1 DESCRI PTI ON BLOCK COPOLYMER M XTURE AND HEAT- SHRI NKABLE FI LM USI NG SAME
*5 TECHNI CAL FI ELD The present invention relates to bl ock copolyners each
containing a vinyl aromatic hydrocarbon and a conjugated diene, a resin
conposition thereof, a sheet or 10 filmusing such a conposition, and a
bottle using such a film BACKGROUND ART A bl ock copol yner resin nmade of a
vinyl aromatic 15 hydrocarbon and a conjugated diene is widely known as a
resin excellent in inpact strength apgstsapspexency, and it is processed
into a sheet or film followed by stretching under specific conditions to
obtain a heat- shrinkable film which is suitable for use as a packagi ng 20
mat eri al. However, such a bl ock copolyner resin has a drawback that the

rigidity is | owromyd domoviMERD MIXTSR O ANDO WO HII NI I aviac kysTiNG has
been conmmon to incorporate a transparent styrene polyner (Patent Docunent
1) However, by the incorporation, althowpmse he 25 rigidity becones high
there has been a drawback that the breakage resistance or shrinking
properties tend to deteriorate, and the transparency has sonetinmes 2
deteriorated. (Patent Docunent 1: JP-A-7-268175) DI SCLOSURE OF THE
| NVENTI ON OBJHGTHNTOrARE ACEXW/PLI SHED BY THE I NVENTION 5 It is an object of
the present invention to provide a heat-shrinkable filmand a
heat - shri nkabl e nhei pageentf ihuepnwhoohrailetescébl bibckncbbelimkasce of
transparency, breakage resistance, rigidity and heat-shrinking properties.
10 each containing a vinyl aromatic hydrocarbon and a
conjugated diene, a resin composition thereof, a sheet or
10 film using such a composition, and a bottle using such a

film.

BACKGROUND ART
A block copolymer resin made of a vinyl aromatic
15 hydrocarbon and a conjugated diene is widely known as a
resin excellent in impact strength and transparency, and
it is processed into a sheet or film, followed by
stretching under specific conditions to obtain a heat-
shrinkable film, which is suitable for use as a packaging
20 material. However, such a block copolymer resin has a
drawback that the rigidity is low, and for the purpose of
overcoming the drawback, it has been common to
incorporate a transparent styrene polymer (Patent
Document 1) . However, by the incorporation, although the
25 rigidity becomes high, there has been a drawback that the
breakage resistance or sghrinking properties tend to

deteriorate, and the transparency has sometimes



MEANS TO ACCOVPLI SH THE OBJECT The present inventors have conducted an
extensive study to acconplish the above object and as a result, have found
it possible to obtain a heat-shrinkable filmis excellent in the bal ance of
transparency, breakage resistance, rigidity and heat-shrinking properties
by wusing a resin conposition obtained by plending a styrene resin with a
bl ock copol ynmer m xture conprising specific anounts of three bl ock

copol yners eagl CPIPFASLAY a(‘ba?&h %Baédn?eri’tydlr ocgphan sang 3 &gnj ugat ed

di ene, which are different e nol ecul ar structures from one anot her.
The present invention has been acconplished on the basis of the discovery.
Nanmely, the present invention provides the 25 following: (1) A block

copol ymer m xpseL.cOuRE | oF ngut henektrowkng bl ock copol yners (A), (B) and
(C each containing a vinyl 3 aromatic hydrocarbon and a conjugated di ene

as constitutdBIECPNPONERt AcCcONeL eEREHABYI SHEN ONVEATTONGO mass% (B) is
from20 to 70 nasse, and (C) is from5 to 50 mass% 5 (A): a bl ock

copol ynmer sconpri si8gisaanMoBgEeE Bfi the pkeeBNE5iheeddiBRASEY Qhrowrivenyl
aromati c hydrocarbon and fromb5 to 25 mass% of a conjugated di ene, and
havi ng, at |&akéattshnenkgbbenal lmaahiogkhaatt shpinkapdsenulainbyeef a
vinyl aromatic hydrocarbon; 10 (B): a block copol yner conprising, as nononer
units, frombODlhp BOichsateotxaeVilayt anothei bahydeecaEberaasgartnam, 20 to
50 mass% of a conjugated diene, and having, at |east at one termnal, a
bl ock secti onbreapagedranintynod, aigidytyaandaheathgtdrdekihgn; and 15 (O):
a bl ock copol yner conprising, as nononer units, from®60 to 95 mass% of a
vi nyl aromatiprogerocasbon and from5 to 40 nmass% of a conjugated di ene,
and having at |east one random copol yner bl ock conprising, as nononer
10
MEANS TO ACCOMPLISH THE OBJECT
The present inventors have conducted an extensive
study to accomplish the above object and as a result,
have found it possible to obtain a heat-shrinkable film
15 excellent in the balance of transparency, breakage
resistance, rigidity and heat-shrinking properties by
using a resin composition obtained by blending a styrene
resin with a block copolymer mixture comprising specific
amounts of three block copolymers each comprising an
20 aromatic hydrocarbon and a conjugated diene, which are
different in the molecular structures from one another.
The present invention has been accomplished on the basis
of the discovery.

Namely, the present invention provides the

25 following:

(1) A block copolymer mixture comprising the following

block copolymers (A), (B) and (C) each containing a vinyl



units, from55 to 95 mass% of a vinyl aromatic 20 hydrocarbon and fromb5 to
45 mass% of a conjugated diene. (2) A block copolynmer m xture conpri sing
the followi ng block copolynmers (A), (B) and (C) each containing a vinyl
aromati ¢ hydrocarbon and a conjugated diene as constituting conponents,
wherein (A is from20 to 60 25 mass% (B)3is from20 to 70 mass% and (O
is from5 to 35 nass@ﬁﬁéA): a bl ock copol yner conprising, as nononer units,
4 from 75 t oapomabssohvdracgrhgn ardnat fenhydabedr dsanands from 10 to 25
mass% of a conj ugated diene, and having, at |east at one termnal, a block
section conpoSedskihFutingf componaptsar shargenhyd okar bsamhadi A &%nunber
average s nol ecul ar weight of at |east 30,000 and | ess than_150,000; (B): a
bl ock copol ynBasednpfBsi kg, faemndfoker 7Gnnesss, f ppeh 50) t ds76rpasSoFer a
vinyl aromatic hydrocarbon and from 25 to 50 mass% of a conjugated diene,
and having, aP01DaBd¥h terminals, a block section conposed nmainly of a

vinyl aromatic hydrocarbon having a nunber average nolecul ar wei ght of at

| east 1,000 and | &é85:tAdAl30k00EPOlWREr (CPNPHIBLBEK @8pBPPRBPrCcUAPESsi ng, as
nmononer units, 1s from60 to 95 mass% of a vinyl aropatic hydrocarbon and
from5 to 40 FRSBYFbfta 2BnpagatecafdpeMényanaraderag Bydrpeasbosnandandom
copol ynmer bl ock conprising, as nononer units, from55 to 95 mass% of a
vinyl ~ar omat i EYAPdP okar Banmand f PEnp5cpPpiugakradsdienea abdj hguiegd diéne. 20
(3) A block copolyner m xture conprising the follow ng block copolyners
(A), (B) and %@?Sgaéh eBft hFATMAR2 :an?EOCEr§ﬁﬁFF@nh98WB@§P§oHaéﬁéYaOf

conj ugat ed diene as_ constitutjng conponents, wherein (A is from20 to 60
mass% (B) isafVbﬁY%0a¥8m7élﬁa§¥8€°§ﬂHbP@§ is from5to 25 50 mass% (A): a

bl ock copolynmer with an entire nunber average, )
10 (B): a block copolymer comprising, as monomer units,

from 50 to 80 mass% of a vinyl aromatic hydrocarbon and
from 20 to 50 mass% of a conjugated diene, and having, at
least at one terminal, a block section composed mainly of
a vinyl aromatic hydrocarbon; and

15 (C): a block copolymer comprising, as monomer units,
from 60 to 95 mass% of a vinyl aromatic hydrocarbon and
from 5 to 40 mass% of a conjugated diene, and having at
least one random copolymer block comprising, as monomer
units, from 55 to 95 mass% of a vinyl aromatic

20 hydrocarbon and from 5 to 45 mass% of a conjugated diene.
(2) A block copolymer mixture comprising the following
block copolymers (A), (B) and (C) each containing a vinyl
aromatic hydrocarbon and a conjugated diene as
constituting components, wherein (A) is from 20 to 60

25 mass%, (B) is from 20 to 70 mass%, and (C) is from 5 to
35 mass%:

(A) : a block copolymer comprising, as monomer units,



nol ecul ar wei ght of at |east 100,000 and |less than 5 300, 000, conprising,
“as nononer units, from75 to 95 nmass% of a vinyl aromatic hydrocarbon and
from5 to 25 mass% of a conjugated di ene, and having, at |east at one
termnal, a block section conposed mainly of a vinyl s aromatic hydrocarbon
havi ng a nunber average nol ecul ar weight &f at |east 30,000 and | ess than
150, 000; (B):.a blggktc088lﬁner}mﬁ%h an.entire nupber auerage, nnleﬁular
wei ght of at FER8t 78056005 aRASPESSTt RaniByd, BB LGPy PEPHGIPSR ABRomer

units, fromb50 to ss% of a,10_.vinyl aronpti,c .hydrocarhbon and from 20 to
50 rmsst of S RBnEhoRPeds ANBREY Sha°nLUPAHSAEES] dAbiear ShAoRFRIREnaRT. o

bl ock section,conposed maiply of vin # aromatic__h drocar?on haxin £
number aver aghSBE eabl SPowePGRETAE - At PLRGE: *S65608 SRUPPESS PAARL Y2500,
having from 10 to is 70 mass% pf .at | east pne.randomc %ol mer__bl ock section
comprising. a8 WERGhePTGRAFSC RYEROEATPEMoBAVibEEof UIDRY; AYE a8 mY i o
hydrocarbon and-from5 to0.45 nass%of a ., conRj ted .diene, .and further

hgving fron11%0}%Cﬂggﬁa¥§¢@35fOgta%egg?ssngaigggoﬁ?@o%&?ﬁn& b1 ock section
conpri si ng, 22 S, ppnomer units, fromO to 55 nmass% (provided that 55 nmass%
i s excluded) Pla vihyl aromatic hydrocarbon and from45 to 100 mass%

