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TARRERD BLOCK COPOLYMERS OF MONOVI NYLARENES AND' CONJUGATED DI EN Fleld of
the I nvention Thi's invention relates to tapered bl ock copolyners
nonovi nyl arenes and conj ugated di enes and net hods of preparation oijagse
tapered bl ock copol ymers. Background of the Invention There has developed
in the polymer field, and especially in the packagi ng and rel ated
industries, a need for t hernopl astic polyners that can be forned into
trana@arent articles having high inpact strength with good environnental
stresS crack resistance. There are needs for polyners which are useful as
si ngl-e conmponents as well as for use in blends to inprove properties of
articles made from ot her comonly used pol yners. The pol yners satisfying

t hese needs should be suitable for use with conventional extrusion,

i njection and bl ow nol di ng equi prrent and al so suitable for use in other

met hods of formng plastics into containers, tubes, filns, fibers, and the
like. Pol ystyrene, high i npact pol ystyrene, branched bl ock copol yners)
and the |i ke have been devel oped to neet these criteria with various
degrees of satisfaction. Miuch effort has been directed to the preparation
of substantially transparent bl ock copolyﬁer resins with a variety of block
structures produced by a variety of nononmer addition sequences and a

TAPERED BLOCK COPOLYMERS OF MONOVINYLARENES

AND CONJUGATED DIENES

Field of the Iavention

This inveation relates to tapered block copolymers of
monovinylarenes and conjugated dienes and methods of preparation of

these taperasd block copolymers.

Background of the Inventionm

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 transparent articles having high impact strength
with good environmental stress crack resistance. There are needs for
polymers which are useful as single components as well as for use in
blands to improve properties of articles made from other commonly used
polymers. The polymers satisfying these needs should be suitabls for
use with conventional éétrﬁsiqp, injectien fndtelq; molding equipment

and also suitable for use in other methods of forming plastics into

containers, tubes, films, fibers, and the like. Polystyrene, high



variety of coupling agents. Polynerization of styrene and butadiene wth
organolithiuminitiators to produce bl ock copolyners in which one or nore
non- el ast omeri ¢ pol yner bl ocks are bonded to one or nore el astoneric

pol ymer bl ocks has been disclosed. Block copolynmers have been formed by

" sequential charges of the nononers, sonetires followed by introduction of
one o[, nore coupling agents into the reaction. Tapered blocks in
styrene/ but admetrs ipPbescyeefol PREIEehaviocheerrodyapimed by hsi hilft ARk Re"
chargi ng of nononers to the pol ynerization zone. Literally_thoysands of
“various conbfratiapsd m§%ﬁ&8ﬁ%“_e§"b‘?‘"éﬁd‘f‘g}§s"ﬁt°ﬁﬁ 183 ﬁﬁdsaccgﬁ 195487
agents are possible. One prablem encountered in makin .

nonovi nyl ar omat i c- con‘}‘ﬁ"ga eégm'cﬁ S gﬁ“BEk%éBb%qegnetPs tlhg CERRGGRY Phe

exotherm ¢ reacti on L SIPErALUL E5: 2R ESR4TF MLEN.CRtT BPLdl ey GACBIILON

peaks if |argé 0 rges are nade 1 0 produce large

the copol ymers. Symagr roﬁtu:édh%gl E‘V\gagti%f):}]oc d ml;§oxlf3e@ Q&4 8Gba Odequbhes AYENL I ON

to provide i Aproved resinous taper copol ymers of vinyl-substituted

aromatic hydrgearhons and; senhpgated dienes which can be used neat or in
bl ends to naKe ar%?c?es 9 ﬁ%ﬂbstitute sheet - 22 August 2000 3

Polymerization of styrene and butadiene with organolithium
~ initlators to ptoducg block copolym;rs in which one or more
non-elastomeric polymer blocks are bonded to one or more elastomeric
polymer blocks has been disclosed. Block copolymers have been formed by
sequential charges of the monomers, sometimes followed by introduction
of one or more coupling agents into the reaction. Tapered blocks in
styrene/butadiene block copolymers have been prepared by simultaneous
charging of monomers to the pblymerization.zone. Literally thousands of
various combinations of sequences of charges of monomers and coupling
agents are possible.
One problem encountered in making monovinylaromatic-conjugated
 diene block copolymers is control of the exothermic _reaction
temperatures and pressﬁ-re which can rapidly reach high peaks if large
monomer charges are made in order to produce lé.rge blocks in the

copolymers.

Summary of the Invention

It is an object of this invention to pravide improved resinous
tapered block copolymers of vinyl-substituted aromatic hydrocarbons and

conjugated dienes which can be used neat or in blends to make articles



wi th inproved environmental stress crack resistance and good i npact
strength. A further object of this invention is to provide a process for
maki ng resi nous tapered bl ock copol ynmers of vi ng g Etic

hydr ocar bons and conj ugat ed di enes. One pur poselloTHISIGHEEFHHEBEEN gl t 0 avoi d
difficult-to-control tenperature and pressure e t r emeBERAGEP pr od Iti ng
nonovi nyl aromat i ¢/ conj ugat ed di ene tapered bl ocks—TTr copol yners with
desirabl e praper taesved recaipreberaled:egdiodizaeit cdshetideventid Ve RONabydeer S
-3a- eonprising 53 to 95 wt.-% of a nonovinyl aromatic nononer and 4 to 5
wt. of a cosjtuegmtéd di ene nononer are prepared under sol ution

pol yneri zation conditions in a reaction zone by: - (a) charging a

monovi nyl aromat i ¢ nohduskhegnebigatiafi th &g drventioheipreserryddefa areeasdofzer
al 'owi ng polynerization to occur until essentially no free nmonomer is
present; th&rERR &esPPscHpergrhdlark isPPPtEtys aRd @7 hoHESE hjH e oftrieic
nmonomer and al | ow ggﬂ?lglp nmenzation to occur_until essentially no free

nonomer i s QYBERHT aFPAF83EES tRERYI nd"8 AFSPLHR & o IDIRFGFRSA df ofmati ¢

nmononer and conju g,ted i.ene npngoner al | Qw_ng lymerization to occyr until
essenti al | y #{8* r% ‘fﬁ%‘h%rrg? °|°§Prﬁ°?eseeﬁ??m%éxrr%a ?"gry‘(eafutahaf‘gﬁ”ﬁﬁesa Hixture of

nonovi nyl ar gggg&&ngggﬁggﬁ%g?{%mwmlﬂgﬁf%t%{i) N APNQYEL - AN 5 Ak QW 30

pol ymeri zation to essentl a
copolymers with desirable properties.

In a praferred embodiment the iaventive copolymers are
prepared under solution polymerization conditions in a reaction zone by:

() chazging.a monovinylaromatic monomer and an initiator in
the prasence of & randomizer gnd allowing polymerization to occur until
essentially no frae mooomer is present; thersafter

(b) charging an initiator and a moncvinylaromatic monomer and
allowing polymerization to occur until essentially no free monomer is
prasent; thereafter

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

(d) charging a mixture of monovinylarom_atic monemer and
conjugated diene monomer and allowing polymerization to occur until
aessentially no frese monomer is present; thereafter

(e) <charging a conjugatad diene monomer and allowing
essentially completa polymerization to occur until essentially no free
monomer is prasent; and tRereafter

(£) charging the reaction mixturs with a coupling agent.
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free nmononer is present; thereafter (e) charging a conjugated di ene nononer
and all owi ng essentially conplete polynerization to occur until essentially
no free nononer is present; and. thereafter (f).charging the reaction

m xture with a coupling agent, wherein said nonovinyl aromati c nononer
charged in step (a) is from 277 to 80 wei d‘ht percent of the total

nonovi nyl aromati ¢ nononer char ged Li{nd ai d, thoc%; Wnc—irei n.said
nmonovi nyl ar omati ¢ nononer char g%#—:—-ﬁ— L 2By oy VERtiss \ei ght

f th I L nyl ' I d. hod;.
percem o1, e otel ROGULIML KRS 6oRIBT e LA B YL TR DO

i
wher ei n sai d nonovi nyl aronati ¢ fmononer

wei ght percere_taﬁgfeqt @oékotc%of;ﬁ@pe/ww,@rcgwé ﬁs,;@ﬁgg@ro chaldsd Ji?g)sﬁ?'&;lgm??som

met hod, wher el sal nonovi nyl aronat| ¢ nononmer charged In step

510 4.7 wei gt sPRFdk@Nto OfcddiCs tALRs RBOY T it B OPRLE TNONRE;QRArgRg, i N
sai d nethod, and wherein the charging m xtures of (c) and (d) do not

conprise an ijRbtéakiObavironkiital | £GeiP$eaéPldeads hct NAd! ot hguec Ve Rayen.

di scovered i nproved nonovi nyl aromati c/ conj ugat ed di ene tapered bl ock

copol yners whi ch can tte gsbtfhereadf ahidliancerioni dde phdnareEsized as resinous,
non~rubbery polymodal block copolymers of at least one conjugated diene
with at least one monovinylarene, having at least two random-tapered_
blocks and are preparad 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 prepared 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 substituted aroﬁatic hydrocarbon monomer based on the weight
of total monomers employed. Correspondingly, the inventive copolymers
contain from about 45 to about 5, 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 .two central internal tapered blocks of
monovinylarepe and conjugdted diene. The resinous copolymeric polymodal
prbducts also contain portions of linear uncoupled block copolymers.of

poly(monovinylarene)/poly{conjugated diene); the linear uncoupled block



of styrene to produce resins which can be forned into articles with

i nproved environnental stress crack resistance and good i npact strength.
The polyners of this invention are characterized as resinous, non-rubbery
pol ynodal bl ock copol yners of at | east one conjugated diene with at |east
one nonovi nyl arene, having at |east two randomtapered bl ocks and are
prepared so that, when the choice of coupling agent pernits, at least a

portion of thepblywlcr poodact 14 3c&fslaen{dar&ghgg,,,,pqq,gj,ggmcghgg@t_cgogro The,
pol yners prepared according to this invention contain from about §5 to
about 95, pr efeeiadisyptadont aliohit rea@etd DOt oBsa IS @pRFEfGr abl y from about
65 to about 85, weight percent of copolynerized nonovinyl substituted
aromati c hydrocarbon nononmer based on the weight of total nononers

enpl oyed. Correspondingly, the inventive copolynmers contain from about 45
to about 5, [PBREABEy from about 40 to about 10, and nore preferably from
about 35 to about 15 wei ght percent copol yneri zed conjugated di ene nononer
based on the total wel§hPreesFotofRis ipnﬁe{’hf@ncmbyn@rr.riime:uc&;ou#ﬂ!e@lny of

portions of the resinous polynodal bl ock copol yners of this invention have
terninal pol igﬁn%’iﬁaﬂ?’l“’é‘f’éﬁglﬁl BRiad S?f“ﬁ"ﬁédse)?tfe%‘tﬁ AermarlasRibiwhegein Ri aeaan or

radi al copol ml ecu and fyrther contain at |east two central
i nt er nal tapé?g%l bi® %ﬁogllg‘fl oo iliﬁ?f HWPERD SRR ICOARS JghP e} GFBoR atme and ¥

R L R YT SR SR WO
the linear ug¢oMRbRS ¥hGEK compounds,  especially n-butyllithium or
sec-butyllithium.

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
the same sequence of charges may be the same, but are not necessarily
the same, conjugated dienes or the same mixtures of conjugated dienes.
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-methylstyrane,
4-methylstyrene, 3-methylstyrene, 2-methylstyrene, 4-ethylstyrene,
3-ethylstyrene, 2-ethylstyrene, 4-tert~butylsty;ene, 2,4~dimethylstyrene
and condensed aromatics such as vinyl napthaléne and mixtures thereof.
Each of the charges containing monovinylaromatic monomer in the same
sequence of charges may be .the same but are not necessarily the éame,
monovinylaromatic monomer or mixture of monovinylaromatic moﬁomers. The

presently preferred monovinylaromatic monomer [s stycene.



copol ymer content is considered to be an inportant portion of the resinous
product with respect to its overall properties. Conobonents The process of
this invention can be carried out with any of the organononoal kali net al
conmpounds of the fornula RMwherein Ris ag al kyl, cycloal kyl or

aryl carbani on containing 4 to 8 carbon atons and Mis an al kyl netal

cation. The presentEkynpiesf efr edld Middmpbodds amechl Ky rmenoldivihtageously
conmpounds, especially n-butyllithium or sec-butyllithium The

conj ugat ed demgrieyedrromessionbhzats gah premersad cbrinat imtdon dnbtitks bowera:tlgrrsasand
i ncl ude 1, 3-but adi ene, 2-nethyl -1, 3-but adi ene, 2-ethyl -1, 3- but adi ene,

2, 3-di met hyl rqlpd:@mbmradiﬂehe%tahds 1 tsiwwaﬁli@véfmé)nﬂm (Feesiatfepniles - Eabth of
t he charges contai ning conjugated diene in the sane sequence of charges may
be the sane, fputsuagtly mseteae s§°ar‘ﬁsl“ye¥‘?f'€"sa‘|*?e sud bifjesgat é'd‘ldf‘e‘ﬁé*s gl igals

sanme m xtures of ugat ed di enes. Present prefe red ¢ ated di ene
nmonomer is 1a%‘aﬁﬁﬁ‘§d+‘%n ‘ﬂ*fég?ﬂ)n?ﬁllghﬂ}lf’éfo?fé%ﬁs 24BN %é%ﬁ?lﬁe used

contain 8 to_12 rbon at oms_and de st | st
4- et hyl styr%%eeci% e et R oS e i“apedfh Ils?% 1ngrHes,

et chfarnd1 bR K et ETderll yLﬁ A" 8060y 2.fidl ”%thﬁer logrene

and condensed” ahgna?lcs SUcCIT ‘as Vi napt h ne a n1xtures t
of the char gg&&on&@nnw&,mmy nyAi%@gatdisxmo&rez-dmeehfaﬁymesedq@emqu of

charges may be tHhe sane but are’'not necessarily the same,
"ether, diphenyl ether, 1,2-dimethoxybenzene, tetramethylene oxide
(tetrahydrofuran), potassium alkoxide, dimethyl sulfide, diethyl
sulfide, di-n-propyl sulfide, di-n-butyl sulfide, methyl ethyl sulfide,
dimethylethylamine, tri-n-propylamine, tri-n-butylamine, trimethylamine,
triethylamine, tetramethylethylenedlamine, tetraethylethylenediamine,
pentamethyl-diethyleneamine, N,N~-di-methylaniline,
N-methyl-N-ethylaniline, N-methylmorpholine, and the like. Mixtures of
these polar compounds also can be employed in the practice of the
present invention. Presently preferred are either tetrahydrofuran or
diethyl ether.

Among the suitable coupling agents are the di- or
multivinylaromatic compounds, di- or muléiepoxides, di- or
multiisocyanates, di- or multiimines, di- or multialdehydes, di- or
multiketones, alkoxytin compounds, di- or multihalides, particularly
silicon halides and halosilanes, mono-, d.i-’ or multianhydrides, mono-,
di-, or multlesters, preferably the esters of monoalcohols with
polycarboxylic acids, diesters which are esters of moachydric alcohols
with dicarboxylic acids, lactones, and the like, including compounds

containing two or more groups and mixtures of two or more compounds.



nmonovi nyl aromati ¢ nonomer or m xture of nonovinyl aromati c nononmers. The
presently preferred nonovinyl aromati ¢ nononer is styrene. Exanpl es of
pol ar conmpounds whi ch can be advant ageously enpl oyed as random zers and
pronoters of initiation in this invention as random zers are ethers,
thioethers (sulfides) and tertiary amines. It is usually preferred to use
ethers and sulfides in which the radicals7attached to the oxygen or sul fur
atons are hydrocarbon radicals. Specific exanples of such polar materials
i ncl ude di met hyl et fegsmplgisepfiysuisthir viey leypratdehgpurdiiRer a8 a8t hyingdepy|
ether, di-n-propyl ether, di-n-octyl ether, anisqle, dioxan

d
1, 2- di met hoRYet AEheoHi BEHAPE demer LViYdReHRRAe et Het 1411 YHVﬁé?ﬁﬁﬁﬁbenzene,
t et t hyl i d t hydr of ' | koxi,d di net hyl
Sul e, it Shns Litmpeiteft 3 BisE b T IaRRbAE R ST S T et 1y
et hyl sul fide,. dinethyl ethyl am I« e pr | am_ne, I rn=-but vl and .
ety S 11 e LN SHRAAT iy LR oBY LS L LA

tetraet hyl eﬂ*ﬁgd@??ﬂgﬁg”k?%;ﬁ%%gggé%?gt§%§ti£ﬁ#§&by|é¥9§@§ﬁﬂaﬁzene in either its

N, N-di - net hyl ani T'i ne, l'ani'line, N-methylnorpholine, and the
l'i ke. M xt y{@},%,oﬁ.e{ﬂe%‘%_ BQ}@&sSRQ&P.OU@Qﬁm?Jc%Ql AR iRpIRARLAY §a it ihe

practice of the present invention. Presently preferred are either
tetrahydr of Wfan el o dicgt hilre £1138ke rsABRNG thEIE cShiiduabl ersCoupisitageagents are

the di- or multivinylaromatic conpounds, di-- or nultiepoxides, di- or

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

Organoalkyl phosphites, aryl phosphites and arylalkyl
phosphites are considered useful as coupling agents in this inventiom.

