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films whose heat shrinkage in the main orientation
direction is small in a low temperature range but large in
a high temperature range, in particular the heat
shrinkable films useful as labels.
BACKGROUND ART

It.is a common practice to apply heat shrinkable
films (labels) bearing printing on the internal sﬁrface to
containers such as plastic containers, for exhibiting
product names, instructions for use'and'other information,
or for decorative purposes. Basic properties required of
such films include transparency, gloss and firmness.
Studies have been made on films comprising polystyrene
resins or polyester resins to find a material satisfying
the requirements (for example, Japanese Unexamined Patent
Publications Nos. 272182/1997, 25349/1982 and 122152/1994).

Japanese Unexamined ?atent Publication No.
272182/1997 discloses a heat shrinkable multi-layer £ilm
comprising inner and outer layers of a copolymer resin
containing 2 to 50 wt.% of a polystyrene and 98 to 50 wt.$%

of a styrene-butadiene block copolymer with a styrene



conprising inner and outer |ayers of a copolynmer resin containing 2 to
50 wt. % of a polystyrene and 98 to 50 wt. % 25 of a styrene-butadi ene
bl ock copolyner with a styrene

- 2- content of 65 to 90 wt.% and a butadi ene content of 10 to 35
wt.% and an internediate | ayer of a polystyrene resin. The di scl osed
fil mhas heat shrinking properties not possessed by a single-Ilayer .
film and is good in natural 5 shrinking properties and firmess.
Japanese Unexani ned Patent Publication No:2- 25349/ 1982 di scl oses a heat
shrinkable filmmade of a m xture of 2 to 40 parts by weight of a

pol ystyrene agdntent of06patos9bywhefghndod butagiene-soatentref bldcto
copolymer 10 of the formula &S—B n-S (wherein Sis a styrene block, B
i s a butadi en85bWéefk apBdnans aﬁerme@géteolazeerﬁnmegolystyn@n¢1ﬁﬁ%i@wene
content of 70 to 93 wt.% and a buta content of 30 to 7 w.% The

film when usgﬂelﬁiS°10569n§Fﬁ§tPBﬁ RFPH ﬁh%%?kéﬂ% PEPRPErHips nQt
d t f 15 .t t . of
Cnexan ned- PaPAReBRRF B PofiiRgLe-18vex 515, 19ad 16 opelcln PYHRL mmdc

of a mxtyre %Lrgnking properties and firmness.

Japanese Unexamined Patent Publication No.
25349/1982 discloses a heat shrinkable film made of a
mixture of 2 to 40 parts by weight of a polystyrene and
100 parts by weight of a styrene-butadiene block copolymer
10 of the formula (S-B)n-S (wherein S is a styrene block, B
is a butadiene block and n is an integer of 2 or more)
with a styrene content of 70 to 93 wt.% and a butadiene
content of 30 to 7 wt.%. The film, when used in
combination with a styrene container, is advantageous from
15 the viewpoint of recycling.
Japanese'Unexamined Patent Publication No.
122152/1994 discloses a label made of a mixture of at
least two polymers selected from the group consisting of
polyethylene terephthalates synthesized from terephthalic
20 acid or its derivative and a glycol component,
copolyesters synthesized from terephthalic acid or its
derivative and ethylene glycol having 1,4-cyclohexane
dimethanol introduced therein, and copolymers synthesized
from terephthalic acid or its derivative, isophthalic acid

25 or its derivative and a glycol component. The heat



least two polynmers selected fromthe group consisting of pol yet hyl ene
t er epht'hal at es synt hesi zed fromterephthalit 20 acid or its derivative and

a gl ycol conponent, copol yesters synthesized fromterephthalic acid or
its derivative and ethyl ene glycol having 1, 4-cycl ohexane
di et hanol introduced therein, and copol yners synthesi zed from

terephthalic acid or its derivative, isophthalic acid 25 or its derivative
and a glycol conponent. The heat

- 3- shrinkage-tenperature curve of th&-l|abel has a sharp rise

bet ween 60[err]C and 95[err]C. However, the filnms disclosed
in Japanese shripkegemtesperatumre pPubvecefi the Agbelohassa/ sharpaniise 5
122152/ 1994 have a snall heat shrinkage in a high t enper ature range,
and t hus have beftweeno§0SE andt IRfFen they are appl i ed by heat shrinking
to a bottl e having a neck di aneter mal | er . than the body di aneter
(i. a bottle mAFH”@WﬁthtH@gFéémﬁfd?§ﬁ%?fegoiﬁwgﬁp?ﬂés%ottIe 10

.0 1 body Rt o e AoE AL 9008 8. H5a§ 841007, A8 UL
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temperature range, and thus have the problem that when
they are applied by heat shrinking to a bottle having a
neck diameter much smaller than the body diameter (i.e., a
bottle wifh a high degree of taper) to wrap the bottle

10 from the body portion to the neck portion or to the cap
top surface, the films do not sufficiently shrink at the
neck portion or the cap top surface, failing to achieve
good finished conditions.

An object of the present invention is to provide

15 a heat shrinkable film suitable for applying by heat
shrinking to a bottle having a neck diameter much smaller
than the body diameter to wrap the bottle from the body
portion to the neck portion, from the body portion to the
cap top surface, from the bottom portion to the neck

20 portion, or from the bottom portion to the cap top surface,
the heat shrinkable film preferably having a small natural
shrinkage in the main orientation direction.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of a glass bottle 1
25 to which the heat shrinkable film (label) 2 obtained in



An_obj ect of the present invention is to provide 15 a heat shrinkable

filmsuitable for applying by heat shrinking to a bottle having a neck
di aneter much smal |l er than the body dianeter to wap the bottle from

t he body portion to the neck portion, fromthe body portion to the

cap top surface, fromthe bottomportion to the neck 20 portion, or from
the bottomportion to the cap top surface, the heat shrinkable film
preferably having a small natural shrinkage in the main orientation

di rection. BRI EF DESCRI £+ ON OF THE DRAW NGS

Fig. 1 is a perspective view of a glass bottle 1 25 to which the heat
shri nkabl e fi Exafpdiec2), 3 omt & hag been applied by heat &heipking, 3 or 4

has been applied by heat shrlnklng DI SCLOSURE OF THE
I NVENTI ON TRISCLOSURE OF\ THE ENBIONes the fol |l ow ng
Itens 1 to 7: 5 1. A heat shrinkable filmconprising at |east
one layer of a thernopl 38e present invepilPRgpiovides the Eollow in the
mai n orientation direction of 10% or |ess . after treatnent in hot water
at 70[err]C f dteMSsdcdRdd: and |

5 1. A heat shrinkable film comprising at least

one layer of a thermoplastic resin and having a heat
shrinkage in the main orientation direction of 10% or less
after treatment in hot water at 70°C for 2 seconds, and
65% or more after treatment in hot water at 90°C for 10

10 seconds.

2. A heat shrinkable film according to Item 1
which has a natural shrinkage in the main orientation of
2.5% or less after being allowed to stand at 40°C for 7

- days.

15 3. A heat shrinkable film according to Item 1
wherein the thermoplastic resin comprises a polyester
resin or a polystyrene resin.

4. A heat shrinkable f£ilm according to Item 1
comprising at least three layers (A)/(B)/(C) laminated in

20 this order, the layer (B) being an intermediate layer
comprising at least 6ne resin selected from the group
consisting of polystyrenes, high impact polystyrenes and
graft type high impact polystyrenes,.énd the layers (A)
and (C) being inner and outer layers comprising a styrene-

25 conjugated diene block copolymer.



65% or nore after treatnent in hot water at 90[err]C for 10 10 seconds.
2.” A heéat shrinkable filmaccording to Item1 whi ch has a natural
shrinkage in the main orientation of 2.5% or less after being all owed
to stand at 40[err]C for 7 days. 15 3. A heat shrinkable
filmaccording to Item 1 wherein the thernoplastic resin conprises a
pol yest er resin or a polystyrene resin. 4. A heat
shrinkable filmaccording to Item 1 conprising at |east three |ayers
(A/(B)/(C lamnated in 20 this order,-%he |ayer (B) being an

i nternmedi ate | ayer conprising at |east one resin selected fromthe
group consi sting oB5.pdl heafr ehwrdinkabde £ipmcacgordingrtoeitemds

graft type high inpact polystyrenes, and the | ayers (A) and (O being
i nner and out Mhergis fheodptermediate: Jawes- (B)s5furthengaentainsna bl ock
copol yner . - B-

5. pA Keat shr istEasne -conjugatedidigneobloek, gopolymaEcaRdforhd SHYEPRRTI at e

| ayer (B) further, contains a t yrene- conj ugat ed di ene bl ock copol yner
and/ or a styréﬁ@ﬂugatedbgﬁﬁﬁﬁapéﬁciiEAQSEPH€E°eIastoner. '

5 6. A heat shrinkable film according to Item 4
wherein the inner and outer layers (A) and (C) further
contain at least one resin selected from the group
consisting of polystyrenes, high impact polystyrenes and
graft type high impact polystyrenes.