(provided that 45 ss% s _exclude of a conjugated _diene: and (€.: a
bl ock copol yner wf Fah %; F?ecﬁgﬁg%?egv raget iggﬁoﬁgcﬁ ngﬁéiaﬁég%f at

| cast 200, 000ckgn! 55:5198 408908 oCOURL) o003 STROBIEL AlLES ol O 00

to 95 mass% o vinyl aroma drocarbonan ro fasS% of a 6

conj ugat ed di eng, 8AdcBaKhng.aLyl €35, 0DR;[AAION sgonal RGBSy ar

conprising, as Aononer units, fromb5 mass% of & vinyl aro

nychocar ap, BT AN SIS LR S WORLELSH poyS G aTie 1 ok
mel t flo“/ratsiﬂ§lf598hatic hydrocarbon having a number average
molecular weight of at least 1,000 and less than 30,000;
and
(C): a block copolymer comprising, as monomer units,
15 from 60 to 95 mass% of a vinyl aromatic hydrocarbon and
from 5 to 40 mass% of a conjugated diene, and having at
least one random copolymer block comprising, as monomer
units, from 55 to 95 mass% of a vinyl aromatic
hydrocarbon and from 5 to 45 mass% of a conjugated diene.
20 (3) A block copolymer mixture comprising the following
block copolymers (A), (B) and (C) each containing a vinyl
aromatic hydrocarbon and a conjugated diene as
constituting components, wherein (A) is from 20 to 60
mass%, (B) is from 20 to 70 mass%, and (C) is from 5 to
25 50 mass%:

(A) : a block copolymer with an entire number average

molecular weight of at least 100,000 and less than



2 to 30 g/10 mnutes. (5) A resin conposition conprising 100 parts by nass
"of the bl ock copolymer m xture as defined in the above (4) 10 and from5
to 100 parts by mass of a styrene resin. (6) A sheet using the resin
conposition as defined in Caimb5. (7) Afilmusing the resin conposition
as defined in the above (5). is (8) A heabP-shrinkable filmusing the resin

iti defined in th b 5. (9) A, t-shri I [ ti-|
11 havi ng 2307 clab " “EAEPRedtodn, FrIABRETEF) KRLhSer EROPnGo RE Plsin
iti defined in.th b ‘5 0 (10) A bot.tl e hayi
heat -shr i nkabfaSF 1 a2 BAPYheAPHEE¢RehYAEoE3FhR,ARY, £EPBON T12F A bottl e
havi ng a heat-shrinkabl e nHLti-kgﬁer.fign1 a gefaned_i@ ghe boye %9) put
t hereon. 25 E?%E%TSOgFaTF@ P RERRPEOREY usFH§ AEPEsi A compssi fiof"6bt ai ned
by the presept_invention, .it.is ssible to ohtain film7 .exiellent in
Uhe bal ance of FRaHEpar anByOcl BSkage™ FEUPSPRACERPIY BEt HidY
heat - shri nki tjes. BEST . FOR_CARRYI NG_QUT _THE | NVENTI_ON A
's"a blloce cofBRYREECBRAFPSRREOPS DRAES, 8 BAMDRASEVSGAE TPAVE APomaLi ¢
hyd bon, . it d 25 %.af ' ted
0 ene, as monBREPRCUHT 8% pPaPEr ABr §OPy BHe0SFs 50unased SPO5 Vi nyl aromatic
hydrocar bon, as mpaoner Wnble, (and;trom 40.10,20 mrssds of, 10 8 gonjygat ed
di ene, as mononer ‘Ghit&. “IP the elnyw aronati ¢ hyBrocSrBon exc8eds5 %95 mass%

as_monomer Unjbg,c, 9l f,clBfcVLRYL a1 QMRL ConYdrOGaPn s hess tfiamofd
mass% as nononer ani ts, rt2may not be possibl'e to obtain~ a sheet dr Ti'l m

excel lent in Lhebalange ol hOABREY GAGYs,’ §:BHER%PES BEohakaRCE: W 0 dity
and heat-shrin |ﬁg properti es.

10 vinyl aromatic hydrocarbon and from 20 to 50 mass% of a
conjugated diene, and having, at least at one terminal, a
block section composed mainly of a vinyl aromatic
hydrocarbon having a number average molecular weight of
at least 20,000 and less than 120,000, having from 10 to

15 70 mass% of at least one random copolymer block section
comprising, as monomer units, from 55 to 95 mass% of a
vinyl aromatic hydrocarbon and from 5 to 45 mass% of a
conjugated diene, and further having from 15 to 45 mass$%
of at least one random copolymer block section comprising,

20 as monomer units, from 0 to 55 mass% (provided that 55
mass% is excluded) of a vinyl aromatic hydrocarbon and
from 45 to 100 mass% (provided that 45 mass% is excluded)
of a conjugated diene; and

(C): a block copolymer with an entire number average

25 molecular weight of at least 200,000 to less than 300,000,

comprising, as monomer units, from 60 to 95 mass% of a

vinyl aromatic hydrocarbon and from 5 to 40 mass% of a



(A) preferably has, at |east at one termnal, a block section conposed
‘mainly of a vinyl aromatic hydrocarbon having a nunber average nol ecul ar
wei ght of 20 at |east 30,000 and | ess than 150, 000. The nunber average

nol ecul ar wei ght of such a block section is further preferably at |east

50, 000 and | ess than 100, 000. If no block $ection conposed mainly of a vinyl

aromatic hydrocatbonﬁF§ resent at. either termnal, or 25 even if a block

section conpoSERIRER €Reyi APL BPYIREI Athy@P5EaBén Hiel 9 esent , f or

exanple, at one termmnal, if its nunber average nol ecul ar ight is less 8
Chan’ 30, 000, FRECLFERE, &bty CHRPERE Lofse oo eP MRy SometTibs® to
deteriorate. the gther hand, _if its nunmber. average nol ecul ar. wei ght
exceeds 150 008, MAREY (EoloLaukl PESTEE e BYAES Loty GO gty Tooa | s
s deteriorate. gAQ preferabeﬁhgsdggéentire nunber average nol ecul ar wei ght
of at |east 1B856G0°ind FOLIVERLAR 67600, particularly preferably at |east

120, 000 d | h 240, 000. I f the.enti nber, 10 | |
wei gt 1 o 1 esd T haR=156 5550 COPREVIE R S ENEy o HHE L e A iy
ti deteri te. th h hand, if th td
ol ccul ar wel SHE. P5500 1008 Cor i gL E HE P BEddati 1o JFAE e F260T n
iti ti deteri te. 15 The bl ock ti f (A i t
conposi tion ngy sog&dbgﬁ tmﬁg%%%%?gr:bl e bl ock proportion of (A) is no

particularly | y from70 to 99% Here, the block
proportion iség@e obt ai.ned as f

ol l.ows. Bl ock .propaortion.= (amunt of_the
Uiyl aromat i ) haPGEARGR BPSAEALT TS PN G bIEAHE hSROBRSAGE: 20
Seorent s 11 {UgeCBELUTEL LSRR O e o e 1O G DU grer iy
hydr oot bgp PRERETren B,V S Brgh b R R S 1 the bl ook
(6) A sheet using the resin composition as defined in
Claim 5.
(7) A film using the resin composition as defined in the
above (5).
15 (8) A heat-shrinkable film using the resin composition as
defined in the above (5).
(9) A heat-shrinkable multi-layer film having at least
one heat-shrinkable film layer using the resin
composition as defined in the above (5).

20 (10) A bottle having a heat-shrinkable film as defined in

the above (8) put thereon.

(11) A bottle having a heat-shrinkable multi-layer film

as defined in the above (9) put thereon.

25 EFFECTS OF THE INVENTION
By using the resin composition obtained by the

present invention, it is possible to obtain a film



25 with an osmi c acid deconposition nethod disclosed by L. M Kolthoff, et.
‘al., J. Polym Sci., 1, 429 (1948), the block copolyner is oxidized and
deconposed by tert-butyl 9 hydroperoxide using a catalytic anount of osmc
acid, then poured into a |large anmount of nethanol thereby to Ilet the vinyl
aromati ¢ hydrocarbon polyner precipitate, 7and the precipitated polyner is
vacuum dri ed, whereby the s mass of the solid content of the vinyl aromatic
hydr ocar bon pekgedidens rmeasheetbalbmcehef, tidamspelrecdyar kstaaketgsr e of (A) i s
preferably linear. (B) is preferably a bl ock copolynmer with an entire io
nunber aver ageesolstencar weigdltitof amd heast- s5@,i0KG ngng rdpess itesan 200, 000,
conprising, as nononer units, from50 to 80 mass% of a vinyl aromatic

hydr ocarbon and from20 to 50 nass% of a conjugated diene, and when it has
no random copol yner bl ock, it has, at both terminals, a is block section
conposed mai nBESEf MQDE FPR SASKRAIING OWId TeEa ABYENTIENg a nunber aver age

mol ecul ar wei ght of at |east 1,000 and |ess than 30,000, or when it has a
random cop®l yner HIAcK S ia Hesk gonadagie micaymr isimg rfaom 75 Hiddk® secti on
conposed mainly of a vinyl aromatic 20 hydrocarbon having a nunber average
nol ecul ar wei FRESGT ofaf VaAIHL 260EG igndYdeesanhon 126, OBRON tHet shas at

| east one randonlcopolgner bl ock caonprising, as nononer wunits, fromb55 to

95 mass% of a2FhyFORr N €5 MPdSGe fbén CoRd UGRGHRS HieTHS (fds SWTimer

conj ugat ed di eng, 25 an% fuLﬁher has from 15 to 45 mass% of at | east one
random copol YN Bl 0 PF EEFFPHLST AFOTad Ombofdr MATSSs OfF o1y ¥ A EBAF<S %

(provided thal, 52 asiet o it Shudal0 ] B o Sysiocarbon and
diene. (Bloisaacghggga %%pb%g%%,C%gpwdgé%%ngﬂyég{t9f7§he vinyl

aromatic hydrocarbon exceeds 95 mass% as monomer units,

or if the vinyl aromatic hydrocarbon is less than 75

mass% as monomer units, it may not be possible to obtain

a sheet or film excellent in the balance of transparency,

15 breakage resistance, rigidity and heat-shrinking

properties.

(A) preferably has, at least at one terminal, a
block section composed mainly of a vinyl aromatic
hydrocarbon having a number average molecular weight of

20 at least 30,000 and less than 150,000. The number
average molecular weight of such a block section is
further preferably at least 50,000 and less than 100,000.

