STYRENE BUTADI ENE BLOCK COPCLYMERS FOR FI LM APPLI CATI ONS BACKGROUND OF TI I E
| NVENTI ON The present invention relates generally to the field of block
copolynmers. Morre particularly, it concerns nonovinyl arenc-conjugated di enc
copol ynmers useful in shrink filmapplications, especially in blends with
pol ystyrene. Articles fornmed from nonovi nyl arene-conj ugat ed di enc

copol yners, such as 10styrene-butadi enc copol yners, for exanple K-Resing
(Chevron Phillips Chem cal Conpany LP, The Wodl ands, TX), generally have

i nproved physical properties conpared to articles fornmed from general

pur pose pol ystyrenes i C rei fo i ch heat

shri nk perfornmance i§T§%ﬁﬁﬁﬁgﬁ?¥ﬁﬁé@ﬁﬂﬁﬁ§§ﬁgéﬁgﬂéﬂgkgi}ﬁb@?@@ di ene

copol ymers are necessary to provi deApHAC:TNONR per formance desired | Sby
this growing market. As an exanple, typical nonovi nyl arene-conjugated di ene
copol ynmers possess glass transition tenperatures (TO which are the primry
controll er of shrink perfor e atD QF A HIRINVENTION n t he range of about
95C to about 108C. This reIatlver high Tg is not favored by the

mar ket pl ace as a relatively high tenperature is requires to initiate
shrinki ng. 20Fur t her'he prefeyigevgnteneclites asaaeyrip {he Held eillackgopdiymers. More

nonovi nyl ar ene- &ﬁﬂhugfﬁﬁgmghﬁHﬁn&@%ﬁh%@%&ﬁw&@&d@@%%ﬁﬁwﬁ&ﬂﬁéﬁﬂ&f reasons
including increase filmstiffness and decfeased costs. Articles formed from
bl ends of pol ystyPlefen sapirertheiensia lsads Hhmeligtced di ene copol ymers can
al so be used in applaigdsif@mned MR iBndVaBlardBLbiilaRRe By J¥BEGierd, Sudimpor t ant .

25Therefore, it would he desirable to h nmn | are t adi ene
copolyners %nth“?Sﬁ%?mgﬁmﬁﬁﬂﬂwﬂﬁﬁ N EHH ‘ﬁ%R§ﬂ?9§bm%8?ggpﬁﬁﬁg%“m%|ther al one
or in blends W Cémjoy ¥itye BredastbNIMARN &y Tk ihidhdebTi a3 Prop& O8] ugat ed

di ene m xed bl ocks m xe ated d ene

ai ns n

uni ts and nonovi’h\ ?rﬁwﬁglcﬁhf ’me(ﬁﬁ ”ég%rafé?WpOFe£°?y3%yb?]e 6%’ Leﬂ)’qﬁg’e £ about
0.33. In anotheﬁﬁemboﬂmnhmhhaﬁﬁenbwm@emw@amumnhmonmwemmbesﬂMema conposition

containing (a) Joﬂfagatgpcﬁe%gc %l Bﬁ%%s aﬁ nlgy s&@, tghtov¥d91h%9ﬁ)rH1tk géorgl%ce%e thWEI ght of
a monovi nyl arenc- 'conj ugat ted 0Ck op81yner conp Pr'si ng ﬁurallty of
nmonovi nyl at®ene-dhip gl@?(!ﬂedndd‘{een‘e dﬂneb’céelwldalyoif;klsnonmﬁe)rlebw ceamh‘dtm dad bl ock
contai ns coni ugapaghnéll £ s&@esymsgﬁarmgn RRBGRY LA f Sk Rl finA Vel ght Tati o
of about 0.05 to about O. from about arts by wviei ght to about
50 parts by wei$Rtolst Of;ﬁb‘ll%vtegf@@ﬂ@e, é'reéfmcailhe1hvﬁw|0ﬁ§hoa?%n@1<t%>ﬁ]ltugat ed
di me bl ock copolpgrerTiandaiRg HarQliyist hi&aEL QL AhrkdPRcR@n tedat¥ Vi%! hght .
I n anot her enbodi nent, the present invention relates to a net%

shri nk-wr appi ng®BPFYWF BCPIUEFS ta N FBNRIESb) ect s by wr appi ng t he object or
the group af obj ect sumict Bogstfriden @oemoalyrmdﬁgedtm BEIPIaslhieh OfdbnjukReyi €l d a

wr apped obj ect of ob cts heat i the w ed_object or group
of “objects o AT MyRYREr R RHA FoeCot TSR 4t POiE SRrFe T BA o €k Che
filmin at | ean.'ecﬁaa\f:cl ¢osts, dnfcecfommﬁdn@blwdebﬁboayssjmw Eﬂ(i—m(m’oa]pjdadne()bj ect or

group of objects.. T r and .the ¢ tlon an b sed in the
producti on of sﬁnﬂl ‘de (ﬁing §fﬂ’\ﬂl1\-”% &\?(a f_"d%"m*i | MENTS
I n one enbodlnewﬁMHUh@npmeeemm i nvention relates to a nDnOV|ny

| ar eneconj ygat ed di lo 0 NIl | oty of
nDnOV|nyIa$gneconju§g$gQ ﬁfﬁgﬁﬁﬁygﬁnﬁFt@%@FﬁkﬁﬁﬁgﬁﬁmgggﬁahlXed bl ock
cont ai ns conj ugar@dndi enlelogsiihians immrey ehiyabihiink beforpracy pitltes alpse @ imei ght
ratio of about Q. QowkPpARBME0- 33. The weight ratio can be defined as phm
(parts per hundred nononer over all conjugated di ene and nonovi nyl ar ene
nononer charged to the polyner during pol ynerization) conjugated diene
units divided by phm nonovi ny¢gvener VO SHE @Queniirioes of nononers and
nmononer units expressed herein are usually in ternms of parts per 30hundred
nononer (pih) based on the total weight of monovinyl arene nononer and

conj ugat ed di ene WDDQFﬁEE:mB(hI&ﬁ@thtQﬂAH’SErﬂngQioy@Xtébl@.ﬁ in@ﬁhvinyldrene "1 he basic

starting materials a o] ation condi t s for eparing conj ugat ed
dlenc/nDnOV|nyV§W8%e%6VP k%ggﬁﬁ?ﬁﬂﬁfgmﬂP@g8P@5$ éawrﬁ Dﬁgchal Nos.
4,091, 053; 4,584, 346; 4,704,434; 4,704,435; 5,227,419; 5, 545,690; and
6,096,825, the full disclosures of which are hereby incorporated by
reference as if explicitly contained herein. "Conj ugated diene," as
used herein, refers to an organi c conpound contai ni ng conj ugat ed

car bon-car bon doubl e bonds and a total of 4 to 12 carbon atons, such as 4
to 8 carbon atons. Exenplary conjugated dienes include, but are not limted
to, 1,3- Intadiene, 2-nethyl-1, 3-butadienc, 2-ethyl-1, 3-butadiene,
2,3-dimethyl-1, 3- butadi ene, 1, 3-pentadiene, 3-butyl-1, 3-octadi enc, and

m xtures thereof In one enbodi ment, the conjugated di ene can be

1, 3- butadlene or _isoprene. In a further 10enbodi ment, the conjugated diene
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20The pol ymeri zati on process can be perforned in the presence of an
initiator. In one enbodinent, the initiator can be any organononoal kal
nmet al compound known for use as an initiator. In a further enbodi nent, the
initiator can have the Formula RM wherein Ris an al kyl, cycloal kyl, or
aryl radical containing 4 to carbon atons, such as an n-butyl radical, and
Mis an al kali netal, such as lithium In 25a particul ar enbodi nent, the
initiator is n-butyl lithium The amount of initiator enpl oyed
depends upon the desired polyner or block nol ecul ar weight, as is known in