Examples of suitable multiisocyanate coupling agents include
benzene-1,2,4~triisocyanate, naphthalene-1,2,5,7-tetraisocyanate, and
the like and mixtures thereof. 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,
tri(2-methyl-1-aziridinyl)-phosphine oxide, tri(2-ethyl-3-decyl-1-
aziridinyl)phosphine sulfide, and the like and mixtures thereof.

The multialdehyde coupling agents are represented by compounds

such as 1,4,7-naphthalenetricarboxyaldehyde,



mul ti socyanates, di- or nultiimnes, di- or nultial dehydes, di- or

mul ti ket ones, al koxytin conpounds, di- or nultihalides, particularly
silicon halides and hal osil anes, nono-, di-, or nultianhydrides, nono-,

di-, or nultiesters, preferably the esters of nonoal cohols with

pol ycarboxylic acids, diesters which are esters of nonohydric alcohols with
di car Boxyl i c acids, |actones, and the |ike,®including conpounds containing
two or nore grqups and m xtures, of i or npr.e_conpounds. 7 Exanpl es of
sui tabl e vi ny} 'gr'g'rr%ﬁ‘ﬁhé"%"d'ﬁf)‘F CAGPUya '¥\‘§‘Yfiﬁcl Lrde3-apaEnehtden thorya ldefydeg and o,
di vi nyl benzene, .,1,2 4-triyvinyl benzeng, 1,6 3-divinylnaphthal ene,

1,3, 5-trivi nyl W4hht hdé'ﬂéhaelfie‘l}v,d%:m EAY S 5?1'g‘mﬂt, cﬁg‘gi F EBBFbpeTPPBEIPene ™ and
the like. O +t e diyinylar ti,c hydrocarhb ar referred,
particularly md‘ll\???l%oﬁ‘%%zeg]é“ i ny%%fh‘ge@efit s ort hcéj,mpcr’r‘gr{ a, dqﬁmgar aa%i somner.

Conmer ci al diyisnyl hRAZENAWMYLEBd: , a2 m)atiuaaoquémoma%@ng,sodr;;ﬁr EhaNfQt her
conpounds is satisfactory. Epoxidized hydrocarbon polyners such as

epoxi di zed | igpding10! yDUErRdinQ el ARG SROXY 1£0THQURISomIC L 8S diahydbife,
9, 10-tri epoxydecane, and the like, can be used as coupling agents.

Organoal kyl phgzphetmaseidraphydiias ptupoegnend any/| ek ikphoFranpBss dEethe
consi dered useful as coupling agents in this invention. Exanples of

sui t abl e mul tisodystreate cdnplideg agrirtbyladdparks benzeinehildit4atq,i socyanate,
napht hal ene-1, 2,5, 7-tetrai socyanate, and .

: © 1,3,5-benzenetricarboxylic acid, triethyl ester, and the like. Mixtures
of multialdehydes can be used.

Among the multihalide coupling agents are the silicon
tetrahalides such as silicon tetrachloride, silicon tetrabromide, and
silicon tetraiodide; the trihalosilanes such as trichlorosilane,
trichlorcethylsilane, tribromobenzylsilane, and the 1like; 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 {nert 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.

" Qther metal multihalides, particularly those of tin, lead, or
germanium, can be employed as coupling and branching agents. Tri- and
tetra~alkoxy tin compounds. may be used. Silicon or other metal

multialkoxides, such as silicon tetraethoxide, are also suitable

coupling agents.



the like and m xtures thereof. Comercially avail abl e products known as
PAPI -1, a pol yaryl pol yi socynnate havi ng an average of 3 isocyanate groups
per nol ecul e and an average nol ecul ar wei ght of about 380 are suitable. The
mul tiimnes, also known as nultiaziridinyl conpounds, such as those
containing 3 or nore aziridine rings per nolecule, are useful as coupling
agents. Cther conpounds useful as couplirfg agents include tetravinyl
silane, trivinyl phosphine, the triazjiridin hosphi ne oxi des _or sul fides
such as tri(l-azi rid?’%&"?’?ﬁ%o‘%ph?°rT8°‘b’5?Jr‘de°,°“tﬂ"1R8 200 MRaRL0E5 e

L1122 et byl O oS DG X L6120 E8 B sogy -1 -

aziridi nyl ) phosphi ne sul e like’an xture ereof. The
mul ti al debyde 2CoURbROB-08dHR AT £ 4L ERBREH-Gdn WM of@TPOUNDS sUCh as
1, 4, 7- napht hal enet ri car boxyal dehyde, 1,7,9-ant hracenetrtcarboxyal dehyde,

1, 3, 5- pent angbk i £3-boepsay dshydeancald 1Shmd BLd Nfokyad-telmfig=cont ai ni ng
aliphatic and aromati c conpounds. The nultiketones are r epr esent ed

by  conpounds; 1iSughdiepasy-B-ferttadbcaphb) aGenetsgls-aiQpoxy-7, l4-eicosanedione,
2, 3-di acet onyl cycl ohexanone, and the |ike. Exanples of the multianhydrides
i ncl ude pyr angl tiet ickadi anhydri de, styrene-nmal ei c anhydride copol yners, and
the Iike. Exanpl es of the nultiesters i ncl ude di et hyl adi pat e,
triethylcitrate, 1, sefbénmeitdfrnaderioxyddupling dgents etinlhdestprxidéad t he
like. Mxtures of multial debydes can be used.

vegetable oils such as epoxidized soybean o0il, epoxidized linseed oil

and the-like or mixtures thereof.

The presently preferred coupling agent is epoxidized vegetable

oil. Most preferred is epoxidized soybean oil.

Process

The unique polymodal tapered block character of the polymer
and improved environmental stress crack resistance of articles made from
the polymer are produced by the unigue sequences of two separate initial
charges of monovinylaromatic monomer and initiator, followed by two
separate charges of a mixture of monovinylaromatic monomer and
conjugated diene, followed by a separate charge of conjugated diene
monomer, and a subsequent coupling step.

The first initiator charge produces active living monovinyl
aromatic component polymer blocks with alkali metal atoms (from the
initiator) on at least one end to form active reaction sites. Each
subsequent monomer charge adds monomer to the living polymer chain at
the alkall metal reaction.” At each stagé of charging, polymerization is

allowed to continue until essentially no free monomer is present.



Anong the nultihalide coupling agents are the silicon tetrahalides such as
silicon tetrachloride, silicon tetrabromde, and silicon tetraiodide; the
trihal osilanes such as trichlorosilane, trichloroethylsilane,

tri bronobenzyl silane, and the |like; and the multihal ogen-substituted

hydr ocar bons, such as 1,3,5-tri (brononet hyll{- benzene

2,5 ,6,9-tetrachl oro-3, 7- decadlene and the |i I n which the hal ogen is
attached to a carbon “Bnfah SHPIg et iEkarse éﬂ”&?:t’rr\fzét"il“rfg iGioiaFosudh™¥s an

ether.linkage,,a ca rou car bon-to-c bl e bond
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those of tin, lead, or germahium} can be enpl oyed as coupling an branch I ng

agents. Tri- perlﬁl.etrea{mal KLY bd 63 A OTERQY NGS boBRYenBS #iSG&Unonovdhl ] GBS ;i
other nmetal rnultial koxi des, such as silicon tetraethoxide, are al so

sui tabl e couptédg agesn §g1ymer9,;aEx&rrIbeesaa{ nEASHRUEKES 26 Odinda DA 1Hg RBHS 1thPaN
one type of functional gr oup I ncl ude 1, 3-di chl or o- 2- pr opanone,

2, 2-di br ono- Qrcdlﬂ(taaoneiheﬁ,zﬂfxﬂlhbe’s)ﬁﬁ-Bazmmhﬁl‘lmemat]ipZmonome: and conjugated

4,5-dfepoxy-3-pentanone, 1,2; 4,5-di epoxy-3--hexanone,
diene are charged, the polymer chains will be terminated with the
monovinyl aromatic rich ends of the tapered blocks prior to coupling.
After virtually complete polymerization of the final monomer charge, the
active living linear block copolymers are charged with at least one
difunctional or polyfunctional coupling agent to allow coupling of each
of the living species with each of the other living species or with
others of the same living.species to form the desired polymodal tapered
_block copolymers. If the coupling agent is not 100 percent efficient
and/or if less or more than a stoichiometric amount is used, there can
be some uncoupled terminated polymer chains of each of the species in
the final reaction mixture.

Use of difunctional coupling agents will produce predominantly
linear polymer chains. Depending upon functicnality, various degrees
and kinds of branching may be accomplished with polyfunctioral coupling
agents. Variations in the amount of a particular polyfunctional
coupling agent a.l-so can be used to manipulate the degree and kind of
branching at the coupling eites.

The charging sequence of this fnvention and the resulting

polymers at- each stage are exemplified using a selected



1,2; 11, 12-di epoxy- 8- pent adecanone, 1,3; 18, 19-di epoxy-7, 14-ei cosanedi one,
and the like. Useful nultifunctional coupling agents include epoxidized
veget abl e oils such as epoxi di zed soybean oil, epoxidized |inseed oil and
the like or m xtures thereof. The presently preferred coupling agent is
epoxi di zed vegetable oil. Mst preferred s epoxidized soybean oil. Process

The uni que polg 3§I t apered bl ock character of the mer and i nproved
envi r onment™ A" t4% §°T?rté8k""?“é’§F§t &ﬁﬁé“&i‘l’:“%r"c‘le&Fe%“dnﬂaéY GRite pOYRMEE are

produced by th uences ,of two separate initial charges of

monovi nyl ar%ﬁ?ﬁ? nbﬁor?é?q‘é t?sh ifator, followed by two separate- charges
of a m xture of nonovinyl aromati c nononer and conjugated di ene, followed by
a separate charge of conjugated diene yp r, and a subsequent coupling
step. The first initiator charge produces active |iving nonovinyl aromatic

conponent pol yner bl ocks wth g&gkgomg@gg@&@ug;wm the initiator) on at
| east one end to formactive reac M Sltes ach subsequent nononer
charge addsgy tagnomer t 0 chR€edcs VN @rRA}yMEr chai n at gdiA cahK i x{f@%ams

rea_cti on. each stage of charging, polynerization 1S allowe nue
until essentiadl |y no freeationordy, isiflaesent . to $,-Li,
and styrene,
(b) initiator, and styrene, © 8:-8.-Li,
Sz-Liz.
() butadiene; and styrene, S$,;-8;-B,/8,-Li,
'Bx/S;’Liz
(d) butadiene, and styrene, $,-5,-B,/8,-8,/5,-Li,

-B1/8;-B3/S,4-Li,

(e) butadiene: S"Sz"BI/S]'Bz/sk‘Bg‘Lil
'51/81'32/Sg-BJ'Li1

(£) epoxidized vegetable oil polymodal tapered
block polymers
with styrene
terminal blocks

where § = styrene

8 butadieﬁe

B/S = tapered block
residue from a monoalkali metal initiator

remaining on. the end of the polymerization
chain prior to termination or coupling.

Li

i

subscripts = designation of the numerical order in which
that particular component wdas charged or
formed.

The randomizer is usually added with the diluent initially

charged to the reactor. The third and fourth charges (c) and (d) which



Wth each subsequent charge which includes initiator a new polyner-lithium
species will be produced, and each subsequent nononer charge has an
opportunity for polynerization of part. of the charge with each of the

exi sting polyner-lithiumspecies. Each of the active |living polyner chains
W ll be term nated on both ends with nonovinyl aromatic blocks after

pol yneri zati on of each nonomer charge contai ni ng nonovinyl aromatic. Wen
m xtures of nonovinyl aromatic nononer and conjugated di ene are charged,
the pol ynmerhbayraitie wpdmegad rayr hienat Bk wiat v xtirenofiovhhyiwoamoneneice ekFch ends
of the tapered blocks prior to coupling. After virtually conplete

pol yreri zat § bH l6gneye FhafaingreforHs sepgrage manRBegicti ve 1iving |inear bl ock
copol ynmers are char%ed with at | east one difunctional or po]yfunctional
coupl i ng agent to alfofftdtpPtHy 6P™ e%‘c"hiﬁ‘fe‘f“ﬁ‘g"%ev?ﬁ‘@*%ﬁgc’i’€§e%i ¥ tB8ch of
the other living species or !\é\{th ot hers of the Same Iitvin \ %pecti es to form
t he desi reddb%rlggﬂ%asﬁq“f%cﬁer %HP82 'CSB%'Teyﬁé?sa. P % HE° OTPIF Ty SREEM i s
not 100 percgn fficj a Lo or e .a, st.oi.chi teic
anount is uggd’,&’ﬁﬁé&%egfﬁﬁsbggéogﬁekﬁﬁclgﬁgl edn{ige&{’mp %%&%owﬂﬁg?&c aolcﬁs of

each of thecﬁp%qginsfs IcBnd NG thd NALaE £AC) | EEThXE U ndisRu0fr dkiginctibonals
ents w || My |

coupling ag produce predom nantly |i1near polynmer chal ns.

Dependi ng upgap sbupsdduebdl i ty, various degrees and kinds of branching may be
acconpl i shed wi th pol yfunctional coupling agents. Variations in the
amount of a particulapepsl plodst iianaictc AEPlthagg A pdisaefathdiasused to

mani pul ate the degree and ki nd of branching at the coupling sites. The

char gi ng septeineed dfy shmsltamacsusly athaagithgt et @oth tiongmers in the third and
fourth steps shown in the precgeding table of a typical inventive
charging sequence.

The randomizér regulates tapering or random polymerization of
the monovinylaroﬁatic monomer and the conjugated diene in a mixed
monomer charge. Choice of randomizer can be used to manipulate the
direction of taper in blocks 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.
monovinylaromatic rich chain to conjugated dieme rich chain according to
which monomer enters the chain faster. 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 rﬁonomer and the conjugated diene are present, the
block tapers gradually from an essentially polybutadiene block to an
essentially monovinyl suSstituted aromatic polymer segment.

The weight ratio of monovinyl substituted aromatic monomer to
conjugated diene monomer charged in steps tc) and (d) is from about

1:0.63 to about 1:2, preferably from about 1:0.67 to about 1:1.8, and



pol ymers at each stage are exenplified using a sel ected

nonovi nyl acomati ¢ nononer, conjugated di ene and pol yfuncti onal coupling
agent in the following table. TABLE 1 Invention Chargi ng Sequence [err] The
random zer is usually added with the diluent initially charged to the
reactor. The third and fourth charges (c) and (d) which 12 have two
nmononérs may be either a m xture of the tiwo nononers or sinultaneous
charging of two separate nononers. As can be seen fromthe internedi ate
products | metecdefietdbdy chramgabmptséquénce 4tk et :@bove, Thizhes fghar eaaios| east
two distinct species of polynmer chains before coupling. Thus, pol ynodal
t aper ed bl esckoCiopdl subststutedpriomnhic mehatey gy con jyigakerd diene moineoert aim

wei ght speci es can be produced. Tapered bl ocks in each of the grow ng

pol ymer chaiels odr e uek@earsy sl fartdeusine enbimgic nehadit ercbdehtronemer s
in the third and fourth steps shown in the preceeding table of a typical

i nventi ve or different.

Generally each of the two tapered blocks made in steps (c) and
(d) can be of about equal size; however, actual sizes of the two tapered
blocks can vary within the same copolymer depending upon the amounts of
monomers charged in each of the third and fourth monomer charges.

Prior to coupling, all of the living polymer chains have
monovinylaromatic terminal blocks on one end because of the initial
monovinylaromatic charge (a) and charge (b) made with initiator; the
living ends of the chains prior to coupling will have conjugated diene
blocks because of the fifth charge (e) containing only conjugated diene
monomer.

In addition to the sequence of additions of the monomers and
of the fnitiator, 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 pteseﬁtly preferred embodiment of this invention to
obtain copolymers with a 75 weight percent polymerized
monovinyl-aromatic content based on total weight of the copolymer, from
about 27 to about 80 weight percent of the total weight percent of
monovinylaromatic monomer is charged in step (a), from about 7 to about
33 weight percent of the total weight of monovinylaromatic monomer is
charged in step (b), from'about 5 to about 47 weight percent of the

total weight -of monovinylaromatic mouomer [s charged im step (¢}, and

from about 5 to about 47 weight percent of the total weight percent of



char gi ng sequence. The random zer regul ates tapering or random

pol yneri zati on of the nonovinyl aromati ¢ nononer and the conjugated diene in
a m xed nononer charge. Choice of random zer can be used to nanipul ate the
direction of taper in blocks resulting fromcharges of m xtures of

nmononers. The taper can be either a graduggion fromconjugated diene rich
chain to nonovinylaromatic rich chain or a graduation froma

monovi nyl ar giRkiify [ oha SRAINBadd: QR UARE A4 dheReag | & . Chakil. AGePrflag to -
whi ch nmononer enters the chain faster. For ~exanpl e, en

t et r ahydr of Y chb1Fe6h ASodt LANEWMHLEEE 61 1 LHCBe QRE ESS chdld chhaeGRAE N
faster than the nonovinyl substituted aronmatic; therefore, when-both the

monovi nyl ar pamiene D ROABIiIn@MEohbeiC abherpat €8l cHaeged danesppesent fcédabblock
tapers gradually froman essentially poLybutadiene block to an essentially
nonovi nyl substsét abed 27owalght: pelcyeaer segrienttotihewaghghpet@nico odf

nonovi nyl substituted aromatic nononer to conjugated di ene nononer charged
in steps (chomavdnyBromstifcr mencsbouts th@sa38 o siroufbll: Brompakduwr Abty abpom
about 1:0.67 to about 1:1.8, and nore preferably fromabout 1:0.8 to
about 1:1.533 wRHehtrighenty afi B¢ SPtHoRBTFIRA of utrnoy ianlesonitdaerdnem e ismer
to conjugated di ene nononer in each of the two tapered bl ocks in the sane

pol ymer chaf#fsgafh He SERR (SAnetadr FTA™ RRIWENE. toabers Py veisdh RATCERE Afnbhe

tapered bl Ogggiln%ggcégg %Eegghogggyfyggmatic monomer is charged in step (d).