If no block section composed mainly of a vinyl

aromatic hydrocarbon is present at either terminal, or
25 even if a block section composed mainly of a vinyl

aromatic hydrocarbon is present, for example, at one

terminal, if its number average molecular weight is less



s mass% of a vinyl aromatic hydrocarbon, as nmononer units, and from25 to
‘50 mass% of a conjugated di ene, as nononer units, preferably from55 to 75
mass% of a vinyl aromatic hydrocarbon, as nononmer units, and from25 to 45
mass% of a conjugated diene, as nononmer units. 10 If the vinyl aromatic
hydrocarbon as nmononer units, exceeds 75 ass% the bal ance of the rigidity
and breakage resistance of the filmtends to be poor, and if the vinyl
aromati ¢ hydr 6banbgR , 090, eshet hannsPparessyy ofhdhededregdsor fitlive maygi dity of
the sheet or filmmay 15 sonetines be |large. Wen it has no random copol yner
bl ock, (B) peemetapeg HWeserderrpseh tennthal stharbhasr, séétiibs nuBhpssed
mai nly of a vinyl aromatic hydrocarbon having a nunber average nol ecul ar
wei ght of at P¥8¥RJE, 00deshdazovedghtt xeesdisdd.0 /190 h&heunber aver age
nol ecul ar wei ght exceeds 30,000 or less than 1,000, the bal ance of the
t ranspar ency, PBPEEREGE1LdSYsPinsbe Fegildh CPMRNF e TRt iSTrRIStd Woperti es
of the sheet or filmtends to be poor. On the other hand, in a case where
it has a randGRte5108/6Cymer bl ock, it preferably has, at |east at one
termnal, a block section conposed nmainly of a vi aromati ¢ hydrocar bon
i ar\/\g

I
having a nunber avéYaddSHak Hhtr oM ECG e & R/TD00 and | ess
t han 120, 000. ) 1§ further preferahly a bl ock copol r wth an entire
nunber averag@g3 |Cg§&|ralwe\,'bg- htoefoﬁtf a&)r%%o,%k"to& alrhd\s/ §¥Fark , 000, whi ch
has from 10 t 0 ss% of .at .5 |l east e rando opol r. bl ock andom
b ock ) hcgn«EPi%sﬁ?@,' g@fﬁﬁﬁ&lrgrtlynfﬁsf’f“erre&ﬁwfsﬁ é%&%@% 00?;'3 2 i
aromati ¢ hydrqcar an r massy.of a.. _conjugated diene, an
further has fﬁgﬁﬁl %?8 %ﬁoﬁgggb%ogf gPeI835%rgngupgﬁggﬁgggﬁgﬁyner bl ock

(1 ancor B B ASLSOrRIL 409, 29 I QUL i | O SASRIBRY

froma4s to 10%f”%%%%%%%%%que%iﬁ%a%a§5sometimes deteriorate. On the
other hand, if the entire number average molecular weight
is 300,000 or higher, the processability of the resin
composition may sometimes deteriorate.

15 The block proportion of (A) is not particularly
limited, but is preferably from 70 to 99%. Here, the
block proportion is one obtained as follows.

Block proportion = (amount of the vinyl aromatic
hydrocarbon present in the form of block homopolymer

20 segmentg in the copolymer)/ (amount of the vinyl aromatic
hydrocarbon contained in the copolymer) x 100

The amount of the vinyl aromatic hydrocarbon present
in the form of block homopolymer segments in the block
copolymer is obtained in such a manner that in accordance

25 with an osmic acid decomposition method disclosed by L.
M. Kolthoff, et. al., J. Polym. Sci., 1, 429 (1948), the

block copolymer is oxidized and decomposed by tert-butyl



mass% i s excluded) of a conjugated diene. If no block section conposed
mainly of a vinyl aromatic hydrocarbon is is present at any termnal, or
even if a block section conposed nainly of a vinyl aromatic hydrocarbon is
present at one termnal, if its nunber average nolecular weight is |ess

t han 20,000, the transparency of the sheet 9 or film nay sonetines
deteriorate. Further, if its 20 nunber average nol ecul ar weight is 120, 000
or higher, thaydpopesoxildiel iusjingf at lvatedyitd ccameositt iadh i s @wetd nes
deteriorate. Further, the entire nunber average nol ecular weight 1is |ess

t han 50, 000, thent patgpsr dndp of lekgesRaeungr ofs rgthanedy Wwnshihds
deteriorate, and if the entire nunber average nol ecul ar weight is 200, 000
or higher, thédetptdCeydanill prpPnaft ichaYidesicaxn FSlomeT mreSdidEtfes 12
deteriorate. If the vinyl aromatic hydrocarbon of the random bl ock a
exceeds 95 masd% &FenPAGFEP Indtes edh disnRiasgyst-oierad e vhsrraie WHifeet or
filmmay sonetinmes deteriorate, and if the vinyl aromatic hydrocarbon is 5
| ess than 55 MES§YPAs thenSrel usarsenthet ithicditiypydf agpnatdifeet or il m may
sonet i nes dets)lriorate. Further, if the randomblock a is |less than 10
mass% the shiROSGEHPG&ALYEE o & fEashg&S-or film may soneti mes

deteriorate, and if it exceeds 7Q nmass% the io balance of.the rigidity and
the breakage resi st Tof tﬂ}%éncgf?é‘é“lslad? FETH TSR s%ﬂrsfpl‘)nejss deteriorate. |f
the vinyl aromatic drgcar bon of the random bl ock b exceeds 55 nmass% as
mononer uni t s PHEAEBAIANde 'SP he rigidity and the breakage resistance of

(e pheet o LLIMABY 2 OIPLLIER, SEUelLS) Ao el St ol e o™
b eakage SFSLTNRSS, SR NSy WY, O I WSS 3y 700 L
20 sonetines q%sga%%%n 200,000, comprising, as monomer units, from 50
to 80 mass% of a vinyl aromatic hydrocarbon and from 20
to 50 mass% of a conjugated diene, and when it has no
random copolymer block, it has, at both terminals, a
15 block section composed mainly of a vinyl aromatic
hydrocarbon having a number average molecular weight of
at least 1,000 and less than 30,000, or when it has a
random copolymer block, it has, at least at one terminal,
a block section composed mainly of a vinyl aromatic
20 hydrocarbon having a number average molecular weight of
at least 20,000 and less than 120,000, further has at
least one random copolymer block comprising, as monomer
units, from 55 to 95 mass% of a vinyl aromatic
hydrocarbon and from 5 to 45 mass% of a conjugated diene,
25 and further has from 15 to 45 mass% of at least one

random copolymer block comprising, as monomer units, from

0 to 55 mass% (provided that 55 mass% is excluded) of a



Further, the nol ecular structure of (B) is preferably straight-chained. (O
'is a block copolyner conprising from60 to 95 mass% of a vinyl aromatic
hydr ocar bon, as nononer units, 25 and from5 to 40 mass% of a conj ugat ed

di ene, as nononer units, preferably from75 to 95 mass% of a vinyl aromatic
hydr ocar bon, as nmononer units, and from5 1® 25 mass% of 13 a conjugated

di ene, as nononer units. If the vinyl aromatic hydrocarbon exceeds 95 nmass%
as nononer unwtisyl tkemakbicnkiydgopaabent aesl dEromhassheetloor radsn may
sonetines deteriorate. On the other hand, if the vinyl 5 aromatic

hydr ocar bon i dpresdideldanhé® rassHsas rnenexerluded)t ©f Bheonjgigditied of t he
sheet or filmnmy sonetines deteriorate. The bl ock copol yner of (O
preferably haslianel.east one random copol yner bl ock section conprising a
vinyl 10 aromatic hydrocarbon and a conjugated di ene, and such a random
copol ymer bl ock se@)i ds pr éflercdbloprsonm e s exonfpim irgd fremw3 tess%BDf a vi nyl
aromati ¢ hydrocarbon, as nononer units, and from5 to 45 mass% of a

conj ugat eds dimass? af moNdmyl awiomst its hyfdroeerbomy| asr meaames thyvidear bon of
the random copol yner bl ock section exceeds 95 mass% as nononmer units, the
shri nki ng prop&d faomoR5t fe SRedasss Ofl @ won] Ugemed Beengot @d draamerand i f
the vinyl aromatic hydrocarbon is |ess than 55 mass% as nononmer units, the
20 rigidity ofnifs, swaefegpbilyl dreay SSorkst iPe dagerie Afoatvdny  @rqmadtidt abl y
has an entire nunber average nolecul ar weight of at |east 200,000 and |ess
than 300, 000 hYEBIOSa3PO er &5 JPoROMEEadMirE) Go fHPM s th&P TeEOE | f
the entire nunber average nul ecul ar weight 25 is | ess than 200, 000, the
transparency & SORGUIRESE Glensi| dsndProEifet i Sdet eri orate. On the ot her

hand, if the entire nunber average nol ecul ar ight is 300,000 or 14
10 If the viny aré%atlc(%yérocg¥%é% as monomer un{ts,

exceeds 75 mass%, the balance of the rigidity and
breakage resistance of the film tends to be poor, and if
the vinyl aromatic hydrocarbon is less than 50 mass%, the
decrease in the rigidity of the sheet or film may

15 sometimes be large.

When it has no random copolymer block, (B)

preferably has, at both terminals, a block section
composed mainly of a vinyl aromatic hydrocarbon having a
number average molecular weight of at least 1,000 and

20 less than 30,000. If the number average molecular weight
exceeds 30,000 or less than 1,000, the balance of the
transparency, breakage resistance, rigidity and heat-
shrinking properties of the sheet or film tends to be
poor. On the other hand, in a case where it has a random

25 copolymer block, it preferably has, at least at one
terminal, a block section composed mainly of a vinyl

aromatic hydrocarbon having a number average molecular



hi gher, the processability of the resin conposition may sonetines
‘deteriorate. Further, the nolecular structure of (C) is preferably linear.
5 1n the block copol yner m xture conprising block copolynmers (A, (B) and
(O, (A is from20 to 60 mass% preferably from25 to 50 mass% further
preferably from 30 to 50 mass% (B) is froin 20 to 70 mass% preferably
from?25 to 60 nmass% further preferably from30 to 55 10 mass% and (C) is
from5 to 50 medsfitr pfefaar Adlastl OMOL® &l 4@ gmsI4n fiad oo preferably from
15 to 30 nass% If (A) is less than 20 nass% the transparency of the sheet
or filmmy soneti (s idetfarrtdreat eardffe {1 exa delisclécopmbgneorwith (&) IS

| ess than 20 mass% the breakage i5 resistance of the sheet or filmmay
soneti mes detemtiioreatmmmber @Bk ravgee add et rmas s¥éidhte dfr ansparsno 0 and
rigidity of the sheet or filmmy sonetines deteriorate. If (C is |less
than 5 mass% lese Hdwr: 20Hr,i0D0, nghpradpdras €&rad Tthe-shHektmags ¥ idinatmy
sonetinmes 20 be inadequate, and if it exceeds 50 nass% the breakage

r esi st ances mayl eswrte tonge - adwtaar icopatlamethéd Maly | (zarolan ilwldgkiralcar bon to be
used for (A, (B) and (O may, for exanple, be styrene, o- nethylstyrene,
p- met hyl st yr es@mpa-itsdmid, b @Sy mempmerre Unt t 2 5 eiimrei hyl st ahgsss of a

a-met hyl styrene, vinyl naphthal ene or vinyl anthracene, and particularly
preferred i s Styywdnarongiisy hviskiacagiign e i ayt b udeapsy efwd or nore
15 types may be used in conbination. The conjugated diene to be used for
(A), (B) and EORIvaatediidiests n amgl ity thesaiha ol xom) ydt@dt WomtEs bhds
having from4 to _8 carbon atons, such _as 1, 3-butadiene, 5