the art and is readi|ly determna Ie .d | owance for traces of
poi sons in the ?%@ﬁm‘¥w8§ﬁ§““%ﬂ) e s Wﬂgﬁﬁﬂgﬁm RDfAgs GO e grene

pol ymeri zati on mﬁﬁﬁQSﬁmmmm¢Mmﬁemeaahhﬁmtﬁﬁoommanomhenmﬂukmnple initiator
charges are charged,t IWIG %wm hzq%lo npnp (=X @f a Jpar %ykar initiator
conpound can be used fgthshabodigiga!s hR preach} nysRien iy eso@hﬁ 8” “"The charging
of multiple ini@Eaﬂmw(@ﬁamg@@um@pmhﬂwpakynembmmﬁimmwpywagm$f@an nodi fy the
modal i ty of; t hey il RAL YR Ffictlithdok DS o R HESE M PEL M The
polynerlzatlon process can i nvol ve 8onlzer I n one
enbodi nent , thempwmmezeﬁommecb@erm myeddahlocky, g/éﬁﬁl@ Cwmm@ﬁﬁpcksmwsas an

ether, a th'Oeth&hpoﬁ&hﬁmk%ﬁﬁhﬁﬁMwﬁﬂh&%nmkGmﬁ@@&Q@CMQHQQ@hMﬁﬂﬁos&he
randonlzer can be a potassiumsalt or a sodiumsalt of an al cohol. The

random zer can B ) fom tbre SHptt CEEBHI P IR ALY Viciht dve t he
effectiveness ofolfsB@entiieted @ modRink RRAQEINTR B dib:RAKIck @ﬁg'otynm arddge

nonovi nyl arcne xed nononer charge, to nodify mxing in a

m xed nonofr c a@m65wlﬁaﬂagfb%%?°tthereof The inclusion of a randoni zer
can be of val ue V\hemnirmrhm d]h@oamﬁhtz(ﬁdpﬂ&'@blﬂﬂhﬁzd’lydnﬁléﬁmetoﬁﬁﬁljtm@@lfﬁﬁlmﬁh me bl ock
of the present g R% b enF % { zers i g$ put argfnot limted
to, di nethyl £ ?ga%ﬁE%HV Sether° ﬁ@ W”WB?%SFO HAF ¢ BB PT pr opyl

et her, di-n-pr Oqﬂydct%emih&rﬁlmdbl}mmn@ﬂ:b yd)m[ﬁ)ﬁlh&f o Aelil 8 ofrpeddib@xanegoup of

12- di net hoxyet h n t her i ph | ether,

1, 2- dlnethoxybeﬁpgﬁéhd%e%mg %ﬁ%ﬁ%ﬁk Qm?te%%mﬁ?%?% ?%HE3§P¥ &)
potaSS|un1F%ft @vﬂbat@ﬁﬁﬂﬁwbhdﬂﬂ®¢ﬁmimsuk$td@mNHMGWhybygumﬂhd@< di - n- propyl
sul fide, di-n et hyl sul fide, dinethylethylan ne,
tri-n- ethylanl2§&Mkd%3&&opavmn§%gﬁ$%c tri-n-butylamne, trimethylanine,
triethyl am ne, tetrﬁﬁéﬁﬁ?W@@ﬁvﬂéﬁéd@ﬁﬁﬂﬁ@cmﬂéwﬁ@é@ﬁ?Pé@WVP@WéBP@h]ne

N, N- di - met hyl ang;ldsne, Nmet hyl - N-et hyl ani | i ne, N-met hyl nor phol i ne, and

m xtures thereof, anmong others. I n one enbodi nent, the random zer is
| ei rahydr of uran. Wen enpl oyi ng tetrahydrofuran, the tetrahydrofuran is
general |y present in apEorRiPTION OFheLusMga 9vE 280ig@esnaboug 0. 01 phmto
about 1.0 phm' such as from about 0.02 phmto about 1.0 ph in. I n
anot her enbodi nent, the random zer is potassiumtcrt-anylate (KTA). Wen
enpl oyi ng KTA, the Kmmeh&bgﬁmanahdg@@mesemkmhaaanoammumhmmmmhhe range of
];.rbngt agozt 3g goc]bnj%oa ¢ %%%%Uk col%oll){mglacn}ltgl'p ng a uraln C}m ovué\}é% mggﬁoﬁg;n E:ﬁar ge
or nononer nlxtummonhahg@nuaﬂbbebpwhgmemeQdmmmdmkc@mMHmDmmﬁndwwner|zatlon
condi ti Onsv‘rSUChungtpa#d rEJ?BwEﬁLlX nltszl?ftalvx%ﬂ;ll)l 1atlfgfca.lﬂoﬂ'a%gQ@Ibogth)a}%g%hgr nmononer
m xture charge ormt articular I's substantiall onpl ete
bef ore char gi ngveashs Eﬁyse@m@rﬂpﬁ@kla:r pen (P80 @hbﬂrlgmﬁgw'ﬁma@ ougad Ch&‘!‘%ieﬁ refers
to the i ntroduciiRinPhofbf gﬁmymgnoml Bhal £RES thOfb1 d%ﬁaﬁﬁulll§$%@n@§zat iR interior
of a reactor vessel not to be boun t heor If an initiator
is included in Cé?ll)@aﬁwb«beneammd@e%dm thﬁy’m"@mld}'S)]efublﬁ*m%‘ﬁ*ﬂﬁ’ébr ofde nova or by

addition to them&ﬂﬂw@%n@ﬂoMﬂk@ﬁﬁk@ﬁi&@mhe&ﬁﬁﬂé@M@b%nkQﬁﬂﬁ@mekka Furt her
not | obe bound by th i f tiator is not included in a charge, a

bl ock mnII“{yp|@QWF?mBW¥V”ﬂ%F%P%?j%HH??WbW“E@OfW@mﬁﬁﬂmﬁPeéﬁ“%ﬁ¥éWhlnated
previ ously-for rﬂi}dj,uozbécnﬁéﬁe monomer chr€AURhiN@lagGeEMiogan be added after
polynerlzatlon IS c§ﬁ$lete SU|tabIe cou&llnglagents i clude but are not
limted to, di- PRy PR PRRER Y ps T mgZet “HW“WE R8R%es: di- or
mul ti al koxySI | acm)ﬁﬁhatdl dHenotmonMityildr&e Oypahadpolymediare dvclosadlit UiSrPaigsgs. di - or
mul ti al dchydes; di- or nultiketones; al koxytin conpounds; di- or

mul ti hal i des, such as silicon halides and hal osil ancs; nono-, di-, or

mul ti anhydrides; di- or nultiesters, such as the esters of nopnoal cohols
wi t h pol ycarboxylic acids; 10di esters which are esters of nonohydric

al cohols with dicarboxylic acids; diesters which are esters of nonobasic
acids with polyal cohols such as glycerol; and m xtures of two or nore such
conpounds, anong ot hers. Useful nultifunctional coupling agents include,
but are not limted to, epoxidized vegetable oils such as epoxidi zed
soybean oil, epoxidized linseed oil, and 15m xtures thereof, anong others.




