1 DESCRI PTI ON HEAT- SHRI NKABLE FOAVED FI LM 5 TECHNI CAL FI ELD The present
invention relates to a foaned filmwhich presents a heat shrinkable film
excellent in heat shrinkage, anti-natural shrinkage and heat insulating
‘properties, a heat shrinkable foaned nultilayer film a 10 | abel enpl oying
it and a container covered therewi th. BACKGROUND ART Heretofore, for the
sal e of canned coffees, etc., netal can containers made of alum num or
steel have been 15 wi dely used. To sell such beverages hot, for exanple, a

canned product discharged froma produc rage section of a vending
machine, is led to an induction heaﬁ%ﬁ&klgéﬁfﬁg provi ded inside of the

product outlet, and the canned product is rapidly heated to a tenperature
for 20 sale hot before taken out fromthe product outlet, so that it is

sold as a hot product. Such enper f is usually
s arnEle Shmtl Falt

considered to be proper at a‘Teve ncé such a hot netal can
w Il be grabbed by a hand, it may be too hot, and it is desired to overcone
25 such a problem As a heat-insulating | abel to solve such a problem an

f oanmed pqus&ﬁbﬁﬂgchib@&Eﬁgp been proposed (JP-A-01 2 240473) Its heat
insulating property 1s good, but it has problens such that due to surface

irregularities, & MidQtan RRIntSYH Had@d oo ke Lad e oW wigch i ts
natural shrinkage is so large that it can not be applied 5 as a | abel to

vari ous bott}Lessefl sPhi Ry shy inkls@hy tra 1mbexeel: 1efhtaliingment . Dl SCLOSURE
OF THE | NVENTI ON Under the above nentioned circunstances, the present 10

invention issheipkayedeaathoasetrhill Bhwhin®khdgeS agveC @lda@nti nshil dtiipact
strength, rigidity, heat shrinkage and heat insulating properties and which
shows a goodpkbpeshieg, prbeatt phupakahdat felamedkagd tid dyeat fahm nkabl e
mul tilayer foamed film a |abel enploying it, and a
10 label employing it and a container covered therewith.

BACKGROUND ART
Heretofore, for the sale of canned coffees, etc.,
metal can containers made of aluminum or steel have been
15 widely used. To sell such beverages hot, for example, a
canned product discharged from a product storage section
of a vending machine, is led to an induction heating
device provided inside of the product outlet, and the
canned product is rapidly heated to a temperature for
20 sale hot before taken out from the product outlet, so
that it is sold as a hot product. Such a temperature for
sale hot is usually considered to be proper at a level of
60°C, but since such a hot metal can will be grabbed by a
hand, it may be too hot, and it is desired to overcome
25 such a problem.
As a heat-insulating label to solve such a problem,

an foamed polystyrene label has been proposed (JP-A-01-



15 contai ner covered therewith. The present inventors have conducted an
extensive research to solve the above problens, and as a result, have
found that a filmconprising a foaned | ayer which is nade of a conposition
‘conprising, as the main conponent, 20 a bl ock copol yner of a certain
specific vinyl aromatic hydrocarbon with a conjugated di ene and which has a
specific thickness and specific gravity, ?r a heat shrinkable multilayer
filmconprising a foaned | ayer and a specific non-foanmed |ayer, has a good
shrinkabilit¥ and_. 25 anti_-natural @hrlnkablllt% and is e ce#lent in heat-

i nsul ating propéareies, I%idh?%ﬁslgﬁV B PP HBRY typ?ﬁb?% b pFesent

i nvention haﬁﬁbeen gﬁconp t he basi.s of ,such cavery. Thus,

t he present VeRtP eBFo@PSes Pﬁg §8F|8& ﬁurfafe ArFS uﬁgrﬁ?ﬁﬁs
CharaCter'ZegrQXtﬁﬁ Agna % keégglg@gfgg§€§§tk@y%%rWQ%%h %”t%?%fﬁ%sres'”

conposition conpr s ng S by ‘mass of "t He ow ng (a)

and from O tQ,80,03r L&y DyRss ;af sbhqafrg PHERO s(PLarf Rl MICR SR

t hi ckness of from 30 to m and a Ic gravity of fro

(a) a blogk gapgl ygBe1weer ehpibie B%%'t@e%f er'ﬂhtl%% 0B ieq Jydy ocar bO“
to a conjugated diene is from50/50 to 90/1 | east one vi nyl

aromatic hydbgcgﬁgogfpghxgghenﬁelected fronlthe follomﬁng (1) to (v): (i) a
bl ock copolyner of a vinyl aromatic 15 hydrocarbon with a conjugated diene,

(ii) a vinyl aromatic hydrocarbon polyner, (iii) a copolymer of a vinyl
aromati c hydrocarbon wth (meth)acrylic acid, (iv) a copolyner of a vinyl
aromati ¢ hydpasaLbSURE20FWIHE anyewtripscryl ate, and (v) a rubber-nodified
styrene polyner. 2. The foaned fil maccording to the above 1, wherein the
uni axi al el ongat Undewi sthesiabpve atent2@@edf diheumesiancesonpdsd tpmwasesdt | sfi es
the follow ng condition: 25 2.5>r11.S/pl>l.I
10 1nvention is to provide a foamed film which is excellent
in impact strength, rigidity, heat shrinkage and heat
insulating properties and which shows a good finishing
property upon heat shrinkage, a heat shrinkable
multilayer foamed film, a label employing it, and a
15 container covered therewith.
The present inventors have conducted an extensive
research to solve the above problems, and as a result,
have found that a film comprising a foamed layer which is
made of a composition comprising, as the main component,
20 a block copolymer of a certain specific vinyl aromatic
hydrocarbon with a conjugated diene and which has a
specific thickness and specific gravity, or a heat
shrinkable multilayer film comprising a foamed layer and
a specific non-foamed layer, has a good shrinkability and
25 anti-natural shrinkability and is excellent in heat-

insulating properties, and thus solves the above

problems. The present invention has been accomplished on



nl: elongation viscosity at Hencky strain 1 f1.5: elongation viscosity at
Hencky strain 1.5 4 3. The foaned filmaccording to the above 1, wherein
t he above (a) is a block copolyner of the following (1) and (2): (1) the
‘mass ratio of the vinyl aromatic hydrocarbon 5 to the conjugated diene is
from60/40 to 90/10, (2) the nmass ratio of a group of vinyl aromatic
hydr ocar bon pol yner bl ocks havi ng a wei ght average nol ecul ar wei ght of | ess
than 5,000 to a group of vinyl aromatic hydrocarbon pol yner bl ocks having a
wei ght 10 avekagg nDIecEIar gpig t of at least 5,000, is from60/40 to
90/ 10. 4. ThEPoRAEASf PENPHECOPAPRF LI Ay one of the above 1 to 3, wherein
(a) the block copglumer is g sy ehc/hutiadi ene Alock enalyer,; and (b) the
vinyl is aromati ¢ hydrocar bon polynmer T s at” Féeast “one pol ynmer Sét%ct ed from
t he group consi s A@affeda fAQNY Sharere erd zesl BWyehahiridhads Vdaastairtk
copolynmer, a styrene/nethyl methacrylate copolyner, a styrene/n-butyl
acryl ate copoebysdr lagest yherd/ pohtthyinsaar yeatie/ mekpyls itdichacr yl ate 20
copol ymer and an inpact-resistant polystyrene. 5. A foamed rmultilayer film
havi ng ats | easinpatie ihgafedm Rayeo a®odehirted bynmasy aife tbl tfld labdvey 1 to 4
and at | east one non-foaned thernoplastic resin layer. 6. The foaned
mul tilayer fi(hin andoifdiong Ot tot B® pbaovre by madSsswodr ¢he dollleasingond)out er
| ayer in the case of three or nore layers, or one layer in the case of two
| ayers, i s aanHaybhnchohaedaf tbackheskololfodirog GB' Yovifpl nar ek iac 5
hydr ocarbon polyner: (b') at |east one vinyl aromatic hydrocarbon pol ymer
sel ect ed frosprehatficl byavagyWptt & row V.. 3(ito) 0aSbl ock copol yner of a vinyl
aromatic 5 hydrocarbon with a conjugated diene, (ii') a vinyl aromatic
hydr ocar bon pol yrfey), & biliock gapsgamaterwhsirednyithd ratomatdfc shydimacar bon
with (nmeth)acrylic acid, , _ ,

10  aromatic hydrocarbon to a conjugated diene is from 50/50

to 90/10,
(b) at least one vinyl aromatic hydrocarbon polymer
selected from the following (i) to (v):
(i) a block copolymer of a vinyl aromatic
15 hydrocarbon with a conjugated diene,
(ii) a vinyl aromatic hydrocarbon polymer,
(iii) a copolymer of a vinyl aromatic hydrocarbon
with (meth)acrylic acid,
(iv) a copolymer of a vinyl aromatic hydrocarbon
20 with a (meth)acrylate, and
(v) a rubber-modified styrene polymer.
2. The foamed film according to the above 1, wherein
the uniaxial elongation viscosity n at 120°C of the resin
composition satisfies the following condition:
25 2.5>n1.5/nl1>1.1
nl: elongation viscosity at Hencky strain 1

nl.5: elongation viscosity at Hencky strain 1.5



(iv') a copolynmer of a vinyl aromatic hydrocarbon 10 with a (neth)acryl ate,
and (v') a rubber-nodified styrene polyner. 7. A heat shrinkable foaned film
obtained by stretching the foamed filmor the foamed nultilayer film as
-defined in any one of the above 1 to 6. 15 8. A heat shrinkable foaned

mul tilayer filmhaving a heat shrinkable filmlamnated on the foanmed film
or the foaned nultilayer filmas defined in any one of the above 1 to 7.

9. The heat shrinkable foamed nmultil ayer #iln1according 20 to the above 7
or 8, whereig th e Ik [ 5yﬂj % 00C i seconds. 10.
The heat shr?hkag‘[h% ?}:)Détarneéj %1619({3 E5 |r':ge%%t cHENHo AT Wihelt i

mul ti1 | ayer m according to any one of the

above 7 to 9.npwhgpeiB t(he &%tﬁr%hocih%bg%ég%eksc&tt%ﬁ§&o&ﬂ%ﬁ¥%g?“1400c for
seven days. 2S 11. A heat shrinkabl e | abel "nade of the heat shrinkable

foamed mul ti Layerofii.l mas defined in any one of the above 7 to 10. 6 12. A
contai ner covered with the heat shrinkable |abel as defined in the above

11. EFFECTS OF THE) NYENT-@Y %athe frameid kiildpiegdand g sdacda ool yner
or a block copolynmer conposition of the present invention, is excellent in

anti - nat ug al tshehekagejugaRaet dstenendlsh.from giodialy cheat/1ghrinkability,
printing properties an heat insulating properties and has a good finishing
10 property upon (Rgatthehmiadeaget iandf ta igrcip tob Wi risle dhsna i heat
shrinkabl e |1 abel, a heat shrinkable cap seal or a packaging film and it is
parti cul arl yhsdirbahr®oas palyimelelblbeksa haonha Befwedeahitaiaiiergige hot product .
15 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Vari ous conponents to be used
for the bl ockhotepalprewedghtthefblleslk thpal BNe0 Ocarpesidricup cdhpdsyd mainly
t hereof, which constitutes the heat shrinkable foanmed film the heat
shri nkabl e makbmbagyer hiyidnmcanrbome p2Q yineat bdlociksk dilslve ricalze Iwedfghtthe pr esent
invention, are as follows.
10 average molecular weight of at least 5,000, is from 60/40
to 90/10.
4. The foamed film according to any one of the above 1
to 3, wherein (a) the block copolymer is a
styrene/butadiene block copolymer, and (b) the vinyl
15 aromatic hydrocarbon polymer is at least one polymer
selected from the group consisting of a polystyrene, a
styrene/methacrylic acid copolymer, a styrene/methyl
methacrylate copolymer, a styrene/n-butyl acrylate
copolymer, a styrene/n-butyl acrylate/methyl methacrylate
20 copolymer and an impact-resistant polystyrene.
5. A foamed multilayer film having at least one foamed
layer as defined in any one of the above 1 to 4 and at
least one non-foamed thermoplastic resin layer.
6. The foamed multilayer film according to the above 5,
25 wherein at least one outer layer in the case of three or

more layers, or one layer in the case of two layers, is a

layer formed from the following (b’) vinyl aromatic



The vinyl aromatic hydrocarbon to be used for the block copolyner (a) of
the: vinyl aromatic hydrocarbon wth the conjugated diene to be used in the
present 25 invention, nmay, for exanple, be styrene, o-nethylstyrene,
-p-net hyl styrene, p-tert-butylstyrene, 2,4- dinethylstyrene,
2, 5-di net hyl styrene, a-nethylstyrene, 7 vinyl naphthal ene or vinyl
ant hracene. Particularly, it may usually_be styrene. The conjugated diene
to be used for the production of the bl oCk copolyner (a) to be used in the
present 5 i nyeat-beArbBRY pofiPheexanpl e, be 1, 3-butadi ene, 2-nethyl -
1, 3-but adi ene” (i soprene), 2,3-dinmethyl-I, 3-butadiene, 1, 3-pentadiene or
1, 3- hexadi ene. Pamptrijculcanlepsti ton@yrin8ualdonate ol h3dnsatieie gl msapr ene.
The mass ratio of the vinyl aromatic hydrocarbon to 10 the conjugated di ene
is from 50/ 5@etiec80A18ropr eher &Y owfihegm(85/) 3% ot qv89/:15. If the mass ratio
of the vinyl aromatic hydrocarbon is less than 50 mass% the rigidity of
the filmtends tqibe la0W]cakd ddpditymexcedds A nyEs Phomddie: st ret chi ng
tenperature during the production of the is filmtends to be high, and
further, & hehhdabcasbbnnkdbhl bt yoafjubheed Kdhehends to be poor, and no
adequat e inpact resistance of the filmtends to be obtained, whereby the
filmw Il not be (Ardddt iecalinyl wsemati2hybthecstrheet gred yofert he bl ock
copolymer to be used in the present invention and the structure of each
bl ock section, drgirfdt apacpcdyimed ofl ianviey ]l Bremttriuw thydrafarkdre bl ock
copolymer may, for exanple, be a linear or stelliform block copol yner
conprising puigherdmstberRsrydicomedsed mainly of a vinyl aromatic hydrocarbon
and pol yner bl ocks conposed mainly of a conjugated diene. Further, the
vinyl aromatic hydMdambewredpdlermersi ze iny1s arpmed ygrdry Bassickahposed
mai nly of the vinyl aromatic _hydrocarbon or in the polynmer bl ock conposed
mai nly o0 tMWat&oRj U§etddagireRétennpe unifornly distributed or
distributed in a(taeering graduaL@{ reduci ng) fashion in

v’ a 1

rubber-modified styrene polymer.
7. A heat shrinkable foamed film obtained by stretching
the foamed film or the foamed multilayer film as defined
in any one of the above 1 to 6.

15 8. A heat shrinkable foamed multilayer film having a
heat shrinkable film laminated on the foamed film or the
foamed multilayer film as defined in any one of the above
1 to 7.

9. The heat shrinkable foamed multilayer film according

20 to the above 7 or 8, wherein the heat shrinkage is at
least 10% at 70°C in 10 seconds.

10. The heat shrinkable foamed multilayer film according
to any one of the above 7 to 9, wherein the natural
shrinkage is at most 2.5% at 40°C for seven days.

25 11. A heat shrinkable label made of the heat shrinkable
foamed multilayer film as defined in any one of the above

7 to 10.



5 the pol yner block. The block proportion of the vinyl aromatic hydrocarbon
in the block copolyner (a) is not particularly limted, but it is
preferably at nost 85% If the block proportion exceeds 85% the heat 10
‘shrinkability tends to decrease. Here, the block proportion of the vinyl
aromati c hydrocarbon is one obtained by the follow ng fornula: Bl ock
proportion (!'k) = (W/ W) x 100 wherein M% is the mass of bl ock pol yner

chai ns of the 15 vinyl aromatic hydrocarbon in the copolymer, and WO i s

the tOt al of tc%%t‘&l@bér USALSE WING] QGRS L NG 108 JhaCM' ymer.
Her e, in t e above formul a was obtained in such a nanner that the block
copolyner wag g gg@h%ggeqntthzgg%v@eqqnp05|t|on by the method disclosed 20

in a known literature "Y. KA et. al. RUBBERCHEM STRY AND TECHNCLOGY,
58, p. 16 (1985)", and the obtalned V|nyI aromati ¢ hydrocarbon pol yner
conponent was neasured by gel perneation chromat ograph (hereinafter

referred to sinoply.a Iecular wei ght 25 corresponding to the
chronatogran%wggcﬁgté ghfronta bratlon curve prepared by u5|ng t he
standard ponst*EQn% %ﬁ@ds%Xﬁ ngmggoggggaas quantF%Eﬁ' ving a9 nunber

aver age mol ecul ar wei g excee |ng romthe peak area.

s, the det echioe ARopi iRt OLfbo3RaLEO3A0RE daIRekAr hakMa o wael cngth

set at 254 nm was usSe nunber aver age l'ecul ar wei e bl ock

copol yner (akxi-@ihentsgd Iaattlh%a%%qntsﬂﬂm 0N slipa d¥ ej&fé@ﬂhfrom 40, 000
to 500,000, particuiarly preferably from 80,000 to 300,000. IT it is |ess

than 40, 000y iBe dadequale tf ishirdintdsban iR agr inRSing éﬁtﬂé&EéHBtUOCk
copol ymer conposition tends to be obtained. on the other hand, if it

exceeds 500, B3t tLmeulaedess piidpelry idsenras tasdel /ddd ditidhaney the nunber
average nol ecul ar weight of the bl ock copolyner in the present invention
was obt aitnedphypertsualpometlead ebpliokarg ,gelndodartndat isan tEhlghneret g aph
(hereinafter referred to sinply as GPC).
a heat shrinkable label, a heat shrinkable cap seal or a
packaging film, and it is particularly suitable as a

label for a container containing a hot product.

15 BEST MODE FOR CARRYING OUT THE INVENTION

Various components to be used for the block
copolymer or the block copolymer composition composed
mainly thereof, which constitutes the heat shrinkable
foamed film, the heat shrinkable multilayer film or the

20 heat shrinkable label of the present invention, are as
follows.

The vinyl aromatic hydrocarbon to be used for the
block copolymer (a) of the vinyl aromatic hydrocarbon
with the conjugated diene to be used in the present

25 invention, may, for example, be styrene, o-methylstyrene,
p-methylstyrene, p-tert-butylstyrene, 2,4-

dimethylstyrene, 2,5-dimethylstyrene, a-methylstyrene,



The mass ratio of a group of vinyl aromatic hydrocarbon pol yner bl ocks
havi ng a wei ght average nolecular weight of |ess than 5,000 to a group of
vinyl aromatic hydrocarbon pol yner bl ocks having a wei ght 20 average

-mol ecul ar weight of at least 5,000, is from®60/40 to 90/10. If this mass
ratio is |l ess than 60/40, the anti-natural shrinkage when forned into a
heat shrinkable filmtends to he low, and if it exceeds 90/10, the
processability tends to deteriorate. Here, the group of 25 vinyl aromatic

hydr ocar bon pol r bl ocks nmeans an regate of vipyl aronmatic hydrocarbon
e o B baphEhr T chengzs dareis BRE A hE B or P abhor S B Fo 16 Coong
deconposition_by the z;_ﬁgfé%isclosed in -Y. TANAKA et. al.,

RUBBERCHEM STRY Rﬁﬁﬁ+ge YIS58 p. 16 (198S)", and such conponents are

measured by GG Th‘éh%lﬁa%ﬂrglgﬁzc%)'&etdg%%é% 3 :ga%l gl%{éhdgefo‘}btt% ned dqpstfe area S

rati o. The bl ock "copoly use presen invention nmay take

any form so LongyasytBeialays:yfandithons ateysall st e Howeker those

havi ng t he owi ng fornmurae may be nentioned as pre 10 exanpl es.

