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(57) ABSTRACT 

The present invention provides a heat shrinkable polyester 
?lm Whose hot Water shrinkage along its main shrinkage 
direction is equal to or greater than 20% When the ?lm is put 
in hot Water of 70° C. for 5 sec; 35% to 55% When put in hot 
Water of 75° C. for 5 sec; and 50% to 60% When put in hot 
Water of 80° C. for 5 sec, Wherein the compressive strength 
of the label formed by the ?lm satis?es a following expres 
sion (1): 

Y>X2-2 (1) 

Where y denotes compressive strength (mN) and X denotes 
?lm thickness (um). 

19 Claims, 1 Drawing Sheet 
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HEAT SHRINKABLE POLYESTER FILM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

This application is a reissue of US. Pat. No. 6,451,445. 
1. Field of the Invention 

The present invention relates to a heat shrinkable poly 
ester ?lm, and particularly to a heat shrinkable polyester ?lm 
suitable for use in a label. More particularly, the present 
invention relates to a heat shrinkable polyester ?lm for use 
in a label with high compressive strength, which has very 
few creases, uniform shrinkage, and minimal distortion 
occurring from a heat shrinkage process. 

2. Description of the Related Art 
Heat shrinkable polyester ?lms made of polyvinyl 

chloride, polystyrene, or the like, are widely used in labels 
wrapped around the body of polyethylene terephthalate 
(PET) bottles. However, polyvinyl chloride products pose a 
haZard as they generate a chlorine gas when incinerated, and 
polystyrene products cause problems such as printing dif? 
culties. Moreover, in order to recycle PET bottles, it is 
necessary to separate non-PET labels thereon which are 
made of polyvinyl chloride, polystyrene, etc., from the PET 
bottles. Thus, heat shrinkable ?lms made of polyester, which 
are free of the above-mentioned problems, have been attract 
ing public attention. 

However, heat shrinkable polyester ?lms have not been 
effective as shrinkable ?lms for use in labels, because many 
of them shrink too rapidly resulting in creases, non-uniform 
shrinkage and distortion after the shrinkage. Moreover, such 
?lms are easily torn by an externally applied force after the 
shrinkage. 

In order to avoid some of these problems, Japanese Patent 
Publication for Opposition No. 7-77757 discloses a method 
for improving a ?nal shrinkage property by remarkably 
reducing a tearage strength along a direction perpendicular 
to its main shrinkage direction. 

Moreover, Japanese Laid-Open Publication No. 58-64958 
discloses a method for improving a ?nal shrinkage property 
by reducing an orientation returning stress. 

However, the ?lms obtained by the above-mentioned 
methods could not achieve sufficient ?nal shrinkage prop 
erties for use with small PET bottles whose shrink tunnel 
passing time is short. Thus the ?lms were ineffective as 
shrinkage ?lms. That is, when placing a tubular shape label, 
which is formed by a shrinkable ?lm, around a PET bottle 
and performing a heat treatment to shrink the ?lm onto the 
PET bottle, crease, non-uniform shrinkage, and distortion 
have sometimes occurred from the ?lm shrinkage process. 

In addition, the process speed for beverage bottling lines 
for PET bottles, and the like, is increasing. Therefore, the 
label is required to have a high-speed application property as 
well as a good ?nal shrinkage property as mentioned above. 
In short, as illustrated in FIGS. 1 and 2, when a label 2 is 
placed around a PET bottle 1 in a high-speed process by a 
pressure member 3, if the high-speed application property is 
poor, the label cannot be applied properly due to insufficient 
rigidity of the label. The application property of the label is 
likely to depend greatly on the rigidity of the ?lm, whereby 
it is possible to address such as problem by increasing a ?lm 
thickness. However, problems occur when the ?lm thickness 
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2 
increases. For example, a ?lm thickness increase leads to an 
increase in weight, which results in a poor handling property. 
There are also other problems such as the ?lm thickness 
increase leading to higher costs. 

SUMMARY OF THE INVENTION 

According to one aspect of this invention, there is pro 
vided a heat shrinkable polyester ?lm whose hot water 
shrinkage along its main shrinkage direction is equal to or 
greater than 20% when the ?lm is put in hot water of 70° C. 
for 5 sec; 35% to 55% when put in hot water of 75° C. for 
5 sec; and 50% to 60% when put in hot water of 800 C. for 
5 sec, wherein the compressive strength of the label formed 
by the ?lm satis?es a following expression (1): 

(1) 

where y denotes compressive strength (mN) and x denotes 
?lm thickness (um). 

