1 - DESCRI PTI ON BLOCK COPOLYMER M XTURE AND HEAT- SHRI NKABLE FI LM USI NG SAME
s 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 1s hydrocarbon and a conjudated diene is wdely known as a
resin excellent in inpact strength and transparency, and it is processed
into a sheet or film followed by gIBESHRIETIONINer 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 low, and for the purpose of overcom ng the drawback, it has
been conmon t BBLOBEoFPBORYMER MIXTHEREr BNP HEHXTeBBRPNKRABE FPEMeHEINGocunent
1) However, by the incorporation, although the 25 rigidity becomes hi gh,
there has been a drawback that the bre8R¥Be resistance or shrinking
properties tend to deteriorate, and the transparency has sonetines 2
deteriorabed. (Patent Docunment 1: JP-A-7-268175) DI SCLOSURE OF THE

| NVENTI ON OBJECT TO BE ACCOWMPLI SHED BY THE I NVENTION 5 It is an object of
the present iIRERHIAY EFEHbvi de a heat-shrinkable filmand a

heat - shri nkabl e ltilayer film which e excell.ent .in the bal ance of
transparency, br R SYRCE 1R g‘i’%{ﬁﬁ%n’i}o t@;‘?q% KRR AR T oper t i es.
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 shrinking 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 blending a styrene resin with a
bl ock copol yner ni xture conprising specifi€ anounts of three bl ock

copol ymers each conprising an 20 aronmati c hydrocarbon and a conj ugat ed

di ene, whi ch dateridfdteadnt (Patens Pocaoengr ist r JEtAr&@s268d@bone 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 xture conprising the following block copolyners (A, (B) and
(O each contEFFHS 3%i%@¢§kﬁ BRI hydr ocarbon and a conj ugat ed di ene
as constitutugﬁ%co onents mherein]éeg is from?20 to 60 nmass% (B) is
from20 to 7¢° B T RE (@CQ%PIH'% b T W@EI%N(A): a bl ock

copol ymer conprisjpng, as nomer upits from75,t0 95.mass% of a.vinyl
aromati c ﬁydrocart%ni%nﬁn PRHTTS ?g SRe RESSEDE én¥8ﬂFb83t§8 8F8Xé¥eand
havi ng, at |east .at_.one termnal, a block secti.on. e i nl f a
vinyl aromati® %&Fiﬁgﬁ Q%ébQ% ?%5@ S I%E?? %b% ?ﬁ%gggg%pg?g?hgéygg mononer

units, from 50,f0 80 spssd of 2wl ALAORL | 5. Pl 008 PP AN LRI 20 tO

50 mass% of a conj ugated diene. - and having; gast at one termnaf, a

bllock secti on, corpased ogyf ol ¥, of f‘ié{i&‘i’é%a&%’aﬂé £ hYAEOGRI and i5 (Q):

n;
a bl ock copol yner conprising, as nononer units, rome60 to 95 mass% of a
vinyl aromatigc fygrogas bon and from5 to 40 nass% of a conjugated diene,
and having at Il'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 masso 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) is from20 to 70 mass% and (O
is from5to 35 mass% (A): a bl ock copol$mer conprising, as nmonomer units,
4 from75 to 90 mass% o aromatic hL){droc(?r on and from10 to 25

i,nyl
mass% of a cdUYRTEd W Fé%g%£¥élﬁg% Y, CARINYRERT AtS¥ReTerninal, a bl ock
section conDQ§§9 @T%&%%@%Ico pg%gg%s?I&E%%%%%h§%%0fgrngﬂggyingggnunber
of~ a , ,

aver age s nol ecul ar wel east ess 00; (B): a

bl ock copoly nprdsing, r i o f to.7 ss%of a
vi nyl aronati6{%§%ToQ%fb%% %ﬁ%ﬁq??%%?iggpg£%%°haé§/bgg)aP%oﬁfﬁga e%8diene,
and having, at,10.boih termnals, a block section conposed nmainly of a

vinyl aromatic hydrocarbon having a nunber average nolecular weight of at

least 1,0Q0 and I ggs. thal 30, Q%01 A0 (Ldmpy &1 95K &Q%&M&ﬁérCQHPE%Si ng, as

monomer units, s from60 to 95 nass% of a vinyl~ aromatic hydrocarbon and

from5 to 40 Rss%OfL & oMK edr di epen, ANg-baYE D8 BEarb8asboRANgngandom
copol yner bl ock conprising, as nononer units, from55 to 95 nmasse of a

vinyl aromatigrbtyos ocar Pponmangk f&om 5S40 dgafBgsda She 2 £RA) HERLRY, dhgne. 20
(3) A block copolyner m xture conprising the follow ng block copolyners

(A), (B) and 1&stash cOtEéRIWAR, Vi Ylockr 888t i 6n hyEhpE 3£80Ma @RTy aof
conj ugated diene as constituting conponents, wherein (A) is from20 to 60

mass, (B) is d4remmyD dfondk Dasisfdrecdrhén;is from5 to 25 50 mass: (A): a
bl ock copolymer 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,



nmol ecul ar wei ght of at |east 100,000 and |less than 5 300, 000, conprising,
as nononer units, from75 to 95 mass% 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 of at |east 30,000 and | ess than
150, 000; (B): a block copolynmer with an ertire nunber average nolecul ar

wei ght of at | east 50,000 and | ess than 2Q0, 000, .conprjsing, as nopnoner
4 3 45 dieiR

units, from 5& 780 FasdGESF A& A WA Gt Ghft% om 20 to

50 mass% of conj.ugat di_ene d havi.n at. least at_ o termnal, a

bl ock secti o%rt?ﬂhg&sg&) i AP S5t Ogn\ﬁ ﬁ}ﬂnjé&?r%dl 1Far G BB WS A a
nunber aver a%e m%__l %%ul ar_ Weeil%]hlt (1f a%) I east e2cOc,iOOOO caortlnd c; es n’gahar!L 1200f 000,
havi ng from 16%0 % POSESIREP At 3 EaStorE Tandbi oo S et otk sect i on
conpri sing, as_mongner.unit.s, .from55.t 5 .1mss% of inyl._aromatic

hydr ocar bon gn(ylfnryomagotmgt rlrlﬁlsdglb%coagbé)% c%:—’(?rﬁllflgitaegm I een%,a%nrcf' Urt her

having frpom t Mss%, of At t .0 rgadbd | ock section
conpri si ng, %%)lae%uﬂr%norrersl r1ﬁtosf,31 trgl%sa(ftt 0%605 rragsﬂ%p?%(ry’o%i &d that 55 nass%
i s excluded) 1@fy go¢.nyl aromatic hydrocarbon and from45 to 100 nmass%