Among them ©Rg-HaYLAJ RalOr FobavkBgpXel SpePhehebi@dditnace 2thRthyl- |
after-nentioned el ongation viscosity ratio can easily be thereby satisfied.

a. A-CB b.1A3BpGeBdidheC.(iAobrBnd)d. 2A3BuEmBtAy1e1 ,A-BukaBifne,. A-CB-CB
g. (AAGE)n-X 20 h. (ACGB-An-X i. (AGCB-CGCE)n-X k. A-B-A ACA1
(A-B)n-X, (A1CBNp&ntHYibAeBof) 0 %-RexBdicAeB- CodniXuThelabove haynul ae
represent the chem cal structures
usually be 1,3-butadiene or isoprene.
The mass ratio of the vinyl aromatic hydrocarbon to
10 the conjugated diene is from 50/50 to 90/10, preferably
from 65/35 to 85/15. If the mass ratio of the vinyl
aromatic hydrocarbon is less than 50 mass%, the rigidity
of the film tends to be low, and if it exceeds 90 mass%,
the stretching temperature during the production of the
15 film tends to be high, and further, the heat
shrinkability of the film tends to be poor, and no
adeguate impact resistance of the film tends to be
obtained, whereby the film will not be practically
useful.
20 The structure of the block copolymer to be used in
the present invention and the structure of each block
section, are not particularly limited. The structure of
the block copolymer may, for example, be a linear or
stelliform block copolymer comprising polymer blocks
25 composed mainly of a vinyl aromatic hydrocarbon and

polymer blocks composed mainly of a conjugated diene.

Further, the vinyl aromatic hydrocarbon copolymerized in



i.e. the sequential arrangenents of a block polynmer chain 11 A conposed
substantially of the vinyl aromatic hydrocarbon, a copolynmer chain B
conprising the vinyl aromatic hydrocarbon and the conjugated di ene, and a
-bl ock pol ymer chain C conposed substantially of the 5 conjugated di ene. Even
when there are a plurality of A, Bor Cin the fornmula, the nolecul ar

wei ghts, the mass ratios of the conjugated dienes, and the state of

di stribution of the vinyl aromatic hydroc&rbon and the conjugated diene in
t he copol yner chains nmay be 10 i ndependent, respectively, and are not
required to RePPR¥MEEaRaOCKhECRBPEEH BR1ReYgRE &RE VRBYdoRpeERGithal

di stributi f th I i troll ed i.nlLy by th
Sount _and  FESEEERGEoPoPYagth £ran PR YIRE DR CATBRREr: TRy HYe oon
nonomer anq %ge con%u aEeg i.s di ene nngpn%r“fFurhherpsiq.éh% b%ye f or mul ae,
X is a residiéof°} u%SI? uReFREnalMdolsl PRGERGBAY S SETPEMTETe %6F a

| yf ti I, ic ol i.t.hi i pi_tikator,. d
P Y Tt eqenigt e Plkes’ 1hp T AR G AR 1S i) Bad Al 1af0C

used in the thsggﬁ EQVEEEEQU may, for exanple, be silicon tetrachloride or
epoxi di zed soybean 8 The pol yfunctional organic I|ithium conpound may,

for exanple, be hexamiax enepdlididdlidtme dutadianiaflondid hi um or
i soprenyl dilithium 25 Now, the production of the bl ock copolyner (a) of

the present ihpueBtheBow hh haecdesorikbedpoimel qak igopeyner (a) can be
produced by polynerizing a vinyl 12 aromatic hydrocarbon with a conjugated

di ene using pArtacgadkCyl NthidedGomReUAE A% PreifRirhbatoht hodt @sgani c
solvent. As the organic solvent, an aliphatic hydrocarbon such as butane,
pent ane, hexdrtiethesbpeakapeopdriiephakeceedsansQr theobehane, an alicyclic
hydr ocarbon such as cycl opentane, nethyl cycl opentane, cycl ohexane,
met hyl cycd ohekanekebiétihyl tpodshéxadecreasan adenat i thehptlookar bon such as
et hyl benzene or xylene, may, for exanple, be used.
proportion of the vinyl aromatic hydrocarbon is one
obtained by the following formula:
Block proportion (%) = (W1/W0) x 100
wherein W1l is the mass of block polymer chains of the
15 vinyl aromatic hydrocarbon in the copolymer, and WO is
the total mass of the vinyl aromatic hydrocarbon in the
block copolymer. Here, Wl in the above formula was
obtained in such a manner that the block copolymer was
subjected to ozone decomposition by the method disclosed
20 in a known literature “Y. TANAKA, et. al.,
RUBBERCHEMISTRY AND TECHNOLOGY, 58, p. 16 (1985)”, and
the obtained vinyl aromatic hydrocarbon polymer component
was measured by gel permeation chromatograph (hereinafter
referred to simply as GPC), and the molecular weight
25 corresponding to the chromatogram was obtained from a

calibration curve prepared by using the standard

polystyrene and styrene oligomer, whereby one having a



10 The organic lithium conpound is a conmpound having at |east one |ithium
at om bonded in the nolecule, and for exanple, a nonofunctional organic

| ithium conmpound such as ethyllithium n-propyllithium isopropyllithium
‘n- butyllithium sec-butyllithiumor tert-butyllithium or ais

pol yfunctional organic |ithium conmpound such as hexanethylene dilithium
butadi enyl dilithiumor isoprenyl dilithium nay be used. The vinyl
aromati ¢ hydrocarbon and the conjugat ed diene to be used in the pr esent

i nvention nag be those 20 which are nenthgned above, and one or nore of
them may reSPBREFYEVFTBISsBPEECH 20 ¥he IS e §*FERHRE pol\PreM®Pat i on. And,
in living anion_pol ri.zati usi_ng _t he abpve ntioned aorganic |ithium
conpound as gﬁangﬁF¥F SFPmsggftQﬁF'aﬁfﬁawho ? Eﬁgua?gesgofheaginyl 25
aromati ¢ hydrocarhon-and_t he nj_ugat.e i subjected .to t

ol yrer | zat | GACFAAETOn REFTTBe o aRTE: FedoEsorn e S Oy o= E T B he

present inveptio | ecul.ar, wei ght of the bl ock copolyner (a) can be
controlled bg thtaﬁggngﬂ’o%gfhesgﬁftiator to be added to the entire anpunt

of the npnonerscha ANRBEr! AG908HPRAEKNAY wRAGHRl Le Rydr ggachon pol yner
bl ocks in the present 1 nvention, "'the mass ratio ~of the conponent having a

ol ecul ar WeEQFEl?ﬁeEGQ§)tQ@nbe5ug@@;Hﬁ the peaRenent hRNGA jEol ecul ar
wei ght of at east 5,000, can be adjusted by controlling the nolecular 10

wei ghts or cemp@sirhbaRalf rdinstii, bwlbi @as 50l ,A00B paGtE&dulartiRe above nentioned
structural formnulae and the block proportion of the copolyner. The bl ock
proportion oprtlierabogk fteemolsynenomay Beo,cont.r offedtali solbyst Braanount of
t he random zation agent is added at the tine of polynerizing the vinyl
aromat i ¢ hydrocaobonnwi thieteteomigdatied drenepads tresistamdermicfatihen agent,
tetrahydrofuran (THF) is mainly enployed. However, other ethers or am nes,
t hi oet hets, bphosphopadivtes, canmpplshiénrendesndsf drates obdr ipetdassPuntbe 20
sodi um al koxi des, may, for exanple, be al so used.
other hand, if it exceeds 500,000, the processability
tends to deteriorate. Here, the number average molecular
weight of the block copolymer in the present invention
was obtained by a usual method employing gel permeation
15 chromatograph (hereinafter referred to simply as GPC).
The mass ratio of a group of vinyl aromatic
hydrocarbon polymer blocks having a weight average
molecular weight of less than 5,000 to a group of wvinyl
aromatic hydrocarbon polymer blocks having a weight
20 average molecular weight of at least 5,000, is from 60/40
to 90/10. If this mass ratio is less than 60/40, the
anti-natural shrinkage when formed into a heat shrinkable
film tends to be low, and if it exceeds 90/10, the
processability tends to deteriorate. Here, the group of
25 vinyl aromatic hydrocarbon polymer blocks means an

aggregate of vinyl aromatic hydrocarbon polymer

components obtained by subjecting the block copolymer to



Suitable ethters include, in addition to THF, dinethyl ether, diethyl

et her, di phenyl ether, diethylene glycol dinethyl ether and diethyl ene

gl ycol dibutyl ether. As the amnes, tertiary am nes such as
‘trinmethylamne, 25 triethylam ne and tetranethyl et hyl enedi am ne, as well as
cyclic amnes may, for exanple, be used. Further, triphenyl phosphine,
hexanmet hyl phosphoram de, potassiumor 14 sodlun1alkylbenzene sul fonate, or
pot assi um or sodi um butoxide, may, for exanple, be also used as the

random zati on agent. The anmpbunt of random zation agent is preferably from 5
0.001 to 10 paens §§0ﬁm§§51§épn1©w paet geplrognsd sefloged ighadged nmononers.
The timng of the addition ma before the initiation of the

pol yneri zat i 8ANPEAct Bbn 8+ - bgpgﬁgRFH§M6§F§ﬁeﬁNPaFﬁSHNQPO§8poﬁﬁneP -chai ns.
Further, it _may_be ?ddltl nal |y added, as the case re es.. 10 Further,
the bl ock pr 6Bor'tP8R’ can3BE E8A r8PW@8n§P§§ apy RESH ggi Yy 883 of the

Vi nyl aronathé ¥drocarg mononer. and t gnju ate dlenﬁlnnnoner. The

bl ock copol yH8F*EHRE ob §|W§55wfﬁllﬁecapn @t el & 255 %f a
polynerlzgtlon term nator 15 such as water, an alcohol or carbon dioxide in
an anmount” suffitéPent to inactivate the active termnals. As a nethod for

recovering the cgﬂglégggkfgﬁgbﬁgﬁegbt ahned bglﬁggdcgﬂok%gpg %glgklon

optional method may such s a met preci |tat|ng it by a

poor 20 sol V%HbeﬁHEBPaﬁaEFEEQ%O bny? £0RHNAG 9bnBvaROLEL BeJae solvent by a

heating roll or the like for precipitation drum dryer method), a nethod

of Concentrakbﬂﬁlkﬂénssakét%Qﬂlgflédconﬁéﬁé&é%ortHBQetHﬁﬂlﬁgnEMéng t he
solvent by a vent system extruder, or a met hod of di spersing the 25

sol ution in walebwihbovbRguibeamalheeemdhe ibacleal prdrere@ve the sol vent
thereby to recover the copolyner (a steamstripping nethod). 15 The
polymer {(b) tfah@luesed AmohdetRemseshei Nyedhyon forprrbeingl x ak | east one
vinyl aromatic hydrocarbon pol ymer selected fromthe following (i) to (v):
preferred, since the after-mentioned elongation viscosity

ratio can easily be thereby satisfied.

a. A-C-B
b. A-B-C-B
15 c. A-C-B-A

d. A-B-C-B-A
e. A-B-A-B-A
f. A-C-B-C-B
g. (A-C-B)n-X
20 h. (A-C-B-A)n-X
i. (A-C-B-C-B)n-X
k. A-B-A, A-C-A
1. (A-B)n-X, (A-C)n-X
m. (A-B-C)n-X
25 n. (A-B-C-A)n-X
The above formulae represent the chemical structures

i.e. the sequential arrangements of a block polymer chain



Wa bl ock copolynmer of a vinyl aromatic s hydrocarbon with a conjugated
a vinyl aromatic hydrocarbon polyner, (iii) a copolyner of a
i c hydrocarbon wth (nmeth)acrylic acid, (iv) a copolyner of a

diene, (ii)

vi nyl aromat
-vi nyl aromat
r ubber - nodi f
aromatic hy

honopol yner

copol yner of
one, a polys
for exanpl e,
a weight av
fromO0.5 to

wei ght of at
after 25 nen
copol yner _ (i
i s obt ai nabl
hydr ocar bon

types nmay be

i c hydrocarbon 10 with a (neth)acrylate, and (v) a

i ed styrene pol yner. The above bl ock copolynmer (i) of a vinyl
drocarbon with a conjugated diene nay be the sane or different
fromthe above (a) . As the vinyl aromatitlis hydr ocar bon polynmer (ii), a

of the above _nentiogned vinyl aromatic hydrocarbon, or a
A cRBPEE e SELSE alfdmldyy Obe tofpVdyyd. 2ASMR & ticul arly

common

tyrene or a polystyrene haying a syndiotactic¢ structure may,
aheidyPa e

hEErREREPORed 2 SOPPLYTE T AP FecE

& Y 1§9e one havi ng

| ecul i ght _of at |east 1,000, 000 i t of
3697 5F it FUFTSFEFEFIAYS S8 FATIHGE i g afbihde ml ecul ar

pheag! ;31000.000..bn A0 amounty offrom. 1 b9, 10% whereby the
i elengat i y'b

C .
8héd N~Vi scosi ty rati o ¢an easi

¢ eatisfied. The

Gl SR AR OSOERLRETaLE D basL ) sl oo

W BFe d qglt hac el 18C] @he':%bl‘é'&%ﬂé%'ewé"éﬁr

selected for use with respect to t

7| Uhe HUGLr NMOrE

espective nononers. The

(meth)acryli¢,agid BRY the cR6HYghE eaC i e JTELRRLIHL &ratidd ofThe copol ymer

(iii) is pr

eferably a styrené/ methacrylic acid copolynmer. The above

copol ymer (i Wl s@fridutiinl oF @Rt kG nyy dremaitRen Midrd < iRt RiRCoHat e can be
10 polynerizing the above nentioned vinyl aromatic hydrocarbon

with a (methkeefylbated Gaenkhan poley M@poFiedn chai@OmaiPLR t ypes may be

obt ai ned by

sel ected for

(et h) aciyl atiadependeart ,exazpleet ive 1get byld aafey Intite required to be the

15

20

25

use Wwth respect to the respective nononers. The

same. The molecular weight and the compositional
distribution of the copolymer chain B may be controlled
mainly by the amount and the method for addition of the
vinyl aromatic hydrocarbon monomer and the conjugated
diene monomer.

Further, in the above formulae, X is a residue of a
polyfunctional coupling agent or a residue of a
polyfunctional organic lithium compound to be used as an
initiator, and n is an integer of from 2 to 4. The
polyfunctional coupling agent to be used in the present
invention may, for example, be silicon tetrachloride or
epoxidized soybean oil. The polyfunctional organic
lithium compound may, for example, be hexamethylene
dilithium, butadieniyl dilithium or isoprenyl dilithium.

Now, the production of the block copolymer (a) of
the present invention will be described. The block

copolymer (a) can be produced by polymerizing a vinyl



15 ethyl acrylate, acrylic acid-n-butyl (or n-butyl acrylate), isobutyl
acrylate, hexyl acrylate, (2-ethyl) hexyl acrylate, nethacrylic acid nethyl
(or methyl nethacrylate), ethyl nethacrylate, butyl nethacrylate or
«(2-hydroxy)ethyl methacrylate. 20 The above copolyner (iv) is preferably a
styrene/ net hyl nethacryl ate copol yner, a styrene/n-butyl acrylate copol yner
or a styrene/n-butyl acrylate/nethyl nethacrylate copolyner. The copol yner
(iii) or (iv) is obtainable by 25 polynefdzing a nonomer mixture conprising
a vinyl aromatic hydrocarbon and (neth)acrylic acid, or a vinyl aromatic
hydr ocar bon arematifebnisersraee, vihhaangssirgatedt féepe 559999501
preferably 40-99:60-1, npre preferably 70-99:30-1. The above ,

r ubber - modi f PEE2BLGr ehBRPpBIYREFPPYRACER BB 1BBEARREY B} BH PAEAPZCng a

m xture conprising a vinyl. 5 aromatic hydrocarbon or _a nhpnoner

copol yneri zaﬁPi"egEer it 11 PV T oRRTEF st diera LIRPRRLC vi nyl aromatic
hydr ocar bon, oae desgribed Ln thﬁBErOdUCtio of the above, bIoc% copol yner
(a) may be eft¥PbyEaT GRASHERL AE 8hEr PEBPBIymerFZabfe tREPEN-ERE

(meth) acryl i g aeldoor 810 (TRt hlagtylate dmv, for  9xamle, be Used

Further, as “TRe 8FasPomdrT Butadrene®rubbér, % s?yreﬁe Batadirene™ rubber, a

styrene/ but agl gne.bl agk; 5RORLYMEY RLRALINBLI opENLARART G0E HibhSLLOr natural

rubber may, ftor exanp used. Ts er-no styréne pol yner

(v), high i%@ﬁ%gﬁ%!&h&ﬁﬂ@ G E@h&éyﬁ@&éﬁﬁh@,OEraagBé?an%%iiE s

preferred, and I npact pol ystyre is nore preferre n the present
invention, theqwBsarkehi Gueh hBeebh @%eneeaelxgE&yﬁ@he2035?¢4&%&yner (b)
a

i.e. (i) to (v), is (a) 20 20-100:(b) 0-80, preferably 0-99. 5: (b)
0.5-60, noreepspeeabby (182460-99: (b) 1-40, on such a basis that the total
anount of (a) and (b) is 100. If the block copolyner (a) is less than 20
parts byigmass, thte shgankabilliithy waf cdopohea ishal eaplourdd Havierdsd o be 25
| ow, and breakage is likely to result during the film
least one lithium atom bonded in the molecule, and for
example, a monofunctional organic lithium compound such
as ethyllithium, n-propyllithium, isopropyllithium, n-
butyllithium, sec-butyllithium or tert-butyllithium, or a
15 polyfunctional organic lithium compound such as
hexamethylene dilithium, butadienyl dilithium or
isoprenyl dilithium, may be used.
The vinyl aromatic hydrocarbon and the conjugated
diene to be used in the present invention may be those
20 which are mentioned above, and one or more of them may
respectively be selected to be used for the
polymerization. And, in living anion polymerization
using the above mentioned organic lithium compound as an
initiator, substantially whole amounts of the vinyl

25 aromatic hydrocarbon and the conjugated diene subjected

to the polymerization reaction will be converted to the

polymer.



formati on,

such being undesirable. It is preferred that the uniaxial

el ongation 18 viscosity r~ at 120' C of the bl ock copol yner or the bl ock
copol ymer conposition to be used in the present invention, satisfies the
following condition: 2.5>~.5/rj1>.1 5 gl: elongation viscosity at Hencky

strain 1

i~1.5: elongation viscosity at Hencky strain 1.5 The uni axi al

el ongation viscosity is known as an indexﬁ%or the form ng processability of

a pol ymer

material (reference: Lecture -

eol ogy, conpiled by Japan 10

Soci ety of Rheol ...publ i shed hy Kohunshi kankokai .. 111-116) ._.In the
foamed film foa a‘ﬁkge pr&tsabI Y tk]t% Stht &' écc‘ﬁbas’%d”ec]eq]}f SHovever,

cl osed cell s _bec open cells nr re, |f o en.cel| i |
further grovtv?let %g%ﬁkl Mt éj(ilyiml?é ;j%t ocglrf’g%f% C‘Pﬁlutéioslgeﬁ I%Dr% \r/e\?r%]lecﬁnioémr#ai nt ai ns

closed cel'l s Jgi tRaUL [UALHIG. s pan

diRY hed Q0 ;40 el angatd on

| osed g Kz

viscosity characteristic, i.e. one%haV|ng a%ﬁlgh stralﬁmLafHEnlng property.

