl ocks were formed in the th1r‘d"and fourth steps”
narging a mxture of but adi energig §t_®'oﬁg§m{gggorrers The nononer

i on sequence was i, [err] followed by couptiing; the nonomer wei ght

bs were 40, 10, 12.5/12. 5,,\,31,21&{ 1@,,5 r;qu@(ztnby@ﬂm\ént The polyrrers wer e
Pr cent of
exanpl e themp@hhtﬁ%t I 0 of am)unt lm‘n isNi t | ator Rlun &he f| rst Rﬁﬁe]p to
aount

Hi—the—seecond-—step—was—kept—eonstant—at—t—1—w-th-the—absolute
t varied from0.06 phm (run 8) to 0.055 phm (run 10). [err] 40 The

copoj yners prdekecéd(StabtihizinRk} ee runs were designated invention copol yners
8, 9 and 16tabkidzhadiigbbxe,f Poms of 14. 3,1.2540 and 10. 8-2®spectivel y1.25]t

i's | i eved BEhSauaieveax nelt flows are attd+ilButable to Peler anounts ®fS
init{ator. TiAe pdRymerizations of invention runs 8, 93and 10 are shHown in
Tablg 10. TABLE 10 Invention Runs - Second Enbodi nent Conponents
Run B Recov esin Run 10 Step 1
Melt Flow, g/10 min 5.0 5.4 7.1
Mw/Mn, thousands 181/114 177/111 138/93
Heterogeneity Index 1.6 1.6 1.69
‘ 8After each addition of monomer, inltiator or additive, the feed
lines were rinsed with approximately 5-20 phm cyclohexane

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 procedures

described in Example I, with the exception that the sequences and
amounts of charges were as shown in Table 10. Tapered butadiene/styrene
blocks were formed in the third and fourth steps by charging a mixture
of butadiene and styrene monomers. The monomer addition sequence was 1,
S5,, i, S;, B;/8,, B,/S, followed by coupling;-the monomer weight ratios
were 40, 10, 1i.S/12.5, 12.5/12.5, respectively. The polymers were 75
percent styrene and 25 percent butadiene.

In each of the three runs of this example the weight ratio 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 varied from 0.06 phm
(run 8) to 0.055 phm (rum 10).

—_—
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Cycl ghexane, phm 145 145 145

Tet rghydr of uran, phm ' 0.04 0.04 331599;; 04
n- Buttyl i t Hi um ,. 0. 06 . . 0.05 e
0.055 initiator, phm Styrene, phm 40 I T S ST
40 Pdl yneri zation Ti me, mn . 12 : A A T 12
Peak {Pol yneri zati on 'I'Bwpetpf&.tluna;s Qrodured {n the th859 runs were designat@D
84-Stleo 2 n-Butyllithium 0. 06 0. 05
0.059 initi aggyenqgﬁn1quyﬁgyﬁgs Hh it and 10, and had melt flo@s of 14.3, 6.40 and 10
10 PcIyrrerlzatlon Tine, mn 12 12
Peak |Pol yneri Qa?ﬁ@ﬁpﬁ“etrﬁﬁéh&t ufe is['é‘l"r‘]‘*"ed that lower med§ Elows are 69
]7_(2) gt g?y?eﬁgt“ag% %ab{)e to lower amounts oizlr\s{.t}ator The polywigatizcms of
12. 5|Pol yneri,zati,an Tine _ 16
16 Pdak Pol yrBYF: onoﬂu"fen’pegr 414,42 2% ‘%ho’".‘ in Tableglf. 83
84 Stlep 4 But adi ene, phm 12.5 12.5
12.5§Styrene, phm 12.5 12.5
12. 5{Pol yneri zat [ on Time, mn 1§ABLE 10 16
16 Pgak Pol ynerization Tenperature, C — 96 102
102 Invention Rung - Second Embodiment
} Componentsa Run 8 . Run 9 Run 10
Step 1 .
Cyclohexane, phm 145 145 145
Tetrahydrofuran, phm 0.04 0.04 0.04
n~Butyllithium 0.06 0.05 0.055
initiator, phm
Styrene, phm 40 490 40
Polymerization Time, min 12 12 12
Peak Polymerization
Temperature, °C 85 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
4 Temperature, °C 69 69 70
a‘ Step 3 .
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 84 ' 83 84
Step 4 :
Butadiene, phm 12.5 12.5 12.5
Styrene, phm ' 12.5 12.5 12.5
Polymerization Time, min 16 16 16
i Peak Polymerization

Temperature, °C 96 102 102

_
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41 Ter
Run 9
0.4

16 .
89

0.2
0.4

25

80

M xt ur
Ant i bl
0.15 T
5 Tenp
Recove
10. 8
147/ 9
1.62 |
i nes
cl ear
conpar

r’] I nventi on Runs - Second Enbodi ment a Conponents ‘Run 8

Run 10 Step 5 (Coupling) Vikoflex 7170, phm - 33159us
0.4 0.4 Time, mn . . e e
16 16 Te#perature, C 7 . ToTh . .i82
89 Steo 6 (Terminating) Water, phm .7 ... .L. S
0.2 TABLE (102 (€entidnned) oxi de, phm
0.4 0.4 Time, mn
25 Invention Runﬁﬁ‘Tﬁﬁﬁﬁéﬂgﬁﬂhgééﬁiﬁ£
S — e Sy T R T S
pcki ng agent, phm - - 0.15 0.15
me, mn Step 5 (Coupling) >
ratur §qdeiex 7470, phn 80 5.4 Ng & 0.4 81
ed Restirg,egf}ei ow, g/10 mn 16 14. 3,4 160 4
/ M, thigeiandse, °c 154/ 104 ag 173/ 115 89
Het er ogenei ty | ndex 1.48 1.50

rr] Aft erseepcd (aeehfna®ihmgdf noONomer, initiator or additive, the feed
re rivexed, whimh approxi mately 5-202phm cycl ohexane di |l uent andp,2
with Gurbbmg:amxi@e,r phm TWO conpar at.kve pol ynmers swere used for 0.4

| sons ofimghymsincal 25 25 25
Temperature, °C 80 ) 82 82
Step 7 (Stabilizing) :
Stabilizer Mixture, phm 1.25 ' 1.25 1.25
Antiblocking agent, phm 0.15 0.15 0.15
Time, min S 5 5
Temperature, °C 80 . n.a. 81

Recovered Resin

Melt Flow, g/10 min 14.3 6.4 10.8
Mw/Mn, thousands 1547104 ) 173/115 147/91
Heterogeneity Index 1.48 1.50 1.62

8After each addition of monomer, initiator or additive, the feed
lines were rinsed with approximately 5-20 phm cyclohexane
diluent and cleared with nitrogen.