2-met hyl - 1, 3- Bt ddiadte QO dirsias) copclymatetihach | Gandamd ek b)

1, 3-pent adi ene or 1, 3-hexadi ene. Particul arl preferred is 1, 3-butadiene or
i sopr ene. MAnmFPTEER I WS GIRRANFIe YL De %@F&H,O drC t WSFbre types may

be used in (provided that 55 mass% is excluded) of a vinyl aromatic
hydrocarbon and from 45 to 100 mass% (provided that 45
mass% 1s excluded) of a conjugated diene. If no block
section composed mainly of a vinyl aromatic hydrocarbon
15 1is present at any terminal, or even if a block section
composed mainly of a vinyl aromatic hydrocarbon is
present at one terminal, if its number average molecular
weight is less than 20,000, the transparency of the sheet
or film may sometimes deteriorate. Further, if its
20 number average molecular weight is 120,000 or higher, the
processability of the resin composition may sometimes
deteriorate.
Further, the entire number average molecular weight
is less than 50,000, the transparency of the sheet or
25 film may sometimes deteriorate, and if the entire number
average molecular weight is 200,000 or higher, the

processability of the resin composition may sometimes



conbi nation. 10 (A), (B) and (C) can be obtained by a conmmon living anion
‘pol ynerization in an organic solvent using an organic |ithiumconpound as a
pol ymeri zation initiator. The organic solvent to be used for this
production is a |ow nol ecul ar wei ght organi c conmpound conposed of carbon is
and hydrogen, and for exanple, a known orgafic solvent may be used, such as
an aliphatic hydrocarbon such as butane, pentane, hexane, isopentane,

hept ane, oct atet@ridredect adé; the ainyychiremaydcobydyoragibom @f the

cycl opentane, nethyl cycl opentane, cycl ohexane, nethylcycl ohexane or 20

et hyl cycl ohexa&aedagy by enerrae sl rde Adsie AU Imerongseiseres . ttdleiene,

et hyl benzene or xylene. The organic |ithium conpound is a conpound having at
| east one | it WhiAnNRicE FomRrarties af mredhest o film fegy Joretelesml e, be
ethyl lithium_n-propyl lithium 25 isopropyl lithjum n-butyl lithium
sec-butyl |itKarRGrrat&d + -nd i 5hai Yl REoRaboducd TR BI°om bt ock
copolyner, a small 16 anount of a polar conpound may be, dj ssolved in the
sol vent. The p&sH HETHAMPILS U TRMT el e ChE rFETEbyY RF ke
initiator. It may, for exanple, be an ether such as tetrahydrofuran,

di et hyl ene gl ya6iediFetihiyim 503 ROl el Yol dibutyl ether: an

am ne such as triethylam ne_or tetrapet et hyl epnedi am ne; a hi oet her; a
phosphi ne; a phosdﬁﬁﬁ ﬂe;lgnt%?k??%@%@2%£9c§u?fbﬁa 855 oFhan ﬁékoxide of

t [ di Al t hel f d | dis.
et ranydr of ur SH=SH0. 18 JOrSARN Tk TPTEreR At ? oF T Re F GULR i TRY of
t he bl ock | | |1y f -10.to 150C f bly f 40 t
120C. The t1 mETEGUIEH Fort 1= ot AT i ot o 93T 798 HogMiaihy tion the
diti but_ .4t 1 | ly. wthin 48 - .5:to 10 15
cond 1 onsy, Pilaicled Sl Y 9RANY A8 \OML S SLELSCSELY, JEAMO: 010 10,1
prellnlnarlIy€ﬁgﬂ§ﬂg%{\%gfkfﬁh may sometimes deteriorate. If the

vinyl aromatic hydrocarbon of the random block b exceeds
55 mass% as monomer units, the balance of the rigidity
and the breakage resistance of the sheet or film may
15 sometimes deteriorate. Further, if this random block b
is less than 15 mass%, the balance of the rigidity and
the breakage resistance of the sheet or film may
sometimes deteriorate, and if it exceeds 45 mass%, the
decrease in the rigidity of the sheet or film may
20 sometimes be large.
Further, the molecular structure of (B) is
preferably straight-chained.
(C) is a block copolymer comprising from 60 to 95
mass% of a vinyl aromatic hydrocarbon, as monomer units,
25 and from 5 to 40 mass% of a conjugated diene, as monomer
units, preferably from 75 to 95 mass% of a vinyl aromatic

hydrocarbon, as monomer units, and from 5 to 25 mass% of



inert gas such as nitrogen gas. The pol ynerization pressure i s not
‘particularly limted so long as the polynerization is carried out within a
sufficient 20 pressure to maintain the nmononer and the solvent in a |iquid
phase within the above nentioned pol ynerization tenperature. Further, it is
necessary to be careful for not permtting3inpurities which may deactivate
a living polyner, such as water, oxygen, carbon dioxide gas, etc. 25 to
enter into the icongnigatest dilemepolaaredrxatdwmrdgpar afffis theAftiaylconpl eti on
of the polynerization, for exanple, 17 water, an al cohol, carbon dioxide,
an organi ¢ aciddodetar hysaparboma@xtaedsaddeddms dendtdnamsomnitsin anount
sufficient to deactivate living active termnals. To obtain the bl ock

copol yrmer i xttee sStBHpHiigih ProQea)t igBefandiq Gheatheopdiidfemanat i on | i qui ds
deactivated after conpletion of the polynerization of the respective block
copol yners, n@PTsE ifese detedicgade -byoﬂegﬁ@aptb‘?r tpedsoifeftte §ingHe resins
obtai ned by renoving the solvents fromthe respective polynerization
liquids, nhy ©tFBeH%YEFGaPdhe sandSferthad|§MRE Sy afe MR ng by

an extruder. To the obtai ned copol ynmer m xture, varjous additives nmay

further be i nd®fSratd HIYddvcatfe thagihest Forf 11 BRY SOMLINET | i zer, a

| ubricant, a processing aid, a 15 bl ocking-preventing agent, an antistatic
agent, a def oé{ﬁtﬁdﬂébr@ﬂ:te,' a weat her resistance-inproving agent, a softening

t, | asti ci d i t ti .. Further, th
2001 ] ves may be e R BT IREBIob: BlaTHY SN bl T8N by
m xi ng the bl ocke 20 ¢ doolc}/orrer. m Xt #{g %ﬁ% th at.s%{rceone I[.le.‘_:’siinn. a;I'h\;ainstflbi lizer
may, for examﬂne, rbaé'ng "bher?oci]]%nera ]loo T A (- El 4
2-[1-(2-h - -.dj -t - tyl ph 1 )ethyl].-4,6:di-tert- | ph I
ac£ yl <(31t e, Xgr Ot erot%i-‘%u clylrfygi:lt(oﬁ EDP rg/bu (ijr%lzg-cf%f&}r/%%(tye%-drrlel ey’le[)aerlr\(iz)%'n‘§%{}}lpa i

random copolymer block section preferably comprises from

55 to 95 mass% of a vinyl aromatic hydrocarbon, as
monomer units, and from 5 to 45 mass% of a conjugated
diene, as monomer units.

15 If the vinyl aromatic hydrocarbon of the random
copolymer block section exceeds 95 mass% as monomer
units, the shrinking properties of the sheet or film may
sometimes deteriorate, and if the vinyl aromatic
hydrocarbon is less than 55 mass% as monomer units, the

20 rigidity of the sheet or film may sometimes deteriorate.

(C) preferably has an entire number average
molecular weight of at least 200,000 and less than
300,000, more preferably at least 220,000 and less than
280,000. If the entire number average molecular weight

25 is less than 200,000, the transparency of the sheet or
film may sometimes deteriorate. On the other hand, if

the entire number average molecular weight is 300,000 or



25 met hyl phenyl acryl ate, octadecyl-3-(3,5-di-tert-butyl-4- hydroxyphenyl)
propionate or 2,6-di-tert-butyl-4- nethyl phenol, or a phosphorus-type

anti oxi dant such as 18 2, 2-nethyl enebi s(4, 6-di-tert-butyl phenyl) octyl
phosphite, trisnonyl phenyl phosphite, or bis(2,6-di-tert-

but yl - 4- met hyl phenyl ) pent aerythritol diphodghite. As a lubricant, a
processing aid, a blocking 5 preventing gent, an antistatic agent or a

def oggi ng ageénighdnr heanmptecessaluitlirtt eef fthe yregin conprastipalmiyic
acid, stearic acid or behenic acid;, a fatty acid ester such as octyl

pal mtate, octSAmeftidegsitdetwriorgfehtaerythritol fatty acid ester; a fatty
acid am de such 10 as erucic acid am de, oleic acid am de, stearic acid
ani de or et hyl enebfarishesy i thacrelemnber stxeeburancfal€y idécid ester such
as a glycerol-nono-fatty acid ester, a glycerol-di-fatty acid ester, a
sor bi t an- nono-BiERiR4aRLY akivfast er or a sorbitan-nono-stearic acid ester
and a i s higher alcohal such as nyrjstyl alcohol, cetyl alcohol or stearyl
al cohol, mdy be us®d.the Bloeht FePol¥eestBRERYF fpFOUPRYSaBEnPLlogh

ULV 5t et DA L) o Dot r (ot A 258 Hfom(20 to 60 masst,

D o oy A AR A AR e (0 s hor B Che P oAby Fem

oty ok a0s R At AR AR e T 30 £ 70 BRpRhe RIS LRyl ate,
o cone < alPhifom U Wk 0 SRafat L henifer QICERUGHY V8 U (8881 ©

pref erabl 1 AL DU, 18 W4 R £ANE: o 50 Ot 05 DRESTR 1D, D6 Bl ock

copol ymer “'m xture. xcee nass he 23df tFves may- b out on

the surface ofydhpysheets Orefidm, YHSFEPY1Per ABRORE D53 FRY,DEs | MPA red.

(A) 1is less than 20 mass%, the transparency of the sheet
or film may sometimes deteriorate. If (A) exceeds 60
mass%, or if (B) is less than 20 mass%, the breakage

15 resistance of the sheet or film may sometimes
deteriorate. If (B) exceeds 70 mass%, the transparency
and rigidity of the sheet or film may sometimes
deteriorate. If (C) is less than 5 mass%, the heat-
shrinking properties of the sheet or film may sometimes

20 be inadequate, and if it exceeds 50 mass%, the breakage
resistance may sometimes deteriorate.