(provided that” 45 mass%is excluded) of a conjugated diene; and (O): a

bl ock copol ymer wighh an arfdyr & e rA\VRIRE8 =141y, TR L M rRImE gt OF  at
| east 200,000 to less than 300, 000, conprising, "as nononer units, from 60

to 95 mass% Gircd 5\ WY 7 QERIdsC JBY H A6aP0 K Rk f T ORyRIA L AbdRSs¥4 of a 6
conj ugat ed di ene, and having at | east one random copol yner bl ock

conprising, FJPRHRIc WY hiasdY YR D dohjHades e 2 addHaAatd €
hydrocarbon and fromb5 to 45 mass% of a conjugated diene. 5 (4) The bl ock

copol ymerio M HoHHe taeedmndiing (0 e fiord keongiuaed (didlsy (63 ,a Which has a
melt flowrate of from
vinyl aromatic 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 10 30 g/10 mnutes. (5) A resin conposition conprising 100 parts by nass
of the block copolyner 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 Caim5. (7) Afilmusing the resin conposition
as defined in the above (5). 15 (8) A heat-shrinkable filmusing the resin
conposition as defined in the above (5). §9) A heat-shrinkable multi-I|ayer
filmhaving at | east one heat-shrinkable film]ayer_ using the resin

conposi tion a® GHiheFIMPRIERDOAS (BIROMRT (HBHEN Kot e” halk? Y a

heat -shrinkable filmas defined in the above (8) put.thereon. (11) A bottle
havi ng a heat™&}it9 tf?}é‘”rﬂ}f]tiaﬁo&&‘/aetrlcfﬁf rcécsa]%b‘%r?r?é'bdi e atbcgv%g(Q) put
thereon. 25 EFFECTS THE | NVEESNT C%I E% usi ng .the. resin Cﬁ? osition obtained
by the preséft®S hientd siL"4493 eci)o 1§ e T JIRGI 2 37 exceftent in

he bal f : b ' . 4. gi di d
heat -ohr ki A FRRa L4 Lo e RDe: kot aRe EF e RN ov s ()
i bl I ! | Si 75 t 9 ' ti
hyar ooar bén. SLTSTAR L F i S TAT i W e ¢

di ene, as nonanen . Lg};_ita& R agéterfé)l(?’oér 81;)%&%0&%&1,22%@%?@6%51 vinyl aromatic

hydr ocar bon, as homer  uni and trom 0 a conj ugat ed

di ene, as m)nomar(]%n:i tas%bli({]ce]g \f}:ﬁ;r%{%l%exarﬁ@{i& hygr £ @rm c&gﬁ%%g?nass%

as nononer units, ‘or if aromatic hydrocarbon is Tess 5
Mass% as MNQIEIe M dsS wd igHBYo 104t PR POSSI b $0d Pt BLOs EHr&AC8H00p0HI I M

excellent in the balance of transparency, is breakage resistance, rigidity
and heat - shriddgd s PPl ikShomer units, from 50 to 80 mass$ of a
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

mai nly 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 section conposed nmainly of a vinyl
aromati c hydrocarbon is present at either @erminal, or 25 even if a block
section conposed nainl f avin aromat i ydr gcar bon is. present, for
oxampl e, at GREVEETRNA NS (A KOS Aer ke ot AHANBI ght | s | ess 8
t han 30, 000, the.transparency of t.he sheet or film may.. soneti

deteri o at e, ORVVEG MO TR S A AR A AE 571 delTar i ght
exceeds 150, (0, LG, ¥ ACSRSANT | o 01 d S dESIILICAIRGR] (400), B SOt i mes

t
5 deteriorateée. E@ pr ef erabl'y *has an enti average ~ nolecul ar” wei ght

of at |east 30 d ; 000, particularly preferably at | east
SO SR e

120, 000 and ess t e entire nunber average 10 nol ecul ar

wei ght isslesa)_tm?%épﬁ]og&mg@@ﬁgﬁaﬁﬂaﬁ rdity S enProdd | 5 may

soneti nes deteri orat er I e ent1re nunber average

mol ecul ar weighd aHRe30Q:)00Q, of3)NT Ghelon i K ARESSaIdi thad dMeeL&ei N

conposition may sonetines deteriorate. 1s The block proportion of (A) is not

particularly o ldgridedy/tnisidyef erably from70 to 99% Here, the block
proportion is one obtained as follows. Block proportion = (anpount of the

vinyl aromati@) hydiagal kg a%8/n idbrﬂﬁ}_eiéﬁ{gf“ﬁo ) peds hepopady s 20
segnents in the copol yner)/ (anount of the vinyl aromatic hydrocarbon

contai ned i n gHee KRN YHBIQ1 YielOGribitar Nt i At Wi NHe LIRS | (4)
hydrocarbon present in the form of bl ock honopol ymer segments in the bl ock
copol ynenoi s a0t drted 5 s Udv HarinNdsy tads |19 af ot Eedite resin.
(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 osm 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 anpount of osmc
acid, then poured into a |arge anmount of nethanol thereby to Iet the vinyl
aromati ¢ hydrocarbon pol yner precipitate, and the precipitated polyner is
vacuumdri ed, whereby the 5 mass of the sdlid content of the vinyl aromatic
hydr ocarbon polynmer is neasured. Further, the nolecular structure of (A) is
preferably |ienemllemB) irs giveferlaiioe ablosngupoineer wedkage entire 10
nunber average nol ecul ar wei ght of at least 50,000 and |ess than 200, 000,
conpri si ng, &ssimtenge uicsldiftyybmasd hq@@mmfp@mmle%{ omatic

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 15 bl ock section

conposed mainly of a vi cf/ aromatic édrocar bon_havi ng a nunber average
nol ecul ar vveis&?‘/ﬁ T MODEytF(Re SARKY 130 m@‘%sH\IWWOOO or when it has a

random co oI ner ock, it ha ast at one.term bl o section
conposed nai %I y OEA)a 5 rﬁ‘/lbg‘?%ﬁacf?%o $E o JERT bt Ra ‘B Egn'ﬁ?rbég aver age
mol ecul ar wei_ght _.of _ at Iea t 20, 0Q0. ess than 120,000, furth has at
| east one rarﬁ‘%cﬁﬁ céjpfo oac]i<d"bao chqéychb aasb%noal"wser Ih?{?‘?rs r‘fjr osh‘l 55 to

95 mass% of a vy r]_%l {;1 o bho 5.1q 45

conj ugat ed di ene hersc% ro%%qf%{t%a rr%lss ofey%t%‘?cf eas‘? one
random copol 3{{}9;; ;qeqxgg 4 Sof fLOM G t s%
(provided tha é)ng)?;%ols eglﬂgjed)aegooﬂ% a\L/!:fgnyl far%matl}gl h{/)%%g%ar on and

from 45 to 10Q,dmRsaXbdd’ QW deshddiat b tPSSHAd SeLxe ! 1sladh 8 masonidigat ed
diene. (B) is a bl ock copolymer conprising from50 to 75