Example IV

Two comparative polymers were used for comparisons of physical
properties of blends made with polystyrene. Comparative polymer 11 was
a resinous styrene-butadiene copolymer with a melt flow of 8.4 g/10 min.
Polymer 11 was polymodal from multiple initiator and monomer charges
(s, i, 4, 8, B, 4, S, B) and cogpled with an epoxidized vegetable oil
coupling agent. Polymer 11 contained nominally 75 wt % styrene and 25
wt % butadiene with no styrene/butadiene tapered blocks. Polymer il
forms 50:50 by weight blends with polystyrene that have high blueness

and modest physical properties.
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propertles of bl ends made.wi th pol ystyrene. Conparative polyner Il was a
resi nous styrene-butadi ene copolymer with a nmelt -flow of 8.4 g/10 n1h59us
Pol yirer 11 was pol ynodal frommultiple initiator and nonomer charges (S;.

i, § B i, S B) and coupled with an epoxiédi zed veget able 0|I coupl i ng’ .l
agent. Polyner Il contained noninally 75 wt % styrene -and- ‘25 wt- % - g
but adi ene with no styr@Rergudradiodneen dperasd 2bs Biakse-bupad {aner cape lype i i5D: 50
by wei ght bl ends mnth poI styrene that have hi gh bl ueness and nodest

physiical prop€rtqreged b é SEgRPat i VE Mﬁ“yrlr%rc%ﬁ“m@ gostytine bt ddi ene

i th no tapered bl P tai ped I
75wl 9% St yr EREFSHA D5 2 work °E‘fk%e§?%h@ Ml b oo iow Bl ot 3BT i1 To'?a !
It had | ymodal | ht It ti at
char ges. (5. 18, eeTagiut G kRl b b 8T bR By i TA, B0E pRPRTG!

coupking age%gff Ql ygerg 12, fsorﬁqndr’qmwcmp%ﬁiswi% X\F'e‘[wh&@'zw 'e¥§t§13ér 60f

t hat i have | ow blUeness "and’ mddest | npact properties err| I es

bl endls of thgohpMeRt aguaePOlPLIREs 18 BRI 66 Hieaddl byl w¥BH P Apar ed Wlth
Nova¢or 555 general purpose polystyrene to denonstrate the properties of

bl engds of copelyd®mkisns ahbaibavagion Siudgkes tanpeicidsbl Dolact i propatiies.

enbodli nrent ). Polymer 5 was not .included in the blend series since it had
a melt flow essentially the same as that of polymer 4. Polyners 11 and 12
wer e} al so bl ended with polystyrene for conparison. The bl ends were 50: 50 by
wei ght and were prepared by sol ution bl Eta#pdg ¥ n cycl ohexane in a react or

at [prr] with Stll’l’ln‘? for one
ﬂ series of blends of the invention polymers from Examples I

and II was prepared with Novacor 555 general purpose polystyrene to
demonstrate the properties of blends of copolymers containing a single
tapered block (invention embodiment 1). Polymer 5 was not included in
the blend series since it.had a melt flow essentially the same as that
of polymer 4. Polymers 1l 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 a reactor at 100°C with stirring for one
hour. Each solution was flashed to remove the solvent and the polymer
‘ was dried, chopped in a 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 convenient reference, blends are designated as blends with
the corresponding polymer number and a prime. For example, a blend
prepared from polymer 1 and polyscyréne is blend 1' and a blend prepared

from polymer 2 and polystyrene is designated blend 2°'.
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é -
hou"r? . Each solution was flashed to renove the solvent and the pol yner was
dried, chopped.in a granulator, and dried again. The dry pol ymer wed59Us
processed on a roll nill -and chopped agai n before i njection nil dizng on. an
Arburg nodel 90 injection nolder with zonés 1, 2 3 and.mozzlie dt Tert],:.
respectively, to trake specinmens to.test. for pr opertl es: For convEeni ent
ref erence, bl ends ar'féed’ebﬁngn%&sédf‘ws'lm erdsshounh Lo Habder Vespberdi Apepokywer
nunber and a prine. exanpl e, a bl end prepared frompolynmer | and
pol yst yr ene™4ae SF%d:hF- f’éﬁ& £ous| BIadprhiasalets plusieass| Ghay toshf@eptiepst yr ene
[ [ The bl end test e shown | n

)| t ed, bl end
|‘er :sh%na 7 gg’é(ﬁ ﬁeﬁ%"f’ﬁﬁ%ﬁe{vﬁ% PRE 1 | PRECIPEDF "‘6? %fé’"'hﬁ 98¢ BPfeness
than test spegi qen ”@gfldlfyr ol e, GQf .?ers%t LYe g# JIBN Sade TRESIHIENS FRde

from bl ends 6’ essentrally the sa ueness as speC| nens imde

fromblend 12'. Test escﬂe Nshs ff;mnblf%,e&dq«l' 9! 23, 8 r\.%fG had
ends

Izopl i npact val ues h| g er than those nmade from corrparatlve and

12" | Test spggd mﬁ&mdﬁ]e‘sr RIBHRIeRfhn/thdiadndid @VEH Ioap&lratrmaoalexaé ug 't han
thoge made fromthe other blends. It is possible that the high | evel of

ini{iator ignstiep.t wasefsgebendiRl HARY EZaH bQBNDT7 ' PRAY B Lowerdgbd NRpdasul ting
hi gher nelt flow of the final resin prevented inprovenent in the |zod

i npact val ueabfe Ahdnirtfos < phads Piron Nasottedebisma. bl Bnds malsybby tHat Tast
spegi mens made fromblends 1', 2', and 3' had higher haze val ues and

spzT:i mens nhtgh fleved pfebrddiptormdn stephtid bE giter pabimerizapdon of polymer 7

and the resulting higher melt flow of the final resin prevented
improvement in the Izod impact value of Arbupg test specimens 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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t har} t hose nade fromthe ot her bl ends. REPLACEMENT SHEET 25 SEP 1996 44
[erril [err] [err] A series of blends of double tapered block invention .
pol yiners (second invention enbodi nent) with polystyrene mas prepared to -

derdnstrate the properties of articles made from the bFends Oop(alyrrers 8,
9, gnd 10 from Example 111 were bl ended as descri bed |n Exanpl-e- V'in 5050