In one embodiment of the invention, the ?lm has a 
thickness distribution of 6% or less. 

According to another aspect of this invention, there is 
provided a label for a bottle which is produced by a heat 
shrinkable polyester ?lm of the present invention. 

Thus, the invention described herein makes possible the 
advantages of providing a heat shrinkable polyester ?lm for 
use in various applications including a small PET bottle, 
with a good high-speed application property and a good ?nal 
shrinkage property, without exceeding the ?lm thickness of 
a conventional ?lm. 

These and other advantages of the present invention will 
become apparent to those skilled in the art upon reading and 
understanding the following detailed description with refer 
ence to the accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a step of placing a shrinkable ?lm 
around a PET bottle; and 

FIG. 2 is a front view illustrating a part of a PET bottle 
after a shrinkable ?lm is shrunk onto the PET bottle. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments of the present invention will be 
described. 
A heat shrinkable polyester ?lm of the present invention 

is produced from a polyester comprising a dicarboxylic acid 
component and a diol component. 
The dicarboxylic acid component of the polyester con 

tains aromatic dicarboxylic acids (e.g., terephthalic acid, 
isophthalic acid, naphthalenedicarboxylic acid, and orthph 
thalic acid), aliphatic dicarboxylic acids (e.g., adipic acid, 
aZelaic acid, sebacic acid, and decanedicarboxylic acid), and 
alicyclic dicarboxylic acids, or the like. 
Where the polyester contains an aliphatic dicarboxylic 

acid(s) (e.g., adipic acid, sebacic acid, and decanedicarboxy 
lic acid, or the like), the content of the aliphatic dicarboxylic 
acid is preferably less than 3 mol % (this applies to all the 
dicarboxylic acid components used). A heat shrinkable poly 
ester ?lm obtained by using a polyester which contains 3 
mol % or more of such an aliphatic dicarboxylic acid(s) is 
likely to reduce its elongation at rupture along a direction 
perpendicular to its main shrinkage direction after a shrink 
age process, and may not have a su?icient rigidity in a 
high-speed application process. 
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The polyester preferably does not contain a polyvalent 
carboxylic acid Whose valence is 3 or more (e. g., a 
trimellitic acid, a pyromellitic acid, and anhydride thereof). 
If the polyester contains such a polyvalent carboxylic acid, 
the content thereof is preferably 3 mol % or less. With a heat 
shrinkable polyester ?lm obtained by using the polyester 
containing such a polyvalent carboxylic acid, an elongation 
at rupture along a direction perpendicular to its main shrink 
age direction after a shrinkage process is likely to be 
reduced, and a suf?cient shrinkage may not be achieved. 

The diol component of the polyester to be used in the 
present invention contains aliphatic diols (e.g., ethylene 
glycol, propane diol, butane diol, neopentyl glycol, hexane 
diol, or the like), alicyclic diols (e.g., l,4-cyclohexane 
dimethanol), and aromatic diols, or the like. 

The polyester used in the heat shrinkable polyester ?lm of 
the present invention is preferably a polyester Whose glass 
transition temperature (Tg) is adjusted to 60° C. to 75° C. by 
mixing therein one or more diols Whose carbon number is 3 
to 6 (e.g., propane diol, butane diol, neopentyl glycol, and 
hexane diol). 

In order to obtain a heat shrinkable polyester ?lm having 
a particularly desirable ?nal shrinkage property, neopentyl 
glycol can be used as one of the diol components, preferably 
in an amount of 15 mol % to 25 mol % (this applies to all 
the diol components used). 

It is not preferable to contain a diol Whose carbon number 
is 8 or more (e.g., octanediol) or a polyalcohol Whose 
valence is 3 or more (e.g., trimethylolpropane, 
trimethylolethane, glycerin, and diglycerin). If such a diol or 
such a polyalcohol is contained, the content thereof is 
preferably 3 mol % or less. With a heat shrinkable polyester 
?lm obtained by using a polyester containing more than 3 
mol % of a diol or a polyalcohol, a suf?cient shrinkage may 
not be achieved. 