10 a conjugated diene, as monomer units. If the 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, orx
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
hydr ocar bon as nonomer units, exceeds 75 nmass% the balance of the rigidity
and breakage resistance of the filmtend$8to be poor, and if the vinyl
aromati c hydrocarbon is less than 50 mass% the decrease in the rigidity of
t he sheet or Htham3fa00olh ddreettimmspgeerdrangef Wen shtedtaomd ¥lamdoay copol yner
bl ock, (B) preferably has, at both term nals, a block section conposed

mai nly of a \dAamAtimesmaddatenianadear bon hhei pgher hanbder idvétsgaumbleacul ar
wei ght of at |east 1,000 and 20 |ess than 30,000. If the nunber average

mol ecul ar weiajtRrags MA@ BRI ight escqatth B3P0 t Hdal ance of the
transparency, breakage resistance, rigidity and heat- shrinking properties
of the sheet RIS ISAREdY F Hde g&oiin GPMRRS IR NRhECTSE Hehse where
it has a random 25 copol yner block, it preferably has, at |east at one
termnal, °a e&q{“soéiﬁptiecn conposed mainly of a vinyl aromatic hydrocarbon

havi nb I I 11 ight of at | t 20, 000 d |

Chan 120,000, (B) A)s HRATRID LY Afas 28 \ w30 bt S WS SVRF9E th an  entire
nb wei,ght. of, f ' 0, 000, which

Egs fe : O%v%atgn go%u%gs%eo@at? rl)sf Faetas reo%ntgolrégr)l’ o&n%p cao%&;lslf/en‘ée%]q%ll%gk (r andorr: :

block a) - conpyq g, RSB HISTed 401Y 5h U TBSEHA dag Vi 1Y

aromati ¢ hydrocarbon mass%’of a conjugated di ene, and

further has fyrom 140 A% % ef tdk kaRireORtmbardameeapel yner bl ock
(random bl ock b) 20 conprising, as nmononer units, fromO td 55 mass%

(provi dedot hafolorumRss %d igHX Glddehs afhah Vidw, o @ Oned G rdWssDESidpn and
from45 to 100 mass% (provi ded that 45
of the sheet or film may sometimes 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 segments 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 acéordance

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

mai nly of a vinyl aromatic hydrocarbon is is present at any termnal, or
even if a block section conposed nmainly 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 or filmnmy sonetines
deteriorate. Further, if its 20 nunber avérage nol ecul ar weight is 120, 000
or higher, the processability of the resin conposition nmay sonetinmes

det eri or at e. hdrperoxtide estinge angrited yaver ageunt! edfulcamiweiaghitd, i s | ess

t han 50, 000, the transparency of the sheet or 25 filmmay sonetines

det eri or at e, thed pbutied émtior e damger anevatagd meltdaumcdr theingity its 200, 000
or higher, the processability of the resin conposition may sonetinmes 12
deteriorate. let the vipyl aromatic hydresarbom dolymer parfamiiadek a
exceeds 95 mass% as nononer, units, the shrinking properties of the sheet or
filmmy somdfidngde gaesipdiated Redviert A6 Viaeduidigd c "Wekiedvar®vh is 5
| ess than 55 nass% as_ nononer. units, the rigidity _of the sheet or film may
sonet | mes> def@SiSoPdt dhergedish contenfe ofafdiemvirodk 3 A& Y3ss t han 10
mass% the s%&inkin% properties qof the sheet or filmmy sonetines

deteri orat e, Y PPN POIYBE Y73 SnBSEF TR 10 bal ance of the rigidity and

t he breakage res&§t ce o% the1§he t or fHéglna é¥) tiqﬁ§ deteriorate. |f
the vinyl aromati®¥ WrdrotaihdPiGHRE Pidst oK b i¥xceds 55 mass% as

nononer unit f the rigidity and the breakage resistance of
t he sheet ori?FF%?ﬁgébﬁggggﬁéfines deteriorate. Further, if this random

plock b 1 less (Han d pmaaipie BN e olifes 10 A lah k1 4de

breakage resistance of filmmay ~ s I mes deteriorate, and if
it exceeds 43R vichagel@@182%Q ar WGt Prdidey 1fadthesshrrt #1g fil m my

20 sonetinmes be | arge.

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 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 copolynmer conprising from60 to 95 mass% of a vinyl aromatic
hydr ocar bon, as nmononer 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 to 25 mass% of 13 a conjugated

di ene, as nononer units. If the vinyl ar®d®mtic hydrocarbon exceeds 95 nmass%
as nononmer units, the shrinking properties of the sheet or film may

sonet i nes dewveniydr atrema®i ct hy dolcerboanénd ffricme 45 iy 19 Cameressty C
hydrocarbon is | ess than 60 nmass% as nononer units, the rigidity of the
sheet or fil fpwayidedethass 45deeesitoriat exclvgeslock copsinmeatsd (C)
preferably has at |east one random copol yner bl ock section conprising a
vinyl 10 ar @&gfEc hydrocarbon and a conj ugated di ene, and such a random
copol ymer bl ock section preferably conprises from 55 to 95 mass% of a vinyl
aromati ¢ hydrocardnisa& br?iﬂ%‘rré-‘roﬁﬂﬁ?fﬂser GRFGIGH S tiF s T2 0 a
conjugated diene, as m)no?i units. |f the_ vinyl aromatic hydrocarbon of

t he random E‘Sﬁél’y r 3pVo& sé‘&ﬂm@t’flé:x %@C%bﬁé’ss%saé“qm Nifirts, the

shrinking properties heet qQr fi ma S deterlorate and i f
t he vinyl S‘F?gttf g&r% oﬁ‘alss's i é’gs é‘ﬁ%%aﬁfédm NS, t he
20r|g|d|ty of .t he she fllmrra metj_nes dete Qr at.e. C eferably
has an enti rémﬁttrsrbelprg g,rg &Y r%loglcé a% vvte7:59ﬁ}asc§f e?t é’sltnyzlogf%)@% ta5d | ess

than 300, 009 %rcgr%%feg%b}n%n%%n £355 tﬁgofg, f%%'%ssco*h% 0 Q0.

the entire nu%1 aver ade no ul'ar wel I ST ess than the

transpar ency jof.LAg filyg tifiRs, deteriorate. Onthe ot her
hand, if thgl fgr?tltjrg% ?’oer e<'£11\(/aerage no ecul ar wel ght is 300,000 or 14