The fil mor sheet can be produced by any techni que known in the art of
nonol ayer and coextrusion. Such techni ques include, cast filmextrusion,
bl own filmextrusion, and sheet extrusion; either as a single extruded

| ayer or a plurality of cocxtrudcd | ayers. Generally, the filmcan be
produced by cast filmor sheet extrusion 30techni ques. For exanple, the
filmcan be produced using conventional extrusion techniques such as a
coextruded cast film |In coextrusion, two or nore polyners are

si mul t aneousl y extruded through one die. Two or nore extruders are used

i mul I d th h I
niroduced 13 FUGSEHEARAS i e g oo i 0k AR hat

there is no intﬁtrtmsmbhlgae obwhiclh@t tirely i0Gorased dl rdffienck adieefpicey bet ween t he
filmlayers. ontair cast filmextrusion process, nolten material from
an extruder fl o8 ‘t]ﬁ?&ﬁh aflat die directly onto a casting roll, which
cools the nolten mat @onmgatedﬁeme’ralulsqﬂheeasteferrs tbmmgmmecmguqdmommcmoti | s
with an average ocess can
be used to {p o d%ogl]ett %&f&ﬁg% %Lb %E%Im%,ldsatﬁtal ofgﬁél?, JR%YIEH%{SIE] %E'c% aE’!I
orientati on cantolfeaibpt tltgldﬂucFe@mplht)@Omh@tefdldIemqpnqu:dle ltuoalvmtdiinmgd @nl the final
drum I n anot heg, 031 MR 3tfiBafehd EneIE?IlI DG MRYRD ?H‘ihlgthgl‘ {A_roll and
orientation can be iRtroduced into the ‘ll)y paSSIn e filmthrough a
separ at e 10ori ebitaingd.Jprcoediges. p-pyful-1.3- OCtadlcnP r@llféms%%stt &sefr hohen process,

nol ten materi al eéﬁo@ﬂeﬂﬂth@%&ﬂtuﬁf%ﬂ dehOW8 bt NEBUGNeR of lsefrei & 4 Qrehpr m a sheet
whi ch is passed throug Ijtﬂ | roll stack. Chill roll stacks typically

consi st of 't I'%E%t%“flmteht’ g’éc?fb‘tﬂa@@d‘lc’éﬁ 928 be Fypiadipney AvRE o6h&Y ™Sy ocess differs
fromthe cast fwhdiRiPMOGRSSE defvel Rakh pbhﬁmszhe@tof@m@w@mldﬂa&oﬁorﬁdﬂn@xness of
bet ween about 5,15m I% and abput 20 mls. This thickness allows the
resul tant sheet PYEEISITEeMed in the transverse as well as machi ne
di rection. I n “Mob(bv(nM‘arefnle a3 @xd hidisn @ffersrocmn@t;@mcmbmtboend tvatadxiterausi on
process upstream r 1o t e and
ownct r e ar o Sesat b IFpE bl fieeh Bt D ERERY. BRER G bto i ° 0T
(circular) tand ctdytt@n@@tﬂbwltlhe 8po | yqmEon efoint. sEermpth wpwangagpgsaeiiden. Thi s
produces a cyli e | | apsed) at the
top between ni p&fr{l%cg&!hn?]{eég?q St\?mccglﬁﬁaalg?twﬁ épce%l%t g]bﬁglcéggsequently, t he
tube of film cametbléstylelweéﬁ@dl,‘/htyéflnhﬂt%ltywle”&rﬁdetéﬁtlttlétilt?h‘ééﬂlt’lémeh‘t, fdduce
orientation in IBIBI%IIMIQIQSA/?I&%S@QE’@ ﬂ@%hﬁéﬂl?yl%hén%ci &y@%ﬁexy-gtr{'ie%emlJbe can then be
slit and then be VWwund 1 nto one or nore rol his is often
referred to as &CHPBRRE Ficthi- ﬂb@mléyqﬁuﬂo61(‘3591&1*%‘%@%\’1)“?@“@ner ally, the film
has a machpne diif@fdph@enei i indphihRRAAkAEhix s HRRoMITH B&tdn®BdimBnivAE Ch the
polymer exits the die, and a transver se d| rection whi CR%J E endi cul ar to
SR i

the machi ne di rBetoVERlarenc is styrepe. o upitefiagQlyger ShpFm ket s the

i ntroduction ofp@ymeelttahloﬂhmblmvmytahee meltcylfmm | InIcrthanyaame uﬁlEChnl que I at own
inthe art. Wile n?t Elo be b ! 3{1 é}done %él

wi dely believed tha Ih 6‘P?r F-ta N bl?/%] 8SS]GIHr1ﬁnP ey Cgrﬂ(’i"aft iéesnest ress
into the fil m whixchblbsks thedin carpgwed dichcagitsdud innkageyladrennitshéhéi I mis | ater
heated. Oient , Q) ri. eps
i mredi at el yseaf tﬂjqiellrmotV ngﬁgr}p?onﬂ%&? 9?%'1% n(r;EX é%%( é%%gb d(%rtd?%nm ?a?m@é ﬁ]te-l ine) or as
a separat e postmprollessi fgpestld phorbodt (@ppse (pledraction 3f ehfughtpdrd§nethistin may occur
at a later dat ea ﬁtlt{]l@ct% Lemt 91%&185'1 A0 1R 1 e%cﬁ@t‘ﬂ&éﬁ&ﬁof'c&u teh%%ﬁé?n(?t@ﬁl
di rection. nique to I ntroduce orlentatlonls e use a tentering
frame, gener aI I %/be&g’édeﬁtﬂén piihe Wercuharin dasesppdygetion of I“Iéblt’?@hﬁlt)@t e direction,

often referred Linasq &r O IBGH{Y)Bond R (&) RNRL FdrRGLslh @ AR GUSBIE I NS by
pulling the filmin the transverse direction using a series of clips

mount ed on’& cH&Wﬁ @h%?“%%ﬂﬁ”t%%méﬁﬁﬁsﬂﬁﬁﬁﬂh@gFWF ‘e¢ﬁ@“@hﬁﬁhn@Vﬁﬁs stretch
the filmin thevdif@ns\uek&8omd Eeath NN be® 1hOatthberoehBinbbitdiengepn di ver gent
chai n gui des, as the flEﬁ]lS heated within a |long oven. An alternative
orientation tecﬁﬁ?ﬁﬁ@yc MCHe use of a series of tenperature controlled
rolls, generally used to introduce orientation in the machine direction,
often referred to as an MDO machine. The series of rolls introduce
orientation by having one or nore mddle pairs of these rollers turning at
different speeds. The filmstretches in the machine direction in the gap
between the roller pairs. In sone instances it nay be desirable to

i ntroduce orientation in both directions. Both techniques can be used in
conbination to produce a filmoriented in both the machi ne and transverse
directions. 15 The production of oriented filmvia cast filmextrusion or
sheet extrusion techniques, along with a TDO nmachi ne and, optionally, an
MDO machine, is often referred to as a cast and tenter process. In another

~ o~
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In one embodiment, each mixed block contains conjugated diene units and
monovinylarene units in a weight ratio of about 0.06 to about 0.28. In another
embodiment, each mixed block contains conjugated diene units and monovinylarene
units in a weight ratio of about 0.08 to about 0.26. In another embodiment, each
mixed block contains conjugated diene units and monovinylarene units in a weight
ratio of about 0.05 to about 0.09. While not wishing to be limited by theory, it ig
believed that having each mixed block contain the specified weight ratios of
conjugated dicne units and monovinylarene units provides monovinylarene-
conjugated diene copolymers possessing a glass transition temperature below about
100°C which are suitable for applications requiring heat shrinkability.

In one embodiment, the monovinylarene-conjugated diene block copolymer
contains at least three monovinylarene-conjugated diene mixed blocks. In a further
embodiment, the monovinylarene-conjugated diene block copolymer containg four or
five monovinylarene-conjugated diene mixed blocks.

In one embodiment, the monovinylarene-conjugated diene block copolymer
contains four consccutive monovinylarcne-conjugated diene mixed blocks. Ina
further embodiment, the monovinylarene-conjugated diene block copolymer contains
five consecutive monovinylarene-conjugated diene mixed blocks.

In addition to the plurality of mixed blocks described above, the
monovinylarene-conjugated diene block copolymer can further contain blocks of
monovinylarene units, conjugated diene units, random monovinylarene-conjugated
diene, stepwise monovinylarene-conjugated diene, mixed monovinylarene-conjugated
diene containing more conjugated diene units than a conjugated
dienc/monovinylarene weight ratio of about 0.33, and other monomers, either alone,
in copolymeric blocks, or in combination with monovinylarene units, conjugated
diene units, or both.