10 7. A container having a heat shrinkable film
according to any one of Items 1 to 6 applied by heat
shrinking. |

The present invention will be described below in
detail.

15 The heat shrinkable film of the invention has a -
heat shrinkage in the main orientation direction of 10% or
less, preferably 8% or'less,.particularly preferably 5% or
less, after treatment in hot water at 70°C for 2 seconds,
and a heat shrinkage in the main orientation direction of

20 65% or more, preferably 70% or more, particularly
preferably 75% or more, after treatment in hot water at
90°C for 10 seconds.

The term “main orientation direction” as used
herein means the machine or transverse direction whichever

25 1s greater in stretch ratio. For example, when the £ilm



5 . ) 6. A heat shrinkable filmaccording to Item4 wherein the
i nner and outer layers (A and (C further contain at | east one resin
sel ected fromthe group consi sting of polystyrenes, high inpact

pol ystyrenes and graft type high inpact polystyrenes. 10

7. A container having a heat shrinkable film according to any one of
Itens 1 to 6 applied by heat . shri nki ng. The present
invention will be described below in detail. 15 The heat
shrinkable filmof the invention has a - -6-heat shrinkage in the main
orientation direction of 10% or | ess, preferably 8% or |ess,

particul arly psefappdiled 5% ar bottle,ethe directionmatoehecomehthewater at
70[err] C for 2 seconds, and a heat shrinkage in the main orientation
direction of clgcugderentialedipectdonbprf the, bothdecisptheimalnar|y
preferably 75% or nore, after treatnment in hot water at 90[err]C for
10 seconds. ©Orientation dirgetd@pm "nmin orientation direction" as used
herei n neans the machine qr .tra sverﬁg direction whichever 25 1is greater

in stretch ratio. For &x&dpMe¥hgRe heat shripkage in the main

5 orientation direction exceeds 10% after treatment at 70°C
- for 2 seconds has the following problems: When such a
film (label) is to be applied to a bottle having a neck
diameter much smaller than the body diameter (a bottle
having a high degree of taper) to wrap the bottle from the
10 body portion to the neck portion, from the body portion to
the cap top surface, from the bottom portion to the heck
"portion, or from the bottom portion to the cap top'surface,
the film, as placed around the bottle and passed through a
shrink tunnel, rapidly heat shrinks and slides up toward
15 the neck portion or the top surface of the bottle in the
vicinity of the shrink tunnel entrance, failing to affix
the film to a desired position.
A film whose heat shrinkage in the main
orientation direction is less than 65% after treatment at
20 90°C for 10 seconds does not sufficientiy shrink at the
neck portion or the tdp surface of the.bottle when passed
through a shrink tunnel. Thus, such a film does not
tightly f£it to a bottle.
The film of the invention is capable of being

25 affixed to a desired position and tightly fitting to the



- 6- is applied to a bottle, the direction to becone the
circunferential direction of the bottle is the main orientation

di rection. A fil mwhose heat shrinkage in the main 5
orientation direction exceeds 10% after treatnment at 70[err]C for 2
seconds has the follow ng problens: Wen such a film(label) is to be
applied to a bottle having a neck di aneter -nuch smaller than the body
di aneter (a bottle havi ng a high degree of taper) to wap the bottle
fromthe 10 body portion to the neck por¢¥en, fromthe body portion to

the cap top surface, fromthe bottomportion to the neck portion, or
fromthe bott dottdet adn the nleeckcpprtdpnsanflathe top suhfatel mItasigpl aced
around the bottle and passed through a shrink tunnel, rapidly heat
shrinks and sprn¢sumed thadr ¢helfidme wbidkhphasi ansmalihheatpshuinkageof the
bottle in the vicinity of the shrink tunnel entrance, failing to affix
the filmto aafdexr &xessmentoat 70°C for 2 secopds j | wpderaeeseat shri nkage
in the main orientation direction is less than 65% after treatnent at

20 90[ err] C f &UPEFBLIEdY B9 shrdnkager 1g; Ehe| yichpikk @f the shrinkeck
PortLon Ofo (iR ol aes . Lig, US' Het o RoBaE2a mqugh FRY Butnl ' ¥
posi 1 'Ornn gfn dt Phid BAIl SRaldhaidh" Betell, Ehl%esin S5 EXRSE ' PoBudEY' MO
affixed to the bottle at the body portion and the bottom
edge and thereby properly.positioned. Then, as further
advancing through the tunnel and being further heated, the
10 film sufficiently shrinks at the neck portion and the top
surface of the bottle since the film has a large heat
shrinkage after treatment at 90°C for 10 seconds, so that
the film tightly fits to the bottle.
It is desirable that the f£ilm of the invention
15 has a natural shrinkage in the main orientation direction
of 2.5% or less, preferably 2.0% or less, after being
allowed to stand at 40°C for 7 days. If the natural
shrinkage of the film exceeds 2.5%, sleeve-shaped laﬁeis
prepared from the film spontaneously shrink during long-
20 term storage, and become small in diameter and difficult
to apply to bottles.
The £film of the invention can be prepared by,
for example, as follows: A resin is melted in an extruder
and extruded from a T-die, taken off with take-off rolls,

25 stretched with rolls in the machine direction, stretched



-7- bottle at the neck portion and the top surface. It is

presumed that the film which has a small heat shrinkage after
treatment at 70[err]C for 2 seconds, undergoes substantially no
shrinkage in the vicinity of the shrink 5 tunnel entrance, and as noving
forward through the tunnel and being gradually heated, the filmis
first |oosely affixed to the bottle at the body portion and the bottom
edge and thereby properly positioned. Then, as further advanci ng

t hrough the tunnel and being further heate®; the 10 filmsufficiently
shrinks at the neck portion and the top surface of the bottle since
the filmhas wilthr getepier in ther tnrngvensecdirectionntanneadbe@sr]C for 10
seconds, so that the filmtightly fits to the_bott]e.

It is desirablceolpg apfevwpung yp Whihi g windoap Tolhas It & prafemnadikage

in the main orientation direction of 2.5%or_|ess ferably 2.0% or
ess, after b&PAG the lm,qéithg %PHﬁHt&PMgFeFPP%t?BFigiﬁéy‘%. 1T the

ST L E L SR R e T L
S peros TRl dbATIhE, riTh  bhL5H, bypes ch8 MPHal abRbikESn 1n
the main orientation direction and 1 to 2 times the
initial dimension in the direction perpendicular to the
main orientation direction. The reason for employing such
a stretch ratio is that a f£ilm obtained at an ordinary
10 stretch ratio for biaxial orientation has a large heat
shrinkage in the direction perpendicular to the main
orientation direction, with the result that the film
apﬁlied to a bottle undergoes longitudinal shrinkage
(shrinkage in the direction of the bottle height), hence
15 undesirable.. Accordingly, the heat shrinkage in the
direction perpendicular to the main direction is 20% or
less, preferably 15% or less, after treatment in hot water
at 90°C for 10 seconds. The thickness of the heat
shrinkable film is usually 10 to 150 ﬁm,'preferably 20 to
20 70 um.
The heat shrinkage after treatment at 70°C for 2
seconds or ét 90°C for 10 seconds, and the natural
shrinkage at 40°C can be adjusted by suitably selecting

the resin ingredients, f£ilm thickness, extrusion

25 temperature, draw ratio, take-off temperature, preliminary



for exanple, as follows: Aresinis nelted in an extruder and extruded
froma T-die, taken off with take-off rolls, 25 stretched with rolls in

t he machi ne direction, stretched with a tenter in the
transverse direction, anneal ed, cool ed and wound up with a w nd-up
roll. It is preferred that the filmof the invention is substantially
a uniaxially orientated fil mobtai ned by, for exanple, 5 stretching
the film3 to 10 tinmes the initial dinmension in the main orientation
direction and 1 to 2 tines the ~initiA-dinmension in the direction

per pendi cular to the main orientation direction. The reason for

enpl oyi ng sucheatingacondatinnsat stretchhpatiof i stretchirate atstretehli nary
10 stretch ratio for biaxial orientation has a | arge heat shrinkage
in the direct FGHPEEFIEEHGI- canpealingheonditions apdicephingrcondikionm, with
the result that the fi plied to a bottle undergoes Iongltudlna
shri nkage °Fsﬁ?#ﬂk§§8dpﬁtiﬂg dlrectlon of the bottle hei ght), hence 15
undesirable. Accordingly, the iat shri di rectjon

age
perpendi cul ar to the marRedPPRERIBRATS U g? te'g P?%ﬁEPtFﬁQ¥QQQ&RQIQE%60r
less, ,aftq{ tBS@tiﬁﬂEtea aﬁ& fgéfude various plastic bottles, glass

bottles, molded containers and other containers to which
the heat shrinkable film of the invention is applicable.
To make full advantage of the properties of the
heat shrinkable film of the invention, it is preferred to
10 use a bottle, in particular a bottle wherein the ratio of
. the circumferential length of the neck portion to the
circumferencial length of the body portion is up to 0.6
-times, preferably up to 0.5 times.
The resins used for forming the heat shrinkable
15 film of the invention are not limited and include, for
example, polyolefin resins, polyamide resins, cydlic
olefin resins, polyvinyl chloride resins, thermoplastic
polyester resins and polystyrene resiné. When the f£ilm is
used as labels, thermoplastic polyester resins and
20 polystyrene resins are preferably used as the main
ingredients, from the viewpoints of transparency, degree
of firmness, gloss, and ease of thermal disposal.
Preferred thermoplastic polyester resins include
those comprising, as the main ingredient, a resin commonly