10 If the vinyl aromatic hydrocarbon as monomer units,

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



higher, the processability of the resin conposition may sonetines
deteriorate. Further, the nolecular structure of (C) is preferably |inear.
s In 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 from20 to 70 mass% preferably
from25 to 60 mass% further preferably ftdm 30 to 55 10 mass% and (C) is
from5 to 50 mass% preferably from10 to 40 mass% further preferably from
15 to 30 nassthighft ofArti 4 easss 2t0ham 2@amibds¥s tdhart rnatspartency of the sheet
or filmmy sonetinmes deteriorate. If (A exceeds 60 mass% or if (B) is

| ess than 20 mass@®) tike fhddieageref arediist andel afk tdupahawer orifh |am may
sonetinmes deteriorate. If (B) exceeds 70 mass% the transparency and
rigidity of eméigifeaunber @verage Sokedukey whaaht erfatfeon 5Q.00Q £9 ess
than 5 mass%_ the heat- shrinking properties of the sheet or film may

soneti nes 20 156S ﬁé’@@q@&toepo&nd‘ﬁ%ﬂqht hage e 5@ ressR mafe prdaladye

resi stance nmay sonetinmes deteriorate. The vinyl aromatic hydrocarbon to be
used for ?A) 1e3EB) °Bfd e ey CPedY Mt iask b(éaé}‘%ﬂ"br%l,océg &t hyl st yr ene,
p-nethylstyrene,rp-tert-but | styrene, .1,3 di net hyl st yrene,,

a- met hyl st yr &T8PLHIWT n&ShiTaIE\Te Wlt\ﬁ’nﬁoght %e e WanF pdtitularly
preferred is_styrene. _Among_the nly aon e y be used .,or two or nore
15 types maf/l lus‘?ér Mt 2o i#gﬁag%or%ﬁgdgofﬁlﬁjlog"ga%%c? cfi errlnea$so° boeE dsed for

(A, (B) a”%%%uéa%e%ﬁi%‘n%“ %n@‘ﬁ%%ieﬂi%sbﬁf;rgg}’@#g&g%% Gl Honds

havi ng from carbon atdns, suc ene,

2-met hyl -1, 3-hutiadi@ned SUHEREeopd 13l 81K L3mdut 3disie b)

1, 3-pentadi ene or 1,3-hexadiene. Parti‘cularly preferred is 1,3-butadiene or
| sopr enes o AR FMATInPNlaY R rtP s PEASED t JVaYsyOre 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 is 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 ynmeri zation in an organi c solvent using an organic |ithiumconpound as a
" polynerization 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 orqanic solvent may be used, such as
an aliphatic hydrocarbon such as butane, Bentane, hexane, i sopentane,

hept ane, octane or, isooctane; an alicyclic hydrocarbon such as

cycl opent ane,detR{IRANR1 ofdnttdife Vieyd GFeRatec mdracyrddhsartdor 20

et hyl cycl ohexane; or, an aronmatic E%drocarbqp such as benzene, tol uene,

et hyl benzene 3R PR F 25 {PRIRA OTIRRRMES WP tbFpotid havi ng at
| t lithium.at bond in it | | d_i , | le, b
ethyl 11t hi uiBAEER R e A Spraigat | T TebeoRe Re o
-butyl lithi t - but ) l.i t hi | t1 . bl ock
copolymer , o i et l A Y ohg TP el SRS B i TR e

sol vent. The palar, ek 'sZ% L%g&%ér&)orﬁétﬂﬁr&&’&é h%hgf;l§1§%¥0§f the

initiator. It may, for exanp e an ether such as tetTa ur an,

di ethyl ene glygaly dimed vk maptdishe Oimd eidwd £ glycol di butyl ether; an

am ne such as triethylam ne or tetranethyl ethylenediamne; a thioether; a

phosphi ne; a phosphpfieat de;f afhal Kxh8SRZBDSck sS4l {8ndt8s PhaAni 8l koxi de of
pot assi um or sodium Anmong them a preferred polar conpound is

t et rahydr of ungdss40 thie 9ok eing abtSpeteiPerat Ufite f sheébeopr piliatmaop of
the bl ock copolynmer is usually from-10 to 150C, preferably from40 to
120C. The ti nonieaginmeeddtosr idweat ol ymerifatt cexvesdes7 depaadt ngthgpon t he
conditions, but it is usually within 48 hours, preferably fromO0.5 to 10 is
hours. Funt hdrgldrnee iof erherriojidhey poid nere Zat¢edragappasasuancs of ef erabl y
prelimnarily replaced with an
the sheet or film 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 polynerizationis carried out within a
sufficient 20 pressure to maintain the nononer and the solvent in a |iquid
phase within the above nentioned pol ynmeri zation tenperature. Further, it is
necessary to be careful for not permtting inpurities which nmay deactivate
a living polyner, such as water, oxygen,lZarbon dioxide gas, etc. 25 to
enter into the interior of the polynerization apparatus. After conpletion
of the pol ymér ceadiugatetodiexgnphs, mppomgat ainitgn al€ohbe, véavbon di oxi de,
an organic acid or .an. inorganic acid is added for deactivation in an anount
suf fici ent t GT@BRELICY BYErPORArRENaEHCPEIEe PR HAISSS BE SIPNEMER & Ifsock

copolymer m xture_ cqnprising 5 (A),, (B). and (¢, the palynerization |liquids
deact i vat ed tg@tépr&G P8t PSAPEE LLRE ﬁ@lfﬁ@rFgﬁﬁtoﬁrb¢19ﬁb"F@%pective bl ock

copolynmers, may be m xed, followed by repoval, of ,the solvent, or the resins

obt ai ned by F@ﬁﬁ%ﬁﬁ&st 8te§&P$5ﬁ?s f¥8n¥ ﬁeokggﬁeE?Pée b%l§ﬁ$r¥i§¥'on

| i qui ds, ey 10 b%i%'%“ ed w&kh one noth% i f%blowedob%snelt-kneading by
€0 C e

an extruder. TSN aineg 8BOPfWEFSﬁix u various “addfiVes may

further be igagRor ghed, ; gdfih}‘i‘; %gs%rh%e%&lﬁe%%s-of%rilme%% | Sme Hdbi 1 zer, a
| ubricant, a procéssing ard, a bl ocki ng-preventing dgent, an antistatic
agent, a def ggging 3geRt, a weather resistance-inproving agent, a softening

agent, a plasticizer and a pignent may be nmentioned. Further, these

additives may be @gded Rk ol &r POAYHdIE @AY I18S IHh L UPOR4dtOn by
m xi ng the bl ock 20 copol yner m'xture with a styrene resin. The stabilizer

may, for exawpkerab@om pbpBAer BNHcRXisdatlicslEdmTising a vinyl
2-[1-(2-hydroxy-3,5-di-tert- pentyl phenyl)ethyl]-4,6-di-tert-pentyl phenyl
acryl at ezo 2- atremathudt Wydtocdrbent abid W cdriiydiaded THireid)y labhehzudh 4