In one embodiment, the monovinylarene-conjugated diene block copolymer
further contains a proximal conjugated diene block. In this context, “proximal” refers
to a position nearer the terminal end of the block copolymer than the imtial end. In
one embodiment, the proximal conjugated diene block contains from about 5 phm
conjugated diene units to about 50 phm conjugated diene units, relative to the total
amount of monovinylarene units and conjugated dicne units in the monovinylarene-

conjugated diene block copolymer. In another embodiment, the proximal conjugated

9.9
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diene block contains from about 10 phm conjugated diene units to about 35 phm
conjugated diene units. In a further embodiment, the proximal conjugated diene block
contains from about 11 phm conjugated diene units to about 25 phm conjugated diene
units. While not wishing to be limited by theory, it is believed that having a proximal

5 conjugated diene block containing the specified amount of conjugated diene units
provides impact resistance to the monovinylarene-conjugated diene copolymer and
blends thereof.

In another embodiment, the monovinylarenc-conjugated diene block
copolymer further contains a distal monovinylarene block. In this context, “distal”

10 refers to a position nearer the initial end of the block copolymer than the terminal end.
In one embodiment, the distal monovinylarene block contains from about 10 phm
monovinylarene units to about 40 phm monovinylarene units, relative to the total
amount of monovinylarene units and conjugated diene units in the monovinylarene-
conjugated diene block copolymer. In a further embodiment, the distal

15 monovinylarene block contains from about 15 phm monovinylarene units to about 35
phm monovinylarenc units.

In one embodiment, the monovinylarene-conjugated diene copolymer is a
block copolymer comprising styrene blocks and butadiene blocks (a “styrene-
butadiene block copolymer”). Exemplary styrene-butadiene copolymers are

20 commercially available under the name K-Resin® (Chevron Phillips Chemical
Company, LP, The Woodlands, TX).

The monovinylarene-conjugated diene copolymer can have any proportion of
monovinylarene units and conjugated diene units. In one embodiment, the
monovinylarene-conjugated diene copolymer has from about 50 wt%:50 wt%

25 monovinylarene units:conjugated diene units to about 90 wt%:10 wt%
monovinylarene units:conjugated diene units. In one embodiment, the
monovinylarene-conjugated diene copolymer has from about 65 wt%:35 wt%
monovinylarene units:conjugated diene units to about 85 wt%:15 wt%
monovinylarene units:conjugated diene units.

30 The monovinylarene-conjugated diene copolymer can further comprise other
monomers known in the art for inclusion in monovinylarene-conjugated diene

copolymers.
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Generally, each block is formed by polymerizing the monomer or mixture of
monomers from which the desired units of the block are derived. The polymerization
process will generally be amenable to a relative lack of change in process parameters
between different blocks, but the skilled artisan, having the benefit of the present

5 disclosure, may make some minor changes in process parameters between different
blocks as a matter of routine experimentation. The following descriptions of the
polymerization process will generally apply to the formation of all types of blocks in
the inventive polymer, although certain descriptions may be of more or less value to
forming one or more of the types of blocks in the inventive polymer.

10 The polymerization process can be carried out in a hydrocarbon diluent at any
suitable temperature in the range of from about -100°C to about 150°C, such as from
about 0°C to about 150°C, and at a pressure sufficient to maintain the reaction
mixture substantially in the liquid phase. In one embodiment, the hydrocarbon diluent
can be a linear or cyclic paraffin, or mixtures thereof. Exemplary linear or cyclic

15 paraffins include, but are not limited to, pentane, hexane, octane, cyclopentane,
cyclohcxane, and mixtures thercof, among others. In one embodiment, the paraffin is
cyclohexane.

The polymerization process can be carried out in the substantial absence of
oxygen and water, such as under an inert gas atmosphere.

20 The polymerization process can be performed in the presence of an initiator.
In one embodiment, the initiator can be any organomonoalkali metal compound
known for use as an initiator. In a further embodiment, the initiator can have the
formula RM, wherein R is an alkyl, cycloalkyl, or aryl radical containing 4 to 8
carbon atoms, such as an n-butyl radical, and M is an alkali metal, such as lithrum. [n

25 a particular embodiment, the initiator is n-butyl lithium.

The amount of initiator employed depends upon the desired polymer or block
molecular weight, as is known in the art and is readily determinable, making due
allowance for traces of poisons in the feed streams.

An initiator can be charged to the polymerization process once or more than

30 once. When multiple initiator charges are charged to the polymerization process, a
particular initiator compound can be used in one, some, or all initiator charges. The
charging of multiple mitiator charges to the polymerization process can modify the

modality of the final polymer, as will be discussed below.
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The polymerization process can further involve the use of a randomizer. In
one embodiment, the randomizer can be a polar organic compound, such as an ether, a
thioether, or a tertiary amine. In another embodiment, the randomizer can be a
potassium salt or a sodium salt of an alcohol. The randomizer can be included in the

5 hydrocarbon diluent to improve the effectiveness of the initiator, to randomize at least
part of the monovinylarene monomer in a mixed monomer charge, to modify mixing
in a mixed monomer charge, or two or more thereof. The inclusion of a randomizer
can be of value when forming a mixed monovinylarene-conjugated diene block of the
present polymer. Exemplary randomizers include, but are not limited to, dimethyl

10 ether, diethyl ether, ethyl methyl ether, ethyl propyl ether, di-n-propyl ether, di-n-
octyl ether, anisole, dioxane, 1,2-dimethoxyethane, 1,2-diecthoxypropane, dibenzyl
ether, diphenyl ether, 1,2-dimethoxybenzene, tetramethylene oxide (tetrahydrofuran
or THF), potassium tert-amylate (KTA), dimethy! sulfide, diethyl sulfide, di-n-propy!
sulfide, di-n-butyl sulfide, methyl ethyl sulfide, dimethylethylamine, tri-n-ethylamine,

15 tri-n-propylamine, tri-n-butylamine, trimethylanine, triethylamine,
tetramcthylethylenediamine, tetracthylethylencdiamine, N,N-di-methylaniline, N-
methyl-N-ethylaniline, N-methylmorpholine, and mixtures thereof, among others.

In one embodiment, the randomizer is tetrahydrofuran. When employing
tetrahydrofuran, the tetrahydrofuran is generally present in an amount in the range of

20 from about 0.01 phm to about 1.0 phm, such as from about 0.02 phm to about 1.0
phm.

In another embodiment, the randomizer is potassium tert-amylate (KTA).
When employing KTA, the KTA is generally present in an amount in the range of
from about 0.001 phm to about 1.0 phm, such as from about 0.004 phm to about 0.4

25 phm.

When forming a particular block, each monomer charge or monomer mixture
charge can be polymerized under solution polymerization conditions such that the
polymerization of each monomer charge or monomer mixture charge, to form the
particular block, is substantially complete before charging a subsequent charge.

30 “Charging,” as used herein, refers to the introduction of a compound to a reaction
zone, such as the interior of a reactor vessel.

Though not to be bound by theory, if an initiator is included in a charge, a

block will typically form either de novo or by addition to the end of an unterminated,
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previously-formed, block. Further not to be bound by theory, if an initiator is not
included in a charge, a block will typically only form by addition to the end of an
unterminated, previously-formed, block.
A coupling agent can be added after polymerization is complete. Suitable

5 coupling agents include, but are not limited to, di- or multivinylarene compounds; di-
or multiepoxides; di- or multialkoxysilanes; di- or multiisocyanates; di- or
multiimines; di- or multialdehydes; di- or multiketones; alkoxytin compounds; di- or
multihalides, such as silicon halides and halosilancs; mono-, di-, or multianhydrides;
di- or multiesters, such as the esters of monoalcohols with polycarboxylic acids;

10 diesters which are esters of monohydric alcohols with dicarboxylic acids; diesters
which are esters of monobasic acids with polyalcohols such as glycerol; and mixtures
of two or more such compounds, among others.