The strain hgkﬁgmkqg_property means such a nature that when a material
tanti al

under goes a su

S deformation 20 by uni axial elongation, it shows a

shar p | nog ease | iidigy Aangatdai USAASHEY adbidhid hydi&anssof uni axi al

el ongati on,

the strain at the tinme of deformation is ™ defined by a natural

| ogarithm of pbllg/rr@rOM@)tdk%n 1At préfiicelt 1invaonGd ed HeenEak Stdtaid. The

i ndex for the 2

strain hardening property can be obtained by taking a

rati o of the ol emgatcionidotie@oiatM nat at ki lldoil s0f wae i lof defdy rmatdron (i. e.
in the case of Hencky strain 1) to the 19 elongation viscosity at the tine
of a | arge def,onmaticonhe( icomponenthdavase ef mddrcil st maighlt 5Hf aSuch an

el ongation viscosity ratio is preferably wthin a range of from1l.1 to 2.5,
mor e pref er alBlepssi 5hiod 0,5 canr degeddfusitreginbly. Zane@211indg the i llesssl gthan
1.1, rupture of foanms is likely to be brought about at the tine of foam ng,
and if |fL0exvedddts Br Wanpslsditganadn diatgadsitiyrsf athé m@ endlC iisel f
tends to be high and

15

20

25

the above mentioned structural formulae and the block
proportion of the copolymer.

The block proportion of the block copolymer may be
controlled also by the amount of the randomization agent
added at the time of polymerizing the vinyl aromatic
hydrocarbon with the conjugated diene. As the
randomization agent, tetrahydrofuran (THF) is mainly
employed. However, other ethers or amines, thioethers,
phosphoramides, alkylbenzene sulfonates, or potassium or
sodium alkoxides, may, for example, be also used.
Suitable ethters include, in addition to THF, dimethyl
ether, diethyl ether, diphenyl ether, diethylene glycol
dimethyl ether and diethylene glycol dibutyl ether. As
the amines, tertiary amines such as trimethylamine,
triethylamine and tetramethylethylenediamine, as well as
cyclic amines may, for example, be used. Further,

triphenylphosphine, hexamethylphosphoramide, potassium or



tends to be hardly foanmed. Although the tenperature of 10 the resin

di scharged fromthe extrusion die at the tine

of preparing the foaned film

isin the vicinity of 200'C, the tenperature for the nmeasurenent is set to

.be 1200C, since it is preferably close to the tenperature inmediately
before the foans will be set i.e. imediately 15 before the resin wll be
solidified in contact wwth e.g. a cooling roll. For the strain hardening

property, the ratio in the
1 (corresponding to 2.7 tines the_uniaxial )
case of strabpdiul pébvlbspsraienguléonase,t peotRESIHMaRiralsOSitegt chi ng

rati o) was taken as an index. Further, as the neasuring device, one

so-cal l ed MePssxéAenplal i §C&oRFBRPLIEndPSUBASE HE&SuPSNGPEevice s

commercially avail able.. To the bl ock copol yner or the bl ock copol yner
conposi tion E8PBEMAZEEIPR BHEBresent invention, various 20 additives may

be incorporated @s the case requires., . such additives,_ vari.ous
stabilizers, proci siaﬁ‘é’ur%sﬁfsgé‘ﬁtdsofmlzi Ty @& arkte AARHSAAHY &ttt s,
softenin

a
m neral ofls
exanpl e, he
type antioxi5aﬁfgsucﬁoggm§¥5ér?¥%%t§}m%g%39 er
hydr oxy- 5- ne
hydr oxy- 3, 5-

25

el ongation viktosity between the case of strain
stretching 20 ratio) and the

, plastici tistati t ti-f i ts,
9°Pbii s T3y pgremt By Pare Dra: ADdaREECARY TS Saned imay, f or
Hentggned. The aboye stabilize Stﬁgﬁa?éﬁ .exanglebebe a phenol
_uy_

22718
LORLOSNENE) 34 WL IR ERY L rCp YAk Zoblicf2 rence o

I-tert-pentyl phenyl ert- pentyl pheny

or
acryl ate

or 2,6-di-te y - - d rus, stype LRxi-dant such
BEEB% krhd pgﬁig/ﬁ)eéﬁ%@%n Sl chBﬁ%@@!}O C%%lh%.15§?%gﬁté£,

as trisnonylp

enyl phos The processi hg si stants,

resistance i gprQyi,Ngeageant s 1088t onbAgeagents thePlasll CetRlisesantistatic

agents, anti-fogging agents, mnéeral oils, fillers, pignents and fl ane

retardanig,
| ubricants,

15

20

25

may Fufr@he@X afHee b1RR:kC PRIy HHAGM RIDHEtEn IR a185% t he

di et hyl pol ysi | oxane,
by the supply rates of the vinyl aromatic hydrocarbon

monomer and the conjugated diene monomer.

The block copolymer thus obtained will be
inactivated by an addition of a polymerization terminator
such as water, an alcohol or carbon dioxide in an amount
sufficient to inactivate the active terminals. 2As a
method for recovering the copolymer from the obtained
block copolymer solution, an optional method may be
employed such as a method of precipitating it by a poor
solvent such as methanol, a method of evaporating the
solvent by a heating roll or the like for precipitation
(a drum dryer method), a method of concentrating the
solution by a concentrator and then removing the solvent
by a vent system extruder, or a method of dispersing the
solution in water, blowing steam thereinto to heat and
remove the solvent thereby to recover the copolymer (a

steam stripping method) .



20 met hyl phenyl pol ysi | oxane, a fatty acid, a fatty acid glycerol ester, a
fatty acid am de and a hydrocarbon type wax may, for exanple, be nentioned.
The bl ock copol ynmer conposition to be used in the present invention is
-obtained by mxing (a) and (b). The 25 mxing nethod is not particularly
limted. For exanple, a Henschel m xer, a ribbon blender, a V blender or the
| i ke may be used for dry blending, and further, the 21 conposition may be
mel ted and pelletized by an extruder. otherw se, they may be m xed during
the production of the respective polyners or at a stage before initiation
of the pol ymeri Zhe polvaer d@lt ke hel paad s itdhe PageEndn Eventd@ri ng t he
post treatnent of the golyners. In a case where additives are incorporated
as the caseifegtrfesabiychRtadgrEryeBenyynYiopreRaipiCe NYHEOCREPORer added to
the above (a) and (b) in a predeterm ned__proportion, followed by m xing by
the same ni xPﬁéYWEFhSHIeEGeQS%Hé’g‘cntglﬁeéo%ﬁ’\‘?é. STHAST S&mad)Fi | m of the
present inventioniis i eqycietop yhave & 03Med 1l ayem-amRl oyi ng the above
conposition. Formation of the foaned |ayer may be carried out by a nethod
which is conppRkB-arBbRYGdchi a€cofigaRedotii@ntd chemcal foam ng nethod
wherein a resin is foaned by a gasS generated by thermal deconposition of a
chem cal foam ngiagent Mhgn tLRSnRSIN RHE-INREHREPLAJmd0am ng agent are
nmel t - kneaded, and a physical foam ng nmethod wherein a gas is injected into

a resin nelted inian)2Q e¥poidlert & & vihyoamombhe 4 egmmbdddyempf the
present invention preferably has a specific gravity of fromO0.3 to 0.9,

more preferahbky fimedhQadri0il. 8cidf, the specific gravity is less than 0.3,
foanms tend to rupture during the film25 formation, and if it exceeds 0.9,
the heat insul ati(dg) preeedlymeends 0 vie1ylowrosiadti deivagrdsdesid abl e.
Further, the thickness of the foaned layer in the 22 foaned filmof the
present imventitanali Smprafacalwter,0mnd30 to 200 pm nore preferably from 50
to 150 ~m If it

(v) a rubber-modified styrene polymer.

The above block copolymer (i) of a vinyl aromatic
hydrocarbon with a conjugated diene may be the same or
different from the above (a). As the vinyl aromatic

15 hydrocarbon polymer (ii), a homopolymer of the above
mentioned vinyl aromatic hydrocarbon, or a copolymer of
two or more of them may be employed. As a particularly
common one, a polystyrene or a polystyrene having a
syndiotactic structure may, for example, be mentioned.

20 It is particularly effective to use one having a weight
average molecular weight of at least 1,000,000 in an
amount of from 0.5 to 30%, further preferably, one having
a welght average molecular weight of at least 3,000,000
in an amount of from 1 to 10%, whereby the after-

25 mentioned elongation viscosity ratio can easily be
satisfied.

The copolymer (iii) of a vinyl aromatic hydrocarbon



is less than 30 pm the heat insulating property tends to be low, and if it
exceeds 200 ~im creases are likely to 5 formwhen the heat shrinkabl e | abel
is applied under heating to a beverage container, whereby the appearance
«is likely to he inpaired, such being undesirable. As specific exanples of
the chem cal foam ng agent to be used for the chem cal foam ng nethod, a

m xture of 10 sodi um bi carbonate and citric acid, azodi carbonam de,

azobi si sobutyronitrile, di azoani nobenzenet® N, N -

di ni trosopent anet hyl enetetram ne, N, N -dinethyl-N N - o

di ni t r ot er epKihBI AMFER) 2B&N2éRe3GEon}F RPERAZRRES PypPolymerizing

oxyhi sbenzenesul f onyl hydrazi de, a carbonate an n 15 organi,c _acid may, for
exanpl e, be HéﬁtPBﬂ ﬁ.mﬁﬁﬁé9ﬁﬁg HlnﬁixﬁﬁP@aEFngﬁgﬁﬁFBF S%bﬁﬁﬁpe and citric

idi f A d, ,wh b f ' to b ted, i
car bon' i bxi 4B° GRS o TRE R ERSA T CFo Bt g L NP ehERsh™ HRE NG ABRE i 5 not
ticularly_|imted 20 dit b doaof d bl endi it toth
Posin pol | SE¥P7E Aa¥nBA GFHGHTAQLLE LR MSAner S8F Ckn ok Erdder by means
of a quant i tgliyg (eeder 0 3-TeLh00 ofeAALO0 LL bY: BT £ROTEDO 2
as e In erlia

mast er batch contairning € sanme 'resin raw ma as the base.

The amount Ogcg?fig5a8'§8 'eagefcﬂaagpgiegse&dt.o ?ﬁea&g&g%ﬂ@g P§i§Pi{L§b' y

adj ust ed dependi ng upon the desire oamng ratio an nount " of the gas

gener at ed by?w@ema&ryna 296hkneZRet Al CEReSLS geiaxeg%b@_%g&.the physi cal
foam ng agent, carbon”di oxi de gas, propane, butane, h-péntane,

di chl orodi f | uor ofgthapevedepbo{RBRNQELYOLEMRE HAAGL aromatic
trichl orononof | uor onet hane, nethanol, ethanol and water, 5 may, for exanple,

he menti onedhy&eeuthenvivewRoantmeth)aakoliur eCatbobedoBxhdaedasyi s suitably
enpl oyed. As a nethod for adding the physical foam ng agent, a method of
suppl yi ngp i t pblyinBeieeAgeEhzoaRo0t aBnexbhuderiaklt arbhatieenter zone of the
first stage extruder in the case where 10 a tandem extruder is enployed, my
be menti onedhydFortlbon wttihmy lfeecahietlhgdanker eForresen pellets having a
foam ng gas inpregnated therein, are charged into an extruder to obtain a
f oamed sheet poTtmeanvahntionf, the or more types may be selected for use
with respect to the respective monomers. The
(meth)acrylate may, for example, be methyl acrylate,
15 ethyl acrylate, acrylic acid-n-butyl (or n-butyl
acrylate), isobutyl acrylate, hexyl acrylate, (2-ethyl)
hexyl acrylate, methacrylic acid methyl (or methyl
methacrylate), ethyl methacrylate, butyl methacrylate or
(2-hydroxy) ethyl methacrylate.
20 The above copolymer (iv) is preferably a
styrene/methyl methacrylate copolymer, a styrene/n-butyl
acrylate copolymer or a styrene/n-butyl acrylate/methyl
methacrylate copolymer.
The copolymer (iii) or (iv) is obtainable by
25 polymerizing a monomer mixture comprising a vinyl

aromatic hydrocarbon and (meth)acrylic acid, or a vinyl

aromatic hydrocarbon and a (meth)acrylate, in a mass



physi cal foam ng agent to be added may suitably be is adjusted dependi ng
upon the desired foamng ratio. In a case where additives are incorporated
as the case requires, such additives nmay, for exanple, be added to the
-above (a) and (h) in a prescribed proportion, followed by the sane m xing
met hod as descri bed above. 20 At the tinme of preparing the foanmed fil m of
the present invention, a foam adjusting fgent a crosslinking agent, a

f oam ng assistant an ant|stat|c agent filler, a lubricant, a
stabilizer, @Iast|C|zer ultr Eit a sorber an antioxi dant, a
pi grent , et cT2t38 RfySp&° n??e& R ﬁ&a ¥e2Ps4di s W% a range not to

i npair the pur | t i nvention such as the physical properties
of the foaneB Fﬁ?gtﬁe9$|$ ﬁ%n;y 24 for exanple, be a netal oxi de such

as nica, S|I|ca,ThaIug%3§ BBPa?SIU % gnaEerwg%skeEYm%al L, ”E%%F e or
titani um oxi de, wood® p ef alc erum car bona magnesi um carbonat e,

cal cium il i 63t e:10hapg bLAShe:9L388 3 Hhake o F%tggsas% dg Aganducti ve

naterlal such as a h "as "St ee nlnunt i ber, brass

fiber, %peErEth‘EEcOEﬁ&%‘c@'r%%%h%tre%' mohRfer %%'Qﬁ?n\ ehliB8f1 JTEt aI coat ed

carbon fi car bon ac graphite er, coated gl ass fi ber,

may al so be %ﬁ@%€w1%ﬂ TQﬁdeQQE@us'%ﬁb%th%% pr§§eBBe'OY§?l'QBohﬁtE@qUIr?d
to be such that at |east one |ayer is nmade of a foam of he above descri bed

bl ock copol yaparetakbesk eapOK¥ER: iLedTROSithieOprodaweYeh, dit the albsve
preferred that the foanmed filmis a multilayer filmwherein at |east one 15

outer |ayer bloeRecbppermer t(A¢ @asebefl empldoyayier snd Ssa tHeay@hdnymed from
the following (b"): (b') at |east one vinyl aromatic hydrocarbon pol yner
sel ect ed fromopbéyhekliaabig the)etdttyi )(metihl) rcayhlieckcdaparyrmer of a vinyl
aromatic 20 hydrocarbon with a conjugated diene, (ii') a vinyl aromatic
hydr ocar bon pokyhracriilaice) maycofolry eeampflea benylsegr.onBtikthhydr asar bon
with (neth)acrylic acid, (iv') a copolyner of a vinyl aromatic hydrocarbon
the elastomer, butadiene rubber, a styrene/butadiene
rubber, a styrene/butadiene block copolymer elastomer,
chloroprene rubber or natural rubber may, for example, be
used.
15 As the rubber-modified styrene polymer (v), high
impact polystyrene (HIPS), a MBS resin or a MBAS resin is
preferred, and high impact polystyrene is more preferred.
In the present invention, the mass ratio of the block
copolymer (a) to the polymer (b) i.e. (i) to (v), 1is (a)
20 20-100:(b) 0-80, preferably (a) 40-99.5:(b) 0.5-60, more
preferably (a) 60-99: (b) 1-40, on such a basis that the
total amount of (a) and (b) is 100. If the block
copolymer (a) is less than 20 parts by mass, the
shrinkability of the heat shrinkable film tends to be
25 low, and breakage is likely to result during the film

formation, such being undesirable.

It is preferred that the uniaxial elongation



25 with a (nmeth)acrylate, and (v') a rubber-nodified styrene pol yner
(provided that in the above (iii') and (iv'), the mass ratio of the 25
vinyl aromatic hydrocarbon to the conmononer copol ynerized wth the vinyl
-aromati ¢ hydrocarbon, is 5-99:95-1). Here, (i') in (h') may he the sane or
different from (a). Further, the polynmers (ii') to W in (b") my, 5
respectively, be the sane or different fr?g1the polymers (ii) to (v) in
(b). The outer layer or one layer in the Case of two |layers, is nore

referably a l.ayer .forned of at |e on | ynmer . conponen el ected from
Itohe gr oupycoFf%is),'~cff}|sr3r§yo1n 2165t §r 8ﬁ2h35t §&Pgﬁe¥8¥38&k’m8 p8Fyh€§, L’EOCE

pol ystyrene, a tvrene/ net hacr.yli ¢ aci d_caopol. L, a_styrene/ nethyl
met hacryl atec888§I r,coénpgtsﬁ(r\té}réél/ %—%%teyluséa%?ﬁ?{]atee (?orp% eﬁl r, a

t / n-but y| .y| at t vl I | hi gh i t
0l ystyr one. (HYBGT L8 \BETLEat e Th ot A NRS POt e, Tor the above

MBS resin or the NBASIesin,>1firstly, a rubber |atex of polybutadiene or a
copolymer of butadiene with styrene, is produced by a known emnmul sion

pol ymeri zati on metlhocloMgathiadn tvinegosai t30 0 assldkkigtraaigernt or a chain
transfer agent may be enployed. Then, for the MBS resin, styrene, nethyl

met hacryl at e and/rdr. San edldndataicny haitseeassi tadded Hendky sstraudbber. 3 at ex, and
for the MBAS resin, styrene, nmethyl nethacrylate, acrylonitrile and/or an
al kyl acryl ate i 125 wdided ¢l siwivat rarbbersdeigy, folkrowed 4y ar af t

pol yneri zation. The al kyl acrylate to be used for the MBS resin or for the
ML3AS resin dmgele far ghley|f camiyica e oz@ s saditliidned fwia IPalesyeact to the above
copolymer of the vinyl aromatic hydrocarbon (iii) with a (nmeth)acryl ate.
The heat shrmakgblialf daedgenan of LeabupeeBiaplopkveaprmpalady bve Jobeai ned by
monoaxi ally, biaxially or 5 nmultiaxially stretching a foaned sheet or a

f oamed f 19 m Ercigded Hy Rhdedemy  Thubd irdtaso dpvoKopunshilkamkeakaiod P enpl oyi ng

t he above descri bed bl ock copol yner _or bl ock ,
111-116). In the foamed film, foams are preferably in

the state of closed cells. However, closed cells become
open cells upon rupture. If such open cells will further
grow, the film is likely to break. Thus, a film which

15 maintains closed cells without rupture, is one having a
good uniaxial elongation viscosity characteristic, i.e.
one having a high strain hardening property.