25 known as a copolymer polyeéter'resin. The acid component



at_90[err]C for 10 seconds. The thickness of the heat shrinkable film
is usually 10 to 150 [err]m preferably 20 to 20 70 [err]m

The heat shrinkage after treatnent at 70[err]C for 2 seconds or at
90[err] C for 10 seconds, and the natural shrinkage at 40[err] C can be
adj usted by suitably selecting the resin ingredients, filmthickness,
extrusion 25 tenperature, draw ratio, take-off tenperature, prelimnary
-9- heating conditions, stretch ratio, stretch rate, stretch

t enperature, annealing conditions and coollOmg conditions for film
producti on. The containers used in the present invention are
5 not |imtedo&nghencopadymeri podypsteri resdnt nay, bglany of kndwn tachtd

nol ded cont ai ners and ot her containers to which t he heat shrinkable
filmof the i FPERONEALSs SHEH ASabeEephthalic acid: isephthalig|ack@yant age

of the propert]j f the heat shrinkable filmof the invention, it is
preferrgd Po pbgiegécaaﬁépﬁl@:6FﬁaBHFPPEﬁPﬁ@iﬁaEB?¥Y%iﬁh%F%ﬂrP?%e1¥%&io of

AT i kS S TR A e
times. 5 diphenyl and like dicarboxy biphenyls; 5-t-
butylisophthalic acid and like substituted phthalic acids;
2,2,6,6-tetramethylbiphenyl-4,4'-dicarboxylic acid and
like substituted dicarboxyl biphenyls; 1,1,3-trimethyl-3-
phenylindene-4,5-dicarboxylic acid and its substitution .

10 products, 1,2-diphenoxyéthane-4,4'-dicarboxylic acid and
its.substitution products and like aromatic dicarboxylic
acids; oxalic acid, malonic acid, succinic acid, glutaric
acid, adipic acid, azelaic acid, pimelic acid,
undecanedicarboxylic acid, dodecanedicarboxylic acid,

15  Dbrasylic acid, tetradecanedicarboxylic acid,
nonadecanedicarboxylic acid, docolindicarboxylic acid and
like aliphatic dicarboxylic acids and their substitution
products; and 4,4'-dicarboxycyclohexane and like alicyclic
dicarbokylic acids and their substitution products. The

20 diol component may be any of known diol components such as
ethylene glycol, triethylene glycol, propylene glycol,
butanediol, 1,6-hexanediol, 1,10-decanediol, neopentyl
glycol, 2-methyl-2-ethyl-1,3-propanediol, 2-diethyl-1,3-
propanediol, 2-ethyl-2-n-butyl-1,3-propanediol and like

25 aliphatic diols; 1,3-cyclohexanedimethanol, 1,4-



The resins used for formng the heat shrinkable 15 film of the invention

are not* limted and include, for exanpl e, polyolefin resins, polyam de
resins, cyclic ol efin resins, polyvinyl chloride resins, thernoplastic
pol yester resins and pol ystyrene resins. Wien the filmis used as

| abel s, thernoplastic polyester resins and 20 polystyrene resins are
preferably used as the main I ngredients, fromthe viewoints of
transparency, degree of firmess, gloss, and ease of thernal disposal.
Preferred thernopl astic polyester resins-iicl ude t hose conprising, as

the main ingredient, a resin commonly 25 known as a copol yner pol yester
resin. The acpﬁcéghpuggnﬂimethanol and like alicyclic diols; ethylene - 10-

of the copol ynmer pol yester resin may be any of known acid co onents
such as ter epRKAER adducgs PgobﬁﬁﬂbﬂnelaEQGPOUHGS e s 2 ailois(4”

2, 6- napht hal enedi car boxylic acid apd |i apht alenedlcarboxyllc
aci ds; 4, 4' - dP@QFBSY?tPBXXGFHhengl BFﬁH@ﬂ?Ia%ﬂdb+ k%hd@carboxy bi phenyl s;

2. 2. 6, 6- 1 ot r A EERGREE SRORYPORRTLT BRLEPBSs Fr LY iene Ghicol and  ffke
substitutd dLeaf0x¥! aRbRAS"¥hE’ atetngibht "FiPudi -

The copolymer polyester resins may be used
singly or in combination. Further, a small amount of
polyethylene terephthalate resin, polybutylene
terephthalate resin or the like may be added.

10 The resin ingredients, film thickness, extrusion
temperature, draw ratio, take-off temperature, preliminary
heating conditions, stretch ratio, stretch rate, stretch
temperature, annealing conditions and cooling conditions
are suitably selected to obtain a f£film having a heat

15 shrinkage in the main orientation direction of 10% or less
after treatment at 70°C for 2 seconds, and 65% or more
after treatment at 90°C for 10 seconds, and more
preferably having a natural shrinkage in the main
orientation direction of 2.5% or less. Preferred examples

20 of these conditions are shown in Example 1 given
hereinafter.

Polystyrene resins include all the resins
comprising styrene as a component, such as polystyrenes,
high impact polystyrenes, graft type high impact

25 polystyrenes and styrene-conjugated diene block copolymers.



phenyl i ndene- 4, 5-di carboxylic acid and its substitution. 10 product s,
1, 2- di phenoxyet hane-4, 4' -di carboxylic acid and Its substitution
products and |i ke aromatic di carboxylic acids; oxalic acid, malonic

acid, succinic acid, glutaric acid, adipic acid, az tﬁ‘iﬁ gldﬁhiic
: : : : : .
Fﬁg

aci d, undecanedi car boxyl i ¢ aci d, dodecanedi car boxyl
brasylic acid, tetradecanedi carboxylic acid, nonadefganedi lLic
aci d, docolindicarboxylic acid and | i ke aliphatic dicarboxylic acids
and their substitution products; ancd12-4'-dicarboxycycl ohexane and
like alicyclic di carboxylic acids and their substitution products. The
20 diol conponent nay Pelysyysenesoincdude bgmpqummgrsu@ndagopolymers

et hyl ene egcoI triethylene glycol, propylene g icol, but anedi ol ,

1, 6- hexanedi olof StyFeagoafcledhYlssypeney| p-methylstyrene and like

2-met hyl - 2-ethyl -1, 3- propanedi ol , 2-diethyl-1, 3- ro anedlol
2-ethyl-2-n-b ene3 qerdyatdyes. and PPP@lYEErSaPFpﬁ‘égF% Qi 8Fsits

1, 3-cycl oh di L1 | th d
[ Ko 31 cycl | BTSRRIV, iehi wonomerg, prpolumerieaflS, PRSFERE R comobnds

bis(a - [or] 2B %clﬁﬁéw a0 PSRRI TR LR " BBGYE BRERE o TF e 91 v

Na, K, Li, Mg, Ca, Zn and Fe), acrylic ester, methacrylic

ester and like aliphatic unsaturated carboxylic acids and
their derivatives.
High impact polystyrenes include mixtures of a

10 polystyrene and a synthetic rubber such as polybutadiene
or polyisoprene, and graft polymers comprising a
polystyrene grafted to a synthetic rubber such as
polybutadiene or polyisoprene.

Graft type high 1mpact'polystyrenes are resins

15 having a basic structure comprising a continuous phase of
a polystyrene and rubber like polymer particles dispersed
therein, the polymer particles containing therein a
polystyrene grafted to a rubber compbnent such as
polybutadiene.