by vei ght i xt»ures \ME h gené‘r alf pur @se:—pol yit yeene £ f ol bl épds| 8, 9,
and {10' .= Tgsg Spegigns W Ideﬁl fk“éom»t, fe bl énds & descri bed
in Exanpl e HThemrgg,ul & bie )rv s tiglhes gride ffom pl ends of
I nventign pot'y-rrers‘ By 9,2 ahq 1Qgha¢gj,_bet£erﬂl zod |rrpag valiugs £han| t hose
nmade frgm gofipar afd N& bl,gru:lg 1¥» and 12 (3hown i n@Tabl . Artitles nmade
from bl&ndg &f the i nvenﬁli‘i’)ﬁ pdl yrg ﬁ'so have | egs bl ue@_ess t han| t hose
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CEMENT SHEET 46 TABLE 12 [err] Invention I nvention
| nveftion Conparative Bl end- Bl end Bl end _
Bl engl Propefty 8' 9' Lo e 0100 L ,:3319903
11", $tyrene-but adi ene copol yner 8 © s eal
10 11 Blend melt flow, g/LO m S . 14.8 ¢ - 12 0o’
14.8 16. 8 Haze, % 4.1 4.0
5.1 4.3 Hunter bl ueness, b Exasgle §1 -18.5

217, 9
76

19. 2
90. 5§
43.9
28.7
6.5

16. 7.
1949
copo
prep
but a

_ -7§0N2@ CS;;P?EE'% g&gg %Bgigf dg)lh]fe tzgered bl_l_%_kginventzZn polymers
(so83i8 R IR 7 Bl one wns sromazpde®
demogé%r?te'the properg%%s oEr§¥%KcQ4§am&de fram E% g?eéés Copol%gﬁfs

| ongat i on yi el

8, 96 éid 10 from Exampfe G1Rr&als bPénded as described - Exam le V in
5 0 Fl exural nodul us, MPa 1988

50: Sd%welght mlxturagmtfl%d’n]er§1 WuQB&ebHE%tQB@ne to form blends
ymer : pol ystyrene Exanple VII Three nore invention copolyners were

red on a'l,asyeandcal'e tTestesparihénd @eterihhect iohematidedctraaf thavblends
iene/styrene t aper ed
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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bl ocks in inproving inpact properties of articles nade from bl ends of the

i nvedtion copolyners with polystyrene. These pol ynerizations varied 47
gi ze of the two tapered blacks and the weight./rati és of icniti @Bepaus
charges.  The pol ynerizations were carried out ;inia 380.1 reactor. The:-:-
#er pol ymerization reci pes are shown i#f Tabl'e 13. Each polyner was
prepgred with the sequence i,S,i,S B/ S,B.S.  Polyner 13 had nononer charge
wei-g@gt ratios of 40, 10 6.9/7.8, 18. 1/I4BLB 12 po ynmer 14 had nononer charge

wei gt ratios of 40,,10,-5.9/10 9.1.14.4. P r a noned charge
rati4s of 40, 10, 5.@%—1@%@—43 A ‘:Le.°—€véﬁé%%?£—§k§§e—i§l“ & 1—0313—&5—%%}% ae yners 14

and 35 do not add up to 100 use eir lL.arities, .
i ndi gat ed above vvaspt hat act %E};gfgﬂargegpgfhn ﬁ'g ' "’[?&%t%'{ ﬁ?mp%%ﬁf)vse

‘ e initiglag weig
for #teps 1:2 ippopoleymeri zationg'13, 14, an;f 5 were 11:?}@'.1%9, 1: 0. E?r?},l-and

1:0.99, respectively” Flowrates for the three polyners were 7.0, 11.5 and
13.°789/10 mn. [err] 48 TABLE 13 Invention Runs - Second Enbodi nent Run
13 3 Styfefiedhtadiene Run 15 Step 1 Cycl ohexane, phm
168 copolyk28. 9 8 168. 10 11
Blend melt
flow, g/10 min 14.8 12.0 14.8 16.8
Haze, % 4.1 4.0 5.1 4.3
Hunter blueness, b -17.9 ~18.5 -15.9 -20.3
Shore D hardness 76 77 76 77
Notched Izod
impact, J/m 14.9 17.1 19.2 12.3
Vicat softening, °C 89.3 90.5 90.5 85.3
Tensile Strength
yield MPa 43.2 43.9 42.5 . 37.8
break MPa 28.6 28.7 28.7 28.0
Elongation
yield, % 6.4 - 6.5 6.5 4.8
break, % 17.9 16.7 13.6 32.0
Flexural
modulus, MPa 1988 1949 1986 1979

850:50 Styrene-butadiene copolymer:polystyrene

Example VII

Three more invention copolymers 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 polystyrene. These polymerizations varied

-
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Teér ahydrof uran, phm .04 ' .04

0 4nButyII|th|um|n|t|ator phm ' 0. 061 0. 061
0. (365 Styréne, phm 40 ORI A 40 .7 3315308 '
4QjCycl ohexane, phm 1.1 coe S O R AP
1. § Peak Polynerization -Tenperature, C 47 = - .= . 83 S S I
83 jPeak Pol ynerization Pressure, psi ' 31 32
304St eD 2 YheBaize |dft ﬁhanﬁwmmwwérblq@hm and the weight ratx@soqﬁs initiator
0. §56 0. 058 Styrene, phm
104 charges. Ebe(ﬁﬂéVﬁﬁﬁifaﬁk9"spVﬁﬁ° carried out in a 38§ & reactor
1.} Peak Pol yner | za ion T erature, 81
82} ThS AR PRYNEF ZAEI T TFdatL e Spwn in Table 13. g
g?; Each polymgréﬁ%%{ég%é%re tﬁ?ﬁheéhe sghuenca i,5,1,5,B/S Béf Pgaymer 13
10g ;o h%é 0{(@1 #PGratk 3.1

had t f 40, 10, 6.9/7.8, 1 17.2. Pol
1.4 ac¢ monomer © % é Pyr?er?s[‘zné)tlon errperéture [e/rr] eyner _
113 14 had moﬂ&l&r charge weight ra%@@s Pe@ksoPohy mes igzabi, 05.‘9 Ryegsaire, psi
Step 4 But adi ene, phm
1831 Polymer lsfﬂldlmonomer charge r&EKdE QEyLenelo,psns/10, 19.1/14.4.