The strain hardening property means such a nature

that when a material undergoes a substantial deformation

20 by uniaxial elongation, it shows a sharp increase in the
elongation viscosity. Here, in the case of uniaxial
elongation, the strain at the time of deformation is
defined by a natural logarithm of the elongation ratio,
which 1s so-called Hencky strain. The index for the

25 strain hardening property can be obtained by taking a
ratio of the elongation viscosity at the time of a small

deformation (i.e. in the case of Hencky strain 1) to the



copol ymer conposition. As an exanple for nonoaxial stretching, a nmethod of
stretching an extruded foaned 10 sheet in a direction perpendicular to the
extrusion direction by a tenter, a nethod of stretching an extruded
-tubul ar foamed filmin the circunferential direction, or a nethod of
stretching an extruded foanmed sheet in the extrusion direction by rolls,
may, for exanple, be 15 nentioned. As an exanple of biaxial stretching, a
met hod wherein an extruded foaned sheet 1% stretched in the extrusion

di rection by - et ched..i.n diregt i er i cul. to the
extrusion di?ggbbéﬁggg gqggggggg %E ?Rg F?wg,bgrgah%%?%o %%Eg?%#ﬁ %h

extruded 20 Qg_gla&nfgﬂgegagglgkiﬁeﬁg |%§?§9H5E¥59ﬂ separately stretched
Ifcu

in the extrusion direction and the ¢ erential direction. Further, the

heat shrinkabl e fsQamed Mdhida¥aonf WiBedd thhe Rres et graeitdnn, my be
produced by lamnating a 25 heat shrinkablé filmto a foaned fi'l m nade of

the above bl geknheaprgl ¥ABEObbEREk G0ROKLYTEN sCORBRS LhRFer@bitO wa tHiganed
mul tilayer filmhaving af | east one foamed | ayer 27 "nade of the block

copol yners or gbk-agkeCoOROkYBRI 1.©0RROSI i onTANg: at 5| pass engnnenif oamed
t hernmopl astic resin layer. The nmethod for |am nation may be a common

met hod such agpaufet Bed rearkoyisng ide1gdiesbeeebughttebibemtd sef tieating, but
if the tenperature becones too high, the heat shrinkable filmundergoes

shrinkage, suehebeiEngoanndesi aabl ef Theekespasabuse kol lea@ndaitiem i s not
particularly limted, but a preferred tenperature range is |ower than 70'C
10 Further, whecbeatysbfi tkabmatbedasedimgklifl ayersf icombeoth iighe gprdesent
invention may al so be obtained in such a nmanner that the above resins are
respectivel yterbtedoi be axtrdly doamedhi nesthoughr ohé aadpeeatulkayefs and an
interlayer (inner layer), and they are nulti-layered in ais die or by a
feed bl otk otheheekikedischhoged lfiyommtheaexahushioaxidile et rllet itaxieal
stretching as described above. Here, the inner layer of the multilayer film
may not necessarkebgrhiegathengoamedydrnlandsmay, the cdarindtybef 200°C,
the temperature for the measurement is set to be 120°C,
since it 1is preferably close to the temperature
immediately before the foams will be set i.e. immediately
15 before the resin will be solidified in contact with e.g.
a cooling roll.
For the strain hardening property, the ratio in the
elongation viscosity between the case of strain 1
(corresponding to 2.7 times the uniaxial stretching
20 ratio) and the case of strain 1.5 (corresponding to 4.5
times the uniaxial stretching ratio) was taken as an
index.
Further, as the measuring device, one so-called
Meissner model is common, and such a measuring device is
25 commercially available.

To the block copolymer or the block copolymer

composition to be used in the present invention, various



two or nore layers. 20 Further, the layer ratio of the nmultilayer film of
the: present invention is not particularly limted, but the non-foaned | ayer
is preferably at nost 50% of the entire thickness to obtain good heat
-insulating properties and preferably at |least 5% to obtain good 25 printing
properties. In the present invention, the stretching tenperature 1is
preferably from60 to 120'C. If it is lower than 60'C, 28 the filmis
likely to rupture at the tine of stretchi%%, and if it exceeds 120'C, good
shrinking char i St e rdl ai | e, e
undesirable.g ?ﬁkﬁgggabgﬁcB%a?ﬂfggpggg?%b ?%w??%iﬁg%%rghgéﬁggsgro§?T9+5'C 5

to Tg+200C where Faiks,Lhe 9Lassuls aRaklian LeIPRralue; of the composition

constituting the n the case o mul tilayer film th respect to Tg

of the pol ynﬁ%si%@%‘eg,tilﬁ?h?f rbhe chayer whicthhas bhentaweslorteniidy s
particularly preferably wthin a range of fromTg¥5'Cto 10 Tg+2 O°C. Here,

the glass trapshkikonptgeperature, (Tgkiista®ne aoRhrisnednftiamdia eeak
tenperature of the | oss nmodulus. The stretching ratio is not particularly

limted, dutahsnpkef arabhkyif 6emsl. $i10e8 st i PRGmekfd,t flameess is than 1.5
times, the heat shrinkability tends to be inadequate, and if it exceeds 8

times, stretebipgdh@R@ds ahe hevHilhntd maysuehrbebiepirdeys able. In a case
where such a filmis used as a heat shrinkable | abel or a packaging

materi al, theeheabnshri nkage is preferably at 20 |l east 10%at 70°'C in 10
seconds. If the heat shrinkage is less than 100-., a high tenperature wl|
be required duriThg tdhevehrstakade,zeand magcorfdim@Example adeersgpraidalct 1S
likely to be given to the article to be covered with this filmor label. A
preferred heaypshantkagedantatuzh keast-tEx¥%-dtithile 6sare teanpénatilr-e.-
Further, the natural shrinkage is preferably at nost 2.5%at 400C for seven
days. Theo enhiydeoilyi-Ck meshydbentzy 1hedt- meluhiydohgayfl lamriyd a2@, @r-efler@ y from
30 to 200 ~im nore preferably from50 to
hydroxy-3,5-di-tert-pentylphenyl)ethyl] -4,6-di-tert-
pentylphenyl acrylate or 2,6-di-tert-butyl-4-
methylphenol, and a phosphorus type antioxidant such as
trisnonylphenyl phosphite. The processing assistants,
15 light resistance improving agents, softening agents,
plasticizers, antistatic agents, anti-fogging agents,
mineral oilsg, fillers, pigments and flame retardants,
may, for example, be common known products.
Further, as the lubricants, dimethylpolysiloxane,
20 methylphenylpolysiloxane, a fatty acid, a fatty acid
glycerol ester, a fatty acid amide and a hydrocarbon type
wax may, for example, be mentioned.
The block copolymer composition to be used in the
present invention is obtained by mixing (a) and (b). The
25 mixing method is not particularly limited. For example,

a Henschel mixer, a ribbon blender, a V blender or the

like may be used for dry blending, and further, the



150 Pm As an application of the foamed film the heat shrinkable foaned
filmor the heat shrinkable foamed 5 nultilayer film of the present

i nvention, a heat shrinkable | abel or a heat shrinkable cap seal, nay be
-mentioned as particularly preferred. Further, such a filmmy al so be
useful as a packaging filmor the like. The heat shrinkable | abel nmay be
prepared by a known 10 nethod. For exanple, it may be prepared in such a
manner that the stretched filmis printe%ﬂand sol vent - sealed so that the

stretching di E%fst 528, Sogl i) 'y Red g 4t Q%dcg%cl‘ig@%%'&t by G leeti ol Furt her,

it may be prepa In“such a nan er that a pri féat shrinkabl e

abel is Dondeletfsacnonnes! releBed iaamedutil, tmdpfzg%c%q'o%eg 3919 is

carried out so that the shrln abl e ction

ci rcunt erent 5:@'s Ftrt:i%' g'&l%%%%% bhe aheat sglgenkall e of 1|nrﬂtciratt1%?1 heat

shri nkabl e | mof the present i1nvention is used as a heat

shrinkabl e |§H§|po§ e¢QRLRI; REr H%rW%bCQh%h%oh§g%&1dé%f@ﬂﬂﬂéﬁétﬂdi'Hy
particularly linmte but a metal can~ contai nér (such as a three piece can

and two piecgu¢ang t9% %o%%p@%@aQ%bhke o¥arhempda vafedd.n plate, TFS or 25
al umi num~ a container made of glass, or a confai her made of polyethylene

terephthal ate (refer @ddeo wiida )écﬁﬁtﬁ'ir@s dre iflorpciedy Jy afier ably
enpl oyed. Further, the film30 of the present invention has a specific

gravity of |esse E@Qﬂlies\/\h%ﬁl%@b/aﬂfdﬁﬁlmdn@% a flaabelxapied BT bottle, it
can he separated fromthe container in water and thus has a nerit that it

i s excell ent fukthegyaldded to> Nbw, ableepri@senind NBeNntinoa Widddte ritdseyd bed in
further detail with reference to Exanpl es. However, it should be understood

t hat the prepebpoirnient i dolileoweyd by misdng bestthieC sathe misdicly seedtidd
Exanpl es. EXAMPLE 1 10 EXAMPLE 1-1 to 1-6 AND COVPARATI VE EXAMPLES 1-1 to
1-S (A 1€onpendetsriubed fabovieeat shrinkable nmultilayer film

The foamed film of the present invention is required
to have a foamed layer employing the above composition.
Formation of the foamed layer may be carried out by a
method which is commonly employed, i.e. any one of a

15 chemical foaming method wherein a resin is foamed by a
gas generated by thermal decomposition of a chemical
foaming agent when the resin and the chemical foaming
agent are melt-kneaded, and a physical foaming method
wherein a gas is injected into a resin melted in an

20 extruder to let it foam.

The foamed film of the present invention preferably
has a specific gravity of from 0.3 to 0.9, more
preferably from 0.3 to 0.8. If the specific gravity is
less than 0.3, foams tend to rupture during the film

25 formation, and if it exceeds 0.9, the heat insulating

property tends to be low, such being undesirable.

Further, the thickness of the foamed layer in the



Component (a) Vinyl aromatic hydrocarbon/conjugated diene block copol yners
as shown in Table | were used. is TABLE 1-1 Pol ynmer Proportions of
nononer Bl ock proportion units (mass% (mss% Butadi ene 18 al Styrene 8272
-But adi ene 26 a2Styrene 7476 Butadi ene 54 a3Styrene 4680 Butadi ene 4
a4Styrene 9690 Conponent (b) : Vinyl aromatic hydrocarbon polyners as shown
in Table 1-2 were used. 31 TABLE 1-2 PolxggrPolyner structureProportions of
nmononer units (nmassy) bl Pol ystyreneStyrenel00 b2Styrene/ met hacrylic

aci dMet hacrylei,gragl #39Ceo ltlﬁ@?%%%@e%%}é?@i%e NQ/ RdetlaiAGs Wrdhen- Butyl
acryl ate20 copol yner St yrene80 b4St yrene/ met hyl Met hyl “met hacr yl'at e22

met hacryl at e3gopel BBl Jhy " @lde &8 pPleyleR@/ 1R T BoBuaylisach .at ekdit _
b5acryl at e/ met hyl Met hyl met hacryl ate7 nethacryl ate copol yner Styrene79 b6H gh

i mpact pol ystyr eeaBut-adinenet %l Y eke He CONRRAaRYk i pAdPErtyf HEIdL to
hydr ocar bon polyners at shown in Table 1-3 were useéﬁ s TABLE 1-3

Pol yrer Pol ympe Sbit)ClhmdeRToper leixeredef 2monemEr ctislse s messMikely to
St yr ene/ but adi ene bl ockBut adi ene22 cl copol yner St yrene78
5 form when the heat shrinkable label is applied under
heating to a beverage container, whereby the appearance
is likely to be impaired, such being undesirable.
As specific examples of the chemical foaming agent
to be used for the chemical foaming method, a mixture of
10 sodium bicarbonate and citric acid, azodicarbonamide,
azobisisobutyronitrile, diazoaminobenzene, N,N’-
dinitrosopentamethylenetetramine, N,N’-dimethyl-N,N’-
dinitroterephthalamide, benzenesulfonyl hydrazide, p,p’-
oxybisbenzenesulfonyl hydrazide, a carbonate and an
15 organic acid may, for example, be mentioned. However, a
mixture of sodium bicarbonate and citric acid is
preferably employed, whereby a foaming gas to be
generated, is carbon dioxide gas. The method for adding
the chemical foaming agent is not particularly limited,
20 and it may be a method of dry blending it to the resin
pellets, a method of adding it in a hopper of an extruder
by means of a quantitative feeder, or a method of adding
it by preparing a masterbatch containing the same resin
as the main raw material as the base. The amount of the
25 chemical foaming agent to be added, may be suitably
adjusted depending upon the desired foaming ratio and the

amount of the gas generated by the foaming agent.



c2Pol ystyreneStyrenelO0 Styrene-n-butyl acrylaten-Butyl acrylatel?
c3copol yner St yrene83 Styrene-net hyl Met hacryl atel2 c4net hacryl ate
copol ymer St yrene88 C5Hi gh i npact pol ystyreneBut adi ene7 Styrene93
-c6Styrene-nmet hacrylic aci dvet hacrylic acid7 copol yner Styrene93 (B)
Preparation of filmUsing the vinyl aromatic hydrocarbon/conjugated di ene
bl ock copol ynmer (a) shown in Table 1-1, b?e vinyl 10 aromatic hydrocarbon
pol ymer (b) shown in Table 1-2 and the %yl aromati ¢ hydrocarbon pol yner
(c) shown in Tablg <13 feate ghiivalre (i tHa%ela ol iddn ey e durgpared to
have the bl end anmobunts (nass parts) of the raw material 32 ™pol'yners of the
respective | ayepsnandokieael auer b%bgaﬁe,(%ht%%p%h%W@eh&a£%Q|eS 1-4 to 1-5.
Wth respect to Exanples 11 to 1-b, Conparative Exanples 1-1 to 1-3 and

Conpar ative BXaRBbeoli¥1ub@ohBehBgkY Mali Bl cRSMAIRIE 19107 MRe SN conpri si ng
conponents (a) and (b), 1.5 phr of a chem cal foam ng agent (Hydrocerol

CF-40S, manutaetunegoh¥neifalicadn:thaseddaed nasnod ,f eaMane1aGedt watldt,
Conpar ative Exanple 1-4, no chem cal foam ng agent was added. 10 For a

film firstlyapol ¥oRr examppel, y Ber medfpesietli. oONBrofOthespPeawpdgnt ookhe
respective layers were nelted by separate extruders and multi-layered in a
T-die to forgadetsheehrbavi ddoxitki ghress eli®ablymempleryeday Aeaas of a
bi axi al stretching device manufactured by Toyo Sei ki 1ls Sei saku-sho, Ltd.,
t he sheet i smetapsyvépsehydingoakieabhysistrletfolhed nig weenitnes atetdosl ot chi ng
tenperature shown in Table 1-4 or 1-5 to obtain a stretched film In Tables
1-4 and 1-5, subpliliegd ianmbontde( panterbygonenss) aof exXxiteudaw mat ¢ dahepol yner s
for the respective 20 layers and the |ayer ratios (% are shown together
with the physntelr poogecti ébhe Earsliestage Exdnpides, rartiheus asiey sibheale
properties of
10 a tandem extruder is employed, may be mentioned.
Further, it may be a method wherein resin pellets having
a foaming gas impregnated therein, are charged into an
extruder to obtain a foamed sheet. The amount of the
physical foaming agent to be added may suitably be
15 adjusted depending upon the desired foaming ratio.
In a case where additives are incorporated as the
case requires, such additives may, for example, be added
to the above (a) and (b) in a prescribed proportion,
followed by the same mixing method as described above.
20 At the time of preparing the foamed film of the
present invention, a foam-adjusting agent, a crosslinking
agent, a foaming assistant, an antistatic agent, a
filler, a lubricant, a stabilizer, a plasticizer, an
ultraviolet absorber, an antioxidant, a pigment, etc.,
25 may be mixed, as the case requires, within a range not to

impair the purpose of the present invention such as the

physical properties of the foamed film. The filler may,



films were neasured by the follow ng nethods. (1) dass transition
tenperature (Tg) 25 For the glass transition tenperature (Tg) of a polyner
conposi tion, the loss nodulus was neasured by a dynam c viscoelasticity
‘met hod in accordance with the 33 follow ng procedure, and the gl ass

transition tenperature was obtained fromthe peak val ue.