20 ' Styrene-conjugated diene block copolymers are
copolymers comprising styrene blocks and blocks of a
conjugated diene such as butadiene or isoprene and having
a styrene content of 55 to 95 wt.% and a conjugated diene
content of 45 to 5 wt.%. Examples of such copolymers

25 include S-J-S, J-S-J, (S-J)n-S and (J-S)n-J (wherein S is

This Sheet Has Been Replaced
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5 aromatic diols; and diethylene glycol. The copol yner

pol yester resins nmay be used singly or in conbination. Further, a
smal | anmount of pol yet hyl ene terephthal ate resin, polybutylene
terephthalate resin or the like nay be added. 10 The resin
ingredients, film.thickness, extrusion tenperature, draw rati o,
take-of f tenperature, prelimnary heating conditions, stretch ratio,
stretch rate, stretch tenperature, annealing conditions and cooling
condi tions . are suitably selected to-&Btain a filmhaving a heat 15
shrinkage in the main orientation direction of 10% or |ess after
treatnent at a0psyregef blogksedohdsa aonjegated @dbere blockfand nrisitamnt
at 90[err]C for 10 seconds, and nore pref erabl y having a natural
shrinkage in dn&egarnof 2 oprmered:i dxkhern: itarrRolymens @nd ess. Preferred.
exanples 20 of these conditions are shown in Exanple 1 given

herei nafter. tetrapolymers °PGP§§F§PSnEh?Q§F$§3Fﬁ2$§ﬁﬁp Yed {tiens ns

compr 151195t KSR, BRpRaSRERCRRA. aeReE einBRbuE YL IR oy uaed B B2
styrene-cquugggggngi 3393%285_CIE§§36E§§“0f the other components
include acrylic acid, methacrylic acid and their metal
 salts (e.g., Na, K, Li, Mg, Ca, %n and Fe), acrylic ester,
methacylic ester and like aliphatic carboxylic acids and
their derivatives.

10 Also usable are styrene-conjugated diene block
copolymers wherein residual double bonds based on the
conjugated diene are partially hydrogenated.

' Styrene-conjugated diene block elastomers are
elastomers comprising styrene blocks and blocks of a

15 conjugated diene such as butadiene or isoprene, and having
a styrene content of 5 to 50 wt.%¥ and a conjugated diene
content of 95 to 50 wt.%.

The f£ilm of the present invention may be a
single-layer film comprising a polystyrene resin. The

20 polystyrene resin may be any of those mentioned above, but
is preferably a mixed resin system comprising 10 to 100
parts by weight, preferably 10 to 90 parts by weight, more
preferably 20 to 60 parts by weight of a styrene-
conjugated diene block dopolymer and 100 parts by weight

25 of at least one resin selected from the group consisting



-12- Pol ystyrenes i ncl ude honopol yners and copol yners

of styrene, [err]-methylstyrene, p-nethylstyrene and |ike styrene
derivatives, and copol yners of styrene or its derivative with nonomers
copol yneri zabl e therewi th, such 5 as acrylic acid, methacrylic acid,
their netal salts (e.g., Na, K, Li, My, Ca, Zn and Fe), acrylic ester
nmet hacrylic ester and |like aliphatic unsaturated carboxylic acids and
their derivatives. Hi gh inpact polystyrenes include m xtures
of a 10 polystyrene and a synthetic rubbdd-such as pol ybut adi ene or
pol yi soprene, and graft polynmers conprising a pol ystyrene grafted to a
synt hetic rub®&r tyzenes, béB?bGWHéP&nboéYSBBF9P§§pﬂ@%egraft type

Gaft type high inpact Qplyst renes are resins 15 having a basic structure
conprising a g&ﬁ@iﬁ&?@? pRRd¥sEFTrenes., pol ystyrene and rubber-1ike pol yner

articles dispersed therein, th ol yner, rticles coptaining therein
g | poly;tsrene graf@&&otBrégﬁﬁﬁﬁgrgﬁoﬁpﬁﬁ§% EEen g8ystem °

POyt 201 S conbliaping 7. 57, o BRELS. A WHIBRES FERB-LbEg Y RS TS e
o a8 SSRBIREOEY JPRGERSot"d el popydptiacarefa bRy 50 L0 o0
copol ymers  2@1h3¢bhd®, Sik pladeSof: ok StdyBtRefNd1tH AE-Jrypbiggein Sis

conjugated diene block copolymer, and 100 parts by weight

of at least one resin selected from the group consisting

of polystyrenes, high impact polystyrenes and graft type

10 high impact polystyrenes.

Use of such a mixed resin system enlarges the
range of suitable production conditions, thereby
facilitating the production of the heat shrinkable film of
the invention.

15 The film of the invention may be a multi-layer
film comprising a polystyrene resin. Examples of such
films include a film consisting of three layers
(A)/(B)/(C) laminated in this order, wherein the layer (B)
is an intermediate layer comprising at least one resin

20 selected from the group consisting of polystyrenes, high
impact polystyrenes and graft type high impact
polystyrenes, and the layers (A) and (C) are inner and
oﬁter layers comprising a styrene-conjugated diene block
copolymer.

25 . It is desirable that the thickness of the



-13-

a styrene block, J is a conjugated diene block and n is an

i nteger of 2 or nore). Further, terpolyners and tetrapol yners

conpri sing the styrene-conjugated di ene

bl ock copol yner and ot her

conponent (s) can be used in the 5 present invention. Exanples of the

ot her conponents I nclude acrylic acid, nethacrylic acid and their

net al salts (e.g., Na, K Li, My, Ca, Zn and Fe), acrylic ester,

nmet hacyl i c ester and i ke allphatlc carboxylic acids and their
derivatives. 10 Al so usabl e ad®=-styrene-conjugated di ene bl ock
copol ynmers wherein resi dual doubl e bonds based on the - conj ugat ed di ene
are partially edlayer (B) accountst§ernd0ctnj 249hi corefenably ock
el astonmers are el astomers caonp r|5|ng styrene bl ocks and bl ocks of a

15 conj ugat ed 38 &Re 9dFechmaxepprafecablyr 60 8nt, °§nﬁhﬁaﬁ?ﬁﬁl a o
styrene conte 5 to 50 nd t ed content o

Lo 50wt ob - thilkness®or” th it Fprofilraliy rﬁq‘h wt@@a

si ngl e- Ia er ' 0 p styre Si The e resin
naygbe an§ ofEthkg K@ﬂt?@ &EAbggé iéﬁPegcaf Vgtﬁrﬁﬁﬁya F@ Pesin

SySte”]COWPr'ﬁ?ngnaothgcﬁggss in R8Ep&CHRY¥eLE iingr ef erably 10 to 9

by wei ght

25

0 parts

It is preferred that the intermediate layer (B)

further contains a styrene-conjugated diene block
copolymer and/or a styrene-conjugated diene block

elastomer. The amount of the styrene-conjugated diene

10 block copolymer and/or styrene-conjugated diene block

elastomer to be added is as defined above. Use of such

mixed resin system enlarges the range of suitable

a

production conditions, thereby facilitating the production

of the heat shrinkable film of the invention.

15 Further, it is preferred that the inner and

outer layers (A) and (C) contain, in addition to the

styrene-conjugated diene block copolymer, at least one

resin selected from the group consisting of polystyrenes,

high impact polystyrenes and graft type high impact

20 polystyrenes. The at least one resin selected from the

group consisting of polystyrenes, high impact polystyrenes

and graft type high impact polystyrenes is added in an

amount of preferably 5 to 100 parts by weight, more

preferably 5 to 90 parts by weight, most preferably 15 to

40 parts by weight, per 100 parts by weight of the resin



preferably 20 to 60 parts by weight of a styrene- conj ugat ed di ene
bl'ock copol ynmer and 100 parts by weight 25 of at |east one resin selected
fromthe group consisting -14-
of polystyrenes, high inpact polystyrenes and graft type hi gh i npact
pol ystyrenes. Al so preferred is a mxed resin system
conprising 2 to 50 parts by weight, preferably 5 to 30 5 parts by wei ght
of a styrene-conjugated diene bl ock el astonmer, in place of or together
with the styrene- conj ugat ed di ene biléck copol yner, and 100 parts by
wei ght of at |east one resin selected fromthe group consisting

of pol yst yr endstyriegie-aondstgaieidy dienenbd.ogkd cgpeflymey)einlbhei jhnempact
pol ystyrenes. Use of such a m xed resin systemenlarges the
range of suit @M% owtedudEayerscdidi @néndCli-heVepyof such gzimixed ixesime
production of the heat shrinkable film of the invention. 15

The film of t St ANIGTIRS Whe Fange pf| gpdtable proAuctdaprising a
F ﬁlr gzt ly;)e;gfsr %%nrait%%rg)'l ‘Ei\:ile?:feb%u%gcilj.taftli.lngE p!rg((\ilug% og L:Ifl g]hgotqglaisztl ng of
5 shrinkable film of the invention.

The layers of the film can be laminated by any
known methods such as dry lamination and extrusion
lamination, among which co-extrusion lamination (followed
by co-orientation) is simple and é;sy, hence preferable.