- Y 14. 4

Monomer charge ratios for polymers 14 and 15 do not add up to 100 phm
because of charge irregularities; phm indicated above was that actually
charged. The initiator weight ratios for steps 1:2 in polymerizations
13, 14, and 15 were 1:0.79, 1:0.92, and 1:0.89, respectively.

Flow rates for the three polymers were 7.0, 11.5, and '13.7

g/ 10 min.
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Q/CT ohexane, phm 1.1 1.1

1.1iPeak Polynerization Tenperature, - C . '95. - 3315°qu8
97 ,Peak Pol ymerization Pressure, psi feoen L5280 .o 4
REPLACEMENT SHEET [err] TABLE 13 (Cpgti nued)' Invenrtrvon Runs " Second
di rent Run 13 - Run" 14 . Run 15 Pol’yner Anal ysis
gjor to couping) Mv M, thousandsa {4gp& £ €ea conposition) Peak 1
499 (64) 100/ 95 (63) " 95790 (64) Peak 2
6 (ﬁG) 47/ 44 (Bvaention Ru45/4334&a) Exd@méntd Coupl i ng) Vi kof | ex
¥, phm 0-—4- 04~
.c§ohexane, ph ORbd 13 Run0165 Run 15 0. 55
ger at ur e—f-e+rr] - 88 86 88
gsure, psi 50 52 48
P 6 (Terninatindtepater, phm 0.2
Cyclohexgnel phr bon Di oxi del6piIm 168.9 0.1 168.9
Tetrahydgpfurgenpbrat ure, [errP4 -04 g7 0.04
n-Butyllgthippessure, psi 50 50
initiator, phm 0.061 0.061 0.065
Styrene, phm 40 40 40
Cyclohexane, phm 1.1 1.1 1.1
Peak Polymerization
Temperature, °C 83 83 83
Peak Polymerization
Pressure, psi 31 32 30
Step 2
n-Butyllithium
initiator, phm 0.048 0.056 0.058
Styrene, phm 10 10 10
Cyclohexane, phm 1.1 1.1 1.1
Peak Polymerization
Temperature, °C 81 82 82
Peak Polymerization
Pressure, psi _ 35 37 ] 34
] Step 3
1 Butadiene, phm 6.9 5.9 5.9
Styrene, phm 7.8 10 10
Cyclohexane, phm 1.1 1.1 1.1
Peak Polymerization
Temperature, °C 110 109 109
Peak Polymerization :
Pressure, psi 57 58 55
Step &
Butadiene, phnm 18.1 19.1 19.1
Styrene, phm 17.2 14.4 14.4
Cyclohexane, phm 1.1 1.1 1.1
Peak Polymerization
Temperature, °C 95 98 97
Peak Polymerization
Pressure, psi 52 54 50
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Step 7 (Stab|I|Z|ng) Stablllzer M xture, phm 1.25

1. 25: 1.25 Antibl ocki ng agent, phm 0.3
0.§ T : 0.3 Recovered Resin Melt Flow,.g/10 mn < < 3315%y¢/. O
11. 5. 13. 7 Pol ystyrene equival ent Ml VA, ‘ML Mn .of ~pol- -yst yrene.

V\nth:the same hydrodynani ¢ vol unme as the pé$yner:peak. ‘[éFF] of-a - -
di el gact ric detector in an Applied Automation process control GPC. Exanpl e
VII1§Two conparative polyners (16 EABEE 118 (Gentdopedpared for conparison wth

the g¢nvention polynmers from Exanple VI'1. Polynmer 16 was a coupl ed pol ynodal
st yr ¢ne/ but adi ene copol ymrmwmmm 25 W %
but afli ene. TPOTYmET 16 Was prepared W tIT the . 50 SEequence
i, S, 1,S,B/Si,S, B using nonomer char §80vdi ght rati &not437, 19, 7Rwy 35 14,
17. 5 respectlvel y. Polynmer 17 was a coupl ed pol'ynbdal™ Styrene/ butadrene
copojyner cont ai nhn“ﬁé 78 p #styrene and 30 wt % but adi ene. Pol ymer 17
was Prepared wi, £ { 'é S B,i,S B using nononmer charge wei ght
ratiPs of 373 ectively. These conparative polyners were
prepgred in ¥ /380 thousemdsor acgording to the procedure in Table 14. Pol yner
16 yfel ded b(@E¥dsred chmprlifseny ene which were nmade into test specimens that
had §ow bl uened®2lind nodest physi ca?l“é?%ﬁéf*h es. FO/9Ae6337 for nBY W1 E6fds
wi t h§ pol yst yred@8litd ch were nade 6 (36) 47/44 (37) 46/43 (36)
Step 5 (Coupling)
Vikoflex 7170, phm 0.4 0.4 0.4
Cyclohexane, phm 0.55 0.55 0.55
Temperature, °C 88 86 88
Pressure, psi 50 52 48

Step 6 (Terminating)

Water, phm 0.2 0.2 0.2
Carbon Dioxide, phm 0.1 0.1 0.1
Temperature, °C 87 87 87
Pressure, psi 50 50 50
Step 7 (Stabilizing)
Stabilizer Mixture, phm 1.25 1.25 1.25
Antiblocking agent, phm 0.3 ' 0.3 0.3
Recovered Resin :
Melt Flow, g/10 min 7.0 11.5 13.7
i ’ aPolystyrene equivalent Mw/Mn. Mw/Mn of polystyrene with the same
Z;_ hydrodynamic volume as the polymer peak.
' bResponse of a dielectric detector in an Applied Automation process
control GPC.

Example VIII

Two comparative polymers (16 and 17) were prepared for

comparison with the invention polymers from Example VII. Polymer 16 was

a coupled polymodal styrene/butadiene copolymer containing 75 wt %

styrene and 25 wt % butadiene. Polymer 16 was prepared with the
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i nt'o test specinens that had.hi gh bl ueness and good physi cal properties.

The flow rates for polyners ‘16 and 17 were 8.2 and 8.6 g/ 10 m-n,

respectively. REPLACEMENT SHEET 25 SEP 1996  REPLACENENT SHEEF: 2B 18R

1996 51 TABLE 14 Invention Runs - Second Egbodlnent a,Cbﬁpénents- AT
n .