The vinyl aromatic hydrocarbon to be used for (a),

(B) and (C) may, for example, be styrene, o-
methylstyrene, p-methylstyrene, p-tert-butylstyrene, 1,3-

25 dimethylstyrene, o-methylstyrene, vinyl naphthalene or
vinyl anthracene, and particularly preferred is styrene.

Among them, only one type may be used or two or more



5 The nelt mass flow rate of the bl ock copolyner mxture thus obtained is
not particularly limted, but it 1is preferably from2 to 30 g/10 m n, nore
preferably from 5 to 20 g/10 mn, further preferably from5 to 15 g/10

mn, fromthe viewpoint of the nolding processability. 10 Here, the
measurenent was carried out in accordance 1®ith 1 SO 1133 under a test
condition of 200C with a load of 49 N. The styrene resin to be incorporated
to the bl ock to®ss ywaer bei xsgde ins compoinareorhavi ng a vinyl aromatic 1s
hydrocarbon in its nolecule, and it may, for exanple, be a polystyrene, a
styrene/ cc- et hyl Stha eraidigsdisdretionsm tadrs |wind riqe/ GAlr eﬁ@ | (Ger, a
styrene/acryl ate copalyner, a styrene/nethacrylate copol yner, a

styrene/ mal ei &SafhydolEE i@operyims aoPad saf mmm%@%%mqﬁm.
Particularly preferred is a polystyrene, a styrene/acrylate copolyner or a
st yr ene/ but adiféYe %L dFEMy e 0 Fo B hrge ®HMS -a HHEdt Ashrl kBT8R or a
heat shrinkabl e | tilayer film in order to inpraove the 25 rigidity, it is
preferred fo i%n ﬁéﬁe%'rﬁ)%a@l@@eiws%eﬂr’se)by %Yé%s‘éi]d‘?ettlﬁ’g‘s]t ene resin

to 100 t ft bl , I 1, Xt . The st in i
20 nor & pr of SRS SFFomiad BETBO RS Ty ISR BREFSFIBRY 11T om 20

to 60 parts b s, t0.10 arts by. mass of the block copolynmer mxture. A
oown et hod R TEF T8h 180 dd Sab AR AP e oatEPRg ShER oLy
heat - shri nkabl e f itl mor a eat - sdwi nka}:bl e r&uln'{i I ayer fi Imrg Eor exacfpl e, the
heat- shrinkats fi7Ef T8Y 58 SR n&E 57'F Fig T HeHesiY Bmpdsitidh into
a sheet or fi lé&r@ﬁfgtgo%ie nmethod or a circular die nethod and stretching
it in a nonoaxia irection or biaxial directions. The heat-shrinkabl e

L 8! T SR O L TBOGAA KBF1H, £BRRLAI PN 1AL
anion polymerization in an organic solvent using an
organic lithium compound as a polymerization initiator.
The organic solvent to be used for this production is a
low molecular weight organic compound composed of carbon

15 and hydrogen, and for example, a known organic solvent
may be used, such as an aliphatic hydrocarbon such as
butane, pentane, hexane, isopentane, heptane, octane or
isooctane; an alicyclic hydrocarbon such as cyclopentane,
methylcyclopentane, cyclohexane, methylcyclohexane or

20 ethylcyclohexane; or an aromatic hydrocarbon such as
benzene, toluene, ethylbenzene or xylene.

The organic lithium compound is a compound having at
least one lithium atom bonded in its molecule, and it
may, for example, be ethyl lithium, n-propyl lithium,

25 isopropyl lithium, n-butyl lithium, sec-butyl lithium or
tert-butyl lithium.

In the production of a block copolymer, a small



die having a feed block or a multi-manifold so that it wll be at |east one
layer, and stretching it in a 15 nonoaxial direction or biaxial directions.
For a layer other than the resin conposition, it is preferred to enploy a
styrene resin. Further, the bl ock copolynmer m xture may be used as sheeted
al one and stretched. 20 In order to obtainl& good shrinking property, the
stretching tenperature is preferably from60 to 120C, and the drawratio is
preferably fr@nous taf & tpodar cqpaurd mahdd idhssdickdets the preferably
from10 to 300 Jim 25 The obtained heat-shrinkable filmor heat-shrinkable
mul tilayer fildpl#gntbe PFie polarbsompeuns 4 ased Revilgproyedddiegn, letters,
a trademark, etc. printed by a known 21 nethod, and then, the |abel is

heat - shri nked Shf iC g ohethpdinit¥asert dit M .bdan exXampd eheds @R net hod
may be steam heating or hot air heating, and_the heating, tenperature is
preferably adjgfdi®dd S-h m tHeratipdrofizan f feviylene Jhwerrdivedad The
heat - shri nkable fil mor_heat-shrinkable npultilayer filmof the present

i nvention fray H<Uiaftietifiens @ woh Rt shreHRebl AR PRI SERR a
bottle, a protective fiJmfor a bottle or ofher packaging filns, 10 other
than as a heatSHrf HAb M4 OF o‘?e%r%?‘m%l.e%ﬁ%garﬂgﬂfit%e present
invention will .be scribed . in further detail with.reference 1.0 Exanpl es.
However it | PGS bet R i T O e S T T AR R e

means restricte such Exanples. Further, it is.of _course possible to use
a pol ar corrpoﬁ%é%&aht%"s °% e%?a%@ﬁ‘?}@fciﬁ‘ a‘ﬁtr aﬁ’%%a?ﬁllfrﬂeoﬁr%%%ﬂrﬁon The
bl ock copoly resm(BQ aned IQ i n tféarfglrélov%rrll E%(at les in the 20 sane
manner as in the case of %%e'%#d%ﬁ copé?ﬁ%%r %A&. m%ﬁﬁ%ﬁéﬁ&ﬁaé%ﬂprE 1
PrOdUCtiOQOOf (A) The polymerization temperature for the production of
the block copolymer is usually from -10 to 150°C,
preferably from 40 to 120°C. The time required for the
polymerization varies depending upon the conditions, but
it is usually within 48 hours, preferably from 0.5 to 10
15 hours. Further, the interior of the polymerization
apparatus is preferably preliminarily replaced with an
inert gas such as nitrogen gas. The polymerization
pressure is not particularly limited so long as the
polymerization is carried out within a sufficient
20 pressure to maintain the monomer and the solvent in a
liquid phase within the above mentioned polymerization
temperature. Further, it is necessary to be careful for
not permitting impurities which may deactivate a living
polymer, such as water, oxygen, carbon dioxide gas, etc.
25 to enter into the interior of the polymerization

apparatus.

After completion of the polymerization, for example,



A stainless steel polynerization tank equipped with a jacket and a stirrer
and having an internal capacity of 150 L was flushed with cycl ohexane and
repl aced by 25 nitrogen. Then, in a nitrogen gas atnosphere, 61.65 kg of
cycl ohexane containing 150 ppn1of tetrahydrofuran and dehydrated to a water
content of at nost 6 ppm was 22 charged RAto the pol ynerization tank, and
then, 5.95 kg of styrene dehydrated to a water content of at nobst 5 ppm
was added. Thevdtgmer ren alkegleoht warhers ddxiade t a0 ganhenndsd ndr odn a
cycl ohexane sol ution containing 10 mass%s_of n-butyl |ithiumwas added,

fol |l owed by poinowgdnd iarid iy added ninedsicthivetleranie Mereownle maxi mum
tenperature did not exceed 120C (first stage pol yneri zation). Further, the
internal tenpetufifieionrs taideartbvaor, livinamrtien beumigabs. styrene
dehydrated to a water content of_at nost S ppmand 4.1 kg of butadi ene
passed through a TFoleetrir she/elegk eeRgHYBETr oNlWERESSFRUIPYAAEBYS| y added,
fol | owed by pol nerlzatlon for 20 mnutes wthin a _range where the nmaxi num
tenperaturé di ot (Bxa@d Goc the R%@W@W%ﬁ%@?z%?%ﬂmﬁﬁ%n
after termnation of heaf genera |on under constant condition of the

internal tenpeétblthr CHRIRFLIFDET £ ek%o %’f%%ﬁ%o?leﬂ dr 3¢ eBEFREGE Wik er
content of t 5 s added, fol]o ol rization 20 20
mnutes wi t hi PIoTh @%Pp%%r%én%x?m}fvﬁpe%}ﬁ?‘égggw ForSEbesi 1200
(third stage p zation After term.natijon t he nmerj zation,

wat er was addé%b% %ﬁﬂL&?Oﬁh?or%%%%?l%éﬁ%9%F? Ynﬁe$§Y§%% thé €Then,

cycl ohexane was {urtherfaqgeqlfor dil ution, 5 dliuted solutlon was

poured into a Targe ?mﬁ?%ﬁﬁﬁtivepﬁ% ?¥éfegf%% pbg§ﬁ%? cOA¥ ent .
The poly oI Ogrgé‘tﬁ‘é :(t%i‘ %gdar?@ghd%xge”fgjgi%ge&“Q&rmgffyﬂl%é&gé pgbtain

a powdery copo yner i gha
an extruder.

To the obtained copolymer mixture, various additives
may further be incorporated, as the case requires. For
example, a stabilizer, a lubricant, a processing aid, a

15 blocking-preventing agent, an antistatic agent, a
defogging agent, a weather resistance-improving agent, a
softening agent, a plasticizer and a pigment may be
mentioned. Further, these additives may be added at the
time of producing a resin composition by mixing the block

20 copolymer mixture with a styrene resin.