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)
propi onate 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- et hyl phenyl ) pentaerythritol di phosphite. As a lubricant, a
processing aid, a blocking 5 preventing géht, an antistatic agent or a
defogging agent, for exanple, a saturated fatty acid such as palnmtic
aci d, steari @ighied ot hsemaifcesagabd:l 4 v @ft \Fherine s igs ieampasdit ien eay |

pal mtate, octyl stearate or, a pentaerythritol fatty acid ester; a fatty
aci d ani de s§OMetdMes SSF&TE &t ® -ani de, ol eic acid anide, stearic acid

am de or ethylenebis steari.c acid am de; .a saorbitan_fatty., acid ester such
as a gl ycerol - nofdFAty 4% “Eé]tee‘?ufgaf e o‘i’ﬁfg‘%)tyl%ci d ester, a
sorbitan-nDnog%%lqj%hp ]ggjdrester or a sorbitan-nono-stearic acid ester;
and a 15 higﬁ © Al gl “dUEH tas nmyristyl alcohol, cetyl alcohol or stearyl

al cohol , ay be gg%}b@snl%éﬁaéa%e%}{n%sg ﬁ@i é ?@rﬁ%:%f@ir?&eﬁod?n

ultraviolet ray-a er su r oxXy-

butyl -5 - met Q%E)F)I:i%mélg)s: 3(?\9@' O(rlaqb%.r?ﬁf(z:f)?ﬁ;(g\?’ 1% Fllin 20 to I’60 mass%,

tert-butyl phen -tert-but oxy benzoate o

2, - hydr oxy- 4 =¥y @HMREFZRRNSHORS, s i NNAdenBd 1Y Mo AR MR LIRS
resi stance-i nprovi ng agent such as

tetrakis(2, 230 &d ety amidy,| -@)piiperady 2ol.td FAmduBRNgrifacH Xy ate,

may, for exanple, be used. 25 Further, as other additives, white oil or
silicone oilfroay 25 @o ®mamalsas bedwrdded: phiea-add tfineas 30 el
preferably in an anobunt 19 wthin a range of fromO to 5 mass%in the bl ock
copol ynmenom xiawsd., land h&E) edecdacbnd Snass 50 heaseckdi tpnesferaldy Hmeed Iout on
the surface of the sheet or film whereby the appearance nmay be inpaired.
to 40 mass%, further preferably from 15 to 30 mass%. If
(A) is 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, a-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 block copolyner mxture thus obtained is
not particularly limted, but it 1is preferably from2 to 30 g/10 mn, 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 wth |SO 1133 under a test
condition of 200C with a load of 49 N The styrene resin to be incorporated
to the block copolynmer mxture is a polyner having a vinyl aromatic 1is
hydr ocar bon itiypetss mayl beulusedang icompdyatfion.exanpl e, be a pol ystyrene, a
styrene/ cx-met hyl styrene copolyner, an acrylonitrile/styrene crﬁole/rrer, a
styrene/ acryl at e Theogonymsiated ianend/ardrehatssd fax cdpol yHier ,and (C)
styrene/ mal ei.c anhydri de copolymer or .a styrene/butadi ene 20 copo] yner.

Parti cul arl y ifr & Sirdgtils Raydngs ey P&id, cangrgReese AauRle &sPsisimer or a
styrene/ but adi ene %?rpol ymer. To be used for a h at-shrinl%gle filmor a
heat shri nkd@BVé™RulttirMaye S ¥ MEERT0 AT S0 § e e BEadIERfity, it is

preferred to._inc rat rom5 to 1Q0 arts b ss _of .the styrene resin
to 100 pa?tszﬁve%’g’g'qos'ﬁoﬁ%agﬁ&&? C&S&F&r‘?&e%m ét’?r%gslmﬁ%lygffr’ Ne resin is
20 nore preferabl.y fro 0.to.80Q.parts b 1ss,. furt her ref.erably from 20
to 60 parts %}%tﬁlaaéénet’oml Opgglrtta%lﬁfe noﬁ‘sxsigﬁ%teﬁ{g%eoc% cg%(g?ﬁng?gﬁ‘l}[%ture. A

known met hod yay ﬁt}q,e myloyed _%%ttsahfaq_e t fgﬁqd i];?u ptrﬁ%eo.r 09%8}—,%9 tégﬁh gn%l e. the

heat - shri nkabl € I'mor "a Héat - rinkable ayer or "exa

heat - shr i nkablee ctilmoaey Hae Al aad i 107 IS R JLSdY 10TRASE tiipn |t o

] . t .
a sheet or filmby a T die method or a circu e and stretching

it in a nmnogd®ink®idnrection or biaxial directions. The heat-shrinkable
mul tilayer filmmy be obtained by formng the resin conposition into a

sheet oripilmby @)l diFy @Ind® @) WHrAlbe obtained by a common living

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



di-e having a feed block or a multi-manifold so that it wll be at |east one
| ayer, 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 block copolynmer m xture may be used as sheeted
al one and stretched. 20 In order to obtain a good shrinking property, the
stretching tenperature is preferably from60 to 120C, and the drawratio is
preferably from1l.5 to 8 tines. Further, the filmthickness is preferably
from 10 to 3G@moyrh oS arh lein aiqrapurshtmashrbien kg so¥vddnigr teat - shri nkabl e
mul tilayer filmmy be put on a bottle as a | abel having a design, letters,
a tradenmark, sstlvergri nTeg pplarkgempornd st he¢d &9d impawvet fde abel is
heat - shri nked by a known nethod to fix it on the bottle. The heating nethod
my be steaf jeRFyorohdthaiinifdatioty, dfdmeNe Hest efgmPlenpdeatidre is

preferably adjusted sqQ that the |label 5 surface will be from 70 to 90C The
heat - shrinkaéﬁu&eﬁ I afedtetsiah Yrﬂé%ﬂﬁ‘b‘faf}mlcﬁi?%eq‘?lﬂﬂlfﬁo H-’gl

h kabl | f
ot 1'e, a® pIASTES Ve AT, Hordite #x&xﬂiréﬁ&%ﬁaﬁmcarﬁr?%ua%r O?her
th heat - h | abel f bat.t | th t
i n\(fjllgn'?iso?]1 vmei%l er”c?elé'@’ql%gﬂ%iﬁ f%tt%é‘i‘ot la‘?qhﬁ@rhe#]e rééflfvce tg ICI%I(Srsrglnes
However, ;%ﬁdaét}%%xd %elg(‘i{b 1tn°e°,d ! Jﬁqlpa{n%% I dqveny ﬂ?eﬂé

means restrlc such FU t 'S cours pOSSI e to use

gl gglkarcggg})%n@r so}l(-!%‘é andr (% r@nwﬁl%#rﬁo% ht%as Int e %‘ﬁkgt

manner as 'nttﬂlﬁn CasRifdiePIReka £ RMPSTERIa (1“9 te%%l@%wpl—lz L

Producti on of
10 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 ppm of tetrahydrofuran and dehydrated to a water
content of at nost 6 ppm was 22 charged into the polynerization tank, and
then, 5.95 kg of styrene dehydrated to aldater content of at nost 5 ppm
was added. The internal tenperature was raised to 50C, then 75 m of a

cycl ohexane s@itay.omtcntehnhg qorber sbbexisie n-Put9rIaniai aei el arided,

foll owed by polynerization for 20 mnutes within a range where the maxi num
t enper at ure ditPEIRAN IS EEH 12D @99 sFOBIRACE HA YRR | YAt FOAMOWRE t her, the

i nternal tenper éél;ﬂr,e was rgﬁsed to 805&)js 3.0 and, then 9.4 of styrene
dehydrated t & IS ot SHRACTOFVaARS nosTLBd gk Wi 9SA™ k2 5% - but adi ene
passed t hrough a nolecul ar_sieve for dehydration were sinultaneously added,
Fol Towed by pol yrE? 93¢ HA FB7 BHORK nERSI YT hi A0 UF Enga SRR &50he. naxi mum

tenperature d{Acsdgo{)%)eﬁagIg dg&ZogqéS Ssecond stage Pf%dnﬁéi&%@?mat Then,

after term nati €nerati on, under  a ~ cons con ion of the

i nt |t i . 0 d t . t
nternal Lemigralu bl 10,0805 Jd ko aleslyene, debyokel edolocavler
m nut es wi t higy H%Wﬂfs}m%mer ML EMPEs BE N Eq B drOptvEXceed 120C