The polyester preferably contains the least amount pos 
sible of diethylene glycol, triethylene glycol, and polyeth 
ylene glycol. Although, diethylene glycol is likely to be 
present in the polyester used in the present invention 
because it is a byproduct from a polyester polymerization 
process, the content of diethylene glycol is preferably less 
than 4 mol %. 
A preferable acid component and a diol component used 

for the polyester of the present invention are as folloWs. The 
main acid component is a terephthalic acid, mixed With 14 
mol % or more of an isophthalic acid and an adipic acid less 
than 5 mol %. Moreover, the main diol component is an 
ethylene glycol, mixed With 5 mol % to 15 mol % of 
butanediol. 
When tWo or more polyesters are mixed together, the 

above-mentioned acid component content and the diol com 
ponent content are determined With respect to the acid 
component and the diol component, respectively, of all the 
polyesters. These contents are irrespective of Whether ester 
interchange occurs after mixing. 

Moreover, in order to improve smoothness of a heat 
shrinkable polyester ?lm, the ?lm preferably contains an 
inorganic lubricant and an organic lubricant. The inorganic 
lubricant may be, for example, titanium dioxide, ?ne particle 
silica, kaoline, or calcium carbonate. The organic lubricant 
may be, for example, a long-chain fatty acid ester. 
Optionally, the ?lm further contains additives such as a 
stabiliZer, a coloring agent, an antioxidant, a defoamer, an 
antistatic agent, and an ultraviolet sorbent. 
The above-mentioned polyesters may be produced 

through polymeriZation by a conventional method. For 
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4 
example, the polyester can be obtained by using, for 
example, a direct esteri?cation method, Where a dicarboxy 
lic acid and a diol are directly reacted With each other, or a 
transesteri?cation method, Where a dimethyl dicarboxylate 
and a diol are reacted With each other. The polymerization 
may be performed either in a batch process or a continuous 
process. 
The hot Water shrinkage of the heat shrinkable polyester 

?lm of the present invention can be determined as folloWs. 
The ?lm is subjected to a no-load treatment in hot Water. 
Based on the length of the ?lm before shrinkage and the 
length after shrinkage, the hot Water shrinkage of the ?lm 
can be calculated by the expression: Heat shrinkage= 
((length before shrinkage-length after shrinkage)/length 
before shrinkage)><l00(%). The heat shrinkable polyester 
?lm of the present invention has a hot Water shrinkage of 
20% or more, and preferably 22% to 35%, along its main 
shrinkage direction When the ?lm is put in hot Water of 70° 
C. for 5 sec; 35% to 55%, and preferably 40% to 50%, When 
put in hot Water of 75° C. for 5 sec; 50% to 60%, When put 
in hot Water of 80° C. for 5 sec. 

When the hot Water shrinkage along the main shrinkage 
direction is less than 20% at 70° C. for 5 sec, the loW 
temperature shrinkage of the ?lm may be insufficient, 
Whereby it may be necessary to increase the shrinkage 
temperature, Which is undesirable. When the shrinkage 
exceeds 50%, jumping of the label may occur from the heat 
shrinkage process, Which is undesirable. 
The hot Water shrinkage of the ?lm of the present inven 

tion is 35% to 55% When put in hot Water of75° C. for 5 sec. 
When the shrinkage is less than 35%, the ?lm Will not 
suf?ciently shrink near the entrance section of the bottle, 
Which is undesirable (that is, When a bottle or the like is 
packaged With the ?lm and passed through a shrink tunnel, 
the ?lm is likely to have creases and/or non-uniform shrink 
age in a petal-like pattern along the edge of the ?lm). When 
the shrinkage exceeds 55%, the label may still have a 
shrinking force even after the heat shrinkage process, 
Whereby the label is likely to jump from the bottle. 
The hot Water shrinkage is 50% to 60% When put in hot 

Water of 80° C. for 5 sec. When the shrinkage is less than 
50%, the ?lm Will not sufficiently shrink near the entrance 
section of the bottle, Which is undesirable. When the shrink 
age exceeds 60%, the label may still have a shrinking force 
even after the heat shrinkage process, Whereby the label is 
likely to jump from the bottle. 
The compressive strength of a label produced from a heat 

shrinkable polyester ?lm of the present invention has a 
compressive strength Which satis?es the folloWing expres 
sion (1): 

(1) 

Where y denotes compressive strength (mN) and x denotes 
?lm thickness (um). 