Generally presently most preferably, from about 4? to about 60 weight
percent of the total weight percent of monovinylaromatic monomer is
charged in step (a), from about 16 to about 24 weight percent of the
total weight percent of monovinylaromatic monomer is charged in step
(b), from about 11 to about 29 weight percent of the total percent of
monovinylaromatic monomer is charged in step (c¢), and from about 11 to
about 29 weight percent of the total perceant of monovinylaromatic
monomer is charged in step (d)}.

It is feasible to stretch out over an interval of time the
addition of one or more of the increments of initiator and/or the iaput
of the appropriate monovinylarene monomer charge, thus spreading
(increasing) further the polymodality of the resulting product upon
coupling.

The polymerization process is ‘carried out in a hydrocarbon
diluent at any suitable temperature in a range of about -10° to about
150°C, preferably in the range of about 0° to about 110°C, at pressures
sufficient to maintain the reaction mixture substantiallylin the liquid
phase. Temperaturss and pressures will peak during polymerization of

each monomer charge and then decrease when essentially no free monomer



(d) can be of about equal size; however, actual sizes of the two tapered
bl ocks can vary within the sanme copol yner dependi ng upon the anmounts of
nononers charged in each of the third and fourth nmononer charges. Prior to
coupling, all of the living polyner chains,have nmonovi nyl aromati c term nal
bl ocks on one end because of the initial nonovinylaromatic charge (a) and

charge (b) W]%d%wtda Lguéci.atfgspgpabﬁ%:%}gcgm 8f 1485 Chaiiige PriinQk ¢ tdd

coupling will have conjugate i ene . ecause of the fifth charge (e)

cont ai ni ng QRl.yosnRiseaat adctli ANGuERNOMencddd, aHElddONot Cadehe cHEHBRES Of
additions of ‘the nonomers and of the initiator, it is inportant to control

the anbunt Qfyc@asdhtaROQIRR! nBitdcedlithe Adal. apldiskh Oy gte BAGRd SIAGYcWhexane.

i ncrement so that a suitable proportion of block sizes and proportion of
pol ynodal i t \Gensrohtiyaiched ch&bteere |hydicoicerbph esentfdrqenebar r etkearbodhdrent of
this invention to obtain copolyners with a 75 wei ght percent pol ynerized
nonovi nyl - aremagtarucentsentcth et tbn tesuitingepghimeof ist He soppsligmer, from
about 27 to about 80 wei ght percent of the total weight percent of

nmonovi nyl aromat i ¢ nofreaidr apeundiapferrlan sergeupdy | ader giyrdbbut iMprove aficut 33
wei ght percent of the total weight of npnovinylaronmatic nononmer is charged
in step (b),effephiveBetn 9ft oalé‘b'gm“%?k%@éi gRttder dBhELaGPTE heSUeBt adS wei ght of
nonovi nyl aromati c._nononmer i s charged in stgﬁﬂtg@%, aEl,d from apout, 5 to about
47 wei ght perOBRILIGE e AdFsaciakioghetpahe onoalkali metal Iinitiators

affects the rate of initiation and polymerization. The polar compounds
also affect partial randomization of the monovinylarene/conjugated'diene
so as to increase the random portion of the £apered block. The polar
compounds are generally used in admixture with the hydrocarbon diluent.
The amounts of polar compounds used as randomizers and
promoters of effectivemess of initiators in this inveantion will vary
according to the reactivity and effectiveness of the particular
randomizer used. For exampla, 1,2-dimethoxyethane,
tetramethylethylenediamine and 1,2-dimethoxybenzene are much more
efficient randomizers than most of the others listed above when used
with the particular initistors and monomers used in the inveation runs
described below. However, tstrahydrofuran is often used because the
reaction will go nearer to completion in a shorter time afi:er the
initial reasction in the monomer rich environment. Also, there are
dramatic variations in the amounts of each of these most efficient
randomizers which will be neseded. For example, for polymerizations such
as those shown in the examples of invention runs in Table &4 of this

application, -much more tetrahydrofuran than 1,2-dimethoxyethane would be

needed. -



| 4 monovi nyl aromatic nononer is charged in step (d). Generally nore
preferably fromabout 40 to about 67 wei ght percent of the total weight

per cent of nonovinylaromati ¢ nononmer is charged in step (a), from about 13
to about 27 weight percent of the total weight percent of nonovinylaromatic
mononer is charged in step (b), from about '8 to about 33 wei ght percent of

the total percent of m)now nyl aromati c nononer is charged in step (c), and
from about 8 to about? 33"‘%&“ Ao pePEENEoBPOtNE Yerdars peandentzesr will also
nonovi.nyl aromati ¢ _no ed in ste nerally pr esently nost

h
preferably, f’?‘b"maafﬁ?)mo “§7t? gﬂg?bgﬁ Lrgh) W\%‘leﬁl”f@ ‘é)e%t(f@ﬁ'f"rﬁf °f &% FPAFLARS] ght
percent of mpAovI ?ylb%&rratl ?t;r?gomfg FfomChc%% %lgatog ?1%% A a%)%tgcr om gbout 16

to about 24 Vel ght percent” tot a erce AV nyl*8Fomat i ¢

nononer s caﬂnq,qq | et ep,.n(gb)cecrfaw&'eo%tzpm JalxdtPaaQ L:;%B W&bas@ ffC'E,“} 3“

the total percent of nonovinyl aromatic nonomer I|'s c ar ge

from about 1dd4d 0 i8ROLY 1291, ObkedPShLBRE Rfodnle dOkAL @@;rrﬁﬁﬂiro@ﬁran wou‘d
nonovi nyl aromati ¢ nononer is charged in step (d). It is feasible to stretch

out over an bateedal Bf thisRxbfifleddeichi 00 Qf d0NEaBle NMBEE Oe thG.dACKRROL S
of initiator and/or the input of the appropriate nonovinyl arene nononer

char ge, thusesptieadiolgndd raveassrsynehtirst hegual hemquaky neflal 4t ywdaftidaeor

resul ti ng product upon coupling. The polynerization process is carried out

in a hydrocabboadtidné et 132 edditsen tefbbetadimper at uselyi  aitirg@mooé BlSout

. [err] to about [err] preferably in the range of about [err] to about [err]

at [)reSSLH'esaddltIO“ than 1,2 additlon of butadiene, more of the tetrahydrofuran can
be used.

When polymers.with higher viﬁyl character resulting from 1,4
addition in excess of 1,2 addition ara desired, then the useful amounts
of tetrahydrofuran needed would be larger. However, use of too much
randomizer can result in excessive polymer-lithium termination duri;g
polymerization and poor stability of the polymer or undesired side
reactions, depending upon choice of randomizer. Use of too little
randomizer would result in inefficient initiator use, broader molecular
weight distribution and compositional variationms.

The initial monovinylaromatic charge is made with the
randomizer present for the additional effect of causing the
monovinylaromatic component resulting from each initiator charge to be
of relatively narrow molecular weight distribution. By varying the
amounts of imitiator in each of the two charges having initiator, the
differences in molecular weights of the monovinylaromatlc components
resulting from each of thé two charges can be increased.

Amounts of Initlator employed are those which will produce

resins with desirable melt flow which can be used neat or in blends to



sufficient to maintain the reaction m xture substantially in the liquid
phase. Tenperatures and pressures wll peak during polynerization of each
nononer charge and then decrease when essentially no free nononer is
left to react. Appropriate hydrocarbon diluents include linear and
cycloparaffins such as butane, pentane, hexane, octane, cyclobexane,

cycl opentane and m xtures thereof. Presently preferred is cycl ohexane.
General |y the choice of hydrocarbon or hydfocarbon nmixture and tenperature

is such that the resylting,polynmer js in solution. Small ampunts of polar
conpounds af?&esﬁﬂtgﬁefnﬁgﬁvé £/ é?ﬁé&??v%%é%gpeﬁ?ﬁsaﬁ ¢W§gﬁ%dPﬁéP?P net a
initiators h_.as n-butvllithium. dissociatiqgn of the alkyl nonoal kal
metal initi a"tsig(ré%esasf’féé’f"g %#eacfatsér% Bt hi BPS i%“n"qéﬂra“eﬁtéfgnélr‘féz/sa"ti%ﬁgk The

pol ar Conpo%g?st?alms.g @t];c{ ﬁhxm&t L@Julﬁ?‘pdoﬁrgegﬂél npp fetrlggd dare amoynts o

. £
nonovi nyl ar ene/ conj ugat e Iene so as to increase " the random portion of the

tapered bl oClir1aklde POl lenCHMRALNES 3k E: GRHLT HakYedIS8ErIdY AU MK YESI Mgt N
t he hydrocarbon diluent. The anobunts of polar conpounds used as random zers

and pronot engoef RbbBerVIRFRES Dhel NidibAl@bgidgh thoh Spbivents bk 130 ¥AId
according to the reactivity and effectiveness of the particular random zer
used. niAttes eGP peeferally? felbnmabbox \Betbamout 40 g/10 minutes, and most
t et ramet hyl et hyl enedi am ne and |, 2-di net hoxybenzene are nmuch nore efficient
random zer s priaéerardpt froh $hvatos Her gbduts Beg/aboviaunken as sdatenmtdedt b ASTM
particular initiators and nononers used in the invention runs

D1238-73, condition 200°C/5.0 kg. The amounts of initiator contemplated

as useful in each of the two charges having initiator are shown in

Table 2.

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.

The weight ratio of the amounts of initiator in each of the

charges having  initiator can be represented as 1:0.25-300.

Li, : Li, :: 1 : 0.25-300

wherein Li; initiator in the first charge

Li,

1}

initiator in the second charge

More preferably for most applicetions, the amount of initiator
in the second charge of initiator 1s from about 0.75 to about 10.0
times, based on weight, as-much as the amount of initiator in the first
initiator charge. Presently most preferred is an amount of initiator in

the second charge which is from about 0.9 to about 5 times, based on



descri bed bel ow. However, tetrahydrofuran is often used because the
reaction will go nearer to conpletion in a shorter tine after the initial
reaction in the nononer rich environnent. Al so, there are dranmatic
variations in the anounts of each of these nost efficient random zers which
wi |l be needed. For exanple, for pol yrrerilﬂations such as those shown in the

exanpl es of,.i ventysonLing iR. TaRlLE: 4, Of L bi s..appligation,  nuch nore
t et r ahydr of Gr% than 1. 2-Qi et h%@yg'f h%fﬁemv’(g% t(?tbg" nglé‘?je TSE I Y amount s
of polar ceppaunds used as random zers will also vary according to the

desired nol ecul ar structure of. the portions of tapered bl ocks which result

from conjugated diwigiggddht i@lght cEOLosCYANGYE 1n WG R, LIS et r ahydr of ur an,
and 1,4 addition in excess of 1,2 addiotsi on is‘2 dnelsi re(()j, tﬁ%etssfng éi’g‘glr?ounts

of the tetiahysyiatusdn os0Othel pbEpdis eshatleNahdlings CXANYeB i dRBsdde 15 BEsSi rable
that the tapered bl ocks of the polyner have nore nearly equal anounts of
1,4 additi copalynbut adteere fanbrd , & fadtlinzi ofe @loputi-adheNe afdun®Bd 9 dobd fl €
nore 1,4 addition than 1,2 addition of butadiene, nore of the )

t et rahydr obeesertcdn B&eusepblyWeniqrdhgeaepsessintd hEghepuniitbyd addapact er
resulting from1,4 addition in excess of 1,2 addition are desired, then the
usef ul anpDBFA%eN8RrY diftr S Fedfinrane festetenaen| of 156¢| palgar raddonezesr asuse of

too nmuch .
promoter, choice of coupling agent(s), and polymerization temperature.

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) in 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 monoalkali metal polymer in the
reaction mass. |

After essentially complete polymerization of the final charge
added to the polymer reaction, one or more suitable difunctional or
polyfunctional coupling agents is added. As used here, the term
"coupling” means the bringing together and joining, by means of ome or
more central coupling atoms or coupling moieties, twa or mo;e of the
living monoalkali metal-terminated polymer chains. A wide variety oi
compounds for such purposes c&n be employed.

Any effective amount of the coupling agent can be employed.
While the amount {s not believed to be particularly critical, a
stoichiometric amount relative to the active polymet:glkali metal tends
to promote maximum coupling as a generality. Prasently preferred is an

amount of coupling agent slightly greater than stofichiometric relative



random zer can result in excessive polynmer-lithiumterm nation during

pol yneri zati on and poor stability of the polyner or undesired side
reactions, dependi ng upon choice of random zer. Use of too little

random zer would result in inefficient initiator use, broader nolecul ar

wei ght distribution and conpositional vangations. The initial

nonovi nyl aromati c charge is nmade with the random zer present for the

addi ti onal cef électacofveC avbjimeg-4 a L0DiEMil DY | tswet®d | AegONPanesto ik sadetcDg from
each jnitiator charge to be of relatively narrow nol ecul ar wei ght

di stri buti emountsByawdreyunegd tfoe . aiahent degprfees no £ icauipi Lagn weach deb itdde fowno
charges having initiator, the differences in nolecul ar weights of the
nmonovi nyl amenrtidudac erpdtrdat of desaderphgrdleoniaaehiaift ¢ bt ot iohar ges can be
i ncreased. Amounts of initiator enployed are those which will produce
resins with desiraliyeiptlly, fihonsatAlcATeLnt BE epselingedBedt Fnibitbadwres

17 make articles wth a good balance of properties including mninal

bl ueness, §EoPWPRAI st SARM (RfFSS REFiLPORAEHE Af §PF"e’s§'°E‘?"§6R $784PE8%ance
and fl exural npdul ys. Present | referred are amounts of initiator in
each of t hatt EF PAITISHEE ORkr oS RUTY CPERTETTS BRI T0%E BTBRAHEBDI Shor
having a nelt flow rangi from about t b 5 /.10 _m nukes, . nor
preferably "‘1‘”?‘6")"??"1r(flb‘il)nu‘{a cg"%qgnﬁb%?f‘ €l4(5i r&/ iﬁe&r)rji%u?ble%{t gh% t#o% °“%r EéfGer g%l ?Ff rom

about 4 to c@ppﬂtng?’gg&{tl, Odége[ﬁ,':!h%s 1up@§ &@uﬁ&ﬁ Jpq.nQYiAS¥Mised. Presently
most preferred is about 0.3 to about 0.5 phm, depending upon amounts of
initistor used. Use of an amount of & reasonably high efficiency
coupling agent within these ranges provides polymers with a moderately
broad molecular weight distribution. Use of an insufficient amount of
coupling agent will result in less complete coupling of the living
polymer chains and, depending upon choice of coupling agent, more
branching; use of an excessive amount of coupling agent will have the
same result.

At the conclusion of the coupling process, the coupled polymer
may still contain bound polymeric alkali metal alkoxides depending on
the type of coupling agent employed. The system is treated with an
active compound such as water, alcohol, phenols, carbon dioxide or
linear saturated aliphatic mono- and dicarboxylic acids to vemove any
remaining alkali metal from the copolymer chain.

While the polymer product is still in solution, stabilizationm
agents can be added. Additional stabilizers could be added during
finishing before pelletizing. This treatmeant will provide oxidative
stability for the polymer during processing and handling and subsequent

long term use,



D1238-73, condition [err] kg. The anounts of initiator contenplated as
useful in each of the two charges having initiator are shown in Table 2.
Use of too small an anmount of initiator would result in high nol ecul ar

wei ght polynmers. Conversely, use of too |large an anount of initiator would
result in polynmers having short chain polyneric species and | ow nol ecul ar
wei ght. The weight ratio of the anpbunts okginitiator in each of the charges
having initiator can be represented as 1:0.25-300. [err] Mre preferably
for npst applicati ommmbily aseliBtawfl (k4 fiohap @icesdbst Ben SLONCEopbATagEoDfof
initiator is fromabout 0.75 to about 10.0 tines, based on weight, as much
as the anourbmpdundmj timatiodingn bhe dotr dimitadt kel ar dhéegd. pRemslenht yamost
preferred is an anount of initiator in the second charge which is from
about 0.9 t grgdrophodhiteaes pabhizadann exampies ghtf, wsiafuchreas otbmdeambunt of
initiator in the first initiator charge. Varying the weight ratios of the
initiator cRatyes viirt-pesire 1hmdmpg%rwdﬁs of BIP@ipPafForti oddte armpunts of
species present in the copolynmer. Qther factors affecting the proportionate
anount s of $pETIERY REREIRPOFPM A Re copol ymer include presence of inpurities

Z”d’ or scavengers in the rQRct Ohvi&l M ehl aSSS 08! 4180 A chAPdOMZY as
from the polymer solutilon to increase the solids content. The polymer
cement, i.e. the poiymer in the polyme;ization solvent, usually contains
about 10 to 40, more usually 20 to 35, weight percent solids, the
balance solvent. Preferably, but not necessarily, the polymer cement is
flashed to remove by evaporation a ﬁortion of the solvent so as to
reduce the solvent content to a concentration of about 0 to 50, more
usually about 0 to 10, weight percent (corresponding to a solids content
of about 100 to 50, more usually about 100 to 90, weight percent).