- Useful multifunctional coupling agents include, but are not limited to,
epoxidized vegetable oils such as epoxidized soybean oil, epoxidized linseed oil, and

15 mixtures thereof, among others. In one embodiment, the coupling agent is epoxidized
soybean oil. Epoxidized vegetable oils arec commercially available under the
trademark Vikoflex® from Arkema Inc. (Philadelphia, PA).

If coupling is to be performed, any effective amount of the coupling agent can
be employed. In one embodiment, a stoichiometric amount of the coupling agent

20 relative to active polymer alkali metal tends to promote maximum coupling.
However, more or less than stoichiometric amounts can be used for varying coupling
efficiency where desired for particular products.

Following completion of the coupling reaction, if any, the polymerization
reaction mixture can be treated with a terminating agent such as watcer, carbon

25 dioxide, alcohol, phenols, linear saturated aliphatic mono-dicarboxylic acids, or
mixtures thereof, to remove alkali metal from the block copolymer or for color
control.

After termination, if any, the polymer cement (polymer in polymerization
solvent) usually contains about 10 to about 40 weight percent solids, more usually

30 about 20 to about 35 weight percent solids. The polymer cement can be flashed to
evaporate a portion of the solvent so as to increase the solids content to a

concentration of about 50 to about 99 weight percent solids, followed by vacuum
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oven drying, a devolatilizing extruder, a wiped film evaporator, or other methods of
removing the remaining solvent.

The block copolymer can be recovered and worked into a desired shape, such
as by sheet extrusion, cast film extrusion, blown film, or injection molding. The

5 block copolymer can also contain additives such as antioxidants, antiblocking agents,
release agents, fillers, extenders, and dyes, and the like.

In an embodiment, the monovinylarene-conjugated diene copolymer further
comprises a rubber modificd polystyrenc. An exemplary rubber modified polystyrene
is a high-impact polystyrene (HIPS). A rubber modified polystyrene is a composition

10 comprising any graft copolymer of styrene and rubber. By “graft copolymer” is
meant polystyrene produced by polymerizing styrene in the presence of an
unsaturated rubber wherein some amount of free radicals react with the rubber
producing polystyrene chains that are covalently bonded to the rubber. During this
process the rubber, grafted with polystyrene, becomes dispersed throughout the

15 polystyrene in the form of discrete domains. In one embodiment the unsaturated
rubber is polybutadicne. A suitable high-impact polystyrene is available from
Chevron Phillips Chemical Company LP (The Woodlands, TX) with the designation
EAR100. Generally, a composition further comprising a rubber modified polystyrene
can contain from about 0.1 phm rubber modified polystyrene to about 5 phm rubber

20 modified polystyrene, such as about 2 phm rubber modified polystyrene The rubber
modified polystyrene may be used in some embodiments as an antiblocking agent.

In the present invention, the monovinylarene-conjugated diene block
copolymer can be monomodal, that is, a population of copolymer molecules can have
one peak in a histogram of the population’s molecular weight distribution, or it can be

25 polymodal, that is, have two or more peaks in a histogram of the copolymer
molecules’ population’s molecular weight distribution. Though not to be bound by
theory, the charging of multiple initiator charges will tend to yield polymer chains of
different lengths and thus will tend to have different molecular weights. In addition,
and again not to be bound by theory, use of a coupling agent will tend to yield

30 coupled chains formed by coupling different numbers of chains of the same or
different lengths, and thus the coupled chains will tend to have different molecular

weights,
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In the present invention, the monovinylarene-conjugated diene copolymer can
be coupled or uncoupled, as described above.

In specific polymerization processes, typical initiator, monomer and monomer
mixture charge sequences include, but are not limited, charge orders selected from the

5 group consisting of i-C-C-i-C-B-CA, i-C-C-C-i-C-C-B-CA, i-A-C-C-C-C-B-CA, i-
A-1-C-C-C-C-B-CA, i-A-i-C-C-C-C-CA, i-A-1-C-C-C-C-C-B-CA, and i-A-C-C-i-C-
C-B-CA, wherein i is a polymerization initiator charge, A is a monovinylarene
charge, B is a conjugated dicne charge, C is 2 monovinylarene and conjugated dicne
charge, and CA is a coupling agent. In a further embodiment, charge order is selected

10 from the group consisting of i-C-C-i-C-B-CA, i-C-C-C-1-C-C-B-CA, i-A-C-C-C-C-
B-CA, i-A-i-C-C-C-C-B-CA, i-A-i-C-C-C-C-C-B-CA, and i-A-C-C-i-C-C-B-CA.

In one embodiment, the conjugated diene-monovinylarene block copolymer
can be formed into a film or a sheet. A typical extruded sheet can have a thickness of
about 10 mils. In a further embodiment, a sheet can be stretched in at least one

15 direction at a temperature from about 50°C to about 100°C, such as about 90°C to
form a film having a thickness of about 0.5 mil to about 3 mil, such as about 2 mil. In
this embodiment, the film formed from the conjugated diene-monovinylarene block
copolymer may have a shrinkage in at least one direction of at least about 40% at
about 100°C. In one embodiment, the film formed from the conjugated diene-

20 monovinylarene block copolymer may have a shrinkage in at least one direction of at
least about 60% at about 100°C, such as at least about 70% at 100°C, such as from
about 71% to about 76% at 100°C. Also, the film formed from the conjugated diene-
monovinylarene block copolymer may have a haze of less than about 10%. In one
embodiment, the film formed from the conjugated dicne-monovinylarene block

25 copolymer may have a haze of less than about 6%. Also, the film formed from the
conjugated diene-monovinylarene block copolymer may have a natural shrinkage of
less than about 10% after 7 days. In one embodiment, the film formed from the
conjugated diene-monovinylarene block copolymer may have a natural shrinkage of
less than about 7% after 7 days.

30

In another embodiment, the present invention relates to a composition
containing (a) from about 50 parts by weight to about 95 parts by weight ofa

monovinylarene-conjugated diene block copolymer comprising a plurality of
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monovinylarene-conjugated diene mixed blocks, wherein each mixed block contains

conjugated diene and monovinylarene in a weight ratio of about 0.05 to about 0.33;

and (b) from about 5 parts by weight to about 50 parts by weight of polystyrene;

wherein the monovinylarene-conjugated diene block copolymer and the polystyrene
5 total 100 parts by weight.

The block copolymer can be as described above. As used herein,
“polystyrene” or “PS” refers to any homopolymer containing styrene units and does
not include HIPS as described above. Suitable polystyrenes are available from
Chevron Phillips Chemical Company LP (The Woodlands, TX) with the designations

10 D4049, EA3400, EA3710, MC3200, and MC3600.

In one embodiment, the composition contains from about 70 parts by weight
to about 95 parts by weight of the monovinylarene-conjugated diene block copolymer
and from about 5 parts by weight to about 30 parts by weight of polystyrene.

In one embodiment, the composition may further comprise a rubber modified

15 polystyrene as previously described. The rubber modified polystyrene may be used in
some embodiments as an antiblocking agent.

In one embodiment, the composition can be formed into a film or a sheet. A
typical extruded sheet can have a thickness of about 10 mils. In a further
embodiment, a sheet can be stretched in at least one direction at a temperature from

20 about 50°C 1o about 100°C, such as about 90°C to form a film having a thickness of
about 0.5 mil to about 3 mil, such as about 2 mil. In this embodiment, the film
formed from the composition may have a shrinkage in at least one direction of at least
about 40% at about 100°C. Also, the film formed from the composition may have a
haze of less than about 10%. Also, the film formed from the composition may have a

25 natural shrinkage of less than about 5% after 7 days.