The stabilizer may, for example, be a phenolic
antioxidant such as 2-[1-(2-hydroxy-3,5-di-tert-
pentylphenyl)ethyl] -4,6-di-tert-pentylphenyl acrylate, 2-
tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl) -4-

25 methylphenyl acrylate, octadecyl-3-(3,5-di-tert-butyl-4-
hydroxyphenyl) propionate or 2,6-di-tert-butyl-4-

methylphenol, or a phosphorus-type antioxidant such as



as (a-1) For the nunber average nol ecul ar wei ght of the polystyrene bl ock
section, GPC (gel perneation chronmatogragh) of the polystyrene conponent
obtained by 5 subjecting this polyner to ozone deconposition was neasured
(as the detector, an ultraviolet spectroscopic detector set at a wavel ength
of 254 nm was used), and the nolecul ar wéPghts corresponding to the
respective peaks were obtained fromcalibration curves prepared by 10 using
standard pol y&t yrawshadgensbysdide 6oldigdeatt - bten pheny lobtesitdd t wo
pol ystyrene bl ocks are designated as Al and A2, their nunber average
mol ecul ar wei phesphdte. 3 igoonyd@hemydo®haspdpd@ i v Pisa bt -t entire
nunber average nol ecul ar wei ght nmeasured by GPC was_ 15 190, 000. By using the
sane net hod a®uihdvé -msitda 1y pend aerythritel diphogPhidentified in
Table 1 were obtained by <controlling the appunts_of styrene, butadi ene and
tetrahydrof uran. B therPhit@anfp| & BERCSRI Y ¥+ e Hekre nal
pol ystyrene bl ock was controlled by the anount of the cycl ohexane sol ution
cont ai ni ng® 10 PAEYER-3A% IRbry BT dtilfhadddef9eRh tHer? dSfoBEing 1, B
represents a co onE%%_block of styrene and. but adi ene,. and .t he

|

st yr ene/ but adP&Fra GFABDLE s RowR HHF &R W HRENSENE EXAVPLE 2

Pr oducti on of ((b-a) to -5))., In the s manner as i n Reference
Exanpl e 1, sﬁéigééﬁhéhﬂ%aéﬁﬁﬁﬁﬁkﬁf%%FVﬁﬁgb%Hqr?%vglﬁw #1si ng
n-butyl lithium.as an initiator .and tetr%%%drofuran

r andom pol ymeriFati 6h Ayt O Lobtdi™ ' oscfﬁyc;hSStega:ragheovﬁF at (b-1) to
(b-5) In Tabl g ¢l Further, by the . s.ac{r_eegp_eetrhpdal 35, g1, Rel &l eneey Bxaml e 1,
? %ﬁ) ted. y |c§i§@

bl ock pol yrer S*Were separa ei r andl alies are shown in

Table 2- 110Th%s”‘é%%rié:a‘é%ri§%n{1@eec% aeﬁoéé"%'lcgi'ﬁ .San%‘;%% hestesé%ga%ﬁcpj[bde O‘ik

sections were neasured by the same€ me as in ‘'erence

Further, al so yit4a roﬁs%%%lte‘?le(btl'sl)stté%lr(it}f Neid r't'aﬁnide; a sorbitan fatty

acid ester such as a glycerol-mono-fatty acid ester, a
glycerol-di-fatty acid ester, a sorbitan-mono-palmitic
acid ester or a sorbitan-mono-stearic acid ester; and a

15 higher alcohol such as myristyl alcohol, cetyl alcohol or
stearyl alcochol, may be used.

As a weather resistance-improving agent, an
ultraviolet ray-absorber such as 2-(2’-hydroxy-3’'-tert-
butyl-5’-methylphenyl) -5-chlorobenzotriazole, 2,4-di-

20 tert-butylphenyl-3’,5’'-di-tert-butyl-4’-hydroxy benzoate
or 2,-hydroxy-4-n-octoxybenzophenone, or a hindered amine
type weather resistance-improving agent such as
tetrakis(2,2,6,6-tetramethyl-4-piperidyl)-1,2,3,4-
butanetetracarboxylate, may, for example, be used.

25 Further, as other additives, white o0il or silicone
0il may, for example, be added.

These additives are used preferably in an amount



10 nol ecul ar wei ght of the term nal polystyrene block was controlled by the
anmount of the cycl ohexane solution containing 10 mass% of n-butyl lithium
added, which was the sane as used in Reference Exanple 1. Further, also in
Table 2-1, B represents a copol yner block of styrene is and butadi ene, and
the styrene/butadiene ratio of Bis shownlPn the Table. REFERENCE EXAMPLE
3: Production of (B) ((b-6) to (b-11) The sane pol ynerization tank as in
Ref er ence Examitdin ad@ndeused 16m K SR IDHS&Te ShdthegP ¥ REE by nitrogen.
20 Then, in a nitrogen gas atnosphere, 49 kg of cycl ohexane dehydrated to a
wat er cont ent SAPAYMRIS MR and I5 LERY RFCEE s Oy MEFE *de fir tyeg wat er

content of at nost 5 pm. were charged and i.ntained at 30C Then, 152 n
of a cycl ohexdi¥e ‘?Pccfd?rltcd?ﬂ it nij'%i‘gachea o Jte rls-}b‘?ﬁ%/IOIQSPﬁThi um was

added thereintqg, foll d by polynerization., After.styrene was conpletely
consumed, theY r@?q'}'a&%et&%é)aﬁ € J1e¥ R BRAIH syst em was raised to

80C, 25 d whil h [ ' 3.99 kg | |
amount of St yr ene HEhyT 5 Bl 45 S Mt E7LEON ake YOG 0P LE"Shm and 1. 26
kg i t ot al t af, but adi e th h | I [ f
ey at | on wiPRRS M A ot RARSTant = B ot bt o e Bl it and
0.82 kg/ hr, ' | ef] P Fi h

giir. T epssi el kA tere SOl onal (s Al ELom ¢ M gystem

was nai nt ai ne n nut €s. ut adi'ene” gas was tonpl et el
consuned, whi [ |t r [e ' S 10
mai nt ai ned at %%é hz?) g%r}%fn'bu{ agllgén% és)g%%%gl aﬁ%déﬁgl %Cynciﬁa )é\?é
continuously r t 3 : f t A, wat er
content of at “ﬁoqgt q%OSELn{{Hé\)\/Z\?ea d%%lgﬁpa%h%n%%f@aﬁndg %’?%%ér?eﬁ%&%é

sol ution ahter conplgli ophOf md hey POLYRET 281 EQPribd ¥RE (heatedraintde sane
manner as in Reference Exanple 1 to obtain a powdery bl ock copolyner (B)
This is designalitdi s (I3H)under a test condition of 200°C with a load
of 49 N.
The styrene resin to be incorporated to the block
copolymer mixture is a polymer having a vinyl aromatic
15 hydrocarbon in its molecule, and it may, for example, be
a polystyrene, a styrene/a-methylstyrene copolymer, an
acrylonitrile/styrene copolymer, a styrene/acrylate
copolymer, a styrene/methacrylate copolymer, a
styrene/maleic anhydride copolymer or a styrene/butadiene
20 copolymer. Particularly preferred is a polystyrene, a
styrene/acrylate copolymer or a styrene/butadiene
copolymer.
To be used for a heat-shrinkable film or a heat
shrinkable multilayer film, in order to improve the
25 rigidity, it is preferred to incorporate from 5 to 100

parts by mass of the styrene resin to 100 parts by mass

of the block copolymer mixture. The styrene resin is



Further, R and R2 shown in Table 2-2 represents the random bl ock sections
of styrene and butadiene, and the 20 ratio of such styrene and but adi ene
was obtai ned by calculation fromthe nononers at the tine of charging. Rl:
76 mass% of styrene and 24 mass% of butadiene. R2: 0 mass% of styrene and
100 nmass% of butadi ene. These results are28hown in Table 2-2. 25 Using the
sane nethod as descri bed above, block copolyners (b-6) to (b-11) as
identified i nTPile @refiggedlofiramhdd He Ehtadits Ry s Gheyf styrene
and 26 butadiene. Further, in Table 2-2, the mass%ratio of styrene to
but adi ene of &F&&FaraRdomBIPEIC S i%h RFAES A2 MaSshdvih. 10 REFEEAENGEY EXAMPLE
4. Production of (C)_ 5 The sane polynerizatjion tank as in Reference Exanple
1 was fl ushed %%h y dréh&lark SRPGepieic LBy 58 trogen. Then, in a
ni trogen gas atnosphere, 48 kg of cycl ohexane (geh drated to a water content
t

of at most 6 ppm dhdtPWD MKFIA 1Y ke L HRHE e Gked EBFtent of at
Cyel ohexans. sERAIGH A HATh dor TRICSHRHSIE 2 EAACYR OF 14 SRk vas added
consurm. " t he SHLGHAHLE T LA T he PG BHPOR L8, S LB MRt ! sed o
Soc 15 and W ek eml et es UL 165 38,0 g n g ol

kg in a total Caorrrngj%nstitolfqr?%nq__doi ea}neshé;eg;zz&gtéiqﬁpw a fg%ieecuﬁl\? rkﬁé eve for

dehydrati on, wer Si mul't aneoust y ' a constan es 0 1011295) hr and

20 1.3 KO cssneetl vl ey SOmatlon o the addidien (o

syst em was mai ntai ned as 1t was Ive mnu of

ztn)é;egﬁ dd%yﬁr@itfe%éi oa iea[xfaﬂ”tﬂkte&{i&&s .”D%ﬁa]e5hl%%@-"é§13riﬁ1%%ciea' | at
pol yrerized. 2 e solution after conpletion of the
p0|ynerizatioﬁmltilayer film may be obtained by forming the resin
composition into a sheet or film by a T die or a circular
die having a feed block or a multi-manifold so that it
will be at least one layer, and stretching it in a

15 monoaxial direction or biaxial directions. For a layer
other than the resin composition, it is preferred to
employ a styrene resin.

Further, the block copolymer mixture may be used as
sheeted alone and stretched.

20 In order to obtain a good shrinking property, the
stretching temperature is preferably from 60 to 120°C,
and the draw ratio is preferably from 1.5 to 8 times.
Further, the film thickness is preferably from 10 to 300
pm.

25 The obtained heat-shrinkable film or heat-shrinkable

multilayer film may be put on a bottle as a label having

a design, letters, a trademark, etc. printed by a known



was treated in the sane manner as in Reference Exanple 1 to obtain a
‘powdery bl ock copolynmer (C) . This is 27 designated as (c-1). Further, the
ratio of the styrene to butadi ene of the random bl ock section was obt ai ned
by cal culation from the nononers at the tinme of charging, and they were 85
s masse and 15 mass% respectively. These Résults are shown in Table 3.

Usi ng the sane nethod as descri bed above, a block copolyner (c-2) as
identified inneiel,3 amt tdidrai nete byabebnts didatngshhenlesdury sa dfnswyr ene
and but adi ene. 10 EXAMPLES 1 TO 9 The bl ock copol yners were put into a 20 L
Henschel mi xeretdmf Wertied ith arhehg drt tprepoMhieo e adsi il esttifdde dhayi n
Tables 4-1 to 4-2 so that the total amount would be 10 kg and then,
extruded by a b strean exeatuidey gsihmfi eails hixdwine, szrévihednedatnar ed by
Tabata I ndustrial Machinery Co., Ltd.) at a tenperature of 200C to obtain
pel l ets of a Dlemerdpoiy et pisdarablwsadipsted peed | that e hebelnass flow
rate was neasured in accordance with 1SO 1133 under a test 20 condition of
200C with & | carfFca N1 Brnfran KIP dfo t39°€ -bl ock copol yner nixture and 2
kg of a commercially available GPPS (&00C, manufactured b TOYO STYRENE
CO., LTD.) were pufh@n@edfeldetiirabhe 2biim %n%%ﬁ%fshfk’éka}axﬁ t hen extruded

by a 40 mm(D extruder 25 (single Dul mage screw, manufactured by Tabata
Industrial M3y L1110 P the PEFRRRY atireRbioBovRY the obthF Pl Vel I et s

of a resin conposjtion. Usi 8 kg of this resin 28 onposj tion, a sheet
having o thi CRHCSE 0 (% dnieals SHOTHAP Ty SR 1267 bt Ghe LPaHobBr STy
nmonoaxially stretched 4.5 ftines at .a stretching tenperature of.838C by
Teans of & bi BASITSE ST of T P B bt UhS 55X AP ECRar B B39 Toy M Se K
Selsaku_SQ%’l%ékgrtéhége gfg'heat—shrinkable label for a bottle.