The preferable compressive strength y of a label is as 
folloWs. 

y>l.lx2'2 (1') 

While the compressive strength is in?uenced by the ?lm 
thickness, there may be a label application defect due to a 
high-speed application machine property When the above 
mentioned expression is not satis?ed. 
The thickness x of the heat shrinkable polyester ?lm of the 

present invention is not limited to any particular value. As a 
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heat shrinkable ?lm for use in a label, the thickness of the 
?lm is preferably 10 pm to 200 um, and more preferably 20 
pm to 100 um. 

Next, a speci?c example of the method for producing a 
heat shrinkable polyester ?lm of the present invention Will 
be described, though the present invention is not limited to 
such a method. 

According to the present invention, a polyester material is 
?rst dried by using a dryer such as a hopper dryer or a paddle 
dryer or a vacuum dryer. Then, the polyester material is 
melted and extruded into a ?lm at a temperature of 200° C. 
to 300° C., and rapidly cooled to obtain an undraWn ?lm. 
The extrusion process may be done With any knoWn method 
such as a T-die method, or a tubular method. 
The obtained undraWn ?lm is then draWn at a temperature 

equal to or greater than Tg—5° C. and less than Tg+l5° C. 
(for example, 700 C.—90° C.) along the longitudinal direc 
tion (extrusion direction) by a draWing factor of 1.05 or 
more, and preferably 1.05 to 1.20. Then, after a pre-heating 
treatment is performed, the ?lm is draWn along the trans 
verse direction (direction perpendicular to the extrusion 
direction) by a draWing factor of 4.5 or more, and preferably 
4.7 to 5.2 (?rst draWing step). By pre-heating the ?lm, 
shrinkage is restricted and the ?lm rigidity increased. Then, 
the ?lm is draWn further at a temperature of 65° C. to 85° C. 
along the transverse direction by a draWing factor of 1.05 or 
more (second draWing step). Thus, the heat shrinkable 
polyester ?lm of the present invention is obtained. 
By draWing a ?lm in such a tWo-step draWing process, the 

?lm rigidity increases, and problems can be reduced during 
a high-speed shrinkage and a high-speed application. 

The drawing process may be a biaxial drawing in Which 
the ?lm is draWn in the longitudinal direction and then 
draWn With a tenter in the transverse direction. Such a 
biaxial draWing may be either a successive biaxial draWing 
method or a simultaneous biaxial draWing method. After this 
draWing process, the ?lm may optionally be further draWn in 
the longitudinal or transverse direction. 

In order to achieve the objects of the present invention, it 
is more practical to have the main shrinkage direction along 
the transverse direction. Therefore, an exemplary ?lm pro 
duction method Where the main shrinkage direction is along 
the transverse direction has been described above. HoWever, 
it is understood that the main shrinkage direction may 
alternatively be along the longitudinal direction, in Which 
case the above-described method can be used only With the 
draWing directions being rotated by 90 degrees. 

In the present invention, an undraWn ?lm obtained from 
a polyester is preferably draWn at a temperature equal to or 
greater than Tg—5° C. and less than Tg+l5° C. 

It is not preferable to draW the ?lm at a temperature less 
than Tg-5+C. In such a case, the su?icient heat shrinkage, 
a feature of the present invention, may not be obtained, and 
further the transparency of the obtained ?lm may deteriorate. 

In addition, it is not preferable to draW the ?lm at a 
temperature of Tg+l5° C. or more. In such a case, the ?lm 
may not have suf?cient rigidity in the high-speed processes, 
and further the ?lm may have a substantially increased 
thickness variation. 

The heat shrinkable polyester ?lm of the present invention 
preferably has a ?lm thickness distribution of 6% or less, 
and more preferably 5% or less. The ?lm thickness distri 
bution can be calculated based on the folloWing expression: 
Thickness distribution=((maximum thickness-minimum 
thickness)/average thickness)><100 (%). 
A three-color printing test is performed to evaluate the 

?nal shrinkage properties of the ?lm. With a ?lm having a 
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6 
thickness distribution of 6% or less, it is easy to superimpose 
the colors on one another. HoWever, With a ?lm having a 
thickness distribution greater than 6%, the colors may not be 
desirably superimposed on one another. 