Run 16 Run 17 Step 1 Cycl ohexane, phm

168 Tety, gh ,

0. QZ sequence %,%Bé.,g, éué%ﬁ ﬂg} r?oﬁtlg?epatcg?::gepﬁﬁ]lght ratlos of 37, 19,

0. 034 7.5/5, 140 1933, S@éﬁ@éﬁvefw

37 3 Peak Polynerization Tenperature, C

88 ¢ E&:ﬁ.yﬁ@ﬂh7pﬁsya'96du§@&d 15723 US 8 reRS/ butad Lene copolymer 37
36 jStep 2 n-Butyllithium w1y % 0 048"

0. (53 initi abMEainphgn Bt Wremest Pt and 30 wt-% butadiene. Polymer 17 was 19
19 JPeak Pol yneri zation

prepared with the sequence 1i,5,1,5,B,1,5,B using monomer charge weight
ratios of 37, 19, 9, 14, 21, respectively.

These comparative polymers were prepared in a 380 L reactor
according to the procedure in Table 14.

Polymer 16 yielded blends with polystyrene which were made
into test specimens that had low blueness and modest physical
properties. Polymer 17 formed blends with polystyrene which were made
1 into test specimens that had high blueness and good physical properties.
The flow rates for polymers 16 and 17 were 8.2 and 8.6 g/10

min, respectively.

ks R .- .
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Tenperature, C . . 86 85 Peak

Pol yperi zation Pressure, psi 33 32 Step 3
But adi ene, 'phm ' .. T8 PR 33159”£
Styrene, phm 0 B et 1oL Qe
Peak Pol ymerization Tenperature, C Lo e e g2 T
83 Peak Pol ynerization Pressure, psi TABLE 14 37 36
St§p4n-ButyIIithiuminitiator phm=—"—"" ' 0. 085

0.110 Styrene, phm . 14 '

14yPeak Polynerization Ten{ﬁev[egfﬁ?nekum Second Embodinent 87
85;Peak Pol ymgpizakkoh Pressure. psi Run 1641 Run 17 40
St p 5 Butadiene ' 17 §

21%Peak Pol ynerization Tenperature, [err] 101 107
Pegk Pol yneri zati Giepressure. C 54 58 Step
6 §Coupi ngycloketdney phim’O, phm 168 168. 4

0. 4 TenperpdtiaByddofuran, phm 0.02 89 0.02 95
Pr @ssure, pdiutyllithium 51 54

RERLACEMENT SHEEti{ager| PPABLE 14 (Continued) |nvénfden Runs - Seddad
Enfjodi nentStyrene, phm 37 37
Peak Polymerization

: Temperature, °C _ 88 87
; Peak Polymerization Pressure, psi 37 36
. Step 2
) n~-Butyllithium 0.048 0.053
' initiator, phm
Styrene, phm 19 19
Peak Polymerization
f Temperature, °C 86 85
i Peak Polymerization Pressure, psi 33 32
: Step 3
Butadiene, phm 7.5 9
. Styrene, phm . 5 . 0
: Peak Polymerization '
: Temperature, °C 82 83
: Peak Polymerization Pressure, psi 37 36
: Step &
! n-Butyllithium initfator, phm 0.085 0.110
f Styrene, phm 14 14
b Peak Polymerization
) Temperature, °C 87 85
' Peak Polymerization Pressure, psi 41 40
Step 5
Butadiene 17.5 21
Peak Polymerization Temperature, °C 101 107
Peak Polymerization Pressure, °C 54 58
Step 6 (Coupling)
Vikoflex 7170, phm 0.4 0.4
Temperature, °C 89 95
Pressure, psi 51 54

R Ry Y
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[erT] Run 16 Run 17 Step 7 (Termi nating)

Wat er.,, phm, : _ 0.2 0.2
Car.bon Di oxi de, phm . Q1L L2 3315508
Tenmperature, [err] sy 87 oL Fo 287 Tl
Pressure, psi 50" T T B07Step .
8 (Stabilizing) Stabilizer M xtur h - 1.25
1. 25 Antibl ocki ng agent, phm Taprit 0 (Continued) 0.3

8.2

ns

0.3 Recovered Resin Melt Flg 10 .
8.6 [err] each addition of %%nrgfé%wrﬁ'ast%?@o%ﬂg%e. the feed lines

were rinsed W gdhaRRH® mately 5-20 phm cyckghgyane di pyent; and cl ear ed
wi th nitrogen _Exanple I'X Polyners from Fxanples VIl and Vi1l were bl ended

W|th Novacor 555 general purpose pol ystyrene to produce bl ends 13', 14',

15'} 16', andsdep 7f prer@yaatsakhon. The resulting bl end was ex_truded on an

8.% cm di amweesr eyphhuder and sheet line. Al blengs were 50:50 by2wei ght
iept for Ichebsh Doxidehi stim was a 60: 40 copol yner:@al ystyrene byowei g ht

ind. A O.Tedpewmtdre, §&p openi ng was used for the7preparation @7 a 0.38 mm

k extrudedssiveetpsior eval uati on. The extrudedS&heet sanpl es 5@ere

uated and the results are shown in Table 15. The fold test involves

i ng the_sBben 8ofStabdbizingh t he machi ne direction (MD) to induce a

sver se §itﬁb%]tﬁzeﬁd11x€m- Bfeak. The sheet is foldéd at two difleSent

s to al A8hiRfiockEre#8pREyi BRP bet ween brittle she®t® sanples. InPaddition,

Recovered Resin
Melt Flow, g/10 wmin 8.2 8.6

8After each addition of monomer, initiator or additive, the feed
lines were rinsed with approximately 5-20 phm cyclohexane
diluent and cleared with nitrogen.

Example IX
Polymers from Examples VII and VIII were blended with Novacor®

555 general purpose polystyrene to produce blends 13', 14', 15', 16°,
and 17' for evaluation. The resulting blend was extruded on an 8.9 cm
R diameter extruder and sheet line. All blends were 50:50 by weight

& except for blend 16', which was a 60:40 copolymer:polystyrene by weight
blend. A 0.5 mm die gap opening was used for the preparation of a 0.38
mm thick extruded sheet for evaluation.