Flashing of the polymer cement may be followed by
desolventizing extrusion with vacuum in commercial production or by
other vacuuming processes to achieve consistent solvent content of less
than 0.3 weight percent.

The resinous copolymeric products can be, and normally are,-
.compounded with anti-oxidants, anti-blocking agents, release agents and
other additivgs, as known in the compounding arts.

A typical charging sequence and useful ranges of amounts of

the charges is given in Table 2.



pronoter, choice of coupling agent(s), and pol ynerization tenperature. The
polynerization is carried out in a substantial absence of oxygen and water,
preferably under an inert gas atnosphere. Prior to the coupling step, the
reacti on mass contains a very high percentage of nol ecul es (pol ynmer chains)
in which en alkali netal cation is posPtioned at one end of each pol yner
chain. Inpurities in the feed such as water or al cohol reduce the anounts
of nonoal kali netal polymer in the reaction nmass. After essentially

conpl ete polynerization of the final charge added to the polyner reaction
one or nore suitable difunctional or polyfunctional coupling agents is
added. As used here, the term "coupling"” neans the bringing together and

j oining, by nmeans of one or nore central coupling atons or coupling

nmoi eties, two or nore of the living nonoal kali netal-terni nated pol yner

chains. A wide variety of conpounds for such purposes can be empl oyed. Any
effective amouni, pf the coupling agent can be enpl oyed. \Wile 2 he anount is
not believed tO“be particularly critical, a stoichionetriic anguat relative
to the active pél ymer -al kali netal tends to pronote maxijmum couplingzas a
generality. £resgently preferred is an agoupt af couplifg agent‘-sllgrﬁly
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anounts can be used for higher degrees of coupling where desired for
particul ar products of broadened nol ecul ar wei ght distribution. Typically,
the totaL amount of coupling agent is in the range of about 0.005 to 10 phm
(parts per 100 parts of total nononmers enployed in the polynerization).
Presently preferred when nost conbi nations ¥ nononmers and coupling agents
are used is about 0.2 to about 0.6 phm of coupling agent, dependi ng upon
anounts of initiator ASERF comidagntaty Iabidt theefadilpetns soupiedt e @ 3neeredisdut
0.5 phm dependi ng upon anobunts of initiator used. e of an anount of a
reasonabl y hiRfHYBEFT RS AFSpPIFG  Agn EPNiRoHTRE T AESE S AMGES 1 ovi des
polymers with a noderately broad nol ecul ar weight distribution. Use of an
i nsufficient anmount of coyplin ept , W_LI _result,.n.l gss.cQnmpl ete coupling
of the living polymer cha%héha% ,’dgﬁgﬁb% d{éﬁo%Jgﬁo?Hgﬁo?’géupling agent ,
nore branchi ng; use of angexgcegSjdepappunt_of C | L agent will have the
same result. At the concl Sé;(é(:)zn%)fé/’t é/’gg“ogbljlgr?d %lrygéegs]ga‘t%e coupl ed pol yner
may still contain bound pol yg”rzegixgjahgpg“i-ggﬁ,;_@lz-gJ/Inggng-glzependi ng on the
type of coupling agent enpl oyed. The systemis treated with an active
conpound such as water, al cafek,/q3hepd,.sa,carbon dioxide or Iinear
saturated aliphatic nono- and dicarboxylic acids to renove any renaining

al kali metal fromthe copalyses,thady/s Wl e -the polynmer product is still

in solution, stabilization agents can be added.  Additional stabilizers
coul d be added duri ngwhkémiighi ng before pelletizing. This treatnment will
provi de oxidative stability for the polyner during processing and handling
and subsequent S = monovinylaromatic block

B = conjugated diene block

oy

~

w
]

tapered block
x = residual coupling agent or coupling site.
subscripts = indications of the charges which are
the source of the polymer blocks.
Depending upon choice and amount of coupling agent or agents
and whether coupling agents are charged as a mixtu;e 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 styrenic polymers such as acrylonitrile-
butadiene-styrene copolymers (ABS), styrene-acrylonitrile copolymers
(SAN) and other styrene cop&lymers. When less transparehcy is desired
or if transparency is not necessary, the invention copolymers can be

blended with polyolefins and/or olefin copolymers.



| ong term use. 20 Commonly used stabilization processes can use a

conbi nati on of conpounds, including, but not limted to, a hindered phenol
and an organophosphite, particul ar exanpl es of which are octadecyl

3-(3,5 -di-t-butyl-4"-hydroxyphenyl) propi onat e and
tris-nonyl phenyl phosphite. After stabilization, the hydrocarbon diluent is
then flashed fromthe polyner solution to increase the solids content. The

pol ymer cement, i.esldde POI}TEMmvbatibRCIIYRES Z8iH QO 1RRLYESE sepisial |y
contains about 10 to 40, nore usually 20 to 35, weight percent solids, the

bal ance solatenparctReefarlgbkiefubldppiDiatieceEBaritley ing M@ ad aylBdd GESENT i S
flashed to renove by evaporation a portion of the solvent so as to reduce

t he sol ventcogohitmerts ¢ O thitdneenttivat | dnt Bfleabmadte Ozdmothbése MDéreisusaiad |y about
0 to 10, weight percent (corresponding to a solids content of about 100 to
50, nore uSYarrislapbuBcsOrrorTBetidi Fraesger caslt Fes iBkarde agd othehe pol yner
cement may be followed by desol ventizing extrusion with vacuumin

commer ci al 3FFeRRABEPGH PEPPERF 18T FEFD Al BEATSRE I Icork depass aktAngve- cBnasi st ent
sol vent content of |es thap 0,3 Wfight ercent. The resinous copol yneric
products c&RPRLSaATEITIPTAIRS SO OleBd SAinTEtF R LIPmaR? 1Im8 % 4PsnpRlymers

anti - b OChor%gtt?'zge%\?éntEgrlx et%g&ﬁﬂ?@:% grnaczltspa:ent and have good impact

strength and have dramatically improved'environmental stress crack
resistance.

The presently preferred polymers of styrene employed ia the
blends of this invention are usually (a) homopolymers of styrene; or (b)
copolymers of styrene as ; major component with a minor amount of ady
other copolymerizable monovinylaromatic compound other than styrene,
such as alpha-methylstyrene, vinyltoluenae or para-tert-butyl styrens. 4
minor amount of other monomers such as methyl acrylate, 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 ars commonly prepared by
eating styrenae and any comonomer at tamperatures in the range of 100%to
200°C with application of prassure, if necassary, to combine the
monomers., The polymerization can also be carried out at lLower
temperatures by the addition of free-radical generating peroxidic
catalysts such as benzoyl peroxide, acetyl peroxide, di-t-butyl peroxide
and the like. Alternatively, the polymerizatiom can be carried out in
suspension to yield a dry powder or in emulstion, usually resulting in a

latex of polystyreme which can be coagulated to yiald the solid pawdery



ot her additives, as known in the compounding arts. A typical charging
sequence and useful ranges of ampunts of the charges is given in Table 2.

[err] 22 After coupling, at least the foll ow ng coupl ed and uncoupl ed
pol ymeric species are present in the poly of the invention: [err]
wherein S = nonovinylaromatic block B = conjugated diene block B/S =

t apered bl ockpaigftmga.du%e%qp&énqaagﬁnkmpralgg%'L iSht él:!bss%lﬁhpo% =

i ndi cations of the charges which are the source of the polyner bl ocks.
Dependi ng UpQﬂtﬁhﬂleﬁzQ%ﬁﬁdi&Mnth@Br&ﬁwﬁL | () dagERl. Orsoagedt sadl Waeker

coupling agents are charged as a m xture or increnentally, there can be
present ot herbypetarmed Cegpeijuas stichhav atyamng rdepingese eb LmNeipgdgat ion.

High impact polystyraene (HIPS) can be successfully emploved in
blends with the invention copolymers. Sujtable high impact polystyrenes
canlbe prepared by polymerizing styreme in the presence of an elastomer,
typically polybutadiene rubber. In these resins the styrene forms a
continuous phase throughout which the rubber particles are dispersed.

The blends of this invention can be prepared by amy 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 desiresd proportions'with the aid of
any suitable mixing device conveniently used for mixing rubbers or
plastics, such as, for example, a diffaerential roll mill, a Banbury
mixer, or an extruder.

In these types of methods the polymers and any other
components and additives used caan be in any form, such as, for example,
fluff, powder, granulate, pellet, solution, slurry, and/cr emulsion.

Any additive can be combined with the polymers eccording to any method
known in the art. Examples of incorporation methods include, but are
not limited to, dry mixing .in the form of a powder and wet mixing in the
form of a solution or slufry.

Melt extrusion compounding can be carried out using any

suitable method such as in single screw or twin screw extruders or other



Bl ends The resinous pol ynodal copol yner products of this invention can be
bl ended with other styrenic polyners such as acrylonitrile-

but adi ene-styrene copolynmers (ABS), styrene-acrylonitrile copolyners (SAN)
and ot her styrene copolyners. Wen |less transparency is desired or if
transparency i s not necessary, the invent?%n copol ynmers can be bl ended with

pol yol ef i ns, ARALOr- QLEf ik CARRANIRLS apove? eBL,g{ngfggoftn Sod RO ! O

copolymers wth polymers of styrene are parti.cu useful “applications

for the inproyed: iRPeLESA REACKEURR! ydGRe-Lf this invention. Articles made
fromthese bl ends have surprisingly good environnental stress crack

resistance and ot herh@diaBLR0GOpE cRF HIChEEIRY Soh 18Ss bl aRBRB SRC Yok s
i npact strength. For exanple, articles nade from bl ends of "styrene

honopol yrer iapdwdsd Beefan0iatehEsen BNE kit od fngPtieabldndaif $HaaABSPAmEeBS and
have good i npact strength and have dramatically inproved environnental
Stress crackeedesidteanctarnling opreigent | feepr ef anr ffepolopmer sblok 8d Mdeene
enpl oyed in the blends of this invention are usually (a) honopol yners of
styrene; or (b) copdhysmdes tf fatilibatee &boroughjwixiogmfonkantpoliynérsaam ror
anount of any other copol ynerizabl e nonovi nyl aromati ¢ conpound ot her than
styrene, sudtredsp dighdesheehyfogbinedhen ofi piistiorlienerort ipar medéets baey|
styrene. A generally 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 homogeneous melt.

Alternatively, solution blending methods known in the art may
be uysed.

The ranges of amonnts of polymers useful in blends varies
according to the properties and economics desired. TFor example, when an
invention copolymer is blended with a polymer of styreme, practical
ranges include using amounts such as from about 5 to about 95 weight
percent polymer of styrene, more usually from about 15 to about 90
weight percent polymer of styrene, and most preferably from about 30 to
about 80 weight percent polymer of styrene with the balance being one or
more of the polymodal resinous copolymer products of this invention.

For a more particular example, when an invention copolymer is blended
with general purpose polystyrene, broad ranges include using amounts
such as from about 10 to about 90 weight percént polystyrene, more
usually from about 20 to about 85 weight percent polystyrene, and most

preferably from about 40 to about 70 weight percent polystyrene with the

balance being one or more of the polymodal resinous copolymer products



m nor anount of other nononmers such as nethyl acrylate, nethyl

net hacryl ate, acrylonitrile and the |ike can be copol ynerized wth the
styrene. The invention copolynmers can be bl ended with styrene resins nade
in bulk polynerization. These resins are commonly prepared by beating
styrene and any conononer at tenperatures i,g the range of [err] [err] with
appl i-cation of pressure, if necessary, to conbine the nononers. The

pol ymerizatigp G329 alweRelén.Casideadl OUt usd JeOVRS nhi&REr BhdiNasediioh he
addition of free-radical generating peroxidic catalysts such as benzoyl
peroxi de, acgbydiyReFOXinde, bidind twddld YdespEE Q% gévdapebdeiteidd lbec Wsseshativel y,
the polynerization can be carried out in suspension to yield a dry powder
or in enul si @Bondssdaddwankesl tEagokrcoa Lattdx of tholinsbyrionecoddlghesann be
coagulated to yield the solid powdery 24 pol ystyrene. The

pol ynmeri zat i bhemiaroald oebel canriosd @Utinmparts obsitsitarcani t Theseeklqmids at4%0Re of
the product, if desired. Solvent can be renoved by standard techni ques
such as st eamstrdmdpihorase soRIEHNZYepdrsiriabie é‘I‘=IFE)’ﬁ"‘i‘“-tarta&:‘ft 5o petyAtEnene
(HIPS) can be successfully enployed in blends with the invention

copol yners. Sud ttiel &nvARGHCT PEATITTBOTd L IIRELICAR 3909 pPUTEPREF TG STEress

Dol Ybut adi one=tIbBeF TSP HELB T ELFn SHh e BT8P s & cont | nuous phase

throughout which the 'fh%blggnl;pog?goingloefs tﬁgse igh§r&%%§eoq:' blends therecf can be
extruded, thermoformed, injection molded, blow molded, or made into
films or sheets. Articles made from the compositions of this invention
are transparent, have excellent environmental stress crack resistance to
fats and oils, and have other physical properties within acceptable
ranges for such applications a$ drinking cups, lids, bottles, other food
céntainers, medical drainage units, shrink wrap and over wrap. Articles
made from blends of this invention can econmomically provide advantageous

properties for similar applicationms.

Test Proéedures

The environmental stress crack resistance potential of the
block copolymers was determined in an accelerated test referred to as
the Puncture Test. Test specimens about 2 inches (50 mm) square were
cut from an interior layer about 0.015 inches (0.4 mm) thick from a coil
or roll of extruded sheet. The side of the film or sheet facing away or
furtherest from the center of the coil or roll, of course, must
"stretch” or cover more distance than the side closest to the center of

the coll or roll. Results obtained from the outside part of a rolled



The bl ends of this invention can be prepared by any suitabl e neans

i ncl udi ng bl endi ng, tunbling and extrusion. Exanples of these nethods

i nclude, but are not limted to, dry mxing in the formof a powder or
pellets, wet mxing in the formof a solution or. slurry, and nelt extrusion
conpoundi ng. The pol yners and any other ingredients or additives may be
.mechahni cally bl ended together in the desi ed proportions with the aid of
any suitable mxing device conveniently used for m xing rubbers or

plastics, sygheASre  QemEX AL L dofndiahd AHE0L | Abn ! Qle! 148 dab, p A BARD WYL HE XeT
or an extruder. In these types of nethods the polyners and any ot her
conponents apg-pQdi'ti ves used can be in any form such as, for exanple,
fluff, powder, granulate, pellet, solution, slurry, and/or emulsion. Any
additive can be conlHsk@dspuicifed hes pAkygeRr SvaxC @Oidliengbdu® 2% Vumeh DGmkBOWN 1 N
the art. Exanples of incorporation nmethods include, but are not |limted to,
dry m xi ng iandthdrbpr mf ofoyhepowdérvaanplased an xheigpeniteneotar rhefhalesolaut i on
or slurry. Melt extrusion conpounding can be carried out using any suitable
met hod suchravoded tinpgtlestadnbegsostaali rrdsebeuy @41 romdin slignetsirhees weiglstedel t
extruders at tenperatures above the nelting point or glass transition -

t enper at ur ewéth 8he kpollgerbegd brought into contact with the specimen. The time
to failure in minutes was recorded. Ten specimens of each run were
tested and the results were averaged. |

The puncture test results appear to correlate well with other
environmental stress crack resistance test results and are obtained more
quickly.

Except as noted in the examples, melt flows were measured
using an extrusion Plastometer from Tinlus Olson Testing Machine Co., at
200°C with a 4.9 kg weight.

Other properties of test specimens were tested using ASTM .

procedures shown in Table 3.