EXAMPLES
Now, the present invention will be described in
further detail with reference to Examples. However, it
15 should be understood that the present invention is by no
means restricted by such Examples. Further, it is of
course possible to use a polar compound such as
tetrahydrofuran also in the production of the block
copolymers (B) and (C) in the following Examples in the
20 same manner as in the case of the block copolymer (A).
REFERENCE EXAMPLE 1: Production of (A)
A stainless steel polymerization tank equipped with
a jacket and a stirrer and having an internal capacity of
150 L was flushed with cyclohexane and replaced by
25 nitrogen. Then, in a nitrogen gas atmosphere, 61.65 kg
of cyclohexane containing 150 ppm of tetrahydrofuran and

dehydrated to a water content of at most 6 ppm, was



a heat-shrinkable film(thickness: about 65 pn), whereupon various

‘eval uations were carried out. The results are shown in Tables 4-1 and 4-2.
Measur enents of physical properties of the heat io shrinkable filnms in
Tables 4-1 and 4-2 were carried out by the follow ng nethods. Here, the
tensile strain at break represents the br&akage resi stance of the heat-
shrinkable film and likew se, the tensile nodulus represents the rigidity,
t he heat shri nkeggadpresentts i e thieatt sdn i tdalng gaudpendy, aneb the haze
represents the transparency. (1) Tensile strain at break and tensile

modul us: Measafr ezt yrersr cigldahce ed ttho JH Svade87 Icdyt et ngf aa TENSS LGN ppm

uni versal testing machi ne (RTC 1210A) manufactured by A & 20 D Co., Ltd.
(2) Heat shri memeaddedi | Mheas niteremead ed empelyeitiineg wasatwarissed X@0GH6r 10
seconds, whereupon the heat shrinkage was cal cul ated by the foll ow ng
fornul a. Heat N riadel (¥4 &= qydlcheydng lsxluporscomer Bring 119 smag@s | engt h
(in stretching direction) before the imersion, and L2 is_the length (in
the stretchi n®f ditastybon)itdiiwr vaag igdded biollewediby Pelveerismtivrer 29

at 100C for 10 seconds. (3) Haze: Afilmwas cutout in a size of 50 nmm x 50

mm and the Hedte IRMTRHSRR il B AREharke FRt dhe NBRDWOR ( manuf act ur ed
by NI PPON DENSHOKU | NDUSTR| ES CO., LTD%%] 5 ngn accordance with JI'S K7136).
COVPARATI VE Bt Il 1Pk rxgethd 30 Spordtiitsits sf%hown in Tabl es

5-1, 5-2 and 5-3, block 'COIP()l ymer mxtures and resin conpositions were
obt ai ned in t RPEIMRF IRHHE! )as” i n Exanpl es, and they 10 were respectively
evaluated. The resylts are shown in Tf”lbl es 5-r1 1_5-2 ggd g-,3.dl—|ere Ln Table
5-1, Conparative Lifhs Gheinyergal ;sempgragyre gas 15ai5gdopoapl Shown
as Conpar g ve, Examples, Ton. § o el 268 Ol Ry eP 8" 8 ' water content
of at most 5 ppm and 4.1 kg of butadiene passed through a
molecular sieve for dehydration were simultaneously
added, followed by polymerization for 20 minutes within a
range where the maximum temperature did not exceed 120°C
15 (second stage polymerization).
Then, after termination of heat generation, under a
constant condition of the internal temperature being
80°C, 1.1 kg of styrene dehydrated to a water content of
at most 5 ppm was added, followed by polymerization for
20 20 minutes within a range where the maximum temperature
did not exceed 120°C (third stage polymerization).
After termination of the polymerization, water was
added to the solution to deactivate a living polymer.
Then, cyclohexane was further added for dilution, and the
25 diluted solution was poured into a large amount of

methanol to precipitate the polymer content. The polymer

content was separated and then dried under vacuum to



the Table, but they are Wirking Exanples of the present is invention.
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obtain a powdery block copolymer (A). This is designated
as (a-1). For the number average molecular weight of the
polystyrene block section, GPC (gel permeation
chromatogragh) of the polystyrene component obtained by
subjecting this polymer to ozone decomposition was
measured (as the detector, an ultraviolet spectroscopic
detector set at a wavelength of 254 nm, was used), and
the molecular weights corresponding to the respective
peaks were obtained from calibration curves prepared by
using standard polystyrene and styrene oligomer. When
the obtained two polystyrene blocks are designated as A;
and A,, their number average molecular weights were
55,000 and 10,000, respectively. Further, the entire
number average molecular weight measured by GPC was
190,000.

By using the same method as above, block copolymers
(a-2) to (a-7) as identified in Table 1 were obtained by
controlling the amounts of styrene, butadiene and
tetrahydrofuran. Further, the molecular weight of the
terminal polystyrene block was controlled by the amount
of the cyclohexane solution containing 10 mass% of n-
butyl lithium added. Further, in Table 1, B represents a
copolymer block of styrene and butadiene, and the
styrene/butadiene ratio of B is shown in the Table.
REFERENCE EXAMPLE 2: Production of (B) ((b-a) to (b-5))

In the same manner as in Reference Example 1,

styrene and butadiene were polymerized in cyclohexane

30 N
Npa
W O
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using n-butyl lithium as an initiator and tetrahydrofuran
as a random-polymerization agent, to obtain compositions
as shown at (b-1) to (b-5) in Table 2-1. Further, by the
same method as in Reference Example 1, block polymers (B)
were separated. Their analytical values are shown in
Table 2-1. The number average molecular weights of the
styrene block sections were measured by the same method
as in Reference Example 1.

Further, also with respect to (b-1) to (b-5), the
molecular weight of the terminal polystyrene block was
controlled by the amount of the cyclohexane solution
containing 10 mass% of n-butyl lithium added, which was
the same as used in Reference Example 1. Further, also
in Table 2-1, B represents a copolymer block of styrene
and butadiene, and the styrene/butadiene ratio of B is
shown in the Table.

REFERENCE EXAMPLE 3: Production of (B) ((b-6) to (b-11))

The same polymerization tank as in Reference Example
1 was flushed with cyclohexane and replaced by nitrogen.
Then, in a nitrogen gas atmosphere, 49 kg of cyclohexane
dehydrated to a water content of at most 6 ppm and 5.67
kg of styrene dehydrated to a water content of at most 5
ppm, were charged and maintained at 30°C. Then, 152 ml
of a cyclohexane solution containing 10 mass% of n-butyl
lithium was added thereinto, followed by polymerization.
After styrene was completely consumed, the internal

temperature of the reaction system was raised to 80°C,

0

N
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and while the temperature was maintained, 3.99 kg in a
total amount of styrene dehydrated to a water content of
at most 5 ppm and 1.26 kg in a total amount of butadiene
passed through a molecular sieve for dehydration were
simultaneously added at constant rates of 2.6 kg/hr and
0.82 kg/hr, respectively, and after completion of the
addition, the system was maintained as it was for 5
minutes. After butadiene gas was completely consumed,
while the internal temperature of the reaction system was
maintained at 75°C, 7.35 kg of butadiene was added all at
once and continuously reacted. Further, 2.73 kg of
styrene dehydrated to a water content of at most 5 ppm
was added all at once and polymerized.

The solution after completion of the polymerization
was treated in the same manner as in Reference Example 1
to obtain a powdery block copolymer (B). This is
designated as (b-6).

Further, R; and R, shown in Table 2-2 represents the
random block sections of styrene and butadiene, and the
ratio of such styrene and butadiene was obtained by
calculation from the monomers at the time of charging.
R;: 76 mass% of styrene and 24 mass% of butadiene. R;: O
mass% of styrene and 100 mass% of butadiene. These
results are shown in Table 2-2.

Using the same method as described above, block
copolymers (b-6) to (b-11) as identified in Table 2 were

obtained by controlling the amounts of styrene and
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butadiene.

Further, in Table 2-2, the mass% ratio of styrene to
butadiene of each random block section (R;, R,;) is shown.
REFERENCE EXAMPLE 4: Production of (C)

5 The same polymerization tank as in Reference Example
1 was flushed with cyclohexane and replaced by nitrogen.
Then, in a nitrogen gas atmosphere, 48 kg of cyclohexane
dehydrated to a water content of at most 6 ppm and 0.40
kg of styrene dehydrated to a water content of at most 5

10 ppm, were charged and maintained at 30°C. Then, 155 ml
of a cyclohexane solution containing 10 mass% of n-butyl
lithium was added thereinto, followed by polymerization.
After styrene was completely consumed, the internal
temperature of the reaction system was raised to 80°C,

15 and while the temperature was maintained, 16.90 kg in a
total amount of styrene dehydrated to a water content of
at most 5 ppm and 2.90 kg in a total amount of butadiene
passed through a molecular sieve for dehydration, were
simultaneously added at constant rates of 11.1 kg/hr and

20 1.9 kg/hr, respectively, and after completion of the
addition, the system was maintained as it was for five
minutes. Further, 0.40 kg of styrene dehydrated to a
water content of at most 5 ppm was added all at once and
polymerized.

25 The solution after completion of the polymerization
was treated in the same manner as in Reference Example 1

to obtain a powdery block copolymer (C). This is
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designated as (c-1).

Further, the ratio of the styrene to butadiene of
the random block section was obtained by calculation from
the monomers at the time of charging, and they were 85

5 mass% and 15 mass%, respectively. These results are
shown in Table 3.

Using the same method as described above, a block
copolymer (c-2) as identified in Table 3 was obtained by
controlling the amounts of styrene and butadiene.

10 EXAMPLES 1 TO 9

The block copolymers were put into a 20 L Henschel
mixer and blended in the blend proportions as identified
in Tables 4-1 to 4-2 so that the total amount would be 10
kg and then, extruded by a 40 mmd extruder (single

15 Dulmage screw, manufactured by Tabata Industrial
Machinery Co., Ltd.) at a temperature of 200°C to obtain
pellets of a block copolymer mixture.