The film or sheet can be produced by any technique known in the art of
monolayer and coextrusion. Such techniques include, cast film extrusion, blown film
extrusion, and sheet extrusion; either as a single extruded layer or a plurality of
coextruded layers. Generally, the film can be produced by cast film or sheet extrusion

30 techniques. For example, the film can be produced using conventional extrusion
techniques such as a coextruded cast film. In coextrusion, two or more polymers are
simultancously extruded through one die. Two or more extruders are used

simultaneously to feed the die. In this process, various polymer melts are introduced
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into the die under conditions of laminar flow such that there is no intermixing, but
bonding occurs at the interface between the film layers.

In a cast film extrusion process, molten material from an extruder flows
through a flat die directly onto a casting roll, which cools the molten material.

3 Generally, cast film processes produce films with an average thickness of about 10
mils or less, however the process can be used to produce films thicker than 20 mils.
In one embodiment, orientation can be introduced into the film prior to winding on
the final drum. In another embodiment, the film may be wound onto mill roll and
orientation can be introduced into the film by passing the film through a separate

10 orientation process line.

In a sheet extrusion process, molten material from an extruder flows through a
flat die to form a sheet which is passed through a chill roll stack. Chill roll stacks
typically consist of at least three cooled rolls. Typically the sheet process ditfers from
the cast film process in that the sheet produced has a thickness of between about 5

15 mils and about 20 mils. This thickness allows the resultant sheet to be oriented in the
transverse as well as machine direction.

In a blown film extrusion process, while the extrusion process upstream of the
die is similar to th.e cast process, the die and downstream are different. In the blown
film process, the die is annular (circular) and typically the polymer exits in an upward

20 direction. This produces a cylindrical tube, which can then be closed (collapsed) at
the top between nip rolls, resulting in a flattened tube. Subsequently, the tube of film
can be reheated, reinflated, and stretched to introduce orientation in the transverse and
machine directions. This tube can then be slit and then be wound into one or more
rolls of film. This is often referred to as a blown film double bubble process.

25 Generally, the film has a machine direction, which is parallel to the direction
in which the polymer exits the die, and a transverse direction which is perpendicular
to the machine direction.

Preparation of shrink films requires the introduction of orientation into the
polymer film by any technique known in the art. While not wanting to be bound by

30 any one theory, it is widely believed that the orientation process introduces and fixes
stress into the film which is then recovered as shrinkage when the film is later heated.
Orientation can be introduced in a step or series of steps immediately after the initial

film or sheet production (i.e. in-line) or as a separate post-processing step or steps (i.e.
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15 The production of oriented film via cast film extrusion or sheet extrusion techniques,
along with a TDO maching and, optionally, an MDO machine, is often referred to as a

cast and tenter process.

In another embodiment, a shrink label of the present invention can be formed
20 from a film containing (a) from about 50 parts by weight to about 95 parts by weight
of a monovinylarene-conjugated diene block copolymer comprising a plurality of
monovinylarene-conjugated diene mixed blocks, wherein each mixed block contains
conjugated diene units and monovinylarene units in a weight ratio of about 0.05 to
about 0.33; and optionally (b) from about 5 parts by weight to about 50 parts by
25 weight of polystyrene; wherein the monovinylarene-conjugated diene block
copolymer and the polystyrene total 100 parts by weight, to yield a shrink label.

A shrink label is a shrink film having a length, a width, and a thickness,
wherein the length and the width are cach at least an order of magnitude greater than
the thickness and at lIeast one of the length or the width will decrease upon exposure

30 to heat. The term “shrink label” encompasses such a film portion before, during, or
after heat exposure and decrease in the length or the width. Before heat exposure, the
shrink label can be referred to as an “unshrunk shrink label” while also being a shrink

label according to the definition given above. The length and width of the shrink
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label are not critical; the thickness can be any appropriate thickness, such as from
about 0.1 mil to about 10 mil.

The shrink label can have a cylindrical structure. When the shrink label has a
cylindrical structure, it can be termed a shrink sleeve.

5 Any geometry of the shrink label, in terms of size, shape, number of sides,
radius, or the like, is contemplated, and will be matter of routine experimentation for
the skilled artisan having the benefit of the present disclosure.

Generally, a shrink label oriented in the TD can be called a “sleeve label”. In
one embodiment, the sleeve label can be printed and slit in the MD direction. Solvent
10 bonding can then be used to form a seam parallel to the TD and make a sleeve. The
sleeve can be applied from the top of a container, resulting in the TD direction of the
film around the circumference of the container. The materials making up a sleeve
label can be chosen to have a desirable degree of shrinkage.
Generally, a shrink label oriented in the MD can be called a “roll fed” label. A
15 roll fed label can be fed in the machine direction from a roll into a labeling machine.
The labeling machine can wrap the roll fed label around a container, cut the roll fed
label, and solvent bond the roll fed label, with the MD direction of the film around the

circumference of the container.

20 In another embodiment, the present invention relates to a method of shrink-
wrapping an object or a group of objects by wrapping the object or the group of
objects with a film containing (a) from about 50 parts by weight to about 95 parts by
weight of a monovinylarene-conjugated diene block copolymer comprising a plurality
of monovinylarene-conjugated diene mixed blocks, wherein each mixed block

25 contains conjugated diene and monovinylarene in a weight ratio of about 0.05 to
about 0.33; and optionally (b) from about 5 parts by weight to about 50 parts by
weight of polystyrene; wherein the monovinylarene-conjugated diene block
copolymer and the polystyrene total 100 parts by weight, to yield a wrapped object or
group of objects, and heating the wrapped object or group of objects to a temperature

30 and for a duration sufficient to shrink the film in at least a first direction, to yield a
shrink-wrapped object or group of objects.

The film can be as described above. In one embodiment, the film has a higher

shrink in a first direction than in a second direction. If oriented in ong direction, the
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first direction can be the machine direction or the transverse direction. The second
direction would then be the other of the machine direction or the transverse direction.

In another embodiment, the film has a substantially similar shrink in both a
first direction and a second direction. (“Substantially similar shrink” in this
embodiment means the ratio of the shrink in the first direction to the shrink in the
second direction is from about 0.5 to about 2).

Any object or group of objects for which wrapping is desired can be used in
this method. In one embodiment, the object or group of objects is a group of bottles,
cans, or other discrete objects, optionally contained in a tray.

In the wrapping step, the film can be disposed in a suitable manner around the
object or group of objects. For cxample, if the object or group of objects define a
cuboid, the film can be disposed around the object or group of objects such that it
contacts at least two pairs of parallel sides, such as two or three pairs of parallel sides.
The direction of disposing can be chosen as a routine matter for the skilled artisan
having the benefit of the present disclosure, depending on the objects, the structure of
the film, and the desired structurc of the shrink-wrapped object or group of objects.

The result of the wrapping step is a wrapped object or group of objects.

After wrapping, the wrapped object or group of objects can be heated to a
temperature and for a duration sufficient to shrink the film. The temperature and the
duration are a matter of routine experimentation for the skilled artisan having the
benefit of the present disclosure. Shrinking will typically proceed until the film has
shrunk in at least the first direction and, if the film has substantially similar shrink in
the second direction, also the second direction, to contact the object or group of

objects.

The following examples are included to demonstrate preferred embodiments
of the invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the examples which follow represent techniques discovered by
the inventor to function well in the practice of the invention, and thus can be
considered to constitute preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate that many changes can be
made in the specific embodiments which are disclosed and still obtain a likc or similar

result without departing from the spirit and scope of the invention.
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EXAMPLES

Maternals:

Cyclohexane was dried over activated alumina and stored under nitrogen. n-

5 Butyl lithium initiator (*‘Li”) was received at about 15 wt% in cyclohexane and was

diluted with cyclohexane to about 2 wt%, Tetrahydrofuran (THF) was stored over

activated alumina under nitrogen. Styrene and butadiene were purified over activated

alumina. Epoxidized soybean oil was used as reccived. Quantitics of reagents are

usually expressed in parts per hundred monomer (phm) based on the total weight of

10 monovinylarene and conjugated diene employed.