The extruded sheet samples were evaluated and the results are

shown in Table 15. The fold test involves bending the sheet on itself

in the machine direction (MD) to induce a transverse directional (TD)

ATt RGBT AF R

break. The sheet is folded at two different rates to allow

differentiation between brittle sheet samples. In addition, the
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[err] 5.3 behavior of the sheet in response to a tear in machine and
transverse directions was determ ned. Sheets made from invention bl ends
13'," 14' and 15' all had | ess blueness than sheets made.from CORpaF ai‘suvﬁn
blend 17', but nore bl ueness than sheets nmade frofn, t’orrparam ve ‘bl €id - 16-r:¢;r
sheets fromthis set of blends. Sheets made from bl ends 14 and 15' had | ow
tatal energy hkibevicr @f vhd sbsetsiim temponse tthea valauetn obckiteersd nedestarem

bl end 16'. Sheets nade from conparative blend 16 had the | owest bl ueness
val ue of any d4rechtongr sap deberningd. a | ow total energy dart drop val ue and

brittle fold test. Sheets nade from conparative blend 17' had the hi ghest
bl ueness val ue and befhestsimeds |fren inKaRF jorvRlnmdsnl BI» en‘ds apgd' 13ngl] da
REPLACEMVENT SHEET, [err E 15 r | nventi on nve | nventi on
Conphr ati ve gﬁ?ﬁpa“éﬁ"i 3 é‘l“ 5} $neti&" Hon °°“'Pe1réh e b1and qg more

Bl ent ¢ 15 16'
17" Btyrene- bqf ealesesnethggp%t‘eel:s m(Ade from comparatii/:? blend 16 14 15
16 17

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' had low total energy dart drop values similar to the values

!
':‘4 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

L

comparative blend 17' had the highest blueness value and better

ductility than invention blends 14' and 15'.
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Copol yner: St yrene bl end ratio : 50: 50 - 50:50 | 50: 50

60: 40 . ) 50: 50 Hunter blueness b -8.0 -10.0 -0
-5.7 -13.5 Haze, % 2.46 - - - 2.48 - 33159% 97
1.63 3. 60 Transm ssion, % 89.6-- - ¢ 89 3 ; 89, 2,
89.8 88.8 Total energy dart drop5"J TR o I (e T
0. 80 1.11 0. 95 1.61 Transverse direction Fold
(fast/ sl ow D' D B/ D IABLAQLLQ B/B D D
Machi ne direction Teara D

D D Tr amwmmwmw&mﬁ D

D D ! qon In brlttl Com ts sg\(}) t ti
ei ther of t pe, enbodi ment's o?’ '1[:};\ i nve ;q ﬁ can E% dsed p f cpi %’"ﬁlmd ve
pol ymers of s?yreﬁe to producp_;-rea ns omwh i C an be ma g:- articles

havi ng |ow bl ueness and other propert; es _conpar e to or better than the

propertles of articles made from bl ends of poI ynmers of styrene with other
nonovi nyd3repdidutsdQlelgat ed di ene copolynmers. Mre particularly, a

comnpar i soncg,ff,oﬁ ya@r50: 50 (copojyymer:styrgne) invep§ion blendg 13', 14' 17
[err] and 15 with the 60:40 (copol yner:styrene) conparative bl end 16’
shgws t hedpodysdmbtefenanount of invention copol yner than conparative

copol ynmer oaendeatised to shos0:60npar ab$e sionproveoestt s i n rwedeacti on o060:50
bl jeness. Qther surprising blend properties are denonstrated by these runs.

FQG Hunter blueness b -8.0 -10.0 -10.1 -5.7 ~13.5
‘é Haze, % 2.46 2.48 2.97 1.63 3.60
Transmission, % 89.6 89.3 89.2 89.8 88.8

Total energy dart
drop, J 3.17 0.80 1.11 0.95 1.61

Transverse direction _
Fold® (fast/slow) D/D B/D B/D B/B D/D

Machine direction i
Tear" D D D D D

Transverge direction
Tear D D D D D

8D=ductile, B=brittle.

L . froa,

T
7 N

These results show that either of the embodiments of the
invention can be used in blends with polymers of styrene to produce

resins from which can be made articles having low blueness and other

el TR At L e et S

properties comparable to or better than the properties of articles made
from blends of polymers of styrene with 6ther
monovinylaromatic/conjugated diene copolymers. Hore particularly, a

comparison of the 50:50 (copolymer:styrene) invention blends 13', 14’

—_—
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exafipl e, invention blend 13' which had a total of about 75 wt %t ot aI
styrene in the blend conposition had total energy dart drop of 3.17 J
conpared to a total energy dart drop of 1.61 J for:conparative bleﬁal-?ys
whi eh had only about 70 wt % total styren |n t he bl erid .c.orrposmlon Vi le
t he pol yners and rret hods of this |nvent| or *have” beén déscti bed’in "detail.
for the purpo I |nvent|v a t ds are not
to be constrIg §§ %‘ i l‘!‘ﬁ h@:ter ST &> PACeh ‘|°'s" Tt “Z‘H egl n(g; {(;bgver 1l

changes and  ppdi f ﬁ@ife9n§mwnmf1imﬁwaehrac;pom,sw,? n,ngmcefm co L?J,.relr 1.

A nmet hod of preparing a polyner under sol ution polynerization con 8rti'ons in
a reaction zoRe,LQuRd It3l Sbw tSapathRIJi1RPrdvABAAY 1RYL&HRTBEA G£MPIAREEs .and an
initiator in the presence of a randomni zer; which is an ether, thioether, or
atertiary @ﬁhm,suﬁ:ﬁﬂsﬂﬁét!ﬂknﬂ @roﬁhﬂi’i@bn&éﬁﬂehéﬂs&kafﬁ b@nﬁhaap runs. For
nondvi nyl aromati ¢ nononer; thereafter (c) charging a mxture of a
nmonévi nyl ar eRRdp I, rm:limmmramlemi aohjmgahelchddnerﬁarroabmbuttMewem tetal d)
onally charging .a m xture of a nonovinylaromatic nononer and a
§ ugat ed dityemerrdmotrlar blenddednpes éefdnehad eptehangrgy dalne dmacef gnlhikture
a coupling agent, wherein in steps (a) and (b) 0.005 - 1.5 parts by
i §ht per tOOP4red: to mtmlgnpew @Mtaldr?mmfrrbrﬁsl dafor spmpariative dlendidd 20
® parts b)ééV\/el ght per 100 arts by wei ght of total nonomers each of the
$vi nyl ar gRath é‘aﬁn?fb‘ﬁer%‘Fe @ 5 By’é’&al TR i@ RAbe r‘?%&‘&ﬁ%”%ﬁ%ﬁ% (a) to
3pol yrrerl zation i onducted unti | £33 nt| al no free n
ragent. 2. &hﬁﬁé % ROESFS A7 AT °d30 é%g Tnlg“v(%f't S8 eg%ve( 7en(b)
and ('e)d'escribed in detail for the purpose of illustration, the fnventive
polymers 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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3. % ” The method of claim1, consisting of steps (a), (b), (c) ] (d)
and ? (e) 4. - The net hod of ‘any of clains 1-to-3—whetfetrn—eac