10 For co-extrusion, a T-die may be used to obtain a flat
film, or a ring die may be used to obtain a tubuiar f£ilm
which is then cut open to give a flat film.

BEST MODE FOR CARRYING OUT THE INVENTION

Typical examples of the present invention are

15 given below to illustrate the inveﬁtion in further detail.

The heat shrinkage in the main orientation
direction after treatment at 70°C for 2 seconds or at 90°C
for 10 seconds was measured by the following method: Ten
square samples, 100 mm x 100 mm, were cut out from the

20 heat shrinkable film. One of the samples was dipped in
hot water bath at 70°C or 90°C for 2 seconds or 10 seconds,
and then immediately cooled with cold water. Then
measured was the length L (mm) in the machine or
transverse direction (the main orientation direction, i.e.,

25 the direction to become the circumferential direction of a



(A/(B)/(C) lamnated in this order, wherein the |ayer (B) IS an
i nternedi ate | ayer conprising at | east one resin 20 selected fromthe

group consi sting of polystyrenes, high i npact pol ystyrenes and graft
type hi gh inpact pol ystyrenes, and the layers (A) and (C) are inner
and outer layers conprising a styrene-conjugated di ene bl ock

copol yner. 25 It is desirable that the thickness of the

- 15- i ntermedi ate | ayer (B) accounts _for 30 to 99% preferably 50
to 97% nore preferably 60 to 95% of t he~tdral t hi ckness of the film

Preferably, the inner and outer | ay

each ot her inbRkkde when,thenfiim tgaBRlied rEQpkhe £18) i ng.

It is preferred . that the internedi ate | ayer (B further contains a
st yr ene- conj u§4PEGAYLBLAY SBR heat §BB%¥§%S$ éﬁﬁ/%ﬁ“%&s? rERRLEAGE RS ed

di ene bl ock el a mer_. The amount of the styrene-caonjugated.diene 10
bl ock copol ymE‘r Irom i&’BSt yTlé?‘les-?,‘B%j gd(%%cg'u%ﬁ afae m‘q?agte%{] usglln:?st 5‘rﬁar to be

added is as dg&b egFgggvgamggggoi ?Hiﬂdat%e an%%&%Hﬁ&éﬁf&ﬁ%@ﬁfﬁ%@“&ﬁrges

the range of a oducCti on condrtions er eby ating the
productions the 10 samples. The obtained value was used as the heat

ers (A and (CZ are identical with
b

shrinkage after treatment at 70°C for 2 seconds or at 90°C
for 10 seconds.

The above procedure was followed to find the
heat shrinkage after treatment at 90°C for 10 seconds in

10 the perpendicular direction to the main orientation
direction.

The natural shrinkage of the film was determined
by allowing the film to stand at 40°C for 7 days and
calculating the shrinkage in the main orientation

15 direction.

The finished conditions of the shrunk label were
observed at the body portion, bottom portion, neck portion
and cap top surface of the bottle, and rated as "O" when
the label was smooth and had no defects, and as "X" when

20 the label had any defects.

Example 1
Melted in an extruder was a mixture of 75 wt.%
of a copolymer polyester A (IV 0.76) comprising

25 terephthalic acid as an acid component and 70 mol% of



of the heat shrinkable filmof the invention. 15 Further, it is

preferred that the inner and outer layers (A and (C contain, in
addition to the styrene-conj ugat ed di ene bl ock copol yner, at |east one
resin selected fromthe group consisting of polystyrenes, hi gh i npact
pol ystyrenes and graft type high inpact 20 polystyrenes. The at | east
one resin selected fromthe group consisting of polystyrenes, high

i mpact pol ystyrenes and graft type high inpact polystyrenes is added
in an amount of preferably 5 to 100-3&-ts by wei ght, nore

preferably 5 to 90 parts by weight, nost preferably 15 to 25 40 parts by
wei ght, per lehydene iglyoelgkhndof3ot melkeofnl,4-cyclohexanedimethanol

-16- (styrene-conjugated diene bl ock copolyner) in the inner
and outer |ayass &ial sompogentsse 157 wku&hof ai gepolywen polyestexiBn{IV
enl arges the range of suitable production condi tions, thereby

facilitating {Sr-dddccoBprdsing 85cmolt of §ﬁFPHk§BPéiF|Fﬁi@faﬁﬁe15ﬂ%%ﬁ%|on

The |l ayers of the filmcan be | am nate ds_such as

dry | aninati offadgorhthadig, act aﬁaﬂFﬂQtéB g&ﬁﬁﬁﬁ ﬁﬂ&mﬁscﬁ°£§t?ﬁsion

Ian1nat|0n5(f thf%ne glycol and 15 mol% of diethylene glycol as diol
components; and 10 wt.% of polybutyrene terephthaltate (IV
0.70). The molten mixture was extruded from a T-die at
270°C, quenched at both surfaces with take-off rolls at a
draw ratio of 160% and a surface temperature of 30°C,

16 strefched in the machine direction to a length of 1.05
times the original length using rolls at 80°C at a stretch
rate of 3500%/min, cooled to 60°C, reheated to 92°C, and
stretched again 1.10 times the previous length using rolls
at a stretch rate of 24000%/min. The resulting film was

15 then preliminarily heated at 120°C for 5 seconds,
stretched in the transverse direction to a width of 2.0
times the original width using a tenter at a first zone
temperature of 75°C at a stretch rate of 8800%/min, heat-
treated at 88°C for 2 seconds, stretched again 2.2 times

20 the previous width using a tenter at a second zone
temperature of 82°C at a stretch rate of 6900%/min,
annealed in an atmosphere at 70°C while permitting the
film to relax by 2.5% in the transverse direction and 3.0%
in the machine direction, and cooled with a cooling roll

25 at 40°C, to thereby obtain a 40 nm thick heat shrinkable

_—
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by co-orientation) is sinple and easy, hence preferable. 10 For
co-extrusion, a T-die may be used to obtain a flat film or aring die
may be used to obtain a tubular film which is then cut open to give a
flat film BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

Typi cal exanples of the present invention are 15 given below to
Illustrate the invention in further detail. The heat
shrinkage in the main orientation direction after treatnent at
70[err]C for 2 seconds or at 90[err]C -19for 10 seconds was neasured by
the foll ow ng nmethod: Ten square sanples, 100 mm x 100 mm were cut
out fromthe fidm.hcBabléerl nshows the rheanshyfinkages ans amtwaraldi pped in
hot water bath at 70[err] C or 90;err]C for 2 seconds or 10 seconds,

and t hen i me§hxiakageoefe$hgi phtadngd,gldm. Then measured was the
length L (mm) in the machine or transverse direction (the main
orientation direction, i.e., 25 the direction to becone the
circunferentiagl dicection of a '

-17- bot%?‘ €n“%he filmis applied to the bottle).

Subsequentdy, e oot FaLAte: BiaLaNRdobYe YR A5t TKea gp, dnd 1SRG
the average hggt +fRr hak298n2inkable £11m obtained in Example 1, using a
photogravure prihting machine. Then, using an organic
solvent, the film was made into a tube having a flattened
tube width of 110 mm by center sealing so that the printed
10 surface became the internal surface and the transverse
direction of the film became the circumferential direction
of the container. The resulting tubular f£film was cut in a
length of 195 mm to obtain a label.
The label was placed around a glass bottle
15 (container) with a height of 190 mm, a body diameter of
65.5 mm and a neck diameter of 30 mm, and passed through a
wet heat shrink tunnel (length: 3.5 m, vapor pressure: 1.2
kg/cmz) for heat shrinking at.90°c for 10 seconds.
Table 2 shows the finished conditions of the shrunk label.
20 |
Example 3
Melted in an extruder was a mixed resin system
of 100 parts by weight of a polystyrene (manufactured by
ASAHI CHEMICAL INDUSTRY CO., LTD., SC-008), 43 parts by

25 weight of a styrene-butadiene block copolymer containing



5 the 10 sanples. The obtai ned val ue was used as the heat shri nkage

aftér treatnent at 70[err]C for 2 seconds or at 90[err]C for 10
seconds. The above procedure was followed to find the
heat shrinkage after treatnment at 90[err]C for 10 seconds in 10 the
perpendi cular direction to the main orientation di rection.

The natur al
to stand at 40[err]C for 7 days and

shrinkage of the filmwas determ ned by allowing the fi
cal cul ating the shrinkage in the

I m

main orientation 15 direction. -20- The finished conditi ons of

the shrunk | abel were observed at the body portion, bottom portion,
neck portion 20 witaddofapg séyrener homopplymerpolmanufagiured &y LENKY when

t he | abel
any defects.

was snmooth and had no defects, and as "X' when 20 the | abel
KAGAKU Ex&hplSLFAREN 2002H), and)\ift parts By weighbcPf\Bs a

m xture of 75 wt. % of a_ cqpql.ynmer_ polyester A (1V,0.76). co I Si ng
25"t er epht hat¥ =20 og0 1192560 LB RLAFKaRUAP BONEF of Bt actared By
ASAHI CHEMICAL INDUSTRY CO., LTD., TAFPLEN126). The

5 molten resin system was extruded from a T-die at 180°C,

taken off with take-off rolls at 52°C at a draw ratio of

102%, stretched in the machine direction to a length of

1.