The presently preferred nethod conprises blending the polynmers in powder or
granul ate formand extruding the blend in sheet formto feed a
thernoformng or direct feed to an injection or blow nolder. In order to
facilitate thorough m xing of the polymers and to devel op the desired

conbi nati on of physical properties, pellejp are generally nmetered by

| oss—i n-wei ght feeders or by screw feeders at a tenperature | ow enough to
avoi d softening the pellets. The nmetered pellets are dropped into an
extruder which nelts and bl ends 'the conponents to provide a honbgeneous
melt? Alternatively, solution blendi ngTaBL®iads known in the art nmay be
used. The ranges of ampunts of polyners useful in blends varies according

to the properties and econom cs dest Brdcedumeseerdpl e, when an invention

copol yner Ps-b+ended—mrT+r1r1n#1nnﬂ'1ﬁ—1n1n1ﬂn:—1ﬂ1ﬂﬂ11nﬂ——ranges-rnc+ude
usi ng anounts such &seserdim about 5 to about 95 wei ght'\Spéritasiedpol yner of

styrene, nore usuarty fTom apoul 15 10 abour 90 Wel gnt percent potymer—of
styrene, and nost preferaﬁ%y from about 30 to about 80 Wei%pt per cent

pol yner of styr%H@’ﬁF%Hﬁg g&ﬁ ce being one or nor& &#3%1%€ pol ynoda
resi nous copol yner pP % 2 ‘Ta/f%lg ¥wention. For a nore particul ar

exanpl e, when ap invention copolynmer is blended with al se
pol ystyrene, br%ﬁﬁ’r nges include using amunts suchigggfigﬁ1§g§@ 10 to

about 90 wei ghtppercent, pol ystyrene, nore usually fremabal 20469 about 85
wei ght percent polystyrene, "and nost preferably from about 40 to about 70

wei ght percent polaeshWaelgesd th the bal ance bei ng ong etsgmne of the
pol ynodal resinous copol yner products

Tensila streagth at yield and D 638-91 at 50 mm/min

break, ¥Pa : Type I test specimens
Elongation at yleld and break, % D 638-91 at 50 mm/min
Flexural modulus, MPa _ o D 790-86
Izod impact strength, D 256-38

notched, J/m
Vicat softening point, °C D 1525-91
Total energy dart drop, J . D 4272-8S

Examples

The following examples will describe in more detail the
experimental process used and the resinous polymodal tapered block
copolymers with vinylarenme tarminal blocks obtained as a result of the
process, and blends made with the invention copolymers. These examples
should be taken as illustrative and not restrictive.

Styrene and butadiene were chosen as momomers to-exemplify the
invention, and randomizer, iaitiator, coupling agent and diluent

appropriate for these monomers were used. Quantities of reagents are



26 of this invention. GCenerally, use of too nmuch of the invention
copolyners in a blend would result in good properties but |oss of economc
advantage. Use of too little of the invention copolyners in a blend woul d
result in loss of inpact. resistance. These blends can be econom cal ways
of gai,ning the desirable attributes of both polystyrene and the invention
pol ynmers whil e mai ntaining good environnental stress crack resistance in
articles made fromthe bl ends. The conpos??ions of this invention or blends

thereof can,bga ¥t Exfledsed NGr tgrﬁﬁrdhuﬁﬂeﬁcﬁlénor%egg{j%%g’ padleQVy, Ima! Ceite%???r

made into filns or sheets. Articles made fromthe sitions o

i nventi on aweigHtaBspRReRiny IBEMR eXCebh Allat8d\d feRBNBRL &St Fess crack
resistance to fats and oils, and have ot her physical properties within
accept abl e ranges for such applications as drinking cups, lids, bottles,

ot her food containers, nedical drainage units, shrink wap and over w ap.
Articles nmade from bl ends of this inveingsmphe clan economically provide

advant ageous properties for simlar applications. Test Procedures The

envi ronment al st r esShég agkampdsi destadrespofaunt ilavensfion heo lymerizatdpol yumsrs was
determned in an accel erated test referred to as the Puncture Test. Test
speci mens abBtRS 3, hcHes 4] ShefmyeseqaaFulefleptt 0t PFIVISE aFPSIRPRT PORYPas\pdr.

about 0.015CLQPC1QSS tggéﬁedmglogltll giéyjeggmpaﬁaggéxle copolymers with resinous

terminal blocks. Styrene (from Stirling Chemical) and 1,3-butadiene
(from Texas E1 Paso) were dried by passage over activated alumina
(Kaiser A-201), and then copolymerized and coupled in a 6-stage process
using n-butyllithium initiator (fron; Lithium Corporation of America}.

Polymerization runs were carried out under nitrogen in a
stirred, jacketed, stainless steel 7.6-liter reactor employing
essentially anhydrous reactants and conditions. The anhydrous mixtures
were stirred continuously during the polymerization pi:ocess. The
cyclohexane diluent, which contained 0.04 phm tetrahydrofurén (THF) 4in
each polymerization except in Example IV, was preheated to about 50°C
before monomers were chafged to the reactor. The n-butyllithium was
charged as a 2 weight percent solution in cyclohexane. In
polymerization steps in which both butadiene and styrene were charged,
they were charged simultaneously as & mixture.

In the coupling step, the Vikdflex® 7170 coupling agent used
was an epoxidized vegetable oil commercially available from Viking
Chemical Company. In the terminating step, carbon dioxide from a
pressurized container was admitted to provide about 0.4 phm carbon

dioxide to the reactor. Water was also added in an amount slightly in



or roll of extruded sheet. The side of the filmor sheet facing away or

furtherest fromthe center of the coil or roll, of course, nust stretch" or
cover nore di stance than the side closest to the center of the coil or
roll. Results obtained fromthe outside part of a rolled 27 | ayer are

termed "curl down" and those fromthe insiide part are terned "curl up".
Each speci nen was cl anped over a hole about 25 mmin dianmeter and 4 drops
of soybean Hidlchianesk ke @gctif Chethepénigiapov\rer sedreatmlt@e Althdunded idépped
stainless steel rod about 1/2 cmin dianmeter was weighted with a 2 kg | oad
and Brought 59t B*C EALEEE G4t he specimen. The tinme to failure in m nutes
was recorded. Ten sggdln% run g@re tgsted and .the results were

S ach
averaged. The punctUfe "es°x?Jea§ul £ S A9 LBr FAT P B EFLE t3F°Bt her
envi ronmentgl, .gif&ss crack rﬁﬁ‘idgg&nce ;ﬁ%o[esm fésccgggc,alre obt ai ned mor e
t S, m

qui ckly. Except as noted in e exanpl nelt flOwe Wer'e neasured usi ng an

extrusion PRy pgmg@rt.qu,gm.}li'rﬂ,la%,gpagﬂyJﬁﬁ%&ﬁ%ﬂ’&%hkg&m@%ialt@éaiae{ﬁl1"“th

B
a 4.9 kg weight. O her properti'es of test Specinens were tes usi'ng  ASTM

procedures é%hOYWkabegra@bf% 3tzom Ciba-Geigy] and an organic phosphite
(tris-nonylphenyl phosphite, available as TNPP from GE Specialty
Chemicals). Each stabilizer was dissoived separately in cyclohexane anc
mixed together. Enough of the mixture was addad to the reactor to
provide 0.25 phm hindered phenol and 1 phm organic phosphite. Ia Runms 1
and 2 a microcrystalline wax (BE Squa.re0 195) was alsc added as an
antiblocking agent.

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

Followiag the stabilization step, each copolymer solution was
flashed at 178°C-180°C to remove a portion of the diluent.
Substantially all of tha 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,l3, and 4), 2000 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 dileent

or flush for -the various reactants added {n subsequent steps. [n these



28 TABLE 3 Test Procedures Used Property

ASTH Method Flow rate, g/1 O mn D 1238-88
Condition [err] kg Haze, % D 1.003-61
(1990) Transmttance, % D 1003-61 (1990) Shore
D hardness ' D 2240-91 Tensile strength at yield
and ~ D 638-91 at 50 nm m# break, MPa

Type | test specinens Elongation at yield and break, % D
638-91 at &licpbhymecEeedonal uedué ight bAio of monomers charged was 75[25790- 86
| zod i npact strength, 0 256-88 notched, J/ m Vicat
sof t eni ng oicate/Hugadlene. _ D 1525-91 Total energy dart

drop, J D 4272-85 Exanples The foll ow ng exanples will

describe in nore d&hej¢harges dedetineresaltprafcdls wnsd agndsumarizes H8us

pol ynodal tapered bl ock copolynmers with vinylarene terninal blocks obtained
as a resulTebdp $he TapeEsds SutadienaisErrrenaefriefts FerRefIMee Y 57 polfter s.

These exanl)l es should be taken ,as ilJustrative and not restrictive.
by charging both butadiene and styrene monomers.

The charging sequence used was i, 8,, 1, S, By/Ss, B,/S., B,,
coupling agent. The monomer weight ratlos corresponding to the §;, §,,
B./S; By/Ss, B, sequence were 40, 15, lo/Lo, 10/10, 5. Weight ratios of
amounts of initiator used in the first two polymerization steps of each
of the four runs was kept constant at 1:2.33.

The devolatilized copolymers from runs 1, 2, 3 and 4 were
designated invention copolymers 1, 2, 3 and 4, and had melt flows of
8.4, 7.5, 7.2 and 7.1 g/10 min, respectively.

Invention resin A was prepared by dry blending samples of the

copolymers from rums 1, 2, 3 and &4 in equal'.amounts. Resin A had a melt

flow of 7.7 g/10 min.



Styrene and but adi ene were chosen as nononers to exenplify the invention,

and random zer,
nonomers were used.
parts per

initiator,

Quantities of
hundred nmononer (phm based on the total

reagents are

and conjugat ed di ene enpl oyed. Exanple |
i nvertiti on polynerization runs (runs 1,

produce resinous pol ynodal
copol ymers wi th resinous term nal

coupling agent and diluent appropriate for these
29 usual ly expressed in
wei ght of -nonovi nyl ar ene
Thi s exanpl e descri bes four

3, 4) that were carried out to
coupl ed tapered bl ock styrene/butadi ene

bl ogkste 4« Styrene (from Stirling

Chem'cal ) and 1, 3-butadi ene (from Texas EI Paso) were dried by passage over
activated alunlna (Kalser A-20m9auadeﬁmen hﬁpmhyﬁerlzed and coupled in a

6-stage pro

Anerica).

j acket ed,
reactants a
during the
cont ai ned 0
Exanpl e 1V,
t he reactorpol

sol uti on

o

cCSsSSsS—ousT g1 LyIIILIII UIIIIIIIl.Id.l.UI

POlyﬂEfﬁ%HWﬁ%ﬂ5$unS were daprled ouRuidder ni ¥ oden i

\I ronT o rTom LDI’rFDOI’ arion of

ug &tirred,

starm ebb bL eet

r.o-rrruer

reactor. enploying essentially anhydrous

us nlxtqr S were §§irred copt i nuously
ﬁb A t?gn rocess cycloEQ%ane di Tgient IoC b
ﬁ%l gi/ LOJUT Al (T%Hlﬁ in eaghyspol ynmerg.zation exespt in
ate to about [grr] before nononers were charged to
%j_,{htlgy,t ywhhd, tRisum wasicharged 1as a 2 weight percent
| Pl PoOPRXSMIon | N
Temperature, °C 84.6 . 88.7° 90.8 88.3
Peak Polymerization
Pressure, psi 30 30 30 30
Step 2
n-Butyllithium initiator, phm 0.07 0.07 0.07 0.07
Styrene, phm 15 15 15 15
Polymerization Time, min 12 12 14 12
Peak Polymerxization
Temperature, °C 84.4 77.8 78.1 78.3
Peak Polymerization
Pressure, psi 40 30 40 40
Step 3
Butadiene, phnm 10 10 10 10
Styrene, phm 10 10 10 10
Polymerization Time, min 20 20 20 20
Peak Polymerization
Temperature, °C 96.7 84.8 86.7 184.8
Peak Polymerization
Pressure, psi 50 40 40 40
Step &
Butadiene, phm 10 10 10 10
Styrene, phm 10 10 10 10
Polymerization Time, min 20 20 20 20
Peak Polymerization
Tempzrature, °C 103.7 104.1 104.6 104.8
Peak Polymerization
Preszure, psi 60 55 60 60
Step 5
Butadiene, phm 5 S 5 ]
Polymerization Time, min 12 15 10 10
Peak Polymerization
Temperature, °C 92.9 89.5 96 91.4
Peak Polymerization
Pressure; psi 100 100 100 100



pol yneri zati'on steps in which both butadi ene and styrene were charged, they
were charged sinultaneously as a mxture. In the coupling step, the

Vi kof l ex 7170 coupling agent used was-an epoxi di zed vegetabl e oil
conmercial ly available from Viking Chem cal, Conpany. In the term nating
step, .carbon dioxide froma pressurized container was admtted to provide

about 0.4 phm carbon dioxide to th@Ama‘gt@gntmggg was al so added in an

anount slightly in 30 stoichi onel the initiator to separate
the lithiumresigg: (ddugMiddie pol yner chains. The antioxidant m xture added
in the stabivikging $1aQ gt ai ned 08 hi nges ed gphenol g4 3

oct adecyl [anré, miapi onate, conmercialiky avail akk as |rgagox 1071@' from
G ba- Gei gy) Tamgeraanre pr°gani ¢ phosphite (tris-nesyl phenyl gphosphit as
avai |l abl e a®réNRRef,rgmh GE Speci alty @hem cal s). s&ach stahbbi zer waso

di ssol ved separately in cycl ohexane and m xed together. Enough of the
m xt ure was _afltlem 7t (Tedwdnatdngd or to provi de 0.25 phm hi ndered phenol and 1

phm or gani chh@B,plnm'e: In Runs 1 and 2-Z nicroc?yktal |l inedviax (BE Square
195) was ' al §8reeid@dosistlearptnt i bl ocki ng‘éégent. Af8eér each aflidition of.4
monomer, i niftPet &tfor additive, the fé&d lines #&re ri nseagwith 25

appr.oxi mat elrﬁm&ﬁ&fﬁr?hr?{:cycl ohexane sgl vent 95 9 99

Pressure, psi s 70 75 90
Step 8 (Stabilizing)

Stabilizer Mixture, phm 1.25 1.25 1.25 : 1.25
Be Square 195, phm 0.0015 0.0015 0.0015 0.0015
Time, min s 5 5 5
Temperature, °C 94 101 95 100
Pressure, psi ' 125 125 125 125

Recovered Resin
Melt Flow, g/10 min 8.4 7.5 7.2 7.1

8)fter each addition of monomer, initlator or additive, the
feed lines were rinsed with approximately 3-20 phm cyclohexane
diluent and cleared with nitrogen.
Example II

Two comparison copolymers were prepared to demonstrate the
importance of the structural features of the invention copolymers for
envirénmental stress crack resistance. In these two comparison polymers
styrene to butadiene weight ratio of the charged monomers was 74.4 to
25.5. |

Copolymers 5, 6, 7 and 8 were made with one initial styrene
charge, two tapered butadiene/styrene blocks, and no terminal butadiene
segment prior to coupling.. The polfmerization charges and results are
summarized in Table 5. These four copolymers were dry blended to form

comparison resin B, which had a melt flow of 7.2 g/10 min.



and cleared with a nitrogen sparge. Follow ng the stabilization step, each
copol yner solution was flashed at J[err] to renpbve a portion of the
di luent. Substantially all of the renmaining diluent was renoved in a vacuum
oven by drying at [err] for one hour. The resulting polymer was chopped in
a granulator into crunb size and then dried for an additional hour in a
vacuum oven. In each of the four runs (1, 3 3, and 4), 2000 g total
nononer s (butadi ene and styrene) were used. About 76 wei ght percent of the
total, amount of cycl 6PROLERE N -udht (BTG JP. “ass RItar Wiﬁgti’éﬂ‘y‘."-The

remai ni ng cycl obexane dj | uent was adde duri ngﬁt he run as, a diluent or

flush for tHEYFEN 0QEt4HERe R I de T FUER uBHAme8EEpdn EREF SREYERCe. 31
four polynerizations, the wei.ght ratio of non rs charge s .75/ 25,

styr eﬁe/%uta e%lé‘.m ﬁ?@pg??ér glergesaen&of’%@mfe %u‘fqtnggg‘? ‘fqneta?’%’ﬁeg g?‘éd?mwif‘?zed
in Tabl e 4. t adi / r e n re fqnned in.ste 3 and
4 by char gi r?é)[gg?{]&gﬁg%d?cglﬁlg&gngms/t:%rg gh% %g%o%%w‘g? i%’hba%clﬁaggi %‘*E%g%’é’ﬁce

used was [er A geitp1a5AE4 NN ' atlng,cerr ondis,ng to
the [err] se‘{thﬁ’g%ce me?g:e?lo?yl%l, 1%? 10,9%611\8@" . i\?‘é?g ‘?ﬁ?atei o@ig?qgé#ognts

of initiatorgdiseghdunot e 7firdtniayo pol ynerization steps of each



of the four runs was kept constant at 1:2.33. The devol atilized copol yners
fromruns 1, 2, 3 and 4 were designated invention copolyners 1, 2, 3 and 4,
and had nelt flows of 8.4, 7.5, 7.2 and 7.1 g/10 mn, respectively.