(third stage pol ynerizati o termnation of the polynerization,

wat er was addeghs t£> S0l it | 1k tRSaastded théd | by | Rend@INgeEne Then,
cycl ohexane was further added for dilution, and the 25 diluted solution was

poured into asdlareye: Anmdi tHe ned i pyBaheripdeidhel pohyae) wont ent .
The pol yner content was separated and then dried under vacuumto 23 obtain
a powder yobl dsk lopoladresi {lA)oddi andtshelesi fislbl@ded by melt-kneading by

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 pol ystyrene conponent
obtained by s 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 nolecular weights corresponding to the
respective peaks were obtained fromcalibBation curves prepared by 10 using
standard pol ystyrene and styrene oligoner. Wen the obtained two

pol ystyrene B.@cikes tdyd eediigndt ¢ s tArt -AvkyAphamadi)r aukibler aver age

nmol ecul ar wei ghts were 55,000 and 10, 000, respectively. Further, the entire
nunber aver af@aFHNed§ art TASHGEY LdeiYile PHRFAC Sva L1 PIRE S0 Byelfsi ng t he

sanme net hod as ahove, bl ock_copal yners é{a- 2).ta (a-7) as jdentified in

Tabl e 1 wer e ¥di-fedetyry lobetwdinedy aste it bPhasphefe - but adi ene and
tetrahydrofuran. Further, the nolecular weight of th 0 term nal

pol ystyrene bl oc@%%ﬁ’r%r}ted aoyplfc?f%esﬁfd?ﬁ]tal f 3 RS Mhiexane sol ution
cont ai ning 10 _nmass%.of n- but Iithi%p1added. Furt her if%'TabIe 1, B

| )
represents aP*Copol yier i dk_%@f aﬁtfrse_r?etlacnc?gfﬁﬂtacﬁrer?e,deanc?gtl%g
styrene/ but aglg%%%{ ?ﬁ?'_rg)e aén%(lt?%)sa)hosv%{r#%tggg%g@ghan&?ﬂ RER CE EXAMPLE 2:

Production o er as I n Reference

Exanple 1,  f\hARS ARd byt %@ie%’}%é"%rc%dogﬂhﬁ’yg}r?‘e;};e%ﬁ% It '?’;g'aohif‘a?@él? #Hq using

n-butyl lithiumas an initiator and tetr uran a

random pol ymeidzal i8N bethA PRNA T LAPRAY 0T e AW A1 (b-1) to
(b-5) in Table 2-1. Further, by the sanme nethod as in Reference Exanple 1,

bl ock pol ynmererdtRBle 1StM1i@ cIeFtaleGeifh@idt analy/ ti 4oy UL Sandilde Shewn i n
Tabl e 2-1. The nunbér average nolecul ar weights of the styrene bl ock

secti onsiyer egTeasidied don d henisrTe RO ciab dniRef ertennd Pl e 1.
Further, also with respect to (b-1) to (b-5), the
amide or ethylenebis stearic acid amide; 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 alcohol, 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 weight of the term nal polystyrene block was controlled by the
anount of the cycl ohexane solution containing 10 nmass% of n-butyl [ithium
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 shown in the Table. REFERENCE EXAMPLE
3: Production of (B) ((b-6) to (b-11)) Th® sane polynerization tank as in
Ref erence Exanple 1 was flushed with cycl ohexane and replaced by nitrogen.
20 Then, in aighimogerragas afndgimele tA$ kgssf? dycltdieexdmsk dehydrated to a
wat er content of at nost 6 ppmand 5.67 kg of styrene dehydrated to a water
content of aroREIYTETr BEMtuks-e ERaFBed andcrdi At BRAEE. athgoeddTRéNes152 n
of a cycl ohexane_sol ution containing 10 mass% of n-butyl 25 Iithium was
added t her ei REY, PlEab WY B Sdey mertaes of the tdeah Aedd Was conpl etel y
consuned, the_ int rnal t enper at ure of h)‘%e reactl op systemwas raised to
80C, 25 and“RFTISOV: e CRPSAIARCS WAY 3. 99 kg in a total

anount of styren eh rated to _a water t no pmand 1.26

kg in a total n&hﬁ '%?dltb aagd?iefr11éD tseedD tﬁ’b%dfﬁl%c %ﬁ%’? ’El eve for

dehydrati on were s si _nul fane u%fe%/ added at cocnstal r.at.es %L{Kﬁ/ q:r and
5 dn

0.82 kg/ hr, Fnelécpé%tel \Feus, Ob corrp |on 0 atIhlé’ lldn € system

t t tel
Consuned, - whrl BYRS .nté’r%ﬁoﬁle?gﬁ‘éﬁ 5 ik PR ATy BB
mai nt ai ned aig ?:%%07 A K 191“ W@ia@“%z‘&% gﬂ Cjinhaé tPNGEE ANG

continuously reacted.” Furt . 73 kg of styr ydr at ed to a wat er

content of atyipDStsPrPRNAe wq%@ﬂﬂeﬁ I tale AAK %f%ﬁ gl dzed cyThe
sol ution after conpletion of the polynerization was treated i'n the sane

manner agoin Ref eteance dhdmdsurerehohiad e povdlesye biwcdccoptdnder (B).
This is designated as (b-6).
with ISO 1133 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/ca-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 f£ilm, 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, R1 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 obt ai ned by cal culation fromthe nononers at the tine of charging. Rl:
76 mass% of styrene and 24 mass% of butadiene. R2: 0 mass% of styrene and
100 mass% of but adi ene. These results are shown in Table 2-2. 25 Using the
same net hod as described above, block cop®lyners (b-6) to (b-11) as
identified in Table 2 were obtained by controlling the amounts of styrene
and 26 but athogee prEdethbly ifrromallile t2 B0 e tisadbydimests o fofrtdtepr ene to

but adi ene of each random bl ock section (R1, R2) is shown. REFERENCE EXAMPLE
4: Producti oRreferebly faemszife tsol6Pmpairtst boh Mask &9 P RaFaditendy Exanpl e
1 was flushed with cycl ohexane and _replaced by nitrogen. Then, in a