8 times the original length using rolls at 110°C at a

stretch rate of 20000%/min. The resulting film was then

10 preliminarily heated at 120°C for 10 seconds, stretched in

the transverse direction to a width of 6.8 times the

original width using a tenter at a first zone temperature

of 100°C and a second zone temperature of 88°C at a

stretch rate of 1650%/min, annealed in the vicinity of the

15 tenter exit at 78°C over 3.5 seconds while permitting the

film to relax by 0.5% in the trahsverse direction, and

subjected to first cooling with air at 35°C and then to

second cooling with a cooling roll at 30°C, to thereby

obtain a 60 ym thick heat shrinkable film. Table 1 shows

20 the heat shrinkage and natural shrinkage of the obtained

film.

The £film was then heat shrunk in the same manner

as in Example 2. Table 2 shows the finished conditions of

the heat shrunk label.

25

had



- 18- et hyl ene gl ycol and 30 nol % of 1, 4-cycl ohexanedi net hanol as
di ol conponents; 15 wt.% of a copol ymer polyester B (1V 0.71)
conprising 85 nol % of terephthalic acid and 15 nol % of isophthalic
acid as acid conponents and 85 nol % of 5 et hyl ene glycol and 15 nol % of

di et hyl ene gl ycol as di ol

t erepht hal at e conponents; and 10 wt. % of pol ybutyrene terephthalate (1V
0.70). The nolten m xture was extruded froma T-die at 270[ err] C,
guenched at both surfaces with take-off r@l-s at a draw ratio of 160%
and a surface tenperature of 30[err]C, 10 stretched in the machine
direction to &xampdeh4of 1.05 times the original length using rolls at
80[err]C at a stretch rate of 3500% mi n, cooled to 60[err]C, reheated
to 92[err]C, and sMedtedednawpnextroderaewasnhther sameustyeenen usi ng
rolls at _a stretch rate of 24000% m n. The resulting filmwas 15

then prelinm ndatadigas blogk coppdympr psrusedeiBnBzample 3sfQBtched in the
transverse direction to,a width of 2.0 ti t he r;ginal wi dt h usi ng
a tenter at aPESP&T dnner aP@nBHFSFuFEYGFS7g$ir?T@:g? a Meldiedh iyt e of

2.2 11 s 5 20 SNOReF, SHTGUGeE APR BoRAGSH FORL, SKECAMoheb R oRRELng an

ét: Tospher ¢ at “IOFERFPAatR) 1BvRE) Thy okl TagbaSs Of?’ﬁ’},ﬁ%t?e'?%i‘_"%??éfg‘a; N
Wih o cooling Parre s3peliigh dibnat phEYREPLRRE HOS AR PAerRRe 0L

heat shrinkablby ASAHI CHEMICAIL INDUSTRY CO., LTD., ASAHI CHEMICAL

POLYSTYRENE SS-700) and 16 parts by weight of the same

10 styrene-conjugated diene block elastomer as used in
Example 3. The contents of the three extruders were
laminated by fusing in a single T-die at 195°C to form
layers (A)/(B)/(C) superposed in this order, and extruded
from the T-die. The extruded multi-layer film was taken

15 off with take-off rolls at 40°C at a draw ratio of 102%,
stretched in the machine direction tb a length of 1.5
times the original length using rolls at 90°C at a stretch
rate of 15000%/min. The resulting f£ilm was then
preliminarily heated at 120°C for 6 seconds, stretched in

20 the transverse direction to a width of 6.8 times the
original width using a tenter at a first zone temperature
of 100°C and a second zone temperature of 80°C at a
stretch rate of 3800%/min, annealed in the vicinity.of the
tenter exit at 70°C over 5 seconds while permitting the

25 f£ilm to relax by 1.2% in the transverse direction, and



-19- film Table 1 shows the heat shrinkage and natural shri nkage
of“ t he -obt ai ned film Exanple 2 5 Fi ve- col or

phot ogravure was provi ded on one side of the heat shrinkable film
obtained in Exanple 1, using a phot ogravure printing machi ne. Then,
usi ng an organic solvent, the filmwas made into a tube having a
flattened tube wi dth of 110 mm by center sealing so that the prlnted
10 surface became the internal surface and the transverse direction of
the filmbecanme the circunferential diree@Ren of the container. The
resulting tubular filmwas cut in a | ength of 195 nmto obtain a

| abel . subjectedlite IFdlrsit wceslhhgcwiithr aindat 35 sarmdtthen tid
(container) with a height of 190 nmm a body di aneter of 65.5 nm and a
neck di anet er secos@ cwpling pd.ithed cbommgg noll atwe0°’Geato stheraby unnel

(length: 3.5 m vapor ressure: n%errL) for heat shrinking at
90[err]C for Pbtad@oadheat shr#abpblg EﬁmeW@ﬁ eEatithbanessaf f0t he

shrunk | abel. umeowhereigx%gglinger and outer layers (A) and (B) were
5 each 3 um thick and the intermediate layer (B) was 54 um
thick. Table 1 shows the heat shrinkage and natural
shrink&ge of the obtained f£ilm.
| | The film was heat shrunk in the same manner as
in Example 2. Table 2 shows the finished conditions of

10 the heat shrunk label.

Comparative Example 1
Melted in an extruder was a mixture of 55 wt.$%
of the same copolymer polyester A as used in Example 1, 30
15 wt.% of the copolymer polyester B as used in Example 1 and
15 wt.% of the same polybutylene terephthalate as used in
Example 1. The molten mixture was extruded from a T-die
at 270°C, quenched at both surfaces with take-off rolls at
a surface temperature of 30°C, stretched in the machine
20 direction to a length of 1.02 times the original length
using rolls at 80°C at a stretch rate of 3500%/min, cooled
to 60°C, reheated to 92°C and stretched again 1.05 times
the previous length using rolls at a rate of 24000%/min.
The resulting film was then preliminarily heated at 90°C

25 for 5 seconds, stretched in the transverse direction to a



Melted in an extruder was a nixed resin system of 100 parts by weight
of & pol ystyrene (manufactured by ASAHI CHEM CAL | NDUSTRY CO., LTD.,
SC-008), 43 parts by 25 weight of a styrene-butadi ene bl ock copolyner
containing - 20- 20 wt. % of
a styrene honopol yner (nanufactured by DENKI KAGAKU K. K., CLEAREN
200ZH), and 14 parts by weight of a styrene-conj ugated di ene bl ock

el ast omer (manufactured by ASAH CHEM CAL | NDUSTRY CO., LTD.,
TAFPLEN126). The 5 nolten resin system=®3s extruded froma T-die at
180[err] C, taken off with take-off rolls at 52[err]C at a draw ratio
of 1029 widtl cifed .idn tdmesmtblei oridinedt widthougingngt henter at 1.8
times the original length using rolls at 110[err]C at a stretch rate
of 20000@6n1n80fﬁea¢e9u5¢tn§ch|rﬁtﬁagftﬁ@ﬂO%iinre$$h$ﬂb9¢Iynh@@ted at

120[err] C for 10 seconds, stretched in he transverse direction to a
width of 6.8 @tmesphere at 7§’ FgWH&i‘-evxPGFﬁiﬁﬂ-hg Bhecfilp 8@ xelaxhYzone

Lemmeralure b-of s ke AR 2SRt SR Snh R BH e o A ERE ©
ol ax by 0ol AT AL 05187 B3EPoR. SaRiLRS FoliiAg s8EC: o 9.?3{””"
cooling with giye A3 PainCa0 LEEni8k heat shrinkable film. Table

1 shows the heat shrinkage and natural shrinkage of the

obtained film. Table 1 reveals that the f£ilm has a large

heat shrinkage in the main orientation direction after

10 treatment at 70°C for 2 seconds.
Then, the film was heat shrunk in the same

manner as in Example 2. The £ilm slid up and was not

affixed to the desired position. This is because the film

had too large a heat shrinkage in the main orientation

15 direction after treatment at 70°C for 2 seconds.