In order to reduce the thickness distribution of a heat 
shrinkable polyester ?lm, it is preferred to heat the ?lm to a 
predetermined temperature With hot air at a loW ?oW rate 
such that the heat transfer coef?cient is 0.0013 cal/cm2~sec~° 
C. or less in a pre-heat process, Which is performed before 
the draWing process for draWing the ?lm With a tenter in the 
transverse direction. 

In order to suppress heat generation inside the ?lm 
associated With the draWing process and thus to reduce the 
non-uniform ?lm temperature in the Width direction, the 
heat transfer coef?cient in the draWing process should be 
0.0009 cal/cm2~sec~° C. or more, and preferably 0.0011 to 
0.0017 cal/cm2~sec~° C. 
When the heat transfer coef?cient in the pre-heat process 

exceeds 0.0013 cal/cm2~sec~° C. or When that in the draWing 
process is less than 0.0009 cal/cm2~sec~° C., the thickness is 
likely to be non-uniform. In such a case, When a multi-color 
printing is performed on the obtained ?lm, the colors of a 
printed pattern may not be properly superimposed on one 
another. 
A label of the present invention can be produced as 

folloWs. First, a sheet of heat shrinkable ?lm in a rectangular 
shape having a predetermined siZe is rolled into a tubular 
shape With tWo of its opposite edges bonded together. Then, 
the tubular ?lm is cut into smaller label pieces. The method 
of bonding is not limited to any particular method. For 
example, a solvent or a sWelling agent is applied on at least 
one of tWo opposite edges of the heat shrinkable polyester 
?lm, the opposite edges are bonded together before the 
solvent or the sWelling agent dries up. 

EXAMPLES 

The present invention Will noW be described in greater 
detail by Way of examples. HoWever, the present invention 
is not limited to these examples, but other examples may be 
possible Without departing from the scope of the present 
invention. 

The evaluation methods used in the present invention Will 
noW be described. 

(1) Heat Shrinkage 
A sheet of ?lm Was cut into 10 cm><10 cm pieces, and 

subjected to a no-load treatment in hot Water for a prede 
termined time at a predetermined temperature of:0.5° C. so 
as to heat-shrink the ?lm. Then, the longitudinal and trans 
verse dimensions of the ?lm Were measured so as to obtain 
the heat shrinkage of the ?lm according to the folloWing 
expression (2). The direction along Which the heat shrinkage 
Was greater Was assumed to be the main shrinkage direction 
of the ?lm. 

Heat shrinkage={(lengt_h before shrinkage-length after shrinkage)/ 
length before shrinkage}><100(%) (2) 

(2) Final Shrinkage Property 
A three-color printing test using three colors of yelloW, 

gold and White manufactured by Toyo Ink Mfg. Co., Ltd. 
Was performed on a heat shrinkable ?lm in advance. 
A test Was conducted using in each a round bottle sample 

of 500 ml (20.6 cm in height, 6.5 cm in diameter at the 
center, a bottle of “Gogo no Kocha” of Kirin Beverage 
Corporation manufactured by Yoshino Kogyo Co., Ltd.), 
Which Was passed through a Steam Tunnel (Model: 
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SH-1500-L) manufactured by Fuji Astec Inc for a passage 
time of 2.5 sec, Zone temperature of 80° C. (20 samples Were 
evaluated). 

The evaluation Was done by visual observation With the 
criteria shoWn below. 

0: No creasing, jumping or insufficient shrinkage 
observed 

X: Creasing, jumping or insu?icient shrinkage observed 
(3) Compressive Strength 
A square tubular label a 120 mm in height and 175 mm in 

[diameter] width when folded ?atly into two Was produced to 
measure its compressive strength in a vertical direction. A 
strograph (Model: V10-C) manufactured by Toyo Seiki Co., 
Ltd. Was used to measure a maximum value of compressive 
strength, (mN) at a cross head speed of 200 mm/min in a 
compressive mode (5 samples Were evaluated). 
(4) Tg (Glass-transition Temperature) 
A differential scanning calorimeter (DSC) (Model: 

DSC220) manufactured by Seiko Instruments & Electronics 
Ltd. Was used to raise the temperature of an undraWn ?lm 
(10 mg) from —40° C. to 120° C. at a temperature rising rate 
of 20° C./min to obtain an endothermic curve. The glass 
transition temperature of the ?lm Was obtained based on the 
obtained endothermic curve. A tangential line Was draWn 
immediately before and after an in?ection point along the 
endothermic curve to obtain Tg (glass-transition 
temperature) at the intersection betWeen the tangential lines. 
(5) Thickness Distribution 
A contact thickness meter (Model: KG60/A) manufac 

tured by Anritsu Corporation Was used to test the thickness 
of the sample Which Was 5 cm along the longitudinal 
direction and 50 cm along the transverse direction (20 
samples Were evaluated). The thickness distribution 
(thickness variation) of each sample Was tested by the 
expression (3) as shoWn beloW. In addition, the average 
value (n=50) of the thickness distribution Was evaluated by 
the criteria shoWn beloW. 