Using the pellets, the melt mass flow rate was
measured in accordance with ISO 1133 under a test

20 condition of 200°C with a load of 49 N.

Then, 8 kg of this block copolymer mixture and 2 kg
of a commercially available GPPS (G200C, manufactured by
TOYO-STYRENE CO., LTD.) were put and blended in a 20 L
Henschel mixer and then extruded by a 40 mm® extruder

25 (single Dulmage screw, manufactured by Tabata Industrial
Machinery Co., Ltd.) at a temperature of 200°C to obtain

pellets of a resin composition. Using 8 kg of this resin
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formed by extrusion and transversely monoaxially
stretched 4.5 times at a stretching temperature of 88°C
by means of a biaxially stretching apparatus
(manufactured by Toyo Seiki Seisaku-Sho, Ltd.) to prepare
a heat-shrinkable film (thickness: about 65 um),
whereupon various evaluations were carried out. The
results are shown in Tables 4-1 and 4-2.

Measurements of physical properties of the heat-
shrinkable films in Tables 4-1 and 4-2 were carried out
by the following methods. Here, the tensile strain at
break represents the breakage resistance of the heat-
shrinkable film, and likewise, the tensile modulus
represents the rigidity, the heat shrinkage represents
the heat shrinking property, and the haze represents the
transparency.

(1) Tensile strain at break and tensile modulus:
Measured in accordance with JIS K6871 by using a TENSILON
universal testing machine (RTC-1210A) manufactured by A &
D Co., Ltd.

(2) Heat shrinkage: A film was immersed in boiling
water at 100°C for 10 seconds, whereupon the heat
shrinkage was calculated by the following formula.

Heat shrinkage (%) = {(L1-L2)/L1} x 100
wherein L1 is the length (in stretching direction) before
the immersion, and L2 is the length (in the stretching

direction) after shrinkage by immersion in boiling water
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(3) Haze: A film was cutout in a size of 50 mm x 50 mm,
and the haze was measured by using a haze meter NDH2000
(manufactured by NIPPON DENSHOKU INDUSTRIES CO., LTD.)
(in accordance with JIS X7136).
COMPARATIVE EXAMPLES 1 TO 26

In the blend proportions as shown in Tables 5-1, 5-2
and 5-3, block copolymer mixtures and resin compositions
were obtained in the same manner as in Examples, and they
were respectively evaluated. The results are shown in
Tables 5-1, 5-2 and 5-3. Here, in Table 5-1, Comparative
Examples 1, 2, 4, 6, 12, 13, 15, 16, 19 and 20 are shown
as Comparative Examples for convenience of preparation of

the Table, but they are Working Examples of the present

15 invention.
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8> P. O7 41 IYNpNRHRYAL &WEI@BIMW A resin conposition conprising the
bl ock copol ymer mixture obtained by the present invention and a styrene
resin may be fornedi rﬁ@bnacpwpﬁﬁlFanoﬁempsyS§paeFéﬁ|h§0§ktéoppévmeé a
heat - shri nkabl e fil mexcellent in the breakage resistance, shrinking
property and riifiei¥s ApeR1lRSdcPY cHie BPEBSFRE t HaVBRf aRRe2BE ﬁh?EYEﬁPe

properties including transparency, Such a, heat-shrinkable filmor
heat - shri nkabl Bt tT9hyR? FPFRed ISl TP | §BLigurg by stretching

5 to provide a heat-shrinkable film excellent in the
breakage resistance, shrinking property and rigidity and
excellent also in the balance of physical properties
including transparency. Such a heat-shrinkable film or
heat-shrinkable multilayer film is useful for labels for

10 plastic bottles, etc.

The entire disclosure of Japanese Patent Application
No. 2005-006398 filed on January 13, 2005 including
specification, claims and summary is incorporated herein

15 by reference in its entirety.



10 plastic bottles, etc. The entire disclosure of Japanese Patent
Application No. 2005-006398 filed on January 13, 2005 i ncl uding
specification, clainms and summary is incorporated herein is by reference in
its entirety. 42 CLAIMS 1. A block copolynmer m xture conprising the
fol |l owi ng bl ock copolymers (A), (B) and (C#%ach containing a vinyl
aromati ¢ hydrocarbon and a conjugated diene as s constituting conponents,
wherein (A) is from20 to 60 nmass% (B)CHAEMFIom 20 to 70 mass% and (C) is
from5 to 50 ss%, { A bl pck copol [ rksing,.as mer_units,
from75 to 95 ggss/b%éoékvg%@?f%?%%a %%g y%r%%% borta dtﬁ?oggroﬁyéngo 25
mass% of a cony ed diene, an avipg, _at; | east _at one . ternminal, a_block
section conpogéggﬁgin 902 é%?v?%gr é?gn%ch(ﬁingga b taeg}pgaabyégyﬁ
copol ymer conprj.si a n [ units, . from Q ss% of a vinyl
argﬁggic yg?%8$$%OH26£§oa5808 gggt%g gl S34
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least at one terminal, a block section composed mainly of
a vinyl aromatic hydrocarbon;
(B) : a block copolymer comprising, as monomer units,
from 50 to 80 mass% of a vinyl aromatic hydrocarbon and
15 from 20 to 50 mass% of a conjugated diene, and having, at
least at one terminal, a block section composed mainly of
a vinyl aromatic hydrocarbon; and
(C): a block copolymer comprising, as monomer units,
from 60 to 95 mass% of a vinyl aromatic hydrocarbon and
20 from 5 to 40 mass% of a conjugated diene, and having at
least one random copolymer block comprising, as monomer
units, from 55 to 95 mass% of a vinyl aromatic
hydrocarbon and from 5 to 45 mass% of a conjugated diene.
2. A block copolymer mixture comprising the following
25 block copolymers (A), (B) and (C) each containing a vinyl
aromatic hydrocarbon and a conjugated diene as

constituting components, wherein (A) is from 20 to 60



(A): a block copolyner conprising, as nononmer units, from75 to 90 mass% of
a vinyl aromatic hydrocarbon and s from 10 to 25 mass% of a conj ugat ed

di ene, and having, at |east at one termnal, a block section conposed
mainly of a vinyl aromatic hydrocarbon having a nunber average nolecul ar
wei ght of at |east 30,000 and | ess than 188, 000; 10 (B): a block copol yner
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from 50 to 75 mass% of a vinyl aromatic hydrocarbon and
from 25 to 50 mass% of a conjugated diene, and having, at
both terminals, a block section composed mainly of a
vinyl aromatic hydrocarbon having a number average

15 molecular weight of at least 1,000 and less than 30,000;
and

(C): a block copolymer comprising, as monomer units,

from 60 to 95 mass% of a vinyl aromatic hydrocarbon and
from 5 to 40 mass% of a conjugated diene, and having at

20 least one random copolymer block comprising, as monomer
units, from 55 to 95 mass% of a vinyl aromatic
hydrocarbon and from 5 to 45 mass% of a conjugated diene.
3. A block copolymer mixture comprising the following
block copolymers (A), (B) and (C) each containing a vinyl

25 aromatic hydrocarbon and a conjugated diene as

constituting components, wherein (A) is from 20 to 60

mass%, (B) is from 20 to 70 mass%, and (C) is from 5 to



nol ecul ar weight of at |east 50,000 and | ess than 200,000, conprising, as
nmononer units, from50 to 80 mass% of a vinyl aromatic hydrocarbon and from
20 to 50 nmass% of a conjugated diene, and having, at |east at one term nal,

a is block section conposed mainly of a vinyl aromatic hydrocarbon having a
nunber average nol ecul ar wei ght of at | eadtt 20, 000 and | ess than 120, 000,
having from 10,4 q,, /& mass% of at |east one random copol ymer bl ock section
conpri sing, as nononer units, from55 to 95 mass% of a 20 vinyl aromatic
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conprising, as nononer units, from55 to 95 mass% a vi ny aromatl C
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copol ymer nmixture according to any one of Clains 1 to 3, which has a nelt

flow rate of fLoRz {0 BRUrdlaMd0 MMHESa mumbeF St & £98PAS1EEQDay
conpri sing 100 parts by ‘'mass of the block copolyner m xture as defined in

Caim4 and @1%}& tor 100 naddes Dy, PSSl PeSd VEIRAE 1661 0006. A filmusing
the resin conposition as defined in i5 GaimsS. 7. A heat-shrinkable film

using the jpesin comosid ivIbAs coedl PRl i (A i ent Bre AildRSE r SEVERLGE! €
multi-layer film having at |east
molecular weight of at least 50,000 and less than 200,000,
comprising, as monomer units, from 50 to 80 mass% of a
vinyl aromatic hydrocarbon and from 20 to 50 mass% of a
conjugated diene, and having, at least at one terminal, a
15 block section composed mainly of a vinyl aromatic
hydrocarbon having a number average molecular weight of
at least 20,000 and less than 120,000, having from 10 to
70 mass% of at least one random copolymer block section
comprising, as monomer units, from 55 to 95 mass% of a
20 vinyl aromatic hydrocarbon and from 5 to 45 mass% of a
conjugated diene, and further having from 15 to 45 mass%
of at least one random copolymer block section comprising,
as monomer units, from 0 to 55 mass% (provided that 55
mass% is excluded) of a vinyl aromatic hydrocarbon and
25 from 45 to 100 mass% (provided that 45 mass% is excluded)
of a conjugated diene; and

(C): a block copolymer with an entire number average



one heat-shrinkable filmlayer using the resin 20 conposition as defined in
Caim5. 9. A bottle having a heat-shrinkable filmas defined in Caim?7

put thereon.

10. A bottle having a heat-shrinkable multi-layer filmas

defined in Claim8 put thereon. 25
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molecular weight of at least 200,000 to less than 300,000,
comprising, as monomer units, from 60 to 95 mass% of a
vinyl aromatic hydrocarbon and from 5 to 40 mass% of a
conjugated diene, and having at least one random
copolymer block comprising, as monomer units, from 55 to
95 mass% of a vinyl aromatic hydrocarbon and from 5 to 45
mass% of a conjugated diene.

4. The block copolymer mixture according to any one of
Claims 1 to 3, which has a melt flow rate of from 2 to 30
g/10 minutes.

5. A resin composition comprising 100 parts by mass of
the block copolymer mixture as defined in Claim 4 and
from 5 to 100 parts by mass of a styrene resin.

6. A film using the resin composition as defined in
Claim 5.

7. A heat-shrinkable film using the resin composition as
defined in Claim 5.

8. A heat-shrinkable multi-layer film having at least
one heat-shrinkable film layer using the resin
composition as defined in Claim 5.

9. A bottle having a heat-shrinkable film as defined in
Claim 7 put thereon.

10. A bottle having a heat-shrinkable multi-layer film as

defined in Claim 8 put thereon.