ni t rogen gas“@ﬁﬁn§§héh€,b&QC%gC@PQ%Wﬂeéhg%éﬁ@redehydrated to a water content

of at nost 6 ppm.and 0.40 kg of styrene dehydrated to a water_content of at
most 5 10 ppm  wér &NHEr Jisd et Y RGaisTEt e BRS ey nffor of a

cycl ohexane sol ution contai ni 0 mass% of nEb tyl lithiuym was added

Cher oi nt ot BECOHSANG, SR, Ao Pert SO LOKARLST E3rYT e WdEHiohp ot ol
coﬁgﬁhgd? the.int rngy Biﬁﬁp raturé. f the reactio gy henhmgg_sassgd to
80C, i's and WHLEXERES: BHIEIAAYFE ddd i RO4 REETD16, ODPRPERtE 1ot al
A O s L ARG A e, $aUla O ! ety ORI S and 2. 90

kg in a total ‘anmount "of buta passé a ecul ar sieve for

dehydrati on, sl ol t ousl d : nt- rate . /[ hr and
20 1.9 kg/hr?wﬁ ggé?#?&éﬁég%é%dsﬁf%gr%%bgggg?i n%bF‘FE% %5 ér%?é%:&?he

system was MRij-Ri1Red d3% et fQla ittt dHiMY 6% iU M¥nodki4l kg of
styrene dehydrated to a water content of at nbst 5 ppmwas added all at

once andiopolyifRiitdes. o25bih&isal Wirrtaldey. CoRpl REheNsAkihkeble

pol yneri zati on
multilayer 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
Hm.

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

Usi ng the same method as descri bed above, 24 bl ock copol ymer (c-2) as
identified in Table 3 was obtained by controlling the amounts of styrene
and but adi en@etipdXAvRLEden TOIe Tedal dok hapgol shhaimskedery putknowm a 20 L
Henschel m xer and bl ended in the bl end proportions as identified in

Tabl es 4-1 t defhpdda f&x tiffe abttdie Aafunte wolhe beardnok§eihod mey,

extruded by a 40 mD extruder (single 1s Dul mage screw, nanufactured by

Tabata | ndustd§ Ateahdsatemy & PAt ¢Hr &eaf Mgwpand dhe diexoIto obtain
pell ets of a block copolynmer mxture. Usjng th el lets, .th |t mass fl ow
rate was rre&selﬂpﬁa}tﬁprfcdogr Wbﬁw I@é"%ﬁﬁfu%ﬂetrhaat tThg elaggeltcondi tion of
200C with_a |l oad of 49 .N. .Th 8 of i.s bl ock copolymer mxture and 2
kg of a tomPerdi®d y': aibleaﬁqreo“_bjl-}’%t(ctf@g&' manuf actured by TOYO STYRENE
G0, LTD) were pulc and bl anded i 2 20k o Fepschel, bl serpand then ext ruded

by a 40 mmtt extruder (si'ngle nMege screw, nmanufactured by Tabata

Industrial  MaghiRele O b1 d-tdE )tklgé &ftett H ri%%r?c:g;n B Qbi@idhy pellets

of a resin conposition. ing 8 resin 2 corposition, a ‘sheet

having a thi giness,&f 4k 3 MANAShd QIR DY fxtddisl ob.and ds@nayersel y

nonoaxi ally stretched 4.5 tinmes at a stretching tenperature of 838C by

means of a bigbdrddos v ritiehi g apREEies o (B asddasidy omes Sei ki
Sei saku- Sho, Ltd.) to prepare

10 other than as a 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 (3a)
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-i and 4-2.
Measur enents of physical properties of the heat i0 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 breakage resistance of the heat-
shrinkable film and |ikew se, the tensil@2nodulus represents the rigidity,
t he heat shrinkage represents is the heat shrinking property, and the haze

represents thenatdedsSPMENENe Hdlynl@Ns2A €1 sh M ek At ahiegkeANdst egsSkge
nmodul us: Measured in accordance with JI'S K6871 by using a TENSI LON

uni versal tesdf ngybeme N@ef§ifatdld 0y aanat et doeteRy Af &at2@obr Op. ppht d.

(2) Heat shrinkage: A filmwas imersed in boiling water at 100C for 10
seconds, wherwapoaddée. herie islvdyiledge engsereadund adeed 1yidde Hfoldahw,ng
formul a. Heat shrinkage (% = {(L1-L2)/L1} x 100 25 wherein L1 is the length
(i n stretchingheh restmbnyf bef oyelohdreanameobuvionandnt2insngheol magss (in
the stretching direction) after shrinkage by imersion in boiling water 29
at 100C for 16f seconds]l IBihHamewad\ dddednafotlowed by posywmerngathormm x 50
mm and the haze was neasured by using a haze neter NDH2000 (manufactured
by N PPON DENSHOKL |hNDUST&S BSL U0 & TEange Swiiéne atberdantwumi th JI'S K7136).
COVPARATI VE EXAMPLES 1 TO 26 In the blend proportions as shown in Tables
5-1, 5-2 andtomBeratwek dbPpongreexeesd ul 28 Gnd et retea@positions  were
obtained in the sanme manner as in Exanples, and they 10 were respectively
eval uat ed. THeCk¥8e¥izatkt@nshown in Tables 5-1, 5-2 and 5-3. Here, in Table
5-1, Conparative _Examples 1, 2, 4, 6, 12, 13, 15, 16, 19 and 20 are shown
as Conparative ExBHBFBET{obheohpEarBALetENPEFabYFrSt WA sRised to 80°C,

10 and then 9.4 kg of styrene dehydrated to a 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
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but they are Working Exanpl es of the present 15 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
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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,
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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

s 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

10 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

15 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

20 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;: 0
mass% of styrene and 100 mass% of butadiene. These
results are shown in Table 2-2.

25 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

N O
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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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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 mmd 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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- lcoipobitAohl B 4he€t having a thickness
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 K7136).
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 sghown
as Comparative Examples for convenience of preparation of
the Table, but they are Working Examples of the present

invention.
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heat - shri nkable filmexcellent in the breakage resistance, shrinking
property and INDUSERIAILaRPPISIQAB 1IEIMY al so i n the bal ance of physi cal
properties including transparency. Such a heat-shrinkable film or

heat - shri nkabl e rulXe$Hy eompPPPd § somsedupr Hing able sbiork copplymerc

bottles, etc. The entire disclosure of Japanese Patent Application No.