I nvention resin A was prepared by dry bl endi ng sanpl es of the copol yners
fromruns 1, 2, 3 and 4 in equal ambunts3s Resin A had a nelt flow of 7.7

g/ 10 i n. 32 TABLE 4 Invention Runs - Polyner A e[rr] Run 1
Run 2 Run 3 Run 4 Step 1I&§ed dhexane, phm 152
152 152 152 Tetrahydrofuran, phm 0.04
0.04 o 04 0. 04 m@%m_am&wmr, phm 0.03
0. 03 8. 050 Styre 20
40 40 é"“‘”“““%o Pol yrer | rzhé‘f‘u 0 Ti menf n Bun §p  Ruwm 8 49
12 12 PealgtPoIlyrrerl zation Tenperature, [err] 91.%6
88. 7 Cye bmne’ ohm eak Pglyneri zaté(gn Pressuff, psi 205
30 Tatrdiydrofuran, pﬁ‘)}p 03948tep .04 0.04 0.04
n-Butyllithium initfator, phm 0.03 0.93 .03 0.030
Styrene, phm 4Q.1 40.1 40.1 40.1
Polymaerization xime, aln 12 L2 12 12
Pealk Polymerizatiom
Tamperature, °C 83 85 a2 76
tep 2
Butyllithium initiator, phm 0.03 - 0.03 - 0.03 0.03
Butadiena, phm 8 8 3 8
Styrene, phm 19.7 19.7 19.7 13.7
Polymerization Time, min 40 40 40 40
Peak Polymerization
Temperature, °C - 86 86 87 79
Sten 3
n-Butyllithium _
injtiator, phm ¢.085 0.05 0.05 0.03
Butadiene, phm 17.5 17.5 17.5 17.5
Styrene, phm 154.6 14.6 14.86 14.6
Polymerization Time, min 49 40 40 44
Peak Polymerization .
Temperature, °C 108 106 109 100
tep & (Coupling)
Vikoflex 7170, phm 0.4 0.4 0.4 2.4
Time, min 16 16 18 ‘16
Temperature, °C- g0 88 99 95
Steo S (Terminating)
Water, phm 0.2 0.2 6.2 0.2
Carbon Dioxide, piam 0.4 0.4 0.4 0.4
Time, min 25 25 25 25
Temperature, °C 88 82 85 85
Step 6 (Stabilizing) :
Stabilizer Mixture, ptm 1.25 1.25 1.25 1.25
Time, min / S 5 5 5
Temparature, °C 87 83 35 88
Recoverad Resin
Ma21t Flow, g/10 ain 7.3 6.8 7.l 7.3

2)iter esach addition of monomer,

initiator or additive, the

feed lines ware rinsed with approximately 3-20 phm cyclohexane

diluent and cleared with nitrogen.



n-Butyllithiuminitiator, phm 0.07 0. 07 0. 07 0. 07
Styrene, phm 15 15 15
Pol ynmeri zation Time, mn 12 12 14
Peak Pol ynerization Tenperature, C 84.4 . 8
78.1 78.3 Peak Pol ynerization Pressure, psi 40
30 ° 40 40 Step 3 Butadi ene, phm 10
10 10 10 Styrene, phm 10 10
10 10 Polynerization Tine, nmn 20 20 20
20 Peak Pol ynerization Tenperature, C ¢ 96. 7 84. 8
86.7 184.8 Peak Pol ynerization By gﬁgs%re, psi 50
40 40 40 Step 4 But e, phm 10
10 10 10 St y¢smpesisphRuns - Polymer C 10 10
10 - lo—Pehyrerzati-or—H-e—-h 20 20
20 Peak Pol erEI’I z&bmmeﬂ'ﬁsﬁperature &n 9 Run 03.7 Run 11  10Rknll2
104. 6 1U4 8—Peak—Pot yIreTT ZatTomPressut <, —pol 60
55 Step 1 _gQ Step 5 But adi ene,  phm
5 ﬁilonexane, phqs 145 145 145
Tetrahydrofuran, phm 0_04 0.04 0.04 0.04
n-Butyllithium initiator, phm 0.03 0.03 0.03 0.030
Styrene, phm 40.1 40.1 | 40.1 40.1
Polymerization Time, min 12 12 12 12
Pesk Polymerization
Temperature, °C .79 80 81 85
Step 2
n-Butyliithium initiator, phm 0.03 0.03 0.03 0.03
Styrene, phm 19.7 19.7 19.7 19.7
Polymerization Time, min 12 12 14 12
Peak Polymerization
Temperature, °C 77 76 76 76
Step 3
Butadiene, phm 8 8 8 8
Polymerization Time, min 16 16 16 16
Peak Polymerization
Temperature, °C 79 72 72 72
Step &4
n-Butyllithium, phm 0.105 0.105 0.105 0.105
Styrene, phm 14.6 14.6 14.6 14.6
Polymerization Time, min 12 - 12 12 12
Peak Polymerization
Temperature, °C 79 94 92 81
Step 5
Butadiene, phm 17.5 17.5 17.5 17.5
Polymerization Time, min 16 16 16 16
Pegk Polymerization
Temperature, °C 94 95 95 94
Step 6 (Coupling)
Vikoflex 7170, phm 0.39 0.3% ¢.39 0.39
Time, min 16 16 16 16
Temperature, °C B4 81 80 86
Step 7 (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 81 81 85 86



Pol ynmeri zation Time, mn 12 19 10 10

Peak Pol ynerization Tenperature, C 92.9 89.5 96
91.4 Peak Pol ynerization Pressure; psi 100 100

100 100 TABLE 4 (Continued) Step 6 (Coupling) Vikoflex 7170, phm
0.3 0.3 0.3 0.37Tinme, mn

16 - 16 16 16 Tenperature, [err]

3 99 95 TABIRRS HiGoqtigued) psi 100
80 100 100 Step 7 (Term natin Wat er hm

0.2 ° Sgep 8 (Stabilizimg) 0,2 Car bg)n Di OXi deIo phm

0.4 Stailijizer Mixturepjm’ lo2% Time, ‘nfh L.25 L.25

25 §125' ‘“é“ og 25 825 Tenper%t,s,ure [erra]’ ?

95 P"‘“QB“ “"e'i 99 Pressure,,.psi 90 ;5 70
75 6 &i%pPBt (St abi | i zi ng) SPabilizer ™ xture, Pim ~  1.25
00015 - giichared @g;-éééefﬂ?rﬁlﬁgf” o "5

5 Helé Filow, g/1i0 m Temperatura: [err] 7.2 7.7 an 6.7

101 95 100

8After each addition of monomer, initiator or additive, the

feed lines were rinsed with approximately 3-20 phm cyclohexane

diluent and cleared with nitrogen.

Exampls III
Another comparative copolymer 13 without tapered styrene

butadiene blocks was used for comparison with the invention resins. The
comparative polymodal, coupled block copolymer of styrene and butadiene
was essentially the same as the invention copolymer except that
.sequential butadiene and styrane charges were used in place of the
mixture of butadiene and styrene used in the invention copolymer. This
compazative copolymer was prepared from about 75 weight percent styrene
and about 25 weight percent butadiene and was polymodal before coupling.
Similar charges of initiator and randomizer were used. The monomer
addition sequences were S, S, B, S, B in weight ratios of 40, 20, 7.5,
15, 17.5, respectively, followed by coupling. Comparative copolymer 13

had a melt flow of 7.0 g/10 min and was designated Resin D.

Example [V
Three comparatije copolymers (14, 15 and 16) were prepared to
demonstrate the importance of using two rather thaa one charges of
mixtures of monomers next preceding the coupling step ia the invention

copolymer. Both polymerizations were carcied out with a total monomer



Pressure, psi 125 125 125 125

Recovered Resin Melt Flow, g/10 mn 8.4 7.5

7.2 7.1 [err]After each addition of nononer, initiator or additive,
the feed lines were rinsed with approxi mately 3-20 phm cycl ohexane dil uent
and cleared with nitrogen. Exanple Il Twosgonparison copol yners were

prepafed to denonstrate the inportance of the structural features of the
invention Cepotae BES1I0 geNViboRBMBNkalght beSntl Ak he8) SlchBREne HDLIHRSE
two conparison polynmers styrene to butadi ene weight ratio of the charged
nononer s wag372t 4Ot @a@5ctargedpioliytris. 5, Tie résandf &heedéeluvmdewns tdidede
initial styrene charge, two tapered butadi ene/styrene bl ocks, and no

term nal budadimnethsegmanespri dflueot coupfiusy. fFhetipol 9rheri zagttartehar ges
and results are summarized in Table 5. These four copolyners were dry

bl ended to boPwiyddiHnmsess ussd rasBEhhindhitted &n nilesef polymer izatdoRy |a9dni n.
Copolynmers 9, tO, It and 12 were prepared with styrene, styrene, butadiene,
styrene, anakﬁlﬂaédi‘%%’eaéeﬁﬁeﬁ%‘?@i-’rfrthat sequence, and then coupled. These

copol ymers contain no tapered_bl ocks. . The pol ynerizati on, charges, an
results .are shown irF°?QE?‘%“6. 1‘;?"I' se®MbUi® ¢5pdi PrPRTe ‘f’ethdt“?eb}‘é‘ﬁdég to

yield Conparsltj,gger;lerec Iazr:]gec,’ ovr\zlft;l:I %erhe%gﬂ?izﬁadiene tapered block, and a final

butadiene segment next preceding the coupling step. Table 7 describes
the charges and results of these polymerizations. The styrene to
butadiene weight ratio of the charged monomers was 75 to 25.
Comparative Resin E was prepared by dry blending samples of
the copolymers from runs 14, 15 and 16 in equal amounts. Resin E had a

melt flow of 7.2 g/ 10 min.



melt flow of 7.7 g/10 m n. TABLE 5 Conparison Runs - Polyner B

Conponent s Run 5 Run 6 Run 7 Run 8 Step 1
Cycl ohexane, phm 205 205 205 205
Tet r ahydr of uran, phm 0.04 39 0.04 0.04
0.04 n-Butyllithiuminitiator, phm 0.03 ' 0. 03 0. 03
0.030 Styrene, phm 4(2.‘3.3..{&__ 40.1 40.1
40. 1 Pol ymarlzatlon Time, mn 12 12
12 Peak Pol ymeri zation Tenper at uF%“‘P“[‘éF#‘ﬂe Runs - Resin E g3 85
82 76 Step 2 Butyldlrthruminitrator, pnm 0. 03 0. 03
0.03 0.03 But™Mr&Ne phm Run 14 Rua 15 g Run 16
8 8 Styrene,Stp"mi 19.7 19,7
19.7 1 ' ~—f1t N 15 40 152 40 152
40 j_%gﬁ 4 o%ﬁé 5 tion Terrperature # 4 0.0 3807, 04
86 . tyllithium ih %‘( SR, JuR- Butyl lithi 6”93' nitiatog,gsphm 470,
0.05 ne phm 0. .05 49 49 40
Polymerization Time, min 10 10 10
Peak Polymerization
Temperature, °C - 86.7 82.4 83.6
Peak Polymerization Pressure, psi 30 40 30
Step 2
n-Butyllithium initiator, phm 0.07 0.07 0.07
Styrene, phm ‘ 15 15 15
Polymerization Time, min 10 10 19
Peak Polymerization
Temperature, °C 78.1 78.1 76.9
Peak Polymerization Pressure, psi 40 40 40
Step 3
Butadiene, phm 20 20 20
Styrene, phm 20 20 20
Polymerization Time, min 20 20 20
Peak Polymerization '
Temperature, °C 120.3 115.0 113.3
Peak Polymerization
Pressure, psi 60 70 80
Step &4
Butadiene, phm 5 5 5
Polymerization Time, min 19 i0 10
Peak Polymerization
Temperature, °C 32.8 88 85.9
Peak Polymerization
Pressure, psi 100 90 100
Step 5 (Coupling) :
Vikofiex 7170, phm 0.4 0.4 0.4
Time, min 16 16 16
Temperature, °C 92.5 92 96
Pressure, psi 70 90 100
Step 6 (Terminating)
Water, phm ' 0.2 0.2 6.2
Carbon Dioxide, phm 0.4 . 0.4 0.4
Time, min 25 25 25
Temperature, °C : 94.1 96 92
50

Pressure, psi 70 50



But adi ene, phm 17.5 17.5 17.5

17.5 Styrene, phm 14. 6 14. 6 14. 6
14.6 Polynerization Tine, mn 40 40 40

40 Peak Pol ymerization Tenperature, [err] 106 106
109 100 Step 4 (Coupling) Vikoflex 7170, phm 0.4
0.4 0.4 0.4 Time, nmin 40 16

16 16 16 TenperMsig g (Cerythued) 90

88 - 90 Step 5 (Term nating) Water, phm

0.2 Stgpo? (Stabluzﬂlﬁb 0.2 Carbon Dioxide, phm

0.4 Scafjdljzer Mixture, Ophr 0.4 Tinmet-%Fin 1.25 1.25

25 Timeypmin e 25 25 Terrpe? ature, [et rZL 5

88 Tempgsature, 85 85 Steqlb (Stabil P2 g) Stabilizer
M xture, phpiessuce, psty og 1.25 1.25 .25 Fhe, nin
/ 5 5 Tenperature [err]

87 Heltggi::ere‘}lge:ﬁﬁﬁ'— 88 Recovgrg ed Resi n7¥bl t Fl ow, g/ 10
mn 75 6.8 7.1 [err] eaéh

additi_on of nmpnoner, initiator or ad_ditive, t he feed Iines were rinsed with
approxi mat el y 3#28: Rhaasy ah@eanss dohskdy, 2R GlEAT S i Edy Al t {00

lines waere rinsed with approximately 3-20 phm cyclohexane diluent
and cleared with anitrogen.

Example V¥

Each of Resins A (from runs 1, 2, 3, 4}, B (from runs 3, 6, 7,
8), C (from guns 9, 10, 11, 12), D (4 commercial resin), and E {Erom
runs 14, 15, 16) were analyzed for styrene and butadiene content.

One-gram samples of each of the resins tested wera dissolved
in 10 ml of toluene and precipated with about 25 ml of isopropanol. The
solids from each sample were isolated, then radissolved in about 10 ml
of deuterated chloroform. The chloroform solutions were dried overnight
in a vacuum oven at 40°C. Half of each the dried samples was then
redissolved in more deutarataed chloroform and oven dried at 40°C for &
to 5 hours. The.:edried samples were than redissolved in an amount of
deuterated chloroform sufficient to forﬁ_ls weight percent solutions
which wers run in 5 mm NMR tubes at ambient temperature in a Varian
EM-390 instrument with 'H frequency of 90 MHz in the coantinuous wave
moda. Concentrations of styrane and butadiane were calculatad b§
integrating the areas under peaks representing proton concentrations of
components in the samples.

Results of the NMR analysis are reported in weight percents in

Table 8.



36 TABLE 6 Conparison Runs - Polymer C [err] Run 9 Run

10 Run 11 Run 12 Step 1 Cycl ohexane, phm 145
145 145 145 Tetrahydrof uran, phm 0. 04
0. 04 0. 04 0.04 n-Butyllithiuminitiator, phm 0.03
0. 03 0. 03 0. 030 Styrene, 43hm 40. 1
40. 1~ 40. 1 40.1 Pol ynmerization Tinme, mn 12
12 12 12 Peak Pol ynerization Tenperature, C
79 80 81 85 Step 2 n-Butyllithiuminitiator,
phm ° 0.03 0. 03 0.03  _ z0.:93 Styrene, phm
19. 7 19. 7 19:7 2 2 1B 7TePoEynetilzation Tine, nin
12 12 14; Z o Peak zPolyreri zati on Tenperature, C
77 76 =76 £ g 76 Sgep-3 Bytladi ene, phm °
8 8 = B2 8 , B Pplygerigdgtion Time, mn
16 16 = 16 & g 1P PpakgPol-ynerization Tenperature, C
9 72 & MRs 5 § @ Steps T
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n-Butyl lithium phm 0. 105 0.105 0. 105

0.105 Styrene, phm 14. 6 14. 6 14. 6
14.6 Polynerization Tine, mn 12 12 12

12 Peak Pol ynerization Tenperature, [err] 79 94

92 . 81 Step 5 Butadi ene, phm 17.5 17.5
17.5 17.5 Polynerization Tinme, mn 16 16

16 16 Peak Pol ynerization Tenperature, C 94

95 5 95 94 Stev 6 (Couplthg) Vikoflex 7170, phm

0. 39 0. 39 0. 39 0.39 Tinme, mn

16 16 16 16 Tenperature, C

84 81 80 86, Step 7 (Term nating) Water, phm
0.2 0.2 0.2 EXRRISYID Iy oxi de, phm

0.4 0.4 i Ti ' ,

o5 o5 Tgis pxamé%g COmpATeS reggfkﬁeﬁpegﬂﬁghgzﬁ t gF?]of fllms made

81 fromOinvention ResiBA from Exampi§61 wit§3ges-l;'f‘@l:of6p(x%§:b nugedl step 8

(Stabilizing)
films made from comparative Resins B and C from Example II, and D and E

from Examples III and IV. Each sample was converted into sheet form by
melt extrusion at a temperature of about 175-185°C using a sheet die and
a cooled polishing roll. Puncture testing wds done as described above.
Longer test times indicate that the sample has more environmental stress
crack resistance than samples with shorter test times.

The comparative test results are presented in Table 9. These
results show that invention Resin A had an enhanced resistance to
environmental stress cracking relative to comparative resins without
tapered styrene/butadiene segments (Resin C and D), comparative Resin E
with only one tapered block and a final butadiene block next preceding
coupling and comparative Resin B which has two tapered blocks, but onmly

one initiator charge and no butadiene block next preceding coupling.