(i) Pellets of

each polyner (a polyner or polynmer conposjtion itself w thout containing a
24

foam ng agent) 5 were heat-pressed under

condition of from 200 to 2500C

to prepare afé?eékaﬂg‘iéngb% ?ahh%lﬁ@?ts% Qfdef @0aL (9 G 5er‘1‘1¢%‘ i) Fromthis

sheet, a test speci

havi ng a sui tabl'e size was cut ‘out an

stored for at

| east 24 10 Q@uﬁénw BokaQ® %étgn%@%hqsk%&at 48 hum dhdie0lor50%  and
then the | oss nodul Us specific to the polyner conmposition in the test

speci men “ﬁstﬁgaﬁgﬁﬁdOQngeaﬁ§onpo%@%rfok%QWﬂnga@%&bﬁﬁc@&bdﬂ%hke t he
tenperature was changed. 15 Devi ce W Solid viscoelasticity neasuring

devi ce RAS2 papdbashiir earabnahgorretarlbquacIse_ntlbfart% | Bl ass( FebereNpahaisur e
range: fromroomtenperature to 1300C, set tenperature rai sing rate:

4' C/'mn, 4hefmgasubirnglakeeaeadey: A EBhddét{¥¢ mensthiglnogdubHsasVWth

respect to the stretched filmprepared as described above,

the tensile

modul us of gkasalli €iby¥ri Buahnag- steeflcatedi, r a¢im@Rua S iRaSUeGsat 23" C by
means of TENSI LON uni versal tester (RTC 1210A) nanufactured by A& Co.,

LTD. in accofdbage wopbedl $iRerKes87kta(id) edeaktelrli fkdge ,( YarBhohi | m was
imrersed in warm water of 70'C for 10 seconds, whereupon the heat 34

shri nkage wafibalkcuhated-bpatkd talbon Hdbear, Mekhabotie&tl ashr,i Mitaghite
{(L1-L2)/L1} x 100 where L1 is the length before imersion (in the
stretchi ng dppederonpyr ardal?2 ciostele dlasgt f idktrer mays ladisiok ge aadeidnmrer si on

in warmwater of 70C for 10

10 The foamed film of the present invention is required

to be such that at least one layer is made of a foam of

the above described block copolymer or block copolymer

composition. However, it is also preferred that the

foamed film is a multilayer film wherein at least one

15 outer layer or one layer in the case of two layers, is a

layer formed from the following (b’):

(b’) at least one vinyl aromatic hydrocarbon polymer

selected from the following (i’') to (v'):

(i’) a block copolymer of a vinyl aromatic

20 hydrocarbon with a conjugated diene,

(ii’) a vinyl aromatic hydrocarbon polymer,

(iii’) a copolymer of a vinyl aromatic hydrocarbon

with (meth)acrylic acid,

(iv’) a copolymer of a vinyl aromatic hydrocarbon

25 with a (meth)acrylate, and

(v’) a rubber-modified styrene polymer (provided

that in the above (iii’) and (iv’), the mass ratio of the



seconds (in the stretching direction) (4) Natural shrinkage: The natural
shrinkage of a filmwas neasured by the following nethod. (i) Froma
stretched fil m prepared under the sane 10 conditions as the stretched film
-having the heat shrinkage nmeasured, a test specinmen of about 75 mmin the

| ongi tudi nal direction and about 400 nmin the transverse direction (the
stretching direction) was cut out. (ii) Reference lines were inparted at
interval s of is 300.0 nmin the transverse direction of this test

spectren. (1 by NGy SHECLENAAALLLILKRR BLOLAN LBnBnbRBLeLoRh dhe 20U onont

of 40C. (iv) er stora I'lmwas taken out, and the
l'ength L (mm),;bgt ‘éﬁ@nvEH?ldhEBﬁE@QEeh#rl:iggéar%ﬁ measyred .y _pgans of

calipers to 0.1 mmunit.”(v) The natu shrinkage (% "was cal cul ated by the

fol lowing formul ge Mat ynal) Shri@kggeay HR0RHR- lhind0@,0 c?if]f_%(%e%:‘t (Fontteat

i nsul ating properties: The heat |nsulat|ng properties of a filmwere
neasured by the foklovhaog, @Eéh?@lyﬁ@r s(l1iA fEbmypas oyt (QUf haya size of

90 mmin the Iongltudlnal direction and 200 nn1|n t he transverse "direction

froma std et ehagdebihepiepaeedndndamet Be S3RBereandict-ban$ has pbigmatiset ched
filmused for the measurement 5 of the heat shrinkage. (ii) ThIS filmwas

wound on an akum aembot the (pan (provided with a cap) having a cylindrical
portion with a dianmeter of 66 nmand heated at 70'C for 10 seconds to
obtain a fil mcorteedutent diafer. ok0opid layidet ivatele @faseb¥E was put into
this container. (iv) This container was held by grabbing the film portion
wi th a hand, lagdrtheiti merenpirkfetrabdy a0 lbhgagef orimeldd oty atha ehamnd onas
eval uated by the following standards. 15 0: It can be held for at |east 30
seconds. X pbiymam bempehdntosedrkyebessomh&hel@roup consisting of a
10 styrene/butadiene block copolymer, a polystyrene, a
styrene/methacrylic acid copolymer, a styrene/methyl
methacrylate copolymer, a styrene/n-butyl acrylate
copolymer, a styrene/n-butyl acrylate/methyl methacrylate
copolymer, a high impact polystyrene (HIPS), a MBS resin
15 and a MBAS resin.
Here, for the above MBS resin or the MBAS resin,
firstly, a rubber latex of polybutadiene or a copolymer
of butadiene with styrene, is produced by a known
emulsion polymerization method. At that time, a
20 crosslinking agent or a chain transfer agent may be
employed. Then, for the MBS resin, styrene, methyl
methacrylate and/or an alkyl acrylate is added to this
rubber latex, and for the MBAS resin, styrene, methyl
methacrylate, acrylonitrile and/or an alkyl acrylate is
25 added to such a rubber latex, followed by graft
polymerization. The alkyl acrylate to be used for the

MBS resin or for the MBAS resin may be an alkyl acrylate



seconds. (6) Printability: Afilmwas cut out in a size of 75 nmx 400 nm
and an ink (STR722 yell ow, manufactured by 20 Dainichiseika Color &

Chem cals Mg. Co., Ltd.) was applied on the surface of the filmby a bar
-coater and evaluated by the follow ng standards. Here, with respect to the
multilayer film the ink was applied to the non- foanmed |layer. 25 0: The
edges of the applied portion are |inear. X The edges of the applied
portion are waving. From Tables 1-4 and 4° 5, it is evident that the heat 36

shrinkabl e fif eﬁl%ﬁaehh%ﬂ%rhe%%tpédy%@ QR AfRRX sﬂoﬁ:}émef iede shrinkage,

anti-natural shrinkage, heat 1insulating propertie printability. 37
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The heat shrinkable foamed f11m of the present

invention may be obtained by monocaxially, biaxially or

5 multiaxially stretching a foamed sheet or a foamed film
extruded by a known T-die method or a tubular method
employing the above described block copolymer or block
copolymer composition. As an example for monoaxial
stretching, a method of stretching an extruded foamed

10 sheet in a direction perpendicular to the extrusion
direction by a tenter, a method of stretching an extruded
tubular foamed film in the circumferential direction, or
a method of stretching an extruded foamed sheet in the
extrusion direction by rolls, may, for example, be

15 mentioned. As an example of biaxial stretching, a method
wherein an extruded foamed sheet is stretched in the
extrusion direction by rolls and then stretched in a
direction perpendicular to the extrusion direction by a
tenter or the like, or a method wherein an extruded

20 tubular foamed film is simultaneously or separately
stretched in the extrusion direction and the
circumferential direction.

Further, the heat shrinkable foamed multilayer film

of the present invention may be produced by laminating a

25 heat shrinkable film to a foamed film made of the above
block copolymer or block copolymer composition, or to a

foamed multilayer film having at least one foamed layer
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made of the block copolymer or block copolymer
composition and at least one non-foamed thermoplastic
resin layer. The method for lamination may be a common
method such as a method employing an adhesive or a method

5 of heating, but if the temperature becomes too high, the
heat shrinkable film undergoes shrinkage, such being
undesirable. The temperature for lamination is not
particularly limited, but a preferred temperature range
is lower than 70°C.

10 Further, the heat shrinkable foamed multilayer film
of the present invention may also be obtained in such a
manner that the above resins are resgpectively melted in
extrusion machines for front and rear layers and an
interlayer (inner layer), and they are multi-layered in a

15 die or by a feed block or the like, followed by
monoaxial, biaxial or multiaxial stretching as described
above. Here, the inner layer of the multilayer film may
not necessarily be a single layer and may, of course, be
two or more layers.

20 Further, the layer ratio of the multilayer film of
the present invention is not particularly limited, but
the non-foamed layer is preferably at most 50% of the
entire thickness to obtain good heat insulating
properties and preferably at least 5% to obtain good

25 printing properties.

In the present invention, the stretching temperature

is preferably from 60 to 120°C. If it is lower than 60°C,
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the film is likely to rupture at the time of stretching,
and if it exceeds 120°C, good shrinking characteristics
tend to be hardly obtainable, such being undesirable. It
is particularly preferably within a range of from Tg+5°C
to Tg+20°C, where Tg is the glass transition temperature
of the composition constituting the film. In the case of
a multilayer film, with respect to Tg of the polymer
composition of the layer which has the lowest Tg, it is
particularly preferably within a range of from Tg+5°C to
Tg+20°C.

Here, the glass transition temperature (Tg) is one
obtained from the peak temperature of the loss modulus.

The stretching ratio is not particularly limited,
but is preferably from 1.5 to 8 times. If it is less
than 1.5 times, the heat shrinkability tends to be
inadequate, and if it exceeds 8 times, stretching tends
to be difficult, such being undesirable. In a case where
such a film is used as a heat shrinkable label or a
packaging material, the heat shrinkage is preferably at
least 10% at 70°C in 10 seconds. If the heat shrinkage
is less than 10%, a high temperature will be required
during the shrinkage, and accordingly, an adverse effect
is likely to be given to the article to be covered with
this film or label. A preferred heat shrinkage is at
least 15% at the same temperature. Further, the natural
shrinkage is preferably at most 2.5% at 40°C for seven

days. The entire thickness of the heat shrinkage film is

N r>1HN
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preferably from 30 to 200 um, more preferably from 50 to
150 um.
As an application of the foamed film, the heat
shrinkable foamed film or the heat shrinkable foamed
5 multilayer film of the present invention, a heat
shrinkable label or a heat shrinkable cap seal, may be
mentioned as particularly preferred. Further, such a
film may also be useful as a packaging film or the like.
The heat shrinkable label may be prepared by a known
10 method. For example, it may be prepared in such a manner
that the stretched film is printed and solvent-sealed so
that the stretching direction is aligned with the
circumferential direction.
Further, it may be prepared also in such a manner
15 that a printed heat shrinkable label is bonded to a non-
stretched foamed film, and then solvent sealing is
carried out so that the largely shrinkable direction is
aligned to the circumferential direction.
When the heat shrinkable film or the heat shrinkable
20 multilayer film of the present invention is used as a
heat shrinkable label, the container to which the label
is applied, is not particularly limited, but a metal can
container (such as a three piece can and two piece can,
or a capped bottle can) made of tin plate, TFS or
25 aluminum, a container made of glass, or a container made
of polyethylene terephthalate (referred to simply as PET)

is, for example, preferably employed. Further, the film
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"REFERENCE EXAMPLES 1 to 6 In these Reference Exanples, a cycl ohexane sol vent
was used, and using n-butyl lithiumas an initiator and 5 tetrahydrofuran
as a random zati on agent, styrene and butadi ene were copol ynerized to
produce bl ock copol yners having characteristics as shown in Table 2-1.

of the present invention has a specific gravity of less
than 1, whereby when used as a label for a PET bottle, it
can be separated from the container in water and thus has
a merit that it is excellent in recycling.

5 Now, the present invention will be described in
further detail with reference to Examples. However, it
should be understood that the present invention is by no
means restricted to such specific Examples.

EXAMPLE 1
10 EXAMPLE 1-1 to 1-6 AND COMPARATIVE EXAMPLES 1-1 to 1-5
(A) Components used for heat shrinkable multilayer
film
Component (a): Vinyl aromatic hydrocarbon/conjugated
diene block copolymers as shown in Table 1 were used.

15 TABLE 1-1

, Block
Proportions of monomer .
Polymer . o proportion
units (mass%) N
(mass%)
al Butadiene 18 79
Styrene 82
a2 Butadiene 26 e
Styrene 74
a3 Butadiene 54 80
Styrene 46
Butadiene 4
4 0
a Styrene 96 2
Component (b): Vinyl aromatic hydrocarbon polymers

as shown in Table 1-2 were used.



REFERENCE EXAMPLE 1 (1) In a reactor, 490 kg of cycl ohexane as a io

polynmeri zation solvent and 2.1 kg of styrene nononer were charged and

mai ntai ned at 30C. (2) 1,830 ml of a cycl ohexane sol ution containing 10
‘mass% of n-butyl |ithiumwas added as a polynerization catalyst solution

t hereto, whereby the styrene nononer 15 was subjected to anion

pol yneri zation. Further, in all of the pgo]ynerization catalyst solutions in
the subsequent Exanples and Conparative anpl es, a cycl ohexane sol ution
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styrene non
the reactio
amount of 1
si mul t aneou
respectivel
mai nt ai ned
conpl etely
was nainta
reacted. s
and t he pol
termnal s
cont ai ni ng
random stru
(1) Into a
8.4 kg of s

ner was

conpletely consuned

ile the internal tenperat

I
11 f’%y%ﬁ

and butadiene |n a total

S pBi Al Redyuat,80C, S

tRropREt herdrasr MoRoBeT ot al
ardgat (wdss¥W4. 1 kg, were

51y Hdded

| Pattyeoniegrent rat es of 25

Stxxrgnig/ hr and 9. 4 |kd/Or

Y, ebr%d af

AS 1t Wi

Seyrevoimuitéiiconl b¢ adia 3
sopbbymgs ve m nutes. 40

ddithronylihercsyist emwas 0
S4xepet er but adi end &9

consuned,
ned at ]

Sk bre frivéoutiyl eaoray 1 atenmy
[ 56poBymér kg of but adi end

er-Buye afritleeer eactl|i orz0sg
dvyseadded all at adnceod

5) .Furtl
/merl?‘lzati

Sty r8rie Bndedhydf styrene n
orthasrgloige ebpdlysy Al

Drehwil washaddadtal || aR
Isyyaleyiaeri zati on act|i ves

bre  deag
- padsyner
ctural pq

Sk yated/hypusgtier to obt g

akayi age atphstlyr ene bl oo
ek basrwliatestcppehemand I

imBatpdl yeerlagzel utidn 14

kethiQ pethdntyadicene bl og
tadieene. REFERENCE |EXANVH

eact or,

1

yrefe mp

Butapgakyaeri zati on sol ven

90 Kg_of h
oer gt Fod Ve gy o

l'ithium was enpl oyed. 20 (3) After the

ure of

was
ystem
nd
once,

ks and
LE 2
t and

retyirenat ai ned at 30Q. (s?)

m of the polynerization catal yst solution

styrene nononer was subjected

Component

(C): Vinyl aromat
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was added thereto, and th
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ic hydrocarbon polymers

5 TABLE 1-3
Proportions of monomer
Polymer Polymer structure units (mass$)

Styrene/butadiene block Butadiene 22

cl
copolymer Styrene 78
c2 Polystyrene Styrene 100
o3 Styrene-n-butyl acrylate |n-Butyl acrylate 17
copolymer Styrene 83
cd Styrene-methyl Methacrylate 12
methacrylate copolymer Styrene 88
, . Butadiene 7
ch High impact polystyrene Styrene 93
c6 Styrene-methacrylic acid | Methacrylic acid 7
copolymer Styrene 93

(B) Preparation of film

10

1, 240
e

Using the vinyl aromatic hydrocarbon/conjugated diene

block copolymer
aromatic hydrocarbon polymer

the vinyl aromatic hydrocarbon polymer

1-3,

have the blend amounts (mass parts)

(a)
(b)

shown in Table 1-1,

the vinyl
shown in Table 1-2 and

(c)

heat shrinkable multilayer films were prepared to

of the raw material

shown in Table



(3) After the styrene nononmer was conpletely 20 consuned, while the interna
tenperature of the reaction systemwas naintained at 80C, styrene nononer
in atotal amount of 115.5 kg and butadiene in a total amount of 14.1 kg
‘were sinultaneously added at constant rates of 77.0 kg/hr and 9.4 kg/ hr,
respectively, and after 25 conpletion of the addition, the system was

mai ntained as it was, for five mnutes. 44) After butadi ene gas was

conpl etely consuned, 41 while the i nt er n&d tenperature of the reaction

system was EB& ék@egfaEhZ5QQs é9t5v5919§e9Htaﬁﬁeﬂﬁemﬁﬁyéqd%gt%b% at once
and reacted. Furt her, E styrene nononer was added all 5 at

once, and thQ Pobﬁnghb%ﬁthﬁnTﬂﬁieeoﬁphetgdl 66) W iEnpplypeetzabion active
termnals were deactivated by water to obtain a pol ymer sol ution

cont ai ni ng aERQhFMBé hayi g pokystympAeabloekexampokybutadicena -bl gglgs and
random structural portions of 10 styrene and butadi ene. REFERENCE EXAMPLE 3

(1) In a reacbpparddsvkoeebmpyel ahexane aseapop9merebirzabilgmesol vent and 4.2
kg of styrene nononer were charged and nai ntained at 300C. 15 (2) 980 m of

t he pol yneri zaimporicabal yshpsaklihgosompadaeaddedal) handt gb)and .shehst wfene
nononer was subjected to anion polynerization. (3) After the styrene
nononer was aothkatehy feoamsnnedgewhi [(Hytikecembér aal408nperature of the
reaction 20 systemwas nmintai ned at 800C, styrene nononer in a total
amount of 65mdnk@aandrbdt by €heriana)t ehal addedntisoh Fo@mikg wereat .

si mul t aneously added at constant rates of 43.4 kg/hr and 3.85 kg/ hr,
respecti vel yIna@dmphtret ivenBiketmpdr 1lo#,t he atidinticed, ftheingstgentasias

mai ntained as it was, for 25 five mnutes. (4) After butadi ene gas was
conpl etely ceddemed, while the internal tenperature of the reaction system

was 42 maintained at 60C, 25.8 k% of but adi ene was added all at
i0 For a film, firstly polymers or polymer compositions

corresponding to the respective layers were melted by
separate extruders and multi-layered in a T-die to form a
sheet having a thickness of 0.4 mm. Then, by means of a
biaxial stretching device manufactured by Toyo Seiki
15 Seisaku-sho, Ltd., the sheet is transversely monoaxially
stretched five times at a stretching temperature shown in
Table 1-4 or 1-5 to obtain a stretched film.
In Tables 1-4 and 1-5, the blend amounts (parts by
mass) of the raw material polymers for the respective
20 layers and the layer ratios (%) are shown together with
the physical properties.
Further, in Examples, various physical properties of
films were measured by the following methods.
(1) Glass transition temperature (Tg)
25 For the glass transition temperature (Tg) of a
polymer composition, the loss modulus was measured by a

dynamic viscoelasticity method in accordance with the



once and reacted. (5) Further, 4.2 kg of styrene nononmer was added all at
once, and the polynerization was conpleted. 5 (6) Al polynerization active
termnals were deactivated by water to obtain a polymer sol ution
'cont ai ning a polynmer having pol ystyrene bl ocks, pol ybutadi ene bl ocks and
random structural portions of styrene and butadi ene. 10 REFERENCE EXAMPLE 4
(1) In areactor, 490 kg of cycl ohexane as, a pol yneri zati on sol vent and
69.9 kg of styrene nononer were charged anhd mai ntained at 30C. (2) 1,670 m

of the pol ymepizaliiog %%%le}a%tresolaﬂai Qhe §224aS radded ctikgs %%‘Prgpe@:%@utr}ée
styrene nononer was Subjected to anion polynerization. (3) After the

styrene nonogge WasaGarBl ehehy theopsumedailwi |l e the internal tenperature of
the reaction systemwas naintained at 45C, 98.1 kg of styrene nononer 20

and 42.0 kg of bytadipeneewer eradded abllyakronaepangmereast gdlyimey Al

pol yneri zation active termnals were deactivated by water to obtain a

pol yner sol utoeposé@ibal Aitkeld pakyhdert kavicad naely st Weend Y egjentand 25
tapering structural portions of styrene and butadi ene. REFERENCE EXAMPLE 5

(1) I'n a ¢eagkee, hd90 -keeekeaythakexaneoas i@ 143 oF0IfHERl i20al iten 2selPywent and
79.8 kg of styrene nononer were charged and mai ntained at 300C. (2) 1,960
m of the pokpnmerepatieon chkeltyabhviagut ahickassadded firfloar @t.a, tand .tche
styrene nononer was subjected 5 to anion polynerization. (3) After the
styrene nonomsr. was conpletely consuned, while the internal tenperature of
the reaction systemwas maintained at 50'C, 50.4 kg of butadiene was added
all at once and réact Edom10hfi4) shkett, bat adisénepgas meas heorploetsel y consuned,
while the internal tenperature of the reaction systemwas maintained at
600C, 79.8 k§uatabilgr sagenvasneutwesitagaded stored for at least 24
10 hours in a room at 23°C under a relative humidity of 50%,
and then the loss modulus specific to the polymer
composition in the test specimen was measured by means of
the following device (i) while the temperature was
changed.
15 Device (i): Solid viscoelasticity measuring
device RAS2 manufactured by Rheometric Scientific Inc.
(set temperature range: from room temperature to 130°C,
set temperature raising rate: 4°C/min, the measuring
frequency: 1 Hz)
20 (2) Tensile modulus: With respect to the stretched
film prepared as described above, the tensile modulus of
elasticity in a non-stretched direction was measured at
23°C by means of TENSILON universal tester (RTC-1210A)
manufactured by A&D Co., LTD. in accordance with JIS
25 Ké6871.