2005- 006398 MIXddi%sh Firningd 1y m@nw%iwe%fp&mfa@gtéoﬁym%@m and
summary is incorporated herein is by reference in its entirety. 42 CLAI M

1. A bl ock copoiyhelesiBe FIRhprHe? iy e 1 of 2 bl ¥iRF POk e iRRrs (A),

() and (9 sech coniaining. & i, ALomal) &, gl opprhon and.a coni ugated
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.



mass% (B) is from20 to 70 mass% and (C) is from5 to 50 mass®% (A): a
bl ock copol yner conprising, as nononmer units, from75 to 95 nass% of a
vinyl aromatic hydrocarbon and 10 fromb5 to 25 nmass% of a conjugated di ene,
and having, at least at one termnal, a block section conposed mainly of a
vinyl aromatic hydrocarbon; (B): a bl ock copol ymer conprising, as nononer
units, fromb50 to 80 nass% of a vinyl arédatic hydrocarbon and is from 20
to 50 nmass% of a conjugated di ene, and having, at |east at one termnal, a
bl ock section conposed mainly of a vifAgRIMEomatic hydrocarbon; and (C): a

Vinyl aromat e h%ﬁr@ﬁili?%ﬂn os Ay RS 5 aﬁ%ﬁ?gg&%# afgoilolﬁzzﬁ od di ene,
i to. 1rom 25 T8 GEMaABRR O AT Snt s AR IR (6 4
gff?w?agazg%b%og%lco 1‘g)l yrrgcrasrb(?c,&} %%%C%%%%yeachﬂcééﬁ]t ;fnlcggpgl \S;: 23| the
therei n (A 1O T oS0 SO Rt BRI AT o A 48 R an (o
IS froms top3nJmesehp 1(s°‘)frcﬁ'n B ks GﬂP%aYerB%V, COHPT | &) Ns ASoROHOEr uni ts,

from75 to 90 nass% of a vinyl aromatic hydrocarbon and s from 10 to 25
mass% of a cay ygated diene, and having, at [|east at one terminal, a block
section conposed mainly of a vinyl aromatic hydrocarbon having a nurrber

average ol ecul afp)weixlgH1 Rk &odaate BGRRY @ithd oS b u®ld, 10 (B):

a bl ock copol yner conprising, as nononer units, rom50 to 75 mass% of a
vi nyl aromat ifardiy drnas B ks fdPm Abidyl Sh-dmsise Hydrseb@at 64 di ene,

and having, at both termnals, a block section conposed mainly of a
10 from 5 to 25 mass% of a conjugated diene, and having, at
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 méss% 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



vi-nyl aromatic hydrocarbon having a nunber average is nolecul ar weight of at
| east 1,000 and |l ess than 30,000; and (C): a bl ock copol yner conprising, as
nmononer units, from®60 to 95 mass% of a vinyl aromatic hydrocarbon and
from5 to 40 mass% of a conjugated di ene, and having at 20 | east one random
copol ymer bl ock conprising, as nmonomer units, from55 to 95 mass%of a
vinyl aromatic hydrocarbon and from 5 t 0445 mass% of a conjugated di ene.

3. A block cq xture co | the fpl | o bl ock_cop lyners (A,
(B) and (C) é‘gcshr’yc’on(té;l nJiSngPa vinyl %5 ar'oHat 1 c ahv% gcca bon-and a 3 %/Oﬂj ugat ed

di ene as @%;gfust Jeng conponents, wherein (A) is from20 to 60 mass% (B)
is from20 to mass% and (C) is from5 to 44 50 mass% (A : a bl ock

copolynmer with an( e;nt i %01'3%8%%0 %‘?e%(sal I ]_elc& o% ¥ HePtud

100, 000 and | ess as units, from B to 95

s mass%of a f‘é'd?ry'naﬁ'-"éd G Y ré’%x‘?ﬁp QM eid % é‘?y‘fé oA OAnd

conj ugat ed di ene avi ng, at east at” one term nda section

conposed gRi Hpoedfy R 20 HE mALLBIE G Ny, 11&%1?&!1‘ é‘?é/ﬂé‘,g En AU nQVes age
nmol ecul ar~ wei ght ‘of at least 30,000 and 1ess than 150, 000; 10 (B): a bl ock

copol ymer wi tihh it g idrfe NMUWRGIM AV ErRA8) odP! S&LH Adn Webihds & rﬁ‘élﬂlg%lséf 50, 000
and | ess than 200,000, conprising, as nononmer units, from 50 to mass% of

a vinyl aronptiigyiy Hg e Bgkdd PP KDty e SSYIoE davé&pageligat ed

di ene, and having, at |least at one termnal, a 15 bl ock section conposed

mai nl'y of a WidldcurnMmid ghthysl eaarhaishave ngo@ awdbBssaveage ol ecul ar
wei ght of at |east 20,000 and | ess than 120,000, having from 10 to 70

mass% of at lisastoowte random copol yner bl ock section conprising, as nononer
units, from55 to 95 mass% of a 20 vinyl aromatic hydrocarbon and from5 to
45 mass%of a coif)ugat éd ailermpanaetirddngsr tndng 44 amridndo wibi tess %
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



of- at | east one random copol ymer bl ock section conprising, as nononer
units, fromO to 55 mass% (provided that 55 mass%is excluded) of a vinyl
aromati ¢ hydrocarbon and 25 from 45 to 100 nass% (provi ded that 45 nass%i s
excluded) of a conjugated diene; and (C): a block copolyner with an entire
nunber average 45 nol ecul ar weight of at |east 200,000 to | ess than

300, 000, conprising, as mononer units, f#®m 60 to 95 massy of a vinyl
aromati ¢ hydrgcarbon and from5 to 40 mass% of a conjugated di ene, and
havi ng at | e2%t "6F& *Fandom 5 copol ymer bl ock conprising, as nonomer units,

from55 to 95 maasy qf L3 iVl BnORRY ¢ iRYILaCalhay ARG M8 40,45 - Mass%

of a conjugated e bFFocK copolyie ure according to-any one

of | Claims 15t9 Byt GAAS Bemeld QW 3l o LLAMR D Hhy 10 0/ 10

mnutes. 5. Aresin conposition conprising parts by nass o t he bl ock

copol yrrer i Xiof 3o defipiad sy O Mchdd 19 5 40 O BRIt by mass of

a styrene resin. usi'ng the resin conposition as ined in is

Caimb5. 7. foidle igNG r-64 an8§j ' ' ' ign 5. 8. A
heat - shri %ka@lae ¥ mo%st?s?’nltéﬂﬁhg%?é%t% comggcﬁrk(?n%%a%ﬁddé‘rﬁ%ﬁﬁeg it% 6(%52: m5. 20

9. A heat - shijRiablog ulddmh@ytled idiBaViAE dadi8Rp! aonedpatashyidkabl e
filmlayer using the resin” conposition as defined 1n Caimb5. 10. A bottle

havi ng a heate$hfinakablae HliddR a%daldmednipgbsdd ddid P theriggn 25 11. A
bottl e having a heat-shrinkable multi-layer filmas "defined in Caim?9 put
t her eon. aromatic hydrocarbon having a number average molecular
weight of at least 30,000 and less than 150,000;
10 (B) : a block copolymer with an entire number average
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



10

15

20

25

45

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 sheet using the resin composition as defined in
Claim 5.

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

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

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

10. A bottle having a heat-shrinkable film as defined in
Claim 8 put thereon.

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

defined in Claim 9 put thereon.