Stabilizer Mxture, phm 1.25 1.25 1.25 1.25

Time, mn 5 5 5 5
Tenperature, [err] 88 82 83 82
Pressure, psi 125 125 123 125
Recovegfed Resin Melt Flow, g/10 mn 6.4 7.2

7.7 6.7 [err] each addition of mgromer, initiator or additive, the
feed lines were rinsed with approxi mately 3-20 phm cycl ohexane dil uent and
cleared with nitrogen. Exanple 111 Another conparative copolyner 13

Wi t hout tapered styrene butadi ene bl ocks was used for conparison with the
i nvention resins. The conparative pol ysmgab, coupl ed bl ock copol yner of
styrene and but adi ene was essentially Thée sane as the invention copol yner
except that sequential butadtenreTastdrResultener ddat gesiwere used in place of
the m xture of butadiene and styrene used in the invention copolyner. This
conparative_copolyner was prepared from about 75 weight percent styrene and
about 25 wei ght percent butadi ene and was pol ynodal before cobphénge,
Simlar charges of initiator and randdff,zer were used. The_rfesbnmin

addi ti on skegdencesreere STySe B, S, B/ ihmiei ght Thixkpess.of 4ur20, 7. 50uris,
17.5, respectively, followed by coupling. Conparatii¢é copol y®r 13 hakpus
melt flowof— 770 grI0omnmand was designared Resin D, EXanpl € 1TV Three
conpar ati ve A&copdifynkrs (IWeni¥nand 16)7vere preparéd to denmoifdtrate tHe

i nportance %f usElxr‘lgntV\o [ at her than on;ﬁzchar ges of 15

Comparative 3.0 5.0
c Ex. II Comparative 7.7 16 6.0 8.2
D Ex. III Compsrative 7.0 16 4.4 4.6
E Ex. IV Comparative 7.2 20 11 . 14,7

8Test method described in the specifications. Higher numbers .
indicate more enviromental stress crack resistance.



m xtures of nononers next preceding the coupling step in the invention
copolynmer. Both polynerizations were carried out with a total nononer
charge of 1500 g. About 79 weight percent of the cycl ohexane diluent (3720
g) was charged initially. The rest of the diluent was added during the
“run as a diluent or flush for the other reactants. n-Butyllithiumwas used
as thé& initiator in these polynerizationsa%nd THF was used as the

random zer. Copol yners 14, 15, and 1qa@grﬁaQ ﬁpared with one initial

styrene charge, one styrene/butadien bl ock, and a final butadiene
segment next: precedirfged 1€ LT o 3LLRE chEaQWenhQr?%H}Pe%pﬁ.hﬁm% &L ges
and results of these polynerizations. The styrene to butadiene I ght

rati o of theonpadiasd RONRTRESY Waany13st 01 2311 GHEP AV afd M eRBSibledd G ith
prepared by dry bl ending sanples of the copolymers fromruns 14, 15 and 16

in equal anpaHural puR@ssd poliisddrandiBbt tdtovldid Brope@tickO cBild be codPafABLE 7

Conparative Runs - Resin E [err] Run 14 Run

15 RUNEddh of the blends contained 40 wt% general purpose polystyrene
(Novacor® 555 commerically available from Novacor) and 60 wt? of the
monovinylaromatic~conjugated dieﬁe copolymer.

Polymer pellets were dry bl?nded then melt extruded in &
Werner-Pfleiderer ZSK-30 vented twin-screw extruder with screw feeder
(equipment?) using an open vent and a barrel temperature of 210°C. The
extruded polymer blend was converted into sheet form by melt extrusion
at a temperature of about 175~185°C using a sheet die and a cooled
polishing roll.

Puncturé testing of each of the sample sheets was done as
described in the puncture test procedure detailed above. Longer test
times indicate that the sample has more environmental stress crack
resistance than samples with shorter test times. The comparative test
results are presented in Table 10. These results show that blends made
with invention Resin A had an enhanced resistance to egvironmental
stress cracking relative to blends made with the comparative Résin D
which had no tapered styrene/butadiene blocks, and E with a single large
tapered styrene/butadiene block.

The other samples were not tested as blends because their
initial neat puncture test .values were so low and values always drop

significantly when blended with polystyrene.



Step 1 Cycl ohexane, phm 152 152

152 Tetrahydrofuran, phm 0.04 0.04
0.04 n-Butyllithiuminitiator, phm 0. 03 0. 03
0.03 Styrene, phm 40 40
40 Pol ymeri zation Time, mn 10 10 10
Peak Pol ynerization Tenperature, [err] 86.7
82. 4 83. 6 Peak Pol ynerization Pressure, psi : 30
40 30 Step 2 n-Butyllithiuminitiator, phm 0. 07
0. 07 0.07 Styrene, phm TABLE 10 15
15 15 Pol ynerization Tinme, nm : 10 10
10 Peak Polynerization TenpeiaLul:g, Tdsts Results of Blends® 78.1
78.1 76.9 Peak Pol ynerization Pressure, psi 40
40 —40._Step 3 Butadiene phm 20
20 . 8Q4ktyrene, phm Punctafk b 20
20 Pol yner i z@ten@bonli N&, NN Thickness, 20 Test, 2fin 20
Peak Pol yneresAatGras Tenper at ur®ype[ err] mils Curl Up 120r B Down
115.0 HEi28d 3 Peak Pol ynerization Pressure, psi
60 76 860—Step—4——
A Invention 14 11 9.9
D Comparative 16.5 1.2 1.4
E Comparative 17 1.2 1.4

%No blends were made of Resin B and Resin C.
b‘i‘es'l: method described in the specifications. Higher numbers indicate
more environmental stress crack resistance.

While the polymers and methods of this invention have been
described in detail for the purpose of illustration, the inventive
polymers and ‘methods are not to be construed as 1imited'thereby. This
patent is intended to cover all changes end modifications within the

spirit and scope thereof.



But adi ene, phm 5
Pol ymerization Tinme, mn 19
Peak Pol ynerization Tenperature, [err] THIS SHEED A8 BEEN
88 85.9 Peak Polynerization Pressure, psi REPLACED
100 90 100 Step 5 (Coupbing) Vikoflex
0.4 - 0.4 0.4 Tine, mn
16 16 16 Tenmperature, C e
92.5 . 92 96 Pressure, psi - _ 70
90 100 Step 6 (Term nating) Water, phm
0.2 0.2 0.2 Carbon Di oxi de, pf\l\“\“\\“\\\“‘“\\‘\‘\“‘*‘\
0.4 0.4 0.4 Time, mn c v w3
25 25 25 Tenperature, 0C
94.1 96 92 Pressure, psi 70
50 50 40 TABLE 7 (Continued) Step 7 (Stabalizing) Stabilizer
M xture, phm ClL2R I M S 1.25 1.25 Tine,
mn 5 5 5
1. A method of preparing a polymer under polymerization conditions

in a reaction zome comprising:

(2)

(®)

()

(e)

charging a monovinylaromatic monomer and an initiator in
the presence of a randomizer allowing polymerization to
occur until essentially no free monomer is present; thereaf-

ter

charging an initiator and a monovinylaromatic monomer and
allowing polymerization to occur until essentially no free

monomer is present; thereafter

charging a mixture of monovinylaromatic monomer and
conjugated diene monomer and allowing polymerization to
occur until essentially no free monomer is present; thereaf-

ter

charging a mixture of monovinylaromatic monomer and

conjugated diene monomer and allowing polymerization to
occur until essentially no free monomer is present; thereaf-

ter

charging a conjugated diene monomer and allowing essen-
tially complete polymerization to occur until essentially no

free monomer is present; and thereafter
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Tenperature, [err]. 95 97.2
93 Pressure, psi T 125 125
125 Recovered Resi It Flow, grtO.mn 8.8 ,
7.0 6.5 {ﬂl/@/m | tion of nmononer, initrator or addirtrve; the
feed lines were rins /W}\/ﬂél mately 3720 phm :y{’ﬁ’é e di PEENt)] and
clear&d with nitrogen. Iéxa’f’rple ach of Resins A (jiLom.r LASEY 3 ), B
(fromruns 5, 6, 7, 8, C (fromruns 9, 10, 11, 12), D (a conmercial
resiny, and E (from r¢ms chdtginkSihel Ractibh emadaley waH ictro_uéfib{% E&gen@nd
but adi ene content. One-gram sanples of each of the resins Tested were
dissolved in 10 m of tol.uene and precipated wth about 25 m of

i sopropanol . The | ids_from each _sanpl e were.isolate t.hen redissol.ved in
a-bout_ 10 rri of?‘de rat%ﬁthf?ﬁ]l o?’8¢f°5$1f}1g Tﬁoe cﬂ%of gr mvgh(ﬁra?i oﬁg‘c@er %alari ed
overni ght in a vagyaHBvyeomatit efohomeR! éorthin€aghtd ez diakiesh sabRiseanwas
then redi ssolved in nore deuterated chloroformand oven dried at 40C for 4

to 5 hours. The rédeh eshid acqrijegatederdenthesontaidissdola el tarben atesemt sad
deuterated chl orof orm suf f.i ci ent form..15 i ght reent_sol uti ons which
were run in 5 mm AARBeGt Aard in "t dharof T 9] o Felalt nditesh #00°
instrument with [ eedtly f 6@ g0 YwslEhtd Peldaat, drbepefdthblpuesiston@ge :
Concentrations of styrene and butadi ane were cal culated by integrating the

areas under peaksPEEJSRbs EINTONGYlRramaic cooramer #MdoAstof43c sieighiepersent t he
sanples; Results of ANSHYF AN3h %otight P& LGP U R IoleberdBly oY 1YL ERR:' "

percent, conjugated diene monomer, thus giving a resinous tapered

block copolymer.

3. The method according to claim 1, wherein the weight ratio of the
amounts of said monovinylaromatic monomer and said conjugated
diene monomer in each of steps (c) and (d) is within the range of
1:0.63 to 1:2, preferabljf within the range of 1:0.67 t.o 1:1.8, more
preferably within the range of 1:0.8 to 1:1.5.

4. The method according to claim 1, wherein said monovinylaromatic
monomer charged in step (a) is from 27 to 80 weight percent,
preferably from 40 to 67 weight pefcent, more preferably from 47
to 60 weight percent, of the total monovinylaromatic monomer

charged in said method; and

wherein said monovinylaromatic monomer charged in step (b) is
from 7 to 33 weight percent, preferably from 13 to 27 weight per-
cent, more preferably from 16 to 24 weight percent, of the total

monovinylaromatic monomer charged in said method; and

I~



Tabl e 8. [err] 42 Exanple VI This exanple conpares results of
puncture tests of films nade frominvention Resin A fromExanple | with
results of puncture tests of filns made from e Resins B and C

Lomversoamt b sod R NBIE S o 2 ™ S TR P

Al a2 RemRabs about [err]
usi ng~a sheet die and a tool ed polishing rol

; was done as
descri bed above. Longer test tlnes i ndi cate that the sanple has nore

envi r@nment al tress ¢ &, t han s t.h shor r.test tines.
The conparati¥ erteérétsagi EF%W ;S’P ﬁ?%??r? gbl? <:\% ’“Tﬁtgge fledlil ts show.
that inventiofofeS b A;mqglo%ra cg;e&ggj ﬁt@d}ﬁegt & g;v%%qeégral stress
cracking relative to conpar Tative resins without t apered styrene/ but adi ene

segnent s ( RestentC merg gyete@bmm i Ve tRe39 nwgighi tﬂﬂll‘@ﬂty afntitet aptat ed bl ock
ani oh has twoPPRRERRa RS e e I R oA Raf oe and 0.
but adi ene bl ock next precedlng coupl i ng.

wherein said monovinylaromatic monomer charged in step (d) is

from 5 to 47 weight percent, more preferably from 8 to 33 weight

percent, more préfera.bly from 11 to 29 weight percent, of the total

monovinylaromatic monomer charged in said method.

5. The method according to any of the preceding claims, wherein said
initiator in steps (a8) and (b) is charged in amounts effective to
provide a polymer having a melt flow in the range from 2 to 50
g/10 min.

6. The method according to any of the preceding claims, ;vherein said
initiator in steps (2) and (b) is charged in amounts effective to
provide proportionate amounts of polymeric species in said polymer
such that articles made from said polymer and articles made from
blends of said polymer with polymers of styreme have improved

environmental stress crack resistance.

7. The method according to claim 1, wherein said initiator in step (b)
is present in an amount from 0.25 to 300 times, preferably from 1.0

to 300 times, based on weight, the amount of initiator in step (a).

8. The method according to any of the preceding claims, wherein said
conjugated diene monomer is 1,3 butadiene, said monovinylaromatic
monomer is styrene, said organomonoalkali metal iniiiator is n-

butyllichium, said randomizer is chosen from the group of

" This Sheet Has Been R,
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43 TABLE 9 Puncture Test Results of Neat Resins Puncture M,

Test, mn Resin Source . Type g/10 mn Thi ckness,
Cur | Cur.l . m' ls. U Down A Ex. I | nventi on
7.1 178 190 Eoxe=— E arative

. 495, + B
I [T P o G
7.0 - s 4. & BTV Conpar at i ve
7.2 14.7 err] method described in the

SpeC'flcatlonﬁemy'dhﬂﬂﬁ nmﬂoeaézﬁwhd'e@@ére BRd € s&aVi Eupkinh alagshy €8S crack

resi st ance. nple VI i s exanpl e sanpl es of -th& [ nvéntion
resin from Exapphémhdc@gp(;blxod redfos from Exanples |1, 111 and IV were
each bl ended wi th general purpose pol ystyrene so that bI end properties
coul d be conpar ed,

wherein said polymerization is carried out in the substantial abseacs

of oxygea aad water at temperatures ranging from -10 °C to 130 °C;

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

wherein, after termination with said terminating agents, aoy remain-
ing hydrocarbon diluent is flashed off.

9. Polymodal copolymers produced in accordance with the method of
any of the preceding claims.

10. A poiymodal coupled resinous block copolymer of a monovinyt
aromatic compound and a conmjugated dieme, said copolymer having
polymer chains which result from coupling

$-S-B/S-B/S-B-Li
S-B/S-B/S-B-Li

wherein S = monovinylaromatic Elock
B = cogjugated diene block
B/S = tapered block
Li = living polymer site or coupling site.

1. The copolymer according to claim 10 having from 55 to 95 weight
percent, preferably from 60 to 90 weight percent, more preferably

This Sheet Has Been

U




Each of the blends contained 40 w % general purpose pol ystyrene (Novacor
555 commerically avail able from Novacor) and 60 w % of the

nonovi nyl aromat i c- conj ugat ed di ene copol ynmer. Pojzsasy ets were dry

bl ended then nmelt extruded in a Werner-Pfleidere o WiN- SCrew
extruder with screw feeder (equi pnment?) u?iong an A dBFaE"brreI
tenmpedature of [err] The extruded pol ymer bl end Was=conweiled | nt ofjsheet

formby nelt extryg t ture of about [err] using a shéeét die
and a-cool ed poli :\@Bil‘mllll““mmﬁre testing of each of the sanple sheets
was done as descri wthe pancture test procedure detail ed above: Longer
test times indicate that the sanple has nore environnental stress crack

resi stance than sanples with shorter test tines. The conparative test
resul ts are present 89T $378h13d -Weightrgeesens.c golymerizrd WwnoRAYINYREMRLIGSEE-Wi t h

I nvention Resin A h S n LI &Y L1835
cracking relative tgggﬁgng@gﬁa eqexﬁra?h ?%l‘gc ggn‘%@?@?‘l\g\féqﬂem n%hp%ﬁ :;ﬁh had no
t apered styrene/ but adi ene bl ocks, and E with a single |arge tapered
styrene/ but adi eng, block, The ot her, sanpl.es were nof.tested as bl ends
because their int&i E?e%a?p&hé?wlw&ﬁf %ﬂaef %f‘% so | ow and val ues

al ways drop significantly when bl ended with pol ystyrene. CLAI V5

-

13. The blends of claim 12, wherein at least ome polymer of styrene
and the copolymer of claim 9 or 10 are blended.

14. The blends of claim 12 or 13, wherein said copolymer is blended
with a polymer chosen from high impact polystyrene, acrylonitrile-
butadiene-styrene copolymers, styrene-acrylonitrile copolymers, styrene-
methyl-acrylate copolymers and styrene-methyl-methacrylate copoly-
mers.

15. Articles made from the copolymer of claim 9 or 10.

16. The blead according to claim 12, wherein said polymer of styrene
is one chosen from (a) homopolymers of a styrene; or (b) copoly-
mers of a styrené as a major component with a minor amount of
any other copolymerizable mounovinylaromatic compound other than

styrene.

17. The blead according to claim 13, wherein said polymer of styrepe
is a homopolymer of a styreme, in particular a homopolymer of
alpha-methyistyrene, para-tert-butylstyrene or winyitolueae.