(3) Heat shrinkage (%): A film was immersed in warm

water of 70°C for 10 seconds, whereupon the heat



all at once, and the polynerization was conpleted. (5) Al polynerization
active termnals were is deactivated by water to obtain a polyner solution
cont ai ning a polynmer having pol ystyrene bl ocks and pol ybutadi ene bl ocks.
REFERENCE EXAMPLE 6 (1) In a reactor, 490 kg of cycl ohexane as a 20

pol ynmeri zation solvent and 2.1 kg of styrene nononer were charged and
mai nt ai ned at 300C. (2) 1,820 ml of the polynerlzatlon catal yst sol ution
was added thereto, and the styrene nononmet?was subj ected to anlon

pol yrrer i zati gn..;20.03) (ALt oL, L8 3Lur gge ganons 1OW§§1 cqmplghel.y _consumed,

whil e the |n erna enperature o acti on m wWas nalntalned at

80' C, styrene nnnoneg Eg gh&gkﬁgﬁultaﬁqﬂHDFz?éaéid a kg and butadiene in a

total amount of Wer e sl eously constant rates of

252.0 kg/hr apd, 21,9 ﬁg/@he AESRH! bitle RCBELED tOR Lo, the

system was naintained as it |ve utes en but adi ene gas

was conpl et ely  gppsy ddlwgg3§on% Lt gl LEIPYLALULE gk he reaction

syst em was nalntaln g of i ene was a all at once

and react gd. sﬁglﬁﬁé Eykghﬁkme§él%nkg hYM% S Tasieehacts added al | at

once, and the po ri zation was conp ete polynerlzatlon active

termnals We%%coﬁQQCthﬁaE%Q %Xr@%%%ﬁnbodﬁQ%%hﬁo% polyner sol ution
cont ai ning a polynmer having pol ystyrene bl ocks, 15 pol ybut adi ene bl ocks and

random st ruct ur al(4poxhi @RS 106hrShbeRe anke bisedignesn FunkhgE, othg
respective polyners in Reference Exanples and Conparative Exanpl es which

were in sol ufFiom wskamessutede byafther flnalwindamett@acentrati on of the 20
pol ymeri zati on sol vent, subjected to evaporation treatnent by a vented

extruder to obtai(f)pekbet & stiAxchGedpdient prepattetiounsietglttel ayae fil m
Component (a) : Vinyl aromatic hydrocarbon/ conjugated
10 conditions as the stretched film having the heat
shrinkage measured, a test specimen of about 75 mm in the
longitudinal direction and about 400 mm in the transverse
direction (the stretching direction) was cut out.
(ii) Reference lines were imparted at intervals of
15 300.0 mm in the transverse direction of this test
specimen.
(iii) The stretched film was stored in a tester of an
environment of 40°C.
(iv) After storage for 7 days, the film was taken
20 out, and the length L (mm) between the difference lines
was measured by means of calipers to 0.1 mm unit.
(v) The natural shrinkage (%) was calculated by the
following formula:
Natural shrinkage = (300.0-L)/300.0 x 100
25 (5) Heat insulating properties: The heat insulating

properties of a film were measured by the following

method.



di ene bl ock copolyners as shown in Table 2-1 were 25 enpl oyed. 45 TABLE 2-1
Pol ymer Amount of Bl endMass rati o of aNotes butadi enerati ogroup of polystyrene
(mass% bl ocks having Mv of | ess than 5,000 to a group having Mv of at |east
-5,000 al 24.7-2.24Ref. Ex. | a217,023. 03Ref. Ex. 2 a328.71Ref. Ex. 3
a420.5-0. 66Ref. Ex. 4 ab523.40Ref. Ex. 5 a620.11.25Ref. Ex. 6 Conponent (b)

Vi nyl aromatic hydrocarbon polynmers as shown in Table 2-2 were enpl oyed. 5
TABLE 2-2 Pol ymer Pol yner structureProportions of nmonomer units (mass%

b|PoIystyreneStyrggeAlgglg2§ggr@gg/ggghqﬁrglgg%@tQ@C@blhﬁ qgughgo acid
copol ymer Styrene 90 b3Styrene/ n-butyl n-Butyl acrylate 20 acryl ate

copol ymer Sty eng i 8Qak sty a@@%/crtr%hy Liet byl Rt Backykateaddverse
met hacryl ateStyrene 78 copol yner b5Hi gh i npact But adi ene 6 pol ystyreneStyrene

94 (B) Prepapatkerieh ftirbm ESkRgetbaew 'E)Ulma%Q%E'r%dhﬁ%%%%lh‘én/s%% ugat ed
di ene Dbl ock copolyner (a) shown in Table 2 and the vinyl 10 aromatic

hydrocarbon pghWA®h ohl) aghewe kRrigbhed?f2imauskaatscshithekaklagureared film
was prepared in the blend anounts (parts by mass) of the raw materi al
pol ynmers s shegnthe habkesRr4n®agd-5. Wth respect to Exanples 2-1 46
(ii) This film was wound on an aluminum bottle can
(provided with a cap) having a cylindrical portion with a
diameter of 66 mm and heated at 70°C for 10 seconds to
obtain a film-covered container.
10 (iii) Hot water of 65°C was put into this container.
(iv) This container was held by grabbing the film
portion with a hand, and the time until it was no longer
held by the hand was evaluated by the following
standards.

15 (O: It can be held for at least 30 seconds.

X: It can be held for only less than 10

seconds.
(6) Printability: A film was cut out in a size of 75
mm x 400 mm, and an ink (STR722 yellow, manufactured by
20 Dainichiseika Color & Chemicals Mfg. Co., Ltd.) was
applied on the surface of the film by a bar coater and
evaluated by the following standards. Here, with respect
to the multilayer film, the ink was applied to the non-
foamed layer.
25 O: The edges of the applied portion are linear.

X: The edges of the applied portion are waving.

From Tables 1-4 and 1-5, it 1s evident that the heat



to 2-6 and Conparative Exanples 2-1 to 2-3, 1.5 phr of a chemcal foam ng
agent (Hydrocerol CF-405: manufactured by Cariant) was added as a foam ng
agent to the polynmer for polynmer conposition conprising conponents (a) and
‘s (b). Wth respect to Conparative Exanple 2-4, no chem cal foam ng agent
was added. For a film firstly, the polynmer or polynmer conposition was
nelted by an extruder and fornmed into a igeet havi ng a thickness of 0.4 mm
Then, using a 10 biaxial stretching device’ manufactured by Toyo Seik

Sei saku- sho, sh'i:anabtle"‘@sllh.Oa%%V‘%'h%e e@%?x@.a)ih%le ¥ i ot 6lkChed haund i mes at

a stretching tenperature shown in Table 2-4 or 2-5 to obtain a stretched

film Furthery a3 Exampliexdgl, %nﬂ%aha%ﬂ&bﬁkéﬁkgn&%%&?dhé a filmuwas
prepared by [am nating a heat shrinkable film nade of a styrene/butadiene

bl ock copol ygeEu(8BShg prbekRess: aﬁ@% mla%tll%w nkage: 22%at 70C x 10
seconds, natural shrinkage: 1.2% at 40C x 7 days) on a non-stretched film
(thlckness. 150 pm prepared in the 20 sane manner as the sheet in Exanple
2-1. Further, as Exanple 2-8, a heat shrinkable foamed filmwas prepared
by I am nating the above heat shrinkable filmmade of SBS on the stretched
filmin Example 2-1. Further, as Exanple 2-9, a heat shrinkable foamed 25
filmwas prepared by lamnating a heat shrinkable filmof polyethylene
terephthal ate (PET) (thickness: 40 pm heat shrinkage: 24%at 70C x 10
seconds, natural shrinkage: 47 1.0%at 40'C x 7 days) to a non-stretched
film (thickness: 150 pm) prepared in the same manner as the sheet in
Exanpl e 2-3. Further, as Exanple 2-10, a heat shrinkable foaned film was
prepared by lam nating the 5 above heat shrinkable filmof PET on the
stretched film in Exanple 2-3. In Tables 2-4 and 2-5, the physical
properties are shown together with the blend anobunts (parts by mass) of
the raw material polyners. 10 (C) Conponents used for nultilayer film
Conmponent (a) : Vinyl aromatic hydrocarbon/ conj ugat ed



di ene bl ock copolynmers shown in Table 2-1 were enpl oyed. Conponent (b)

Vi nyl aromatic hydrocarbon polynmers as shown in Table 2-2 were enpl oyed. 15
Component (c) Vinyl aromatic hydrocarbon polynmers as shown in Table 2-3
‘wer e enpl oyed. TABLE 2-3 Pol ynmer Pol ynmer structureProportions of nononer
units (mass% cl Styrene/ but adi eneSL}t adi ene 22 bl ock copol yner Styrene 78
c2Pol ystyreneStyrene 100 c3Styrengé/n-butyln-Butyl acrylate 17 acryl ate

copol ymer Styrene 83 c4Styrene/ net hyl Met hyl net hacrylate 12

met hacryl at eStyrene 88 capalymer cOHi gh inpact Byt adi ene 7 pol ystyreneStyrene
93 c6Styrene/ metfhacryl Ledkthacrylic| acid 7 aciid [copol ymer Styrene 93 (B')
Preparation of flilg #8— Usi~ng the & nyl @,rgorrgti hydr ocar bon/ conj ugat ed
di ene bl ock copol yngr(a)|-shown }n-;'ﬁ%nﬁegl.-ﬂ-é Ehevinyl aromatic
hydr ocar bon pol yner fjb?j showa i h Thpl e 2-2 and |the vinyl aromatic
hydr ocar bon pol yner | (¢ ShdwH ip Table § 2-3, |alheat shrinkable nul til ayer
filmwas prepared|in thg|blend anounts |(panft$ By jmass) of the raw materi al
pol yners of the resp@cﬂixeﬁ’, Eﬁ/e's,manj tthe llayer| rlatios (% shown in Table
2-6 or 2-7. Wth €spect to Exapl-eso |a-{&irt0 gn:? and Conparative Exanpl es
2-5to 2-7, 1.5/phe|10 of | a 81eﬁcdﬁ‘\1 am|Nig—~agent| (Hydrocerol CF-40S:
manuf act ured by [Claj baﬁtlﬁ was added! as a floam{ng agent to the polynmer or
pol yrer corrposigi nlconprising conppnent|s a) and (b) Wth respect to
Conpar ati ve Exanple({3d-&, n chem cal | foam ng agenr was added. is For a
film firstly pol ygeRs_jor |polyaes spnpositii 0as |cofrresponding to the
respective | ayernsg wfrema t.ed..i 1233‘~f)<a$at§=,°_°e§t@®rs and nmulti-layered in a
T-die to forma|® ;i |+idw I
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f oaned sheet having a thickness of 0.4 mm Then, by nmeans of a biaxial

stret chi ng apparatus manufactured by 20 Toyo Sei ki Seisaku-sho, Ltd., it was
transversely nonoaxially stretched four tines at a stretching tenperature
'shown in Table 2-6 or 2-7 to obtain a stretched film Further, as Exanple
2-17, a heat shrinkable foaned 25 filmwas prepared by |am nating the above
menti oned heat shrinkable filmmmade of SBS on a non-stretched film
(thickness: 150 um prepared in the sane manner as the 49 sheet in Exanple
2-11. Further, as Exanple 2-18, a heafg shrinkable foanmed fil mwas prepared
by I am nating the above heat shrinkable filmnmde of SBS to the stretched
filmin Exanple 2-11. 5 Further, as Exanple 2-19, a heat shrinkabl e foaned
filmwas prepared by |am nating the above heat shrinkable film made pf PET
to a non-stretched film (thickness: 150 pm prepared in the sane manner as
t he sheet in Exanple 2- 13 Further as Exanple 2-20, a heat shrinkable

foamed 10 fil m waspreparedbytamnattngrtheTabove heat shrinkable film
made of PET to the tretchgd filmin Exanple 2-13.| In Tables 2-6 and 2-7,
the physical propenties afe shoy@ t hgeshen gt é@e bl end anmobunts (parts by
mass) of the raw|swterialpolyners|Tor Ehe e tive layers and 15 the
| ayer ratios (%) in|Tabl es32-6 amd R-7. |Fuyrther,| ijn Exanples, the respective
physi cal propentiies of the filnms were geasyred byl the followi ng nethods.
(1) ozone deconpositbon and neasyrepent (off the |20| nol ecul ar wei ght The
wei ght average ol g¢Hl ar wei ght |6f B Or oo ok Vinyl aromatic hydrocarbon
pol ymer bl ocks iﬁcgryaratyd b he;blﬁcg &Ogokyﬁ%r, was obt ai ned by
nmeasuring the vigyl [~aromatic|hydroca bof'|pol yngr conponents obt ai ned by
ozone 25 deconpogltign of [t he! bl ock| copal ymer [(Y. [TANAKA, et. al.,
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Nane of apparatus: SYSTEM 21 Shodex (manufactured by Showa Denko K K.)
Columm: Three colums of PL gel M XED-B were connected in series. 5
Tenperature: 400C Detection: Differential refractive index Solvent:
‘Tetrahydrof uran Concentration: 2 mass% Calibration curve: Prepared by using
standard 10 pol ystyrene (PS) (manufactured by PL Conpany), and the

nol ecul ar weight is represented by a valug_ cal cul ated as PS. (2) Measurenent
of the mass fraction of butadiene containhed in block copolyner is 0.1 g of
t he above pekkepprpere dissolved in about 50 m of chloroform and 25 m of
an i odi ne nonochloride carbon tetrachloride solution was added thereto, and

the m xturegpwasrkltE ERappapd hntad dark place for one hour. Then, 75 m of
a 2.5% potassiumiodide solution was 20 further added. At that tine, excess

i odi ne monochl or rdethwas ReteztadeWrkAnp128% al e9babhexbht0 seadiswn
thiosul fate solution, and the anpbunt of iodine consuned in the addition

reaction to the deebl eabandsahgpel-yattadiiare ivwas asCalncUlmdttadtiacknaand t he
but adi ene concentrati on was 25 obtained. Fromthe results in Tables 2-4 to

2-7, it is evedeahydrbEurbhe aheat rahkionkallta ohi lagendf, e Hpmeserid i nventi on
51 are excellent in heat shrinkability, anti-natural shrinkage and

heat - i nsul at bngagrieper teg¢®e. cHABLEmM2r5 zEdmar atriode cex difplaks cdpbA+2ier32- 4*
Foarmed | ayer Bl end anmobunt sa4 100a5 100a6 100al 100 (parts by mass) Tg of
f oamed | ayer haQinglebazactsietdlisngst empematiur Fable 2-1.

REFERENCE EXAMPLE 1

(1) In a reactor, 490 kg of cyclohexane as a

10 polymerization solvent and 2.1 kg of styrene monomer were
charged and maintained at 30°C.

(2) 1,830 ml of a cyclohexane solution containing 10
mass% of n-butyl lithium was added as a polymerization
catalyst solution thereto, whereby the styrene monomer

15 was subjected to anion polymerization. Further, in all
of the polymerization catalyst solutions in the
subsequent Examples and Comparative Examples, a
cyclohexane solution containing 10 mass% of n-butyl
lithium was employed.

20 (3) After the styrene monomer was completely
consumed, while the internal temperature of the reaction
system is maintained at 80°C, styrene monomer in a total
amount of 111.5 kg and butadiene in a total amount of
14.1 kg, were simultaneously added at constant rates of

25 74.3 kg/hr and 9.4 kg/hr, respectively, and after
completion of the addition, the system was maintained as

it was, for five minutes.



(C) 881209281 Foaming ratio of film (times)2.52.32.41.0 Heat shrinkage
(s)1931827 Natural shrinkage5. 10.25.51.8 Heat insul ati ngOOOX property *: al
is non-foamed 5 TABLE 2-7 Conparative Exanpl es 2-52-62-72-8*

-Non- f oamedBl endcl 100cl 100cl 100cl 100 | ayeranount (layer A)(parts bych
1.0c5 1.0c5 1.0c5 1.0 nass) FoanedBl end | ayeranount (Il ayer B)(parts bya4
100a5 100a6 100al 100 nass) Layer rati 0N£4M B/ AA/ B/ AA) B/ A
=1/8/1=1/8/1=1/8/1=1/8/1 Tg of foaned |a (C) 731067766 Stretching901209481

tenperature (C a 1 shri nkage
(% 1441725 Naturglg)?g%??ﬁﬁaig){éeaaigng 2% Qésﬁg?b%gﬁugfﬁ)ﬁa%%property

al is non-fogede52nkOhinPephibMl BBMbELNE LNNOM theAreaction system was

maintained at 75°C, 37.0 kg of butadiene was added all at
once and reacted.

5 (5) Further, 37.8 kg of styrene monomer was added all
at once, and the polymerization was completed.

(6) All polymerization active terminals were
deactivated by water to obtain a polymer solution
containing a polymer having polystyrene blocks,

10 polybutadiene blocks and random structural portions of
styrene and butadiene.
REFERENCE EXAMPLE 2

(1) Into a reactor, 490 kg of cyclohexane as a

polymerization solvent and 8.4 kg of styrene monomer were
15 charged and maintained at 30°C.

(2) 1,240 ml of the peolymerization catalyst solution
was added thereto, and the styrene monomer was subjected
to anion polymerization.

(3) After the styrene monomer was completely

20 consumed, while the internal temperature of the reaction
system was maintained at 80°C, styrene monomer in a total
amount of 115.5 kg and butadiene in a total amount of
14.1 kg were simultaneously added at constant rates of
77.0 kg/hr and 9.4 kg/hr, respectively, and after

25 completion of the addition, the system was maintained as
it was, for five minutes.

(4) After butadiene gas was completely consumed,
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while the internal temperature of the reaction system was
maintained at 75°C, 19.5 kg of butadiene was added all at
once and reacted.

(5) Further, 52.5 kg of styrene monomer was added all
at once, and the polymerization was completed.

(6) All polymerization active terminals were
deactivated by water to obtain a polymer solution
containing a polymer having polystyrene blocks,
polybutadiene blocks and random structural portions of
styrene and butadiene.

REFERENCE EXAMPLE 3

(1) In a reactor, 245 kg of cyclohexane as a
polymerization solvent and 4.2 kg of styrene monomer were
charged and maintained at 30°C.

(2) 980 ml of the polymerization catalyst solution
was added thereto, and the styrene monomer was subjected
to anion polymerization.

(3) After the styrene monomer was completely
consumed, while the internal temperature of the reaction
system was maintained at 80°C, styrene monomer in a total
amount of 65.1 kg and butadiene in a total amount of 5.8
kg were simultaneously added at constant rates of 43.4
kg/hr and 3.85 kg/hr, respectively, and after completion
of the addition, the system was maintained as it was, for
five minutes.

(4) After butadiene gas was completely consumed,

while the internal temperature of the reaction system was
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maintained at 60°C, 25.8 kg of butadiene was added all at
once and reacted.

(5) Further, 4.2 kg of styrene monomer was added all
at once, and the polymerization was completed.

5 (6) All polymerization active terminals were
deactivated by water to obtain a polymer solution
containing a polymer having polystyrene blocks,
polybutadiene blocks and random structural portions of
styrene and butadiene.