Comparative Example 2
Melted in two extruders was the same styrene-

butadiene block copolymer as used in Example 3 for

20 preparing inner and outer layers (A) and (C). Melted in
another extruder was a mixed resin system for preparing an
intermediate layer (B) consisted of 100 parts by weight of
the same graft type high impact polystyrene resin as used
in Example 4 and 8 parts by weight of the same styrene-

25 conjugated diene block elastomer as used in Example 3.



second cooling with a cooling roll at 30[err]C, to thereby obtain a 60
pmt hi ck heat shrinkable film Table 1 shows 20 the heat shrinkage and

nat ural shrinkage of the obtained film The fil mwas
then heat shrunk in the sane manner as in Exanple 2. Table 2 shows the
finished conditions of t he heat shrunk | abel. 25

-21- Exanpl e 4 Melted in two extruders was the sane
styrene- but adi ene bl ock copol yner as used in Exanple 3 for

preparing inner and outer layers (A and-2%~ Melted in 5 another
extruder was a mxed resin systemfor preparing an I nternmedi ate | ayer
(B) consi st ed Thie Tomtentss afy the fhreef extrudergr weret Jpninagadi hpact

pol ystyrene resin (manufactured by ASAH CHEM CAL | NDUSTRY CO., LTD.,
ASAH CHEM CAfusing dg eseimgle Qsdieo)thﬁermeslpxpﬁ b@MéB@M%f the sane
10 styrene-conj ugated dlene | ock el astoner as used in |l e 3. The
conte%ts of t%?é%ﬁﬂ&? REder . andl&ﬁFﬁHP@G gyomythagT |HR9 *single

T-die at 195[qer] G Lo ] ed“multi _layer film was taken off with take-off

5 rolls at 40°C at a draw ratio of 102%, stretched in the
machine direction to a length of 1.5 times the original
length using rolls at 90°C at a stretch rate of 10500%/min.
The resulting film was then preliminarily heated at 120°C
for 6 seconds, and stretched in the transverse direction

10 to a width of 5 times the original width using a tenter at
a first zone temperature of 100°C and a second zone
temperature of 90°C at a stretch rate of 2100%/min,
annealed in the vicinity of the tenter exit at 80°C over 7
seconds while permitting the film to relax by 1.2% in the

15 transverse direction, and subjected to first cooling with
air at 35°C and then to second cooling with a cooling roll
at 30°C, to thereby obtain a heat shrinkable film having a
total thickness of 60 um, wherein the inner and outer
layers (A) and (C) were each 7.5 um thick and the

20 intermediate layer (B) was 45 um thick. Table 1 shows the
heat shrinkage and natural shrinkage of the obtained f£ilm.
Table 1 reveals that the film had a small heat shrinkage
in the main orientation direction after treatment at 90°C
for 10 seconds.

25 The film was then heat shrunk in the same manner



| ayers (A)/(B)/(C) superposed in this order, and extruded fromthe
T-di'el * The extruded nulti-layer filmwas taken 15 off with take-off rolls
at 40[err]C at a draw ratio of 102% stretched in the machine
direction to a length of 1.5 times the original length using rolls at
90[err]C at a stretch rate of 15000% m n. The resulting filmwas then
prelimnarily heated at 120[err]C for 6 seconds, stretched in 20 the
transverse direction to a width of 6.8 tines the original w dth using
a tenter at a first zone tenperature -25f 100[err]C and a second zone
tenperature of 80[err]C at a stretch rate of 3800% m n, annealed in
the vicinity ef theExamplee@terTable ZitshdfsrilieC findshed comditions of
permtting the 25 filmto relax by 1.2%in the transverse direction, and
-22- subjtbet Bgatoshrpsk dabpling I tTahde 2t thsy qondd tiens: o the
second cooling with a cooling roll at 30[err]C, to thereby obtain a
heat shri nkabP&cki PREHLPR anflothe tepcRuEEacefare rated[as ]¥,” WABEGI n t he

in d t I d (B 5 3 t hi ck dth

i nrermeds are agetiin asdlogh shrbnk Sure1GLORELY Yok A4S (RAELE o Tenr

shri nkage ,and r.al hripkage, of .t he_obtaj ne Il m

The 11T e AaBhHERcacpt, sARRRREGNCIS ChECrGRURL "SF he Mmall heat
shrinkage in the main orientation direction after

treatment at 90°C for 10 seconds.

Table 1

Comp. | Comp.
Ex.1 | Ex.3 | EX.4 | 5y |Ex. 2

Heat shrinkage (%)

Main orientation dir.

70°C 5 4 3 20 1
90°C 75 77 76 74 58
Perpendicular dir.
90°C -1 15 12 2 -1
Natural shrinkage (%) 0.4 1.5 2.0 0.5 1.1
Table 2

Comp.
.Ex. 2 Ex. 3 Ex. 4 Ex.?

Finished conditions
of heat shrunk
label

Body portion O O O O
Bottom portion O O O O
Neck portion O @) O X
Top surface O O O X




in Exanple 2. Table 2 shows the finished conditions of 10 the heat shrunk
| abel Conparative Exanple 1 : Melted in an extruder
was a m xture of 55 wt. % of the same copol ynmer polyester A as used in
Exanple 1, 30 15 wt.% of the copolynmer polyester B as used in Exanple 1
and 15 wt. % of the same pol ybutyl ene terephthal ate as used in

Exanple 1. The nolten m xture was extruded froma T-die at 270[err]C,
guenched at both surfaces with take-off rolls at a surface tenperature
of 30[err]C, stretched in the machine 2026direction to a |ength of 1.02
times the original |ength using rolls at 80[err]C at a stretch rate of
3500% ni n, cool ed Thecdpbed) prepanedt Egomotbe| 81imfinthet r et ched
again 1.05 tines t he previaqus Iength usinggrolls at a rate of

24000% i n.  inveptdon. cam; ey affixefator pefegiEpdnPasitign nehthout
Yo 1 e Serﬁwﬁ’fé@sfh{p%% KPgrksr WPORRELGIABE SREHEROR Or
SETerT] € o oteR bR, A RACRA ppiRE5g. “thi b8lcom poftIBSPMERS
5 neck portion or the top surface, when the label is applied
by heat shrinking to a bottle having a neck diameter much
smaller than the body diameter to wrap the bottle from the
body portion to the neck portion, from the body portion to
the cap top surface, from the bottom portion to the neck
10 portion, or from the bottom portion to the top surface.
Thus, an article having heat shrunk label with good
appearance can be obtained by using the film of the
present inventioﬁ.
Further, the label prepared from the film of the
15 invention is free from the problem that the label comes to
havg a reduced diameter owing to natural shrinkage and

becomes difficult to apply to a container.



1.0%4.n the transverse direction and 2.0%in the nachine 5 direction, and

cootetrwith a cooling roll at 30[err]C, to thereby obtain a 40 [err]m
t hi ck heat shrinkable film Table 1 shows the heat shrinkage and

nat ural “ shri nkage of the obtained film Table 1 reveals that the film
has a | arge heat shrinkage in the main orientation direction after 10
treatnent at 70[err]C for 2 seconds. Then, the filmwas heat
shrunk in the sane manner as in Exanple 2. The filmslid up and was
not affixed to the desired position~ This is because the film had

too large a heat shrinkage in the main orientation 15 direction after
treatnment at 70[err]C for 2 seconds. CLAIM@bnparatlve Exanpl e 2
Melted in two extruders_was the sanme. st ut adi ene bl ock

copol yner as used in Ex&np#ehQaFthr%Ekgb;%pﬁ}ngc?mPﬁﬁs%ﬁﬂ utkeafhyers
(A 2nd (O): Vel Sl o, PBOHRGISHEI S Ehel B o i 5 st o
preparing an r a o r y wei gl
AR T AT Y ORIl b k)
bl ock e|a§§0”§Et§§ %?%gthgnﬁxiﬂphgt water at 70°C for 2 seconds, and

65% or more after treatment in hot water at 90°C for 10

seconds.

2. A heat shrinkable film according to Claim 1

which has a natural shrinkage in the main orientation

10 direction of 2.5% or less after being allowed to.stand at
40°C for 7 days.

3. A heat shrinkable film according to Claim 1
wherein the thermoplastic resin comprises a polyester
resin or a polystyrene resin.

15 4. A heat shrinkable film according to Claim 1
comprising at least three layers (A)/(B)/(C) laminated in
this order, the layer (B) being an intermediate layer
comprising at least one resin selected from the group
cohsisting of polystyrenes, high impact polystyrenes, and

20 graft type high impact polystyrenes, and the layers (A)
and (C) being inner and oﬁter layers comprising a styrene-
conjugated diene block copolymef.