nonovi nyl.aromati ¢ nononer contains 8 to 12 car bon at ons._and_e
conj ugat ed di ene contains 4 to 6 carbon atomns, Lﬂ“ﬂ% maul‘ anadde‘d in
a ratio of 55 to 95, preferably of 60 to 90, and 65°to~
85 wei ght percent, nonovinylaronatic nononer to 3 t preferabl y of 10
to 40, and nost preferably of 15 to 35, weight percent conj ugat ed di ene
nononer, thus giving a resinous tapered bl ock copol ynmer. 5. The
met hod of any HMiillipsePpirelcadi pmpanyns, wherein Nmembeghm r@i9o of the
amounts of said nonovinylaromatic nonomer and s3Bd1$®REPugaD/MKgie nononer
in each of steps (c) and {d) is within the range of 1:0.63 to 1:

preferably of 1:0.67 to 1:1.8, and nost preferably of 1:0.8 to 1: 1. 5. 6.
The nethod of any of the preceding-clainms, wherein said REPLACEMENT SHEET

[err] [err] -57- nonovinyl aromat i 0. harged in step (a) is from
27 to 80, psreferably from40 to 67, Q‘nmgtﬁ-pgeferably from47 to 60, each
wei ght percent of the total nonovi nyI aromatic nonomer charged in said

met hod. 7. The net hod of .any of the preceding clains, wherein said

monovi nyl ar oneki c ArgRethed ofaPigearing at eolymsy weder, salutiono ppiymenizstionabl y
from8 to 19 and ggﬁam%?fgr@%% fon0L3 ped L& m vvel ght percent of the total
nmon@vi nyl ar omati ¢ nonomne é 'n”Sard e The met hod of
anyf{of clains 1, 2 and 4 to 7 \/\herel n said rmnow nyI aromati ¢ nononer

chagged in step (c) i s from? to 60, preferably from27 to
(a) charging a monovinylaromatic monomer and an initiator and

in the presence of a randomizer; thereafter

{ (b) charging an initiator and a monovinylaromatic monomer;
) thereafter
f 15
# (¢) charging a mixture of monovinylaromatic monomer and
; conjugated diene monomer; thereafter
i

(d) optionally charging a mixture of monovinylaromatic mono-
f{! pi] mer and conjugated diene monomer; and thereafter
.

(e) charging the reaction mixture with a coupling agent,

wherein in each of steps (a) to (d) polymerization is conducted until

25 essentially no free monomer is present.

N

The method of claim 1 consisting of steps (a), (b), (c) and (e).

3. The method of claim 1 consisting of steps (a), (b), (c), (d) and (e).
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40',-‘énd most preferably from29 to 37, weight percent of the total

I e LT

monovi nyl ar omati ¢ nononer charged in said nethod. 9. The met hod of
any.of clains 1 and 3 to 7, wherein said nonovinyl.aro ' \Bﬂrged '
in step (c) is from3 to 19, preferably from5 to‘18, mmm‘!gm RED}y @ -
from8 to 13, weight percent of the total ronovinyl arormatFc fodomér charged:”
in said nethod. 10. . The net hod of'&n’y of claims 1, 3 to 7 and 9,

wherei n sai d nonovi nyl aromati ¢ nmononer charged in step (d) is from13 to
36, preferably from16 to 32, and nost preferably from 20 to 25, weight

percent of the tot nonQvi pyl.aromagi ¢ .non r, charged | | d nethod, 11.
The nethod of any _gffhet Hée%?%coéd?"ygoilcgql .,P\Tﬁe%é'Y erlléﬁ aa‘%}h?ﬁdamno?'wy?feps
(a) and (b) is-changgfiticn nigHowirs cohfagnt I8V @t 02 PEQBbHE alMP AUrid @ash €said
amounts of polynmeric species_in said _polzrrer such that articles nade from
bl ends of said pol yesjugatet dieneneqniaiss &t {0 checathon pigmBHyeaidi mprpomers

strength. 12. . T t.ho . Y e ' L EBy, rejn
said initiator in St}e q?gggi'ﬁdg(rggm ?Og %Sﬁg? ygd p?%ég%gtﬁs&e?é re§@t ?’Q{/\@e%g&t
provide propgrti ongjrefeaaBlyniot 65 RO! BSErdachsRRUIRS pefceidi eha@vitytirofiacie
that articles made from bl ends of said pol ymer wth polynmers of styrene
have | ow bl ueness. mgnomer and 5Tt 4aePreferably ofy1G tot #Q andemast myeterablys,

sher el sai d 1111 o40s! b Sk YRl ST LEne B SEE B! v

14. % The rret%@iﬂgOi resiyond tigeredridocidicogolybmers, wherein said
iniglator in step (b) I's present in an amount at |east equal to the anmount
of idinitiator in step (a), [err] -58- preferably wherein the anount

of i : I tiator, insstepnd leth§d oMMy of thd Pretdlidy EBIm&@Svherein the weight ratio

of the amounts of said monovinylaromatic monomer and said- conju-
gated diene monomer in each of steps (c) and (d) is within the
range of 1:0.63 to 1:2, preferably of 1:0.67 to 1:1.8 and most prefe-
rably of 1:0.8 to 1:1.5. '

15 . .

6. The method of any of the preceding claims wherein said monovinyl-
aromatic monomer charged in step (a) is from 27 to 80, preferably
from 40 to 67 and most preferably from 47 to 60, each weight

éi percent of the total monovinylaromatic monomer charged in said
‘Q 20 method.

7. The method of any of the preceding claims wherein said monovinyl-
aromatic monomer charged in step (b) is from 5 to 21, preferably
from 8 to 19 and most preferably from 11 to 16, each weight

25 percent of the total monbvinylaromatic monomer charged in said
method.