18. Articles made from the blead of any of claims 12, 15 or 14.

This Sheet Has Been Reﬂlaced
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1. A nmet hod of preparing a copolyner conprising 55 to 95 wt. - % of
a nonovinyl aromatic nononer and 45 to 5 wt.-% of a conjugated diene
nononer under sol ution polynerization conditions in a reaction zone
conprising: (a) charging a nonovinylaromati c nononer and an initiator in
the presence of a random zer allow ng p@dpserAegati on to occur until
essentially no free nononer is present; thereafter (b) charging an
initiator and a nonovinyl aromati c nmononer and al |l owi ng pol yneri zation to

occur until essentiall C e oner. s present: thereafter (c) charging
a mixture of nonovinyl i% iﬁ%ﬁcgﬁgﬁgngmépgﬁ‘ﬁ%j QF 2 MONOHILY, r and

al l om ng pol ynerization to occur pNbI toRggeatreal DyeR@sli ree nononer is
present; thereafter (d) charging a m xture of nonovinyl aromatic nonomer and
conj ugat ed di ene nononer and all owi ng pol ynmeri zation to occur until
essentially no free nononmer is present; thereafter (e) charging a

conj ugat ed di ene nononer and all owi ng essentially conplete polynerization
to occur until essentially no free nonomer is present; and thereafter (f)
charging the reaction mxture wth a coupling nt, wherein_sai

nmonovi nyl ar omati c rmno‘?’rﬂ&et%FQ’é@rF?ﬁf§f‘ép“(P§f°$gﬁf’f%rﬁ°§?{%mc?r§0&v\gi ght
percent of the total, nbnovinylargmatic np r .charged | sghd; et hod: and
wherein said ﬁﬁ?\%"{ﬁrﬁﬁfﬁiﬁﬂn%ﬁcﬁs Hoﬁeé‘t”effﬁgal’qggdd’laﬁgs%%p EB ?g From7 to 33

wel gt per cenboflynfaidiaBlc WBRME:"H 2he PestadPRRPIraflAH GRE; | ()52

initiastor and monovinylaromatic monomer; (3) & mixture of
monovinylaromatic and conjugated diene monomers; (4) a mixture of
monovinylaromatic and conjugated diene monomers; (5) conjugated diene
monomer; and (6) a coupling agent; and the polymodal tapered- block
copolymers prepared thereby. The copolymers are paiticularly useful
peat or in blends for applications such as packaging and food or drink
containers which require transparency and good environmental stress

crack resistance.



wherei'n said nonovi nyl aronmatic nononer charged in step (c¢) is from5 to 47
weight - percent of the total nonovinylaromatic nononer charged in said

met hod, and wherein sai d nonovi nyl aromati ¢ nmononmer charged in step (d) is
from5 to 47 wei.ght percent of the total nonovinylaromatic nononer charged
in said method, = wherein the charging m xtures of (c) and (d) do not
conprise an initiator. 2. The met hodSHbstiute sheeato 22 Aughist 2008er ei n
each sai d nonovinyl aromati ¢ nonomer coains 8 to 12 carbon atonms and each
sai d conjugated diene contains 4 to 6 carbon atons. 3. The net hod
according. to claim1, wherein the weight ratio of the anounts of said
nmonovi nywwith fiproved emvironienahsiresstrdcic esistafed £ gbod iipate s@erpth.i n each of
steps (c) and (d).is,within the range of 1;0.63 to 1:2. 4. . The
met hod accor i fithes objpst e# this iavention ds) o provids;aprocess Sransking, refinoys tapsredr i n

St ens ) ) j ) ; )
hav?ng( Zgl?r%l{]?oé lsowbr?’rﬁpﬁﬁeﬁr%glﬁéggu rom a'iltcg{%o g%’gs tr?‘lﬁ%%@séh g‘% gﬁer%eéﬁggﬁ{?y
ASTM D I1f8poese3of thimpiocessris te ravpidkdiffighlt-to-control teniflewature tamdcpressurer ektragndso any

f th di ng cl ai . i i.d_i.njtiat i . d (b).i
char ged WS e EecrPRaHYEofstaRatbm ef tereris BeeRS it Foodieto b o
speci es desiratle frapettieser such that articles made fromsaid pol yner and

articles made from bl ends gf sai d_pol fylmar with polyners of styrene
nl

In a preferred embodiment the inventive copolymers
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have.! nproved environnental stress crack resistance.” 6. The et hod
actokding to claiml, wherein said initiator in ‘step (b) is present-in an
anount from0.25 to 300 tinmes based on weight, the anmount of initiator in
step (a). 7. The net hod according to _any. of the pr di ng clains,
wherein said conjugated di ene nondfer is 1, 3- l§5{b§gpgq1§hegta-r§§iugugt2000
nonovi nyl aromati ¢ nononer is styrene, said organononoal kali netal initiator
i's n-butyllithium said random zer is chosen fromthe group of
tetrahydrofuran and diethyl ether, and said coupling agent is epoxidized.

- veget abl gafidisiadis0to Wiester-1 ofai dnopovinydriromt tisnmensmerrandet 39t S W -the

. subst ant i al 28 i dy AL Bl aRkd RAREKATULIEs goapaérigaticam - 10C

ito 15000;0'\/\?‘lgéra_g?l'r‘ﬂ%é?tdel(raw_g‘i%gbn%guaﬁ??lgépaageﬁu reacts wt hd p?oduct s of said

i pol yner i £8P0 hit 8y REMIsZ4eBed with a terminating .agent and a
stabilizer; and whdérkiHrsiseMorEARTIFITRER HATPRS A%2R §Pﬁf-‘%5\f‘? ¥ agent s,
any 1 eﬁagfusg&éwi ALROA: dildWBR tpolyRndi A8CH Rbhr udtil essendially no & Method
according to any of the preceding clailns, erein said nonovinyl aronmatic
nononer cirmogeed if PraserpHECERRPs from 40 to 67 wei ght percent_of the total

monovi nyl ar omati ¢ @wﬁgﬁghﬂ ge6krbdlarddl &ogﬁkﬁﬂ%dﬁerﬁad&é&i& _
nonovi nyl aronmati c nomer~ char ged In step ) 1s from13 to 27 weight
percent eflowing polymen@eRnn/P wprer Wi eisectmiyorefe T BaReRd 1SPT8¥PH et hod:;

e aemn Soa
NSTS3IRST

(c) charging a mixwure of monovinylaromatc sonomer and
¢ _ conjugated diene monomer and zllowing polymerizadon to occur until essendally no
c fre= monomer is prasent; thersafter

(d) charging a mixture of monovinylaromatic monomer and
conjugated diene monomer and allowing polymerization to occur until essentially no
fres monomer is present; thereafter .

(e) charging a conjugated diene monomer and allowing essentially
compl.e'te polymerization to occur until essentially no free monomer is present; and,
thereafter

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

wherein said monovinylaromatic monomer charged in step (2) is ﬁ'om
27 to 80 weight percent of the total monovinylaromatic monomer charged inn said T

method;

P wherein said monovinylaromatic monomter charged in step (o) is ﬁ'o‘m
o 7 to 33 weight percent of the totzl monovinylaromatic monomer charged in said ’
method; '
wherein s2id mono¥inylaromaric monomer charged in step (c) is ffom
3 o 47 weight percent of the wotal r:ﬁoriovi.nyla.mmatic monomer charged in said
method, '
whersin said mono‘)inylaromatic monomer charged in siep (d) is Eom
5 to 47 weight perceat of the totzl monovinylaromaric monomer charged in said
method, and

wherein the charging mixtures of {(c) and (d) do not
comprise an initiator.



swWherein said nonovinyl aromati ¢ nononer charged in step (c) is from8 to 33
vve'if-ght- percent of the total nonovinylaromatic nononmer charged in said

met hod,. and wherei n sai d nonovi nyl aromati ¢ nononer charged in step (d) is
from8 to 33 | the total nonovinylaromatic nmononer charged
in said net hoﬁi ‘m‘ﬂmmmmm pol ymer obtai nable by the nethod of any of
the preceding LB s * The cgpol yiRibsfiuts brben 922 wheisi ostri d
copol ymer conprises at |east five polyneric species which result from

coupling [err] wherein S = nnnovbﬂll,@fmtic bl ock B = conjugated diene

block B/I'S = tapered block Li | TVIn ymer site or coupling site,

wherei n tHe pol yner i& matead efSpreparing] 2 cogolymmemepmesirgusd ta O5ipVti-fg) ofigent  or
coupling site..11. . The cap r agcording to ¢claim 10, having from
55 to 95 \‘A%".“%H%nj‘%%é%arﬂ" %8?‘Wr?§ﬁ"§e% %B’Wﬁ’y‘? ?SﬁYg%e‘ﬁ%ﬂ%mo%sed on '
total wei g.bﬂercn‘ohmlmopﬁifnaeriidﬂioﬁ%bﬂdiﬁ@@é)in)’z{rﬁxctié@zone comprisif:t i cl es made from

t he copolymer of any of clainms 9, 10, or 1
a) charging a monovinylaromatic monomer and an initiator in the

presence of a randomizer allowing polymerization to occur until essentiélly no free
monomer is present; thereafter
(b) charging an initiator and a monovinylaromatic monomer and
allowing polymerization to occur until essentially no free monomer is present;
~  thereafter '

p—

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

{d) charging a mixture of monovinylaromatic monomer and
conjugated diene monomer and ajlowing polymerization to occur until essentially no
free monomer is présent; thereafter

(¢) charging a conjugated diene monomer and allowing essentially
complete polymerization to occur until essentially no free monomer is present; and
thereafter

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

wherein said monovinylaromatic monomer charged in step (a) is from
27 to 80 weight percent of the total monovinylaromatic monomer charged in said,
method; '

wherein said monovinylaromatic monomer charged in step (b) is from
7 to 33 weight percent of the total monovinylaromatic monomer charged in said
method;

wherein said monovinylaromatic monomer charged in step (c) is from
5 to 47 weight percent of the total monovinylaromatic monomer charged in said
method, and

wherein said monovinylaromatic monomer charged in step (d) is from
5 to 47 weight percent of the total monovinylaromatic monomer charged in said

method,



3. A bl end conprising the copolyner of any of clainms 9, 10, or 11.
14; - The bl end of--elai m13, wherein at | east one polyner of styrene
and .t he copolyner of any of Wi ms 9, 10, or 11 are bl ended. 15.

The bl end of clp n‘“ L erein said copolymer is blended with a
pol ymer chosen m\

pol ystyrene,
acrylonitrile-

ut adi ehe- styrene copol yners, sélytgsgmﬁegﬁgg{ OQQt/{ddu‘gt 2000

copol ymers, styrene-nethylacryl ate copéVyner

styrene- net hyl - net hag/pgleat ghe (ﬁ“’[{rﬁﬁ&m}%féc) and (d dérglﬁt ?nlprgndi aac_nCOF ding to

claim 14, wherein said polyner rene 1s’one
honopol ymerlstl%wfa styrene; or (b) copol yrrers of a styrene as a mgjor

conmponent th a mn of any ot her copol ynmeri zabl e nmonovi nyl -

aronatic corrpound ot ﬁé? I?r%é# "yt° ofgim 1, “whercin explestifiend according to

claim 14, mtbﬁbﬁnyllaﬁc&ndxcﬁﬁbﬂdfﬁér Rt RN bS8 HRIRRGY: ;81‘21 a styrene, in

particular a.homo éjd ymer of al pha-nethyl styrene, para-ter utyl styrene or
ien

vi nyl t ol uefRIjugate CCOHtW?ﬂlt@IGe@ImeGOmS omthe blend of any of clains 13
oo di zed*veger ab o o FRRR GO EII ABE0 El v SR B2 el Pl o o ot
Lorr] to Tarl, uhe s”“”“’??%“”“?;”é‘ﬁ?Sﬁﬁﬁﬂm?%%“?%é‘% bR e of
sai d pol yrfé’r"ﬁjfgm?(? E@ea”éy@ ésrﬁ"{t@ntth%g%“ée%\ﬁnltg%6%t0t B2ni nat i ng ggent and a
stabilizerg and The method according to any of the preceding claims, wherein said
(- initiator in steps (2) and (b) is charged in amounts effective to provide a polymer
' having a melt flow in the range from 2 to 50 g/10 min, as determined by ASTM D
1238-73, condition 200°C/5.0 kg.
5. " The method according to any of the preceding claims, wherein said
initiator in steps (a) and (b) is charged in amounts effective to provide proportidnate
amounts of polymeric species in said polymer such that articles made from said
polymer and articles made from blends of said polymer with polymers of styrene
have improved environmental stress crack resistance.
6. The method according to claim 1, wherein said initiator in step (b) is
present in an amount from 0.25 to 300 times based on weight, the amount of
initiator in step (a).
7. The method according to any of the preceding claims, wherein said
conjugated diene monomer is 1,3-butadiene, said monovinylaromatic monomer s,
styrene, said organomonoalkali metal initiator is n-butyllithium, said randomizer is
chosen from the group of tetrahydrofuran and diethyl ether, and said coupling agent
is epoxidized vegetable oil; and/or
wherein said polymerization is carried out in the substantial absence
of oxygen and water at temperatures ranging from -10°C to 150°C;
wherein, after said coupling agent reacts with products of said
polymerization, the system is treated with a terminating agent and a stabilizer; and
wherein, after termination with said terminating agents, any
remaining hydrocarbon diluent is flashed off.
8. The method according to any of the preceding claims,



s

wherein, after termnation with said term nating agents, any -remain- ing
hydr ecarbon diluent is flashed off. 9. Pol ynodal copol yners produced in
accordance wth-themethod of any of the preceding clainms. 10. A pol ynodal

coupl ed resing mer of a nonovinyl aromatic conmpound and a

conj ugat ed dﬂ!‘Bl E “ﬁﬁﬁ@lﬂm&r havi ng pol yner chains which result from

coupling S-S H=asa s o+B/ S- B/ S=BglLi whguleititute sheet = 220hopistD@Bonat i c
8

bl ock B = conjugated diene block B/S = tapered block Li = living pol yner
site or coupling Sﬁ@reiﬂlﬁd%o@&?ﬁwﬂﬁfc R6RGhEH Qrded ifspTal & B8 N9 from
55 to 95 wei ght percent, preferably-from60 to 90 wei ght percent, nore

pr ef er ab#§ ta kv sveiphdaerqgnt oBtherfotah pwdovinylarapmtigSnenpngs ohergghtin saidcent |

pol yrrerirzn%ﬂ}?qpnovi nyl aromati ¢ com pound, based on total weight of

nonomner s, %ai d copolyner. 12. Blends of the copolymer of claim9 or 10.

13. The bl ends of ehetein ddd Mﬁﬁﬁ&ﬁr@ﬁatlo&@&ﬁorﬁmmﬁgeﬂﬁﬁrﬂ@fﬁb;ﬁayﬁ@ﬁﬁ‘ and the
copolynmer of claim9 or 10 are bl ended. 14. The blends of claim12 or 13,
wher ei n §3itQl 22 oprdghtrasroent of thetgtalj monovinylaromatic monomer charged in said

method; '

wherein said monovinylaromatic monomer charged in step (c) is from

8 to 33 weight percent of the total monovinylaromatic monomer charged in said

method, and

wherein said monovinylaromatic monomer charged in step (d) is from

.

8 to 33 weight percent of the total monovinylaromatic monomer charged in said

method.
9. Copolymer obtainable by the method of any of the preceding claims.
10. The copolymer of claim 9, wherein said copolymer eompﬁses at least

five polymeric species which result from coupling

S,-S,-B/S;-B/S,-B,-Li

S,-B,/S;-B,/S,-B;-Li,
wherein '

S = nionovinylaxomatic block

B = conjugated diene block

B/S = tapered block

Li = living polymer site or coupling site, wherein the polymeric
species are: -

8,-S;-B,/S,-By/S,-B,-X-B,-S/B,-/S;/B,-S,-S,,

S,-S,-B/S;-B,/S-B;-X-B;-S/B,-S4/B;-S,,

S,-B /S,-B,/S,-B,-X-B,-S/B,-Sy/B,-S,, Sy:B//

S;-B,/S,-B;, and S;-S,-B,/S;-B,/S,-B;, X

being residual coupling agent or coupling site.
11. The copolymer according to claim 10, having from 55 to 95 weight
percent polymerized monovinylaromatic compound, based on total weight of
monomers, in said copolymer.

12. Articles made from the copolymer of any of claims 9, 10, or 11.



- Wth a polymer chosen from high inpact polystyrene, acrylonitrile-
but adi ene-styrene copol yners, styrene-acrylonitrile copolyners, styrene-
mol ynmers and styrene-net hyl - met hacryl ate copol y- ners.

met hyl - acryl at

15. Articles m& mn | ymer of claim9 or 10. 16. The bl end

according to cls 4 mmmfsai d polynmer of styrene is one chosen from

(a) honopol yners of a styrene; or (b)gcopol ySuﬂ%‘ﬁELﬁe%ReQ%—Stﬂr/ﬁ%s‘??O@Omj or
0 zabl e

conmponent with a m nor anount of any ot her copolyneri

nmonovi nyl,gromatic c “ﬁ% Rl ] I cording to
claim 13,1%\'/\Iherei n s‘g{gga{go%y r &thgg%%%%gf??%fn%%‘gﬁy%&%qg’styrene, I n
particul a4, a honopdTheslendbf alajphd3pwhérginsdt\leasnone palymer @f tstyperieylusd yr ene or

vinyltoluene. 18. Articles nmade fromthe bl enéj of any of clains 12, |3 or
14. " Thi s tkeenolyiger ebany ehclpims.g) 10, or 11 are blended.

15. The blend of claim 13 or 14, wherein said copolymer is blended with
a polymer chosen from high impact polystyrene, acryloniﬁ‘ile-butadiene—styrﬂne
copolymers, styrene-acrylonitrile copolymers, styrene-methylacrylate co;;olymers and
styrene-methyl-methacrylate copolymers. o

16. The blend according to claim 14, wherein said polymer of styrene is
one chosen from (a) homopolymeré of a styrene; or (b) copolymers of a styrene as a

major component with a minor amount of any other copolymerizable monovinyl-

—,

aromatic compound other than styrene.

17. The blend according to claim 14, wherein said polymer of styrene is
'a homopolymer of a styrene, in pérticular a homopolymer of alpha-methylstyrene,
para-tert-butylstyrene or vinyltoluene.

18. Articles made from the blend of any of claims 13 to 17..