5. A heat shrinkable film according to Claim 4
wherein the intermediate layer (B) further contains a
25 styrene-conjugated diene block copolymer and/or a styrene-

-

T



-24- ~ The contents of the three extruders were | am nated by fusi ng
in~a stngle T-die to formlayers (A)/(B)/(C superposed in this order,
and extruded fromthe T-die. The extruded multi-layer filmwas taken
off with take-off 5 rolls at 40[err]C at a draw ratio of 102% stretched
in the machine direction to a length of 1.5 tinmes the original

| ength using rolls at 90[err]C at a stretch rate of 10500% m n. ' The
resulting filmwas then prelimnarily heated at 120[err]C for 6
seconds, and stretched in the transverse=-d8-ection 10 to a width of 5
times the original width using a tenter at a first zone tenperature of
100[ err] C and cengygated diene blocknpaagstomeref 90[err]C at a stretch rate
of 2100% mi n, annealed in the vicinity of the tenter exit _at 80[err]C
over 7 seconds whi be Pehgpt: shginkabile| fily pecaxdbpgitooflaimnt 15
transverse directiagn, and subjected to first cooling wth jr_at
35[err] C and Mheredn dbepigneg pnfyonter 4a¥esri 4f)rand (C) f%fﬁgﬁferr]c,

to thereby obtain g heat -shrinkable film hayi ytal thick f
60 [err]m vhEPREAIMEY ARARt,REsReaLn solepkid, Expm thR e uere cach

7.5 pmthigk 0 _dnot ' | ayer., ( i ck.

Table 1 sﬁ%ms%¥%§&gﬁin%hg§;ggﬁ&%%gggéggndﬁ%gPuE@ngﬁréﬁ%%§é§%€h%%é obt ai ned

film Ta I a h £ mal | heat shrinkage in

the main orie taf&bﬁsﬁgigé'|0215%F§rBF?g§?ggﬁ?e§f 90[err]C for 10

seconds. 25 7.7 conlt@iwas hB9ingeat nehtUskrifkhbEe SEBmMENNET
according to any one of Claims 1 to 6 applied by heat

shrinking.

_

AR o |
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-25- % as in Exanple 2. Table 2 shows the finished conditions of t he
heat shrunk | abel. In Table 2, the conditions of the neck portion and
the top surface are rated as " X' since the filmdid not shrink
sufficiently on these parts. The 5 insufficient shrinkage is the result
of the small heat shrinkage in the main orientation direction after
treatnment at 90[err]C for 10 seconds. Tabl e
1 Ex.1 Ex.3 Ex.4 Conp. Conp.

Ex. 1 Ex. 2 Heat shrinkage (%R9- Main orientation dir.
70[err] C 5 4 3 20 1 90[err] C

75 77 76 74 58 Per pABSTBACEr dir. . 90[err] C
-1 15 12 2 -1 Nat ural shrinkage (% 0.4 1.5
2.0 0.5 1.1 The present invention prov caheat shrinkable

Ex. 2 Ex. 3 Ex. 4 Conp.

Ex. 2 FEAloh eqmPEAgingoas least gpentavexhefing thermoplagtic

Body portion resin aL%rLLving a thgthrinkagLeiﬁ]the main[giiintation

5 direction of 10% or less after treatment in a hot water at
70°C for 2 seconds, and 65% or more after treatment in hot
water at 90°C for 10 seconds, the heat shrinkable £ilm
preferably having a natural shrinkage in the main
orientation direction of 2.5% or less after being allowed

10 to stand at 40°C for 7 days.



Bott om portion [err] [err] Jerr] [err] Neck

portion [err] [err] a [err] X Top
surface [err] [err] [err] X

- 26- The | abel prepared fromthe filmof the i nvention
can be affixed to a desired position w thout causi ng wi nkl es,
pockmar ks, insufficient shrinkage or .other defects at the body
portion, the bottom portion, the E-@e k gortion or the top surface, when
the.l abel is applied by heat shrinking to a bottle having a neck

di anet er much smal l er than the body dianeter to wap the bottle from
t he body portion to the neck portion, fromthe body portion to

the cap top surface, fromthe bottomportion to the neck 10 portion, or
fromthe bottomportion to the top surface. Thus, an article having
heat shrunk | abel wth good appesmpce can be obtained by using the
filmof the present invention. B.o=] Further, the | abel
prepared fromthe filmof the 15 i®entidpn is free fromthe problemthat
the | abel cones to have a redude iflanet er owi ng to natural shrinkage
and beconmes difficult to apply{fto adcontainer.

-
-
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YA . CLAI M5 | 1. A heat

shri nkabl e f|In1conpr|S|ng at | east ‘one' | ayer of a thernoplastic resin
and haV|ng_a heat shrinkage in the main orientation direction of 10%
or |ess 5 after treatnment in hot water at 70[err]C for 2 seconds, and
65% or nore after treatnent in hot water at 90[err]C for 10 seconds.

2. A heat shrinkable filmaccording to aiml whi ch has a natural
shrinkage in the main orientation 10 direction of 2.5% or |less after being
allowed to stand at 40[err] C for 7-days. 3. A heat
shrinkable filmaccording to Caim1 wherein the thernoplastic resin
conpri ses a pol yester Polystegsenesrimchofigshomepelyrers . andScopolymers 4,
A heat shrinkable filmaccording to Claim1 conprising at |east three
| ayers (A)/(&8f/ ¢éSyreéneinatedthnlstyrendi sponeithylsb¥rerseand Blikei ng an

i nternedi ate | ayer rising at least one resin selected fromthe

gr oup c§ﬁ¥r§@¢n§eﬁivagfvgﬁyr@ﬂ@scoh?bﬁm?ﬁiaE? iEY?%%?r%ﬁe%tsand 20

graft type high inpact polystyrenes, and the |a bei ng
inner and oufeFivayive WikR-MenOWELs ¢ ?% erlzébfe é%ereWIth ‘bt

methacry
5 as acrylic acid,-me%haeyéie acid, their metal salts (e.g..

Na, K, Li, Mg, Ca, %Zn and Fe), acrylic ester, methacrylic
ester and like aliphatic unsatﬁrated carboxylic acids and
5 their derivatives.
High impact polystyrenes include mixtures of a
10 polystyrene and a synthetic rubber such as pclﬁﬁﬁtadiene
or polyisoprene, and graft polymers comprising a
polystyrene grafted to a synthetic rubber such as
polybutadiene or polyisoprene.
Graft type high impact polystyrenes_are resins
15 having a basic structure comprising a continuous phase of
a polystyrene and rubber-like polymer particles dispersed

- therein, the polymer particles containing therein a

oy
polystyrene grafted to a rubber component such as
polybutadiene.
20 Styrene-conjugated diene block copolymers are

copolymers comprising styrene blocks and blocks of a
conjugated diene such as butadiene or lisoprene and having
a styrene content of 55 to 95 wt.% and a conjugated diene
content of 45 to 5 wt.%. Examples of such copolymers

25 include S-J-S, J-S-J, (S-J)n-S and (J-S)n-J (wherein S is

| AMENDED SHEET




conjugaied di.ene.bl ock copolyner

according to Claim4 wherei n the lnternedlate | ayer (B) further

contains a 25
- 28-

5

shrinkable film

consi sting of polystyrenes, high inpact polystyrenes, graft type
hi gh i npact pol ystyrenes. -18-A contai ner having a heat

shri nki ng.

it

10

15

20

25

according to any one of Clains 1 to 6 applied by heat
ethylene glycol and 30 mol% of 1,4-cyclohexanedimethanol

as diol components; 15 wt.% of a copolymer polyester B (IV
0.71) comprising 85 mol% of terephthalic acid and 15 molg
of isophthalic acid as acid components and 85 mol% of
ethylene glycol and 15 mol% of diethylene glycol as diol

terephthalate
components; and 10 wt. % of polybutyrene terephthaltate (IV

0.70). The molten mixture was extruded from a T-die at
270°C, quenched at both surfaces with take-off rolls at a
draw ratio of 160% and a surface temperature of 30°C,
stretched in the machine direction to a length of 1.05
times the original length using rolls at 80°C at a stretch
rate of 3500%/min, cooled to 60°C, reheated to 92°C, and
stretched again 1.10 times the previous length using rolls
at a stretch rate of 24000%/min. The resulting film was
then preliminarily heated at 120°C for 5 seconds,
stretched in the transverse direction to a width of 2.0
times the original width using a tenter at a first zone
temperature of 75°C at a stretch rate of 8800%/min, heat-
treated at 88°C for 2 seconds, stretched again 2.2 times
the previous width using a tenter at a second zone
temperature of 82°C at a stretch rate of 6900%/min,
annealed in an atmosphere at 70°C while permitting the
film to relax by 2.5% in the transverse direction and 3.0%
in the machine direction, and cooled with a cooling roll

at 40°C, to thereby obtain a 40 pm thick heat shrinkable

" AMENDED SHEET

5. A heat shrinkable film

styrene-conj ugat ed di ene bl ock copol ynmer and/or a styrene-
conj ugat ed di ene bl ock el ast oner. 6. A heat
shrinkable filmaccording to Claim4 wherein the inner and outer |ayers
(A and (C) further contain at |east one resin selected fromthe group