10 REFERENCE EXAMPLE 4

(1) In a reactor, 490 kg of cyclohexane as a
polymerization solvent and 69.9 kg of styrene monomer
were charged and maintained at 30°C.

(2) 1,670 ml of the polymerization catalyst solution

15 was added thereto, and the styrene monomer was subjected
to anion polymerization.

(3) After the styrene monomer was completely
consumed, while the internal temperature of the reaction
system was maintained at 45°C, 98.1 kg of styrene monomer

20 and 42.0 kg of butadiene were added all at once and
reacted.

(4) All polymerization active terminals were
deactivated by water to obtain a polymer solution
containing a polymer having polystyrene blocks and

25 tapering structural portions of styrene and butadiene.
REFERENCE EXAMPLE 5

(1) In a reactor, 490 kg of cyclohexane as a
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polymerization solvent and 79.8 kg of styrene monomer
were charged and maintained at 30°C.

(2) 1,960 ml of the polymerization catalyst solution
was added thereto, and the styrene monomer was subjected

5 to anion polymerization.

(3) After the styrene monomer was completely
consumed, while the internal temperature of the reaction
system was maintained at 50°C, 50.4 kg of butadiene was
added all at once and reacted.

10 (4) When butadiene gas was completely consumed, while
the internal temperature of the reaction system was
maintained at 60°C, 79.8 kg of styrene monomer was added
all at once, and the polymerization was completed.

(5) All polymerization active terminals were

15 deactivated by water to obtain a polymer solution
containing a polymer having polystyrene blocks and
polybutadiene blocks.

REFERENCE EXAMPLE 6

(1) In a reactor, 490 kg of cyclohexane as a

20 polymerization solvent and 2.1 kg of styrene monomer were
charged and maintained at 30°C.

(2) 1,820 ml of the polymerization catalyst solution
was added thereto, and the styrene monomer was subjected
to anion polymerization.

25 (3) After the styrene monomer was completely

consumed, while the internal temperature of the reaction

system was maintained at 80°C, styrene monomer in a total
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amount of 126.0 kg and butadiene in a total amount of
10.5 kg were simultaneously added at constant rates of
252.0 kg/hr and 21.0 kg/hr, respectively, and after the
addition, the system was maintained as it was for five
minutes.

(4) When butadiene gas was completely consumed, while
the internal temperature of the reaction system was
maintained at 70°C, 33.6 kg of butadiene was added all at
once and reacted.

(5) Further, 37.8 kg of styrene monomer was added all
at once, and the polymerization was completed.

(6) All polymerization active terminals were
deactivated by water to obtain a polymer solution
containing a polymer having polystyrene blocks,
polybutadiene blocks and random structural portions of
styrene and butadiene.

Further, the respective polymers in Reference
Examples and Comparative Examples which were in solution
states, were, after preliminary concentration of the
polymerization solvent, subjected to evaporation
treatment by a vented extruder to obtain pellets.

(A) Components used for single layer film

Component (a): Vinyl aromatic hydrocarbon/conjugated
diene block copolymers as shown in Table 2-1 were

employed.
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TARLE 2-1
Polymer | Amount of |Blend |Mass ratio of a Notes
butadiene |ratio lgroup of polystyrene
(mass%) blocks having Mw of

less than 5,000 to a
group having Mw of at
least 5,000

al 24 .7 - 2.24 Ref. Ex. 1

az 17.0 2 3.03 Ref. Ex. 2

a3 28.7 1 Ref. Ex. 3

a4 20.5 - 0.66 Ref. Ex. 4

as 23.4 - 0 Ref. Ex. 5

a6 20.1 - 1.25 Ref. Ex. 6

Component (b): Vinyl aromatic hydrocarbon polymers
as shown in Table 2-2 were employed.
5 TABLE 2-2
Polymer | Polymer structure Proportions of monomer
units (mass%)

bl Polystyrene Styrene 100

b2 Styrene/methacrylic |Methacrylic acid 10
acid copolymer Styrene 90

b3 Styrene/n-butyl n-Butyl acrylate 20
acrylate copolymer Styrene 80

b4 Styrene/methyl Methyl methacrylate 22
methacrylate Styrene 78
copolymer

b5 High impact Butadiene 6
polystyrene Styrene 94

(B) Preparation of film
Using the vinyl aromatic hydrocarbon/conjugated diene
block copolymer (a) shown in Table 2-1 and the vinyl
10 aromatic hydrocarbon polymer (b) shown in Table 2-2, a
heat shrinkable foamed film was prepared in the blend
amounts (parts by mass) of the raw material polymers

shown in Table 2-4 or 2-5. With respect to Examples 2-1
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to 2-6 and Comparative Examples 2-1 to 2-3, 1.5 phr of a
chemical foaming agent (Hydrocerol CF-40S: manufactured
by Clariant) was added as a foaming agent to the polymer
for polymer composition comprising components (a) and

5 (b). With respect to Comparative Example 2-4, no
chemical foaming agent was added.

For a film, firstly, the polymer or polymer
composition was melted by an extruder and formed into a
sheet having a thickness of 0.4 mm. Then, using a

10 biaxial stretching device manufactured by Toyo Seiki
Seisaku-sho, Ltd., it was transversely monoaxially
stretched four times at a stretching temperature shown in
Table 2-4 or 2-5 to obtain a stretched film.

Further, as Example 2-7, a heat shrinkable foamed

15 film was prepared by laminating a heat shrinkable film
made of a styrene/butadiene block copolymer (SBS)
(thickness: 40 um, heat shrinkage: 22% at 70°C x 10
seconds, natural shrinkage: 1.2% at 40°C x 7 days) on a
non-stretched film (thickness: 150 um) prepared in the

20 same manner as the sheet in Example 2-1. Further, as
Example 2-8, a heat shrinkable foamed film was prepared
by laminating the above heat shrinkable film made of SBS
on the stretched film in Example 2-1.

Further, as Example 2-9, a heat shrinkable foamed

25 film was prepared by laminating a heat shrinkable film of

polyethylene terephthalate (PET) (thickness: 40 um, heat

shrinkage: 24% at 70°C x 10 seconds, natural shrinkage:
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1.0% at 40°C x 7 days) to a non-stretched film
(thickness: 150 um) prepared in the same manner as the
sheet in Example 2-3. Further, as Example 2-10, a heat
shrinkable foamed film was prepared by laminating the
above heat shrinkable film of PET on the stretched film
in Example 2-3.

In Tables 2-4 and 2-5, the physical properties are
shown together with the blend amounts (parts by mass) of
the raw material polymers.

(C) Components used for multilayer film

Component (a): Vinyl aromatic hydrocarbon/conjugated
diene block copolymers shown in Table 2-1 were employed.

Component (b): Vinyl aromatic hydrocarbon polymers
as shown in Table 2-2 were employed.

Component (c): Vinyl aromatic hydrocarbon polymers

as shown in Table 2-3 were employed.

TABLE 2-3
Polymer | Polymer structure Proportions of monomer
units (mass%)

cl Styrene/butadiene Butadiene 22
block copolymer Styrene 78

c2 Polystyrene Styrene 100

c3 Styrene/n-butyl n-Butyl acrylate 17
acrylate copolymer Styrene 83

c4 Styrene/methyl Methyl methacrylate 12
methacrylate Styrene 88
copolymer

c5 High impact Butadiene 7
polystyrene Styrene 93

c6 Styrene/methacrylic |Methacrylic acid 7
acid copolymer Styrene 93

(B’) Preparation of film

coC



styrene nononer and 75 g of tetrahydrofuran were charged 5 and nuintained
at 30C. (2) 1,400 m of a cycl ohexane solution containing 10 mass% of
n-butyl lithiumwas added as a pol ynerization catalyst solution thereto,
-and the styrene nononmer was subjected to anion polynerization. 10 (3) After
the styrene nononmer was conpletely consuned, while the internal tenperature
of the reaction systemwas naintained at 40C, 25 kg of butadi ene was added
and reacted. (4) After butadi ene gas was %%npletely consuned, 15 while the
i nternal tenperajutge.o he . cLli t ' ' 4QC kg of
gg&ggOFhE 9152@ Bkgﬁaﬁxgdggﬁgﬁﬁargghpkghgﬁgaggd ggsp@

but adi ene and 10 styrene were a at once reacte

Finally, potxaﬁkiéagkggﬁégths? LRbFhNahs ruph e aeaetkﬁgt%qnex water to

obtain a polynmer sol a containing a block 20 copol yner “having a styrene

bllock struct yrgn,d; BuL3di-8p8 rbBhOBK 1 FEWC WS € sABUnA 1hARGHNRY 2Sbr Welur e of
styrene and butadiene: (5) In a reaCtor, 245 kg of cycl ohexane, 23 kg of

styrene nonopge 3Ry, 38 goRbeliet hhydeakubanpueimeghatgednogn and Tagikt ai ned
at 30C. (6) 2,000 ny of a cycl ohéxane solution containing 10 nass% of

n-butyl I4thpum washaddednasnkapQkyBilkiabi QR $31mCahal ypebpaekdt iign thereto,
and the styrene nonomer was subjected to anion polynerization. (7) After

the styrene mRROBEEnWaameORpketphytsCBRsSwaed) Wi kaet kaw Rheeralalt enperature
of the reaction s systemwas maintai ned at 40C, 48 kg of butadi ene and 35

kg of styrenpowgmeradaedthkl rakpertévandarfeast edndFithal Luyepohuididszat i on
active termnals were deactivated by water to obtain a polyner solution b
cont ai ni ng a(shl ehbwaopal raelehaviengra2st7yr enethl pekpstt ucd UERampilea 10
tapering structure of styrene and butadi ene. (8) 50 parts by nass of the
pol ymer sol uti-on bowas lémaxdd Coopd@atpaet Exbypiess 266 the 2albigve . polphrer
solution a, followed by vaporization to obtain the desired conposition
SBS-1. 10 of a chemical foaming agent (Hydrocerol CF-408S:
manufactured by Clariant) was added as a foaming agent to
the polymer or polymer composition comprising components
(a) and (b). With respect to Comparative Example 2-8, no
chemical foaming agent was added.
15 For a film, firstly polymers or polymer compositions
corresponding to the respective layers were melted in
separate extruders and multi-layered in a T-die to form a
foamed sheet having a thickness of 0.4 mm. Then, by
means of a biaxial stretching apparatus manufactured by
20 Toyo Seiki Seisaku-sho, Ltd., it was transversely
monoaxially stretched four times at a stretching
temperature shown in Table 2-6 or 2-7 to obtain a
stretched film.
Further, as Example 2-17, a heat shrinkable foamed
25 film was prepared by laminating the above mentioned heat

shrinkable film made of SBS on a non-stretched film

(thickness: 150 um) prepared in the same manner as the



15 PREPARATI ON OF BLOCK POLYMER COWPOSI TION (SBS-2) (1) In a reactor, 490 kg
of -cycl ohexane and 8 kg of styrene nononer were charged and nai ntai ned at
30C. (2) 1,300 m of a cycl ohexane solution containing 10 20 nmass% of
‘n-butyl lithiumwas added as a polynerization catalyst solution thereto,
and the styrene nononmer was subjected to anion polynerization. (3) After
the styrene nononer was conpletely consuped, while the internal tenperature
of the reaction 25 system was mai ntai ned at 80C, 20 kg of butadi ene was

added al | at spaee 3Rdekaapheds-(4). AFbLEhdH! agl efea@gse WaS180MRI BLELY
consuned, 56 while the internal tenperature of the reaction system was

mai nt ai ned agkh80kabll¥r €BamBANEARM WAsapiepakeamByntadfinatibgkghand
but adi ene in a total amount of 14 kg were sinultaneously added at constant
rates of 77 kpbhe asdtI9shrkgkBlbler €3pachiadel yf 38 abt eheCefpletiched of the

addi ti on,

the systemwas maintained as it was for 5 mnutes. (5) Further,

53 kg of styfena tanBsxampwasz2added all at once, and the pol ynerization was
conpleted. 10 (6) Finally, all polynerization active term nals were

deacti vated by watethts, obtaEraappel gaep, sal heaonshednkabiiendoamed yner
havi ng pol ystyrene bl ocks, pol ybutadi ene bl ocks and random structure
portions of fsfiyrene amdpbutddbgnéamandttihpsthel above hastdedirgmiidde i s as
a polynmer solution e. (7) A polyner solution f was obtai ned by carryi ng out
t he sane opefafllmomade Pér PEfetpokymen-stireticbrdafbym ddjhoskinegst:helafount of
t he polynerization catalyst solution to 2,400 ml, the anount of butadi ene

added al

20umd pmeparedednkheamdmehmaansunesothst phess Wondxamplie nal |y

added to 8 kg. (8) 50 parts by mass of the polyner solution f was mxed to
100 parts byZmads ofu¥teerbove Por)REe 30PQtidnheat shrievkedleyfesapdration
to obtain the desired 25 conmposition SBS-2

10

15

20

25

film was prepared by laminating the above heat shrinkable
film made of PET to the stretched film in Example 2-13.

In Tables 2-6 and 2-7, the physical properties are
shown together with the blend amounts (parts by mass) of
the raw material polymers for the respective layers and
the layer ratios (%) in Tables 2-6 and 2-7.

Further, in Examples, the respective physical
properties of the films were measured by the following
methods.

(1) Ozone decomposition and measurement of the
molecular weight

The weight average molecular weight of a group of
vinyl aromatic hydrocarbon polymer blocks incorporated in
the block copolymer, was obtained by measuring the vinyl
aromatic hydrocarbon polymer components obtained by ozone
decomposition of the block copolymer (Y. TANAKA, et. al.,
RUBBERCHEMISTRY AND TECHNOLOGY, 58, p. 16 (1985)), under

the following GPC conditions.



Wth respect to the elongation viscosity, by means of Meissner nodel Melten
Rheonet er manufactured by Toyo 57 Seiki Seisaku-sho, Ltd., a constant
strain rate elongation neasurenment was carried out at 1200C at a strain
‘rate of 0.1/sec, and further, the elongation viscosities at Hencky strain
1.0 and 1.5 were obtained, 5 and their ratio was taken. The results are
shown in Table 3-3. PREPARATI ON OF SI N LAYER FI LM (Examples 3-1 to 3-7
and Conparative Exanples 3-1 to 3-6) 10 ing the vinyl aromatic

hydr ocar bon/ conj ygatedrdbgpg,aPLeck SEPLEYIRI SO | grngﬁpfgc@liﬂe@r@yt he
vinyl aromatic hydrocarbon polymer shown in Table 3-2, a filmwas TPrepared
in the bl endggppynbenkpakt & py mass) shown in Table 3-3 by a T-die system
65 mmsingle screw sheet 15 extruder at a T-die tenperature set at 180" C.

Further, as a fealiRg:ageitee cShemsads fPRNGED ol -§ Hydrocerol  CF-40S:
manuf actured by Cd ariant) was added. Here, the anount added was 2 phr in

all cases exeephet®edliphgeirResConparati ve Exanple 3-3 and 3 phr in
Conparative Exanple 20 3-4. Wth respect to the filmformng property, O
i ndi cat ess a caseTuhpeeadubkl My formed satisfactorily, and X indicates a
case where a filmwas not formed satisfactorily. MEASUREMENT OF SPECI FI C
GRAVI TY 25 The speekttéogravibiffoferat {4l mebsadenser ddy an el ectron
specific gravity nmeter MD200S, manufactured by A fa Mrage Co., Ltd. 58
PREPARATI ON OF LABEizehhe ob¢tarasiegdfofuravas slit, and a heat shrinkabl e
pol yester film having a thickness of 30 pmand having a heat shrinkage of
30% at 80C x 10 Sevoadsrawasndry2 smdse® nated by an adhesive, and the film
edges were solvent-seal ed having the shrinkage direction adjusted to be
the circunferentfalibdirpgéthonurve :obPrépprredday ushng nkbdhdéatrdbel .
PREPARATI ON OF FI LM COVERED CONTAI NER
10 polystyrene (PS) (manufactured by PL Company), and the
molecular weight is represented by a value calculated as
PS.
(2) Measurement of the mass fraction of butadiene
contained in block copolymer
15 0.1 g of the above pellets were dissolved in about 50
ml of chloroform, and 25 ml of an iodine monochloride
carbon tetrachloride solution was added thereto, and the
mixture was left to stand in a dark place for one hour.
Then, 75 ml of a 2.5% potassium iodide solution was
20 further added. At that time, excess iodine monochloride
was titrated with a 20% alcoholic N/10 sodium thiosulfate
solution, and the amount of iodine consumed in the
addition reaction to the double bond of polybutadiene was
calculated back, and the butadiene concentration was
25 obtained.

From the results in Tables 2-4 to 2-7, it 1is evident

that the heat shrinkable films of the present invention



10 This heat shrinkable | abel was wound on an alum num bottle can (provided
with a cap) having a cylindrical portion with a dianeter of 66 mm and
heated at 80C for 10 seconds to obtain a fil mcovered container. Further,
‘W th respect to the shrink finishing of the coated 15 container, X indicates
a case where creases fornmed, and O indicates a case where good finishing
was attained. EVALUATI ON OF HEAT | NSULTI NG PROPERTIES In the fil mcovered
cont ai ner, hot water of 65C was 20 put, ahd the film porti on of the

cont ai ner wag,/ Igeleglcclgm%nthal@ld,he%l%d %fl’?ﬁya%aj.th_ gﬁseconéﬁ dihe tinme until

the container can no |onger is at Iea and X
indicates a GR3E WAREE SIC he ti iR U1 ti885 dillya rid eSeconds. The bl end
proportions of the materials and the 25 results are shown in Table 3-3.
PREPARATI ON @zl BI-ILAYER FI LM (Exanpl e 3-8 to 3-10, and 59 Conparative
Exanples 3-7 to 3-9) In each Fxanple using a foaned layer as the center
| ayer and a|non-foanmed | ayer of the same hl' PaxiE EXARIeSeach sul f ace
| ayer, a nulitilayer filmwas s fornmed bh¢-do-extr4s? onlin2a3l ayer 2rafi o] of
front | ayer Foamedr lexpgar /|Bdand ayer = 1/8/1,| and a heat shrijnkahl e
pol yester fill mhaving a thid@ayEss$ of |30 umowasasdryod aggnated |i g1t hey same

manner as descri bed above. ‘Pr?éftss%b evaluatijon as in|Exanpleyg 3-1 to B-7
was carri ed out — The hIEWﬁS%lem of the materialsland-thelresults | are

shown in Tablg 94 fopmesrRayiean (CE) LEAT EhRI NKABLES £ [ M (Ekangle 8611 to 3-
19, and Com)%rté’telt\?éuBgar?&l“\ﬁP?rsatNeco 3- d44) 1 yngle layer |fil grand|a

5 A3 ngl
mul til ayer fWW%MWWd
| ayer of trlgoé'ﬁ‘ﬁ‘élgblréﬁdocﬁ‘péé on |as 2each |surfase |ayersa were 1 sgretched
ct <

three t| nmes )frnncunre rhre :nn at A tretch' no-temmperature o 95C
by a tenter, Shainkages (3 A—WES Pﬁr'ad owd_inlthetSamd rafder hs in
Exanpl es 3- Nafffu{a'l S%‘r&”‘jﬂagfeﬂ Pdtiod of the patbrialt  3nd tHe resulth are
shown in Tat)|H€a§ anl%lﬁt‘jéfﬁ AL APPLI CABI O TY O O X

*. al is non-foamed

5 TABLE 2-7

Comparative Examples

2-5 2-6 2-7 2-8%*
Non-foamed | Blend cl 100 | cl 100|cl 100 | cl i 100
layer amount
(layer A) | (parts by [ e¢5 1.0|c5 1.0|c5 1.0|c5: 1.0
mass) , -
Foamed Blend
layer amount :
(layer B) (parts by a4 :100 a5 100 | a6 = 100 | al 100
mass) % : ; ;
Layer ratio A/B/A A/B/A A/B/A A/B/A
=1/8/1 | =1/8/1 | =1/8/1 =1/8/1
?g:ff foamed laver 73 106 7 66
Stretching
temperature (°C) 20 120 94 81
Foaming ratio of
£ilm (times) 2.0 1.8 2.0 1.0
Heat shrinkage (%) 14 4 17 25
I‘(]i)tural shrinkage 4.2 0.2 4.9 1.6
Heat insulating O O O %

property
*. al 1s non-foamed




25 The styrene type foaned filmof the present invention is excellent in

i npact strength, rigidity, heat shrinkability and heat insulating
properties and has a 60 good finishing property upon heat shrinkage, and it
‘is very useful as a heat shrinkable |abel to cover various containers, a
heat shrinkable cap seal, a packaging film etc. 5 TABLE 3-1 Bl ock

copol yner NaneRubber content SBS125 SBS222 SBS360 * As SBS-3, STR1250
manuf act ured by Denki Kagaku Kogyo Kgbushi ki kaisha was used. TABLE 3-2 10
Styrene type resin Nanme PS-1GPPS PS-2H PS PS-3H gh nol ecul ar wei ght PS
PS-4M5 PS-5St- MAA As PS-1, HRML2 manufactured by TOYO SEYRENE CO., LTD. was

used. As PS-2, H380 manufactured by TOYO STYRENE CO. ., LED. Fwvas used. is As
PS- 3, BLENDEX 865pnmmg¢aeiured by GH Specj alty Chenicags,(dnc. was used. As
PS-4, M5200 manyf ¢RUred by Neppom Ste@l (Chem®gl o. "Ltd. was used. AS
PS-5, TF2 manuf gct ul-ad b%Ton STYRENE~NCO. N LTD.| was | 28 uded. 61 U -)
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EXAMPLE 3

PREPARATION OF BLOCK COPOLYMER COMPOSITION (SBS-1)

(1) In a reactor, 490 kg of cyclohexane, 70 kg of

styrene monomer and 75 g of tetrahydrofuran were charged
5 and maintained at 30°C.