Example 1
Polymer recipes A — X

The polymerizations were performed in a 2-gallon stainless steel reactor. The

reactor was equipped with a jacket for temperature control, a double auger impeller,

15 and baffles. Generally, each block is formed by polymerizing the monomer or

mixture of monomers from which the desired units of the block are derived.

Cyclohexane is initially charged to the reactor, followed by THF (0.10 PHM).

The temperature is adjusted to about 60°C and initiator is charged, followed by the

first charge of monomer. After polymerization is complete a sample of the first

20 polymerization block is coagulated in nitrogen-sparged isopropanol, filtered, dried,

and analyzed by Gel Permeation Chromatography. The polymerization is continued

by sequential charges of monomers and/or initiators as desired. The coupling agent is

charged and reacted at about 100°C for about 15 minutes. The polymer was

recovered by solvent evaporation and pelletized with a single screw extruder.

25
Polymer recipes Y — Q0
Styrene/butadiene mixed block copolymers Y-OO were prepared employing
sequential solution polymerization under nitrogen. Polymerization runs were carried
out in a stirred, 100 gallon carbon steel reactor with internal cooling coils and
30 employed essentially anhydrous reactants and conditions.

Cyclohexane was initially charged to the reactor, followed by THF. The

temperature was adjusted to about 60°C and initiator was charged, followed by the

first charge. Lines were flushed with about 0.5 kg cyclohexane following each
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charge. Polymerization was allowed to continue to completion after each monomer or
monomer mixture charge. Polymerization temperature ranged from about 38°C to
about 120°C and pressure ranged from about 2 psig to about 60 psig. Total monomer
weight was about 90 kg. Following completion of the sequential polymerizations, a
5 coupling agent was charged to the reactor. The coupling agent was reacted at about
100°C for about 15 minutes. After completion of coupling, the reaction was
terminated by adding CO; and about 0.2 phm water.
The sequence of charges and a partial characterization of each polymer are
shown in Table 1. All quantities of charged materials are given in phm. Blank cells
10 indicate no material was charged or a value was not determined. The abbreviations in
the table are as follows: THF, tetrahydrofuran; 1, n-butyl lithium initiator; S, styrenc;
B, butadiene; CA, coupling agent (Vikoflex 7170, epoxidized soybean oil, Arkema,

Inc.).
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ee CO 33 Ad SS HH >1>1 Exanple 3 Shrink filnms containing Polymner
and Pol ystyrene Shrink filnms (about 2 m| nom nal thickness) were

made fromthe polyners 1-00, blended with about 0 wt % or about 20 wt %

pol ystyrene and about 0 wt % or about 2 wt %,ghi gh inpact polystyrene (HI PS)
as an anti bl ocki ng agent. The pol ystyrene used was EA3710 and the HI PS used
was EA8100, both available from Chevron Phillips Chem cal Company LP, The
Wodl ands, TX. The shrink filnms 1 - X were prepared and tested using the
sane net hods as used for the unbl ended resins described in Exanple 2A). The
shrink filns DID -00 were prepared and tested using the sane nethods as
used for the 10unBk¥Bled resins described in Exanple 2B) 23 Natural

Shrinkage | | n A)Shrink films A —S:

In Table 2, pelletized products were extruded into sheets about 8” wide and about
5 10 mil thick on a Davis Standard 1508 extruder fitted with a Killion sheet line. Plaques
of about 12 cm x about 12 cm were die cut from the about 10-mil sheet samples to serve
as film samples. Using a biaxial orienting machine manufactured by Briickner
Maschinenbau, films were normally uniaxially stretched in the direction transverse to the
extrusion direction at the lowest temperature necessary to achieve a 5:1 extension. This
10 temperature appears in Table 2 in the column labeled “StretchT”. Sheet samples were

stretched at a constant rate of about 3 cm/sec.

B) Shrink films Y — KK

In Table 2, pelletized products were extruded into sheets about 10 wide and

15 about 10 mil thick on a Killion extruder and sheet line. Mill rolls of the sheet were then
fed to an Marshall & Williams Plastics tentoring frame and uniaxially stretched in the
transverse direction at the lowest temperature that allowed an about 5:1 extension.

Representative physical properties of the shrink films are given in Table 2,
including haze, transverse direction (TD) shrinkage at the temperature givén (°C),

20 machine direction (MD) shrinkage at the temperature given (°C), and natural shrinkage.
Blank cells indicate a value was not determined. Heat shrinkage was determined by
immersion of oriented films in an oil bath at a given temperature for about 30 seconds,
whereafter the heat shrinkage was calculated. Natural Shrinkage was determined by
placing the Oriented films in an oven sct to about 40°C for the number of days given.

25 The haze was measured as %haze using a BYK-Gardner USA (Columbia, MD) Haze-
Gard® Plus instrument. Measurements were made in accordance with operating

instructions of this instrument.
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Example 3
Shrink films containing Polvmer and Polystyrene

Shrink films (about 2 mil nominal thickness) were made from the polymers 1-OO,
blended with about 0 wt% or about 20 wt% polystyrene and about 0 wt% or about 2 wt%
5 high impact polystyrene (HIPS) as an antiblocking agent. The polystyrene used was
EA3710 and the HIPS used was EA8100, both available from Chevron Phillips Chemical
Company LP, The Woodlands, TX. The shrink films I — X were prepared and tested
using the same methods as used for the unblended resins described in Example 2A). The
shrink films DD — QO were prepared and tested using the same methods as used for the

10 unblended resins described in Example 2B).
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All of the compositions disclosed and claimed herein can be made and exccuted
without undue experimentation in light of the present disclosure. While the compositions
and methods of this invention have been described in terms of preferred embodiments, it
will be apparent to those of skill in the art that variations may be applied to the

5 compositions described herein without departing from the concept, spirit and scope of the
invention. More specifically, it will be apparent that certain agents which are chemically
related may be substituted for the agents described herein while the same or similar
results would be achieved. All such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spirit, scope and concept of the

10 invention as defined by the appended claims.
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WHAT IS CLAIMED IS:

A monovinylarene-conjugated diene block copolymer, comprising:

a proximal conjugated diene block comprising from 5 phm conjugated diene

units to 50 phm conjugated diene units; and

a plurality of monovinylarene-conjugated diene mixed blocks, wherein each
monovinylarene-conjugated diene mixed block contains conjugated diene units and
monovinylarene units with a weight ratio of conjugated diene units to

monovinylarene units of 0.05 to 0.33.

The monovinylarene-conjugated diene block copolymer of claim 1, wherein the
weight ratio of conjugated diene units to monovinylarene units within each mixed

block 15 0.06 to 0.28.

The monovinylarene-conjugated diene block copolymer of claim 1, wherein the
weight ratio of conjugated diene units to monovinylarene units within each mixed

block 15 0.08 to 0.26.

The monovinylarene-conjugated diene block copolymer of claim 1, wherein the block
copolymer comprises at least three monovinylarene-conjugated diene mixed blocks;
or wherein the block copolymer comprises at least four consecutive monovinylarene-

conjugated diene mixed blocks.

The monovinylarene-conjugated diene block copolymer of claim 1, further .
comprising a distal monovinylarene block containing from 10 phm

monovinylarene units o 40 phm monovinylarene units.

The monovinylarene-conjugated diene block copolymer of claim 1, wherein the block
copolymer is formed through a charge order selected from the group consisting of i-

C-C-i-C-B-CA, i-C-C-C-i-C-C-B-CA, i-A-C-C-C-C-B-CA, i-A-1-C-C-C-C-B-CA,
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i-A- 1-C-C-C-C-C-B-CA, and i-A-C-C-i-C-C-B-CA, wherein 11s a polymerization
initiator charge, A is a monovinylarene charge, B i1s a conjugated diene charge, Cis a

monovinylarene and conjugated diene charge, and CA is a coupling agent.