8. The method of any of claims 1, 2 and 4 to 7 wherein said monovi-
nylaromatic monomer charged in step (c) is from 7 to 60, preferably

30 from 27 to 40 and most preferably from 29. to 37, each weight

This Sheet Has Been Relilaced i
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much, nost preferably fromO0.3 to 10 ti rreé as nmuch, each based on wei ght,
as the.amount of initiator in step (a). 15. : The net hod of any of

t he_ precedi ng cl ai ns, wherein each said conjugat.ed .di ene nmonormer :

1, 3<but adi ene, each sai d nonovi nyl aromati ¢ nononer ;i s st

organormnoal kali netal .initiator is n-butyllithium: sal dmmmmllmuﬂmlsl“m
chosen fromtetrahydrofuran and di ethyl "ether, and said cbuptirg dgent s

epoxi di zed vegetable oil. 16. The net hod of any of the preceding
claims, wherein polynerization is carried out in a hydrocarbon diluent;

Ssgen"and vet o BRI oS b HBORE o e

sai d coupling agepfethicghcts with products of said polynerization, the system
is treated with a term nating agent and a stabilizer, and wherein, after
termnation with said term nating agents, any remaining hydrocarbon dil uent
S irashed offy iThe method of a9 otBdRhs GOURY o616 OF RN LB ERRRkYIE Of
a nDnOV|nyIaronat|c conp Sind" &hd % conj ugated “di ene copol'yner aV|ng
pol ynmer chains \Ahla@dsmaﬁstmbnémemohmgaﬂingsﬁepm(cgtisreromrmrwsimg%feﬁmbl

erea bock o BOR S By APl petrtt i, 11 e el b,
copol yner of cl ai 7 [ f I and
m)gt %ref erably f?&o"]r% 8%*23&’ t@gal ﬁmgﬁgﬁtﬁylﬁfbn?ém RhSAGheP! hatde@Mid QaldP ML

percent polynerized nonovinylaronatic
nmongner, based onthodt al wei ght of nononmers in said copolymer. 19.
(i

Artlicl es made fromthe copol yner of claim 17 or 18.

. 10 10. The method of any of claims 1, 3 to 7 and 9 wherein said monovi-
nylaromatic monomer charged in step (d) is from 13 to 36, prefera-
i bly from 16 to 32 and most preferably from 20 to 25, each weight
percent of the total monovinylaromatic monomer charged in said
method.
15 _ :
11. The method of any of the preceding claims wherein said initiator in

steps (a) and (b) is charged in amounts effective to provide propor-

tionate amounts of polymeric species in said polymer such that
“’i articles made from blends of said polymer with polymers of styrene
'\, 20 have improved impact strength.

12. The method of any of the preceding claims wherein said initiator in
steps (a) and (b) is charged in amounts effective to provide propor-
tionate amounts of polymeric species in said polymer such that

25 articles made from blends of said polymer with polymers of styrene

have low blueness.

13. The method of any of the preceding claims wherein said initiator in
steps (2) and (b) is charged in amounts effective to provide polymer

30 having a melt flow in the range from 2 to 50 g/10 min.
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20.~ Bl ends of a polyner of styrene and the copolyner of claim17 or

18. 21. : The bl end of claim20, wherein sai dpotyrer—ef—styrene is
present in an amount in the rangefromlOto 70, I from20’to
65, .and nost preferably from 30 to 60, weight per cenﬂmﬁa Fw" ,H",I :
wei ght of said blend. 22. - - Articles, made fro ai m 20"
or 21. REPLACEMENT SHEET [err] -60 - 18. A polynodal couple r ési nous

bl ock copol ynmer of a nonovinyl aromatic conpound and a conjugated di ene,
sai d copol ynmer havi ng polynmer chains which result fromcoupling S-S B/S-Li

wher ei n S 13 TROQvdthyd OBt of th Prkcedling TlaimeNbkraire daidi ﬁﬂﬁaé&%k B/'S
= tapered block Li = _living polymer site or coupling site.

pol ynodal coupl ed ste@i(Bduis present t!b@@l mnnbfatalemh@quﬁlyrto dhénaﬁioclntcnfpound
and a conjugated dje C vV ch result
from coupling S Sséf(g%%‘féﬁt I‘Sg%%sygeyﬁ% %ﬂgr\@?#m ﬁée oum of Tnitiator
nonovi nyl aromati ¢ jal §ef (b) is from 0.25 to 300 times as much, most preferably from

5 0.3 to 10 times as much, each based on weight as the amount of

initiator in step (a).

15. The method of any of the preceding claims wherein each said

conjugated diene monomer is 1,3-butadiene, each said monovinylaro-

Y
P A
F- RN

10 matic monomer is styrene, said organomonoalkali metal initiator is
n-butyllithium, said randomizer is one chosen from tetrahydrofuran
and diethyl ether, and said coupling agent is epoxidized vegetable
oil.

15 16. The method of any of the preceding claims wherein polymerization

is carried out in a hydrocarbon diluent;

wherein said polymerization is carried out in a substantial absence
iz of oxygen and water at temperatures ranging from 10 to 150 °C;

20

N

wherein, after said coupling agent reacts with products of said
polymerization, the system is treated with a terminating agent and
a stabilizer; and

25 wherein, after termination with said terminating agents, any remai-

ning hydrocarbon dilent is flashed off.

17. Polymodal cop'olymers produced in accordance with the method of
any of the preceding claims. '

_____‘____________.
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B "= conjugated diene block BIS = tapered block Li = Living pol yner

site or coupling site. 20. The copol yner of claim 18 or 19 havi m 55

to 95, preferably from60 to 90 and nost preferamTTTGﬁ’G’SI}[L(L)ﬂg?{eJaehr

wei ght percent polynerized nonovinyl aromatic nono m\ wei ght
of nononers in-said copolyner. 21. Arti cl_%s_ made . ﬁm&n ‘““ of any.
of clainms 17 to 20.

18. A polymodal coupled resinous block copolymer of a monovinyl
aromatic compound and a conjugated diene, said copolymer having

polymer chains which result from coupling

5 S-S-B/S-Li
S-B/S-Li
wherein S = monovinylaromatic block
B = conjugated diene block
(5 10 ' B/S = tapered block
Li = living polymer site

or coupling site.

19. A polymodal coupled resinous block copolymer of a monovinyl
15 aromatic compound and a conjugated diene, said copolymer having

polymer chains which result from coupling

S-S-B/S-B/S-Li
S-B/S-B/S-Li
S
‘-{v wherein S = monovinylaromatic block
B = conjugated diene block
B/S = tapered block
Li = living polymer site
25 or coupling site.

20. The copolymef of claim 18 or 19 having from S5 to 95, preferably
from 60 to 90 and most preferably from 65 to 85, each weight
percent polymerized monovinylaromatic monomer based on total

30 weight of monomers in said copolymer.

21. Articles made _frorn the copolymer of any of claims 17 to 20.
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22. Blends of a polymer of styrene and the copolymer of any of claims
17 to 20. °

23. The blend of claim 22 wherein said polymer of styrene is present in
s an amount in the range from 10 to 70, preferably from 20 to 65
and most preferably from 30 to 60, each weight percent based on

total weight of said blend.

& 24. Articles made from the blend of claim 22 or 23.

10
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