(2) 1,400 ml of a cyclohexane solution containing 10
mass% of n-butyl lithium was added as a polymerization
catalyst solution thereto, and the styrene monomer was
subjected to anion polymerization.

10 (3) After the styrene monomer was completely
consumed, while the internal temperature of the reaction
system was maintained at 40°C, 25 kg of butadiene was
added and reacted.

(4) After butadiene gas was completely consumed,

15 while the internal temperature of the reaction system was
maintained at 40°C, 6 kg of butadiene and 105 kg of
styrene were added all at once and reacted. Finally,
polymerization active terminals were deactivated by water
to obtain a polymer solution a containing a block

20 copolymer having a styrene block structure, a butadiene
block structure and a tapering structure of styrene and
butadiene.

(5) In a reactor, 245 kg of cyclohexane, 23 kg of
styrene monomer and 38 g of tetrahydrofuran were charged

25 and maintained at 30°C.

(6) 2,000 ml of a cyclohexane solution containing 10

mass% of n-butyl lithium was added as a polymerization
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catalyst solution thereto, and the styrene monomer was
subjected to anion polymerization.
(7) After the styrene monomer was completely
consumed, while the internal temperature of the reaction
5 gystem was maintained at 40°C, 48 kg of butadiene and 35
kg of styrene were added all at once and reacted.
Finally, polymerization active terminals were deactivated
by water to obtain a polymer solution b containing a
block copolymer having a styrene block structure and a
10 tapering structure of styrene and butadiene.
(8) 50 parts by mass of the polymer solution b was
mixed to 100 parts by mass of the above polymer solution
a, followed by vaporization to obtain the desired
composition SBS-1.
15
PREPARATION OF BLOCK POLYMER COMPOSITION (SBS-2)
(1) In a reactor, 490 kg of cyclohexane and 8 kg of
styrene monomer were charged and maintained at 30°C.
(2) 1,300 ml of a cyclohexane solution containing 10
20 mass% of n-butyl lithium was added as a polymerization
catalyst solution thereto, and the styrene monomer was
subjected to anion polymerization.
(3) After the styrene monomer was completely
consumed, while the internal temperature of the reaction
25 system was maintained at 80°C, 20 kg of butadiene was
added all at once and reacted.

(4) After butadiene gas was completely consumed,
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while the internal temperature of the reaction system was
maintained at 80°C, styrene monomer in a total amount of
116 kg and butadiene in a total amount of 14 kg were
simultaneously added at constant rates of 77 kg/hr and 9

5 kg/hr, respectively, and after completion of the
addition, the system was maintained as it was for 5
minutes.

(5) Further, 53 kg of styrene monomer was added all
at once, and the polymerization was completed.

10 (6) Finally, all polymerization active terminals were
deactivated by water to obtain a polymer solution
containing a polymer having polystyrene blocks,
polybutadiene blocks and random structure portions of
styrene and butadiene, and this solution was designated

15 as a polymer solution e.

(7) A polymer solution f was obtained by carrying out
the same operation as for the polymer solution a by
adjusting the amount of the polymerization catalyst
solution to 2,400 ml, the amount of butadiene added all

20 at once to 64 kg, and the amount of styrene monomer
finally added to 8 kg.

(8) 50 parts by mass of the polymer solution f was
mixed to 100 parts by mass of the above polymer solution
e, followed by evaporation to obtain the desired

25 composition SBS-2.

With respect to the elongation viscosity, by means of

Meissner model Melten Rheometer manufactured by Toyo
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Seiki Seisaku-sho, Ltd., a constant strain rate

elongation measurement was carried out at 120°C at a

strain rate of 0.1/sec, and further, the elongation

viscosities at Hencky strain 1.0 and 1.5 were obtained,
5 and their ratio was taken. The results are shown in

Table 3-3.

PREPARATION OF SINGLE LAYER FILM (Examples 3-1 to 3-7 and
Comparative Examples 3-1 to 3-6)

10 Using the vinyl aromatic hydrocarbon/conjugated diene
block copolymer shown in Table 3-1 and the vinyl aromatic
hydrocarbon polymer shown in Table 3-2, a film was
prepared in the blend amounts (parts by mass) shown in
Table 3-3 by a T-die system 65 m/m single screw sheet

15 extruder at a T-die temperature set at 180°C. Further,
as a foaming agent, a chemical foaming agent (Hydrocerol
CF-40S: manufactured by Clariant) was added. Here, the
amount added was 2 phr in all cases except for 1 phr in
Comparative Example 3-3 and 3 phr in Comparative Example

20 3-4. With respect to the film forming property, O
indicates a case where a film was formed satisfactorily,
and X indicates a case where a film was not formed
satisfactorily.

MEASUREMENT OF SPECIFIC GRAVITY

25 The specific gravity of a film was measured by an

electron specific gravity meter MD200S, manufactured by

Alfa Mirage Co., Ltd.



O000ONO E U1, 11nr rl -~ -H- Pt NU a~too C.HN-NNNN o H -H 4j
0)OC I p000 31 .N4INrINNNN rd vi U-- in 70C (d H-HCUG 41 rl 00000
N~Q Oinr-iininintiri E WrortCN "yC NNr-inr-ir-ir-i v> aE
“"aortmmtnntn rl zawawa

10

15

20

25

58

PREPARATION OF LABEL

The obtained film was slit, and a heat shrinkable
polyester film having a thickness of 30 um and having a
heat shrinkage of 30% at 80°C x 10 seconds, was dry-
laminated by an adhesive, and the film edges were
solvent-sealed having the shrinkage direction adjusted to
be the circumferential direction, to obtain a heat
shrinkable label.
PREPARATION OF FILM-COVERED CONTAINER

This heat shrinkable label was wound on an aluminum
bottle can (provided with a cap) having a cylindrical
portion with a diameter of 66 mm and heated at 80°C for
10 seconds to obtain a film-covered container. Further,
with respect to the shrink finishing of the coated
container, X indicates a case where creases formed, and

O indicates a case where good finishing was attained.

EVALUATION OF HEAT INSULTING PROPERTIES

In the film-covered container, hot water of 65°C was

put, and the film portion of the container was held by a

hand, and O indicates a case where the time until the

container can no longer be held is at least 10 seconds,

and X indicates a case where such a time is less than 10

seconds. The blend proportions of the materials and the

results are shown in Table 3-3.

PREPARATION OF MULTILAYER FILM (Example 3-8 to 3-10, and
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Comparative Examples 3-7 to 3-9)

In each Example, using a foamed layer as the center
layer and a non-foamed layer of the same blend
composition as each surface layer, a multilayer film was
formed by co-extrusion in a layer ratio of front
layer/center layer/rear layer = 1/8/1, and a heat
shrinkable polyester film having a thickness of 30 um was
dry-laminated in the same manner as described above. The
same evaluation as in Examples 3-1 to 3-7 was carried
out. The blend ratios of the materials and the results

are shown in Table 3-4.

PREPARATION OF HEAT SHRINKABLE FILM (Example 3-11 to 3-
19, and Comparative Examples 3-10 to 3- 11)

A single layer film and a multilayer film having a
foamed layer as the center layer and non-foamed layer of
the same blend composition as each surface layer, were
stretched three times in the transverse direction at a
stretching temperature of 95°C by a tenter, and the
evaluation was carried out in the same manner as in
Examples 3-1 to 3-7. The blend ratios of the materials

and the results are shown in Table 3-5.

INDUSTRIAL APPLICABILITY
The styrene type foamed film of the present invention
is excellent in impact strength, rigidity, heat

shrinkability and heat insulating properties and has a



Wro No GH-H1) E VNWO WDHA-1z ~>~4 0~4;) mMNNrnrCNA--) -~Cap0
toH }- toU) oa a0 O EO ~4(Z HCL a to -H -H 0010x rd mOv CNx -Ha

10

15

20

60

good finishing property upon heat shrinkage, and it is
very useful as a heat shrinkable label to cover wvarious
containers, a heat shrinkable cap seal, a packaging film,
etc.

TABLE 3-1

Block copolymer

Name Rubber content
SBS1 25
SBS2 22
SBS3 60

* As SBS-3, STR1250 manufactured by Denki Kagaku Kogyo
Kabushiki kaisha was used.

TABLE 3-2

Styrene type resin

Name

PS-1 GPPS

PS-2 HIPS

PS-3 High molecular weight PS

PS-4 MS

PS-5 St -MAA

As PS-1, HRM12 manufactured by TOYO STYRENE CO., LTD. was
used.

As PS-2, H380 manufactured by TOYO STYRENE CO., LTD. was
used.

As PS-3, BLENDEX 865 manufactured by GE Specialty
Chemicals, Inc. was used.

As PS-4, MS200 manufactured by Nippon Steel Chemical Co.,
Ltd. was used.

AS PS-5, TF2 manufactured by TOYO STYRENE CO., LTD. was
used.
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characterized by having at | east one foaned |ayer which contains a resin
-conposition conprising from20 to 100 parts by nmass of the following s (a)
and fromO to 80 parts by mass of the following (b) and which has a
t hi ckness of from 30 to 200 pm and a speézéfic gravity of from0.3 to 0.9:
(a) a block copol yner wherein the ratio of a vinyl aronmatic hydrocarbon to
a conjugated diene is from50/50 10 t&f’g%éo, (b) at |east one vinyl
aromati ¢ hydrocarbon polyner selected fromthe following (i) to (v): (i) a
bl ock copol yaer @&f faawieady|f idmordtarac tepdraechridyomhamitity atcdigagatate di ene, 1S
(ii) a vinyl aromatic hydrocarbon polyner, (iii) a copolymer of a vinyl
aromat i ¢ hydfoeaeldodayeirt whimbt kpatceyiinisc aaciesin( icompasdapganymer of a vi nyl
aromatic hydrocarbon wth a (nmeth)acrylate, and 20 (v) a rubber-nodified
styrene pol ywemprdsitige firoamd@ ttio mofc perdisndyt ma@Gsaioh thewferldiawimiee
uni axi al elongation viscosity ri at 120C of the resin conposition satisfies
t he f0||omjndadoﬁ@ﬁtﬁg@m 0 to 80 parts by mass of the following (b)
and which has a thickness of from 30 to 200 um and a
specific gravity of from 0.3 to 0.9:
(a) a block copolymer wherein the ratio of a vinyl
aromatic hydrocarbon to a conjugated diene is from 50/50
10 to 90/10,
(b) at least one vinyl aromatic hydrocarbon polymer
selected from the following (i) to (v):
(i) a block copolymer of a vinyl aromatic
hydrocarbon with a conjugated diene,
15 (ii) a vinyl aromatic hydrocarbon polymer,
(iii) a copolymer of a vinyl aromatic hydrocarbon
with (meth)acrylic acid,
(iv) a copolymer of a vinyl aromatic hydrocarbon
with a (meth)acrylate, and
20 (v) a rubber-modified styrene polymer.
2. The foamed film according to Claim 1, wherein the
uniaxial elongation viscosity n at 120°C of the resin
composition satisfies the following condition:
2.5>n1.5/n1>1.1
25 nl: elongation viscosity at Hencky strain 1

nl.5: elongation viscosity at Hencky strain 1.5

3. The foamed film according to Claim 1, wherein the



2.5>g1.5/r11>1.1 25 gl1: elongation viscosity at Hencky strain 1 f1.5:

el ongation viscosity at Hencky strain 1.5 3. The foaned fil maccording to
Claim 1, wherein the 67 above (a) is a block copolyner of the following (1)
and (2) : (1) the mass ratio of the vinyl aromatic hydrocarbon to the
conjugated diene is from60/40 to 90/10, s (2) the mass ratio of a group of
vinyl aromatic hydrocarbon pol yner bl ocks,having a wei ght average

nol ecul ar wei ght of |less than 5,000 to a group of vinyl aromatic

hydrocarbon pglyeer(ahl aeks BaWcRg capaaiveial oFveraoeJmIsGHAr(Meigld of at
| east 5,000, is from60/40 10 to 90/10. 4. The foaned filmaccording to any

one of Claing2l:to 3, wherein (a) the block copolyner is a
styrene/ but adi ene bl ock copol ynmer, and (b) the vinyl aromatic hydrocarbon
polyner is at |east) ate pelsgmfatsiel edt ethed ramytlhe i@noiti d hyebnsdatbdrg of a
pol ystyrene, a styrene/nethacrylic acid copolyner, a styrene/ nethyl

met hacr yl at e teopbky renj ugateldy daeeken-ilkuttyomaeoyldat ecc goolnoyer, a

styrene/ n-butyl acryl ate/ methyl nmethacryl ate copol yner and an i npact -

resi st ants pol yst yr2@nehe2maSs Adtdamed ruldridwyerf fuinmghasowataic | east one
foaned |ayer as defined in any one of Clains 1 to 4 and at | east one
non- f oaned t hedmoglkadonc podymer dlerckschathiad eamed ghil taveapgre il m
according to Caim5, wherein at |east one outer layer in the case of three
or 25 nore hajecslagr wenghitapdr liesst tdacade 000 thwo d aymng, dfs vdanyllayer
formed fromthe following (b') vinyl aromatic hydrocarbon polynmer: 68 (b')
at | east onea¥cmatigr divgirios ampeno carlboerpSlpeks delvdaie@ Megiahithe f ol | owi ng
(i") to (v'): (i') a block copolymer of a vinyl aromatic hydrocarbon with a
conj ugat ed dig¥s&age moleruday weldhtordt B Hypdsdc PO palsygiom 60/40 a
copol ymer of a vinyl aromatic hydrocarbon

10 to 90/10.

4. The foamed film according to any one of Claims 1 to
3, wherein (a) the block copolymer is a styrene/butadiene
block copolymer, and (b) the vinyl aromatic hydrocarbon
polymer is at least one polymer selected from the group

15 consisting of a polystyrene, a styrene/methacrylic acid
copolymer, a styrene/methyl methacrylate copolymer, a
styrene/n-butyl acrylate copolymer, a styrene/n-butyl
acrylate/methyl methacrylate copolymer and an impact-
resistant polystyrene.

20 5. A foamed multilayer film having at least one foamed
layer as defined in any one of Claims 1 to 4 and at least
one non-foamed thermoplastic resin layer.

6. The foamed multilayer film according to Claim 5,
wherein at least one outer layer in the case of three or

25 more layers, or one layer in the case of two layers, is a

layer formed from the following (b’) wvinyl aromatic

hydrocarbon polymer:



with (meth)acrylic acid, (iv') a copolynmer of a vinyl aromatic hydrocarbon
wth a (nmeth)acrylate, and 10 (v') a rubber-nodified styrene polyner. 7. A
heat shrinkabl e foamed filmobtained by stretching the foaned filmor the
“foamed nultilayer filmas defined in any one of Clains 1 to 6. 8. A heat
shrinkabl e foamed nultilayer filmhaving a is heat shrinkable filmlam nated
on the foaned filmor the foanmed nmultilagyer filmas defined in any one of
Caims 1 to 7. 9. The heat shrinkable foaned nultilayer filmaccording to
Caim7 or 8, whebe)natheeheat osbr vikgge ardmat ikeasdrod@ridh golifer n 10
seconds. 10. The heat shrinkable foaned nultilayer filmaccording to any
one of C ai mBeYetoe8, fnbar eha tbeloatugal(i’shtonkage:is at nost 2.5% at 40C
for seven days. 11. A heat shrinkable |abel made of the heat shrinkable 25
foamed nmul til ayer(if | e &3 od&f copdlymeanpfone vahyd armmatict o 10. 12. A
contai ner covered with the heat shrinkable |abel 69 as defined in C aim11l.
hydrocarbon with a conjugated diene,
5 (ii’) a vinyl aromatic hydrocarbon polymer,
(iii') a copolymer of a vinyl aromatic hydrocarbon
with (meth)acrylic acid,
(iv') a copolymer of a vinyl aromatic hydrocarbon
with a (meth)acrylate, and
10 (v') a rubber-modified styrene polymer.
7. A heat shrinkable foamed film obtained by stretching
the foamed film or the foamed multilayer film as defined
in any one of Claims 1 to 6.
8. A heat shrinkable foamed multilayer film having a
15 heat shrinkable film laminated on the foamed film or the
foamed multilayer film as defined in any one of Claims 1
to 7.
9. The heat shrinkable foamed multilayer film according
to Claim 7 or 8, wherein the heat shrinkage is at least
20 10% at 70°C in 10 seconds.
10. The heat shrinkable foamed multilayer film according
to any one of Claims 7 to 9, wherein the natural
shrinkage is at most 2.5% at 40°C for seven days.
11. A heat shrinkable label made of the heat shrinkable
25 foamed multilayer film as defined in any one of Claims 7

to 10.

12. A container covered with the heat shrinkable label



as defined in Claim 11.

69