7. The monovinylarene-conjugated diene block copolymer of claim 1, in the form of a
film having a thickness of 0.5 mil to 3 mil and having been oriented at
about 90°C, wherein the block copolymer has a shrinkage of at least 40% at
about 100°C and a natural shrinkage of less than 10% after 7 days; or in the
form of a film having a thickness of 0.5 mil to 3 mil and having been
oriented at about 90°C, wherein the block copolymer has a haze of less than

10%.

8. A composition comprising the monovinylarene-conjugated diene block copolymer of

claim 1 and a rubber modified polystyrene.

9. A composition, comprising;
(a) from 50 parts by weight to 95 parts by weight of a monovinylarene-
conjugated diene block copolymer according to any one of claims 1-6; and
(b) from 5 parts by weight to 50 parts by weight of a polystyrene;
wherein the monovinylarene-conjugated diene block copolymer and the polystyrene

total 100 parts by weight.

10.  The composition of claim 9, comprising from 70 parts by weight to 95
parts by weight of the monovinylarene-conjugated diene block copolymer and from

5 parts by weight to 30 parts by weight of the polystyrene.

11. The composition of ¢laim 9, in the form of a film having a thickness of 0.5 mil
10 3 mil and having been oriented at about 90°C, wherein the composition has a
shrinkage of at least 40% at about 100°C and a natural shrinkage less than

5% after 7 days; or in the form of a film having a thickness of 0.5 mil to
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di scl osed and cl ai ned herein can be made and executed w t hout undue
experinmentation in light of the present disclosure. Wiile the conpositions
and nethods of this invention have been described in terns of preferred
enbodi nents, it wll be apparent to those of skill in the art that
variations may be applied to the 5conpositions described herein wthout
departing fromthe concept, spirit and;scope of the invention. Mre
specifically, it will be apparent that certain agents which are chemcally
rel ated may be sybstial bk 8ed Rlenteh 8t ABEMN0SC dBREH fedohsdsaion nwhi | e the sane
or sinmilar results would be achieved. Al 'such sinilar substitutes and

nmodi fi cat i ons hagspdienthak §0%hose skilled in the art are deemed to be within
the spirit, scope and concept of thc invention as defined by the appended
clainms. 25 WHAT IS CLAIMED IS: A nonovi nyl arene-conj ugat ed di ene bl ock
copol yner , 1% orfpe camrpgiion opres ritirtherieagat e s meddieo eRYEWRIF i sing from 5
phm conj ugated dime units to 50 phrn conjugated diene units; and a
plurality of nonovinyl arene-eonjugated di ene m xed bl ocks, wher ei n each
monovi nyl alends BeRpLUYhEH-HTAENEE AT UEF B IERURCS APISTH SORBRNIEHFPANE] ene uni t s

and nonovi nyl @Hef‘db?ecy&ltﬁe%r&\ﬂ.dmo@jewwm ﬁh@&ér@prgfng%rﬂougea paishiyene units to
nmonovi nyl arene units_of 0 2. The nonovi ny nc-conj ugat ed d

ene bl ock copoYsaheio ofPaps By wright W@?%FW“¥]H‘§“%‘?WteMﬁHS%W conj ugat ed

di ene units t Qo oM IRMICOYpALRNED r&ﬂhﬁﬁmﬂhéﬁ&ﬂh@@%hﬁﬁb%ﬁﬂmb%QQ&5|S 0.06 to
0.28. 3. The nonovi nyl arene-con ated dj ene bl ock_copol ymer of claim1,
wherein the \/\/@?‘@WP“W%’E‘?W‘%‘F“&%%Dégéf”@&oﬂli“%@ diperuaity; (?“%HB‘\W iParene units
W thin each mpxgdyiR)iReke-tohjidal@8dibR MixdBblocks, WHEEiMTRIAR Wiy bdycR Bart£i] ugat ed
di ene bl ock copal yner of cf aim1, wherein the bl ock copgl %mer conpri ses at
least three nEARVEARHBIEHBICHAMIGALBE ERcartES RisxeiehbrgeRE V3 wherei n t he
bl ock copol yr nes; &NBy f&eS pats tLﬁ\a&tghtft@tsI(up&gmw&ugwﬁa

nmonovi nyl ar eneconj ugat ed di ene m xed bl ocks
monovi nyl ar ené’ob@‘!ﬁjeﬂ@M@@‘W%WQH%PW@R“&G%PW@W%E’F)éi’%"@mef Hrtheer

conprising a gbBk@ent famqm ;;aytl; 8y ®BiehiHoq6dd £ ARpBed UGt asrrgempjo@o@bm
nonovi nyI arene units to hm nmonovi ny | arene units

nonovi nyl ar ené“‘éb‘ﬁ‘f‘%&‘?é‘ddpée%‘?}féecbwc%%‘p@éﬁ@??ﬁ’é’@ t%‘f’”é‘"f”é’?ﬁ?‘if%r WAEFEIN ¢ he
bl ock copol ymgpsrksnd@5hmBE ttd¥IRUE B 18sENBEO08 Bl Sl yo&@d e6irRd-viripai t he group
consisting of iCGGi-CB-CA i-CGCCGCi -G CB-CA i-A-CGCCCB-CA,

i -Ai-C C G coBeetrreroppofebsects .C. G G G CGB-CA and i-A-CGGi-CGCB-CA
wherein i is a polymerization initiator charge, A is a nonovinylarene
charge, Bis a con ated diene charge, Cis a nonovinylarene and

conj ugat ed!di é*n@“é‘iﬁé EOMBRYNCA is a coupling agent. 7. The

monovi nyl areng n%@be%%@ccﬂ#tﬁ’ﬂ@d @lbmo&%wlyrﬁﬁrac@frdlﬁg @lamj ¢ cldims e form of
a filmhaving a_thickness o > ml to 3. m| an thgﬁ?]%gn oriented at

about 90C, whéf é«%afﬂ@P%rt@eW@@p@W@f@%&édam?r?rﬂ%&fa&‘&e ARGt 40% at

about 100C an@hlélm@%tdﬂr()@mﬁwjﬂh%g@hélfmét%%ﬁohm alQ%u@-b@‘@ 7 days; or in the
formof a film having t hi ckness nd havi ng been

oriented at abﬁﬁfe‘@bﬁf’ r’i‘/\)t’?éraéf‘rr‘fﬂ%f’eoﬂﬁf 8%5&4%%6611%}0%%’53 “H37&%f | ess than

10% A conposiifinQnys enmd hsiRiGhiineaneombnydafemedsen] ugat ed di ene bl ock
copolymer of claiml and a rubber nodified polystyrene. 9. A conposition,

conprising: (a) fromb50 parts by weight to 95 parts by weight of a
nmonovi nyl af£negeohUaaedr dhgne:, MreekinerpahyinBeeaccording to any one of
clainms 1-6; and (b) fromb5 parts by weight to 50 parts by weight of a
pol ystyrene; wherein the nonovi nyl arene-conj uE, i ated di ene bl ock copol yner
and the polystyrene total 100 parts by weight. 107 The conposition of claim
9, conprising from70 parts by weight to 95 parts by weight of the

nonovi nyl ar ene- conj ugat ed di ene bl ock copol yner and from5 parts by wei ght
to 30 parts by weight of the polystyrene. 11 The conposition of claim9, in
the formof a filmhaving a thickness of 0.5 ml| to 3 m| and having been
oriented at about 90C, wherein the conposition has a shrinkage of at | east
40% at about 100C and a natural shrinkage less than 5% after 7 days; or in
the formof a filmhaving a thickness of 0.5 ml| to 27 3 m | and having
been oriented at about 90C, wherein the conposition has a haze of |ess than
10% 12. The conposition of claim9, further conprising a rubber nodified
pol ystyrene. 13. A nethod of shrink-w apping an object or a group of

obj ects, conprising: wapping the object or the group of objects with a
filmconprising (a) fromb50 parts by weight to 95 parts by weight of a
nmonovi nyl ar ene- conj ugat ed di me bl ock copol ymer conprising a proxinmal