Thickness distribution=((maximum thickness-minimum thickness)/ 
average thickness)><100(%) (3) 

0: equal to or less than 6% 

A: greater than 6% and less than 10% 
X: equal to or more than 10% 
The folloWing polyesters Were used in the examples and 

comparative examples to be described beloW. 
Polyester A: polyethylene terephthalate (intrinsic viscos 

ity (IV): 0.75 dl/g) 
Polyester B: a polyester comprising 78 mol % of tereph 

thalic acid, 22 mol % of isophthalic acid and ethylene 
glycol (IV: 0.72 dl/g) 

Polyester C: a polyester comprising 65 mol % of tereph 
thalic acid, 10 mol % of isophthalic acid, 25 mol % of 
adipic acid and butanediol (IV: 0.77 dl/g) 

Polyester D: a polyester comprising 70 mol % of tereph 
thalic acid, 30 mol % of adipic acid and ethylene glycol 
(IV: 0.70 dl/g) 

Polyester E: a polyester comprising 53 mol % of tereph 
thalic acid, 47 mol % of sebacic acid and ethylene 
glycol (IV: 1.10 dl/g) 

Polyester F: a polyester comprising terephthalic acid, 70 
mol % of ethylene glycol and 30 mol % of neo pentyl 
glycol (IV: 0.72 dl/g) 

Polyester G: polybutylene terephthalate (IV: 1.20 dl/g) 

Example 1 
A polyester obtained by mixing together 20 Wt % of 

Polyester A, 70 Wt % of Polyester B and 10 Wt % of 
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8 
Polyester C Was melted and extruded through a T die at a 
temperature of 280° C., and rapidly cooled doWn by using a 
chill roll to obtain an undraWn ?lm. The Tg of the undraWn 
?lm Was 69° C. 

The undraWn ?lm Was draWn in the longitudinal direction 
by a draWing factor of 1.1 at a ?lm temperature of 80° C. 
After the ?lm Was pre-heated until reaching 88° C. under a 
heat transfer coe?icient of 0.033 W/(m~° C.), the undraWn 
?lm Was draWn With a tenter in the transverse direction at a 
?lm temperature of 70° C. by a draWing factor of 4.6 (?rst 
draWing step). The ?lm Was then subjected to a heat treat 
ment at 70° C. for 10 sec, and further draWn in the transverse 
direction at the ?lm. temperature of 68° C. by a draWing 
factor of 1.1 (second draWing step) to obtain a heat shrink 
able polyester ?lm having a thickness of 50 um. 

Example 2 

A polyester obtained by mixing together 10 Wt % of 
Polyester A, 70 Wt % of Polyester B and 20 Wt % of 
polyester D Was melted and extruded through a T die at a 
temperature of 280° C., and rapidly cooled doWn by using a 
chill roll to obtain an undraWn ?lm. The Tg of the undraWn 
?lm Was 67° C. 

The undraWn ?lm Was draWn in the longitudinal direction 
by a draWing factor of 1.1 at a ?lm temperature of 80° C. 
After the ?lm Was pre-heated until reaching 68° C. under the 
heat transfer coe?icient of 0.033 W/(m~° C.), the undraWn 
?lm Was draWn With a tenter in the transverse direction at the 
?lm temperature of 68° C. by a draWing factor of 4.6 (?rst 
draWing step). The ?lm Was then subjected to a heat treat 
ment at 69° C. for 10 sec, and further draWn in the transverse 
direction at the ?lm temperature of 68° C. by a draWing 
factor of 1.1 (second draWing step) to obtain a heat shrink 
able polyester ?lm having a thickness of 50 um. 

Example 3 

A heat shrinkable polyester ?lm having a thickness of 50 
um Was obtained in a manner similar to that of Example 1 
except using a polyester obtained by mixing together 6 Wt % 
of Polyester A, 84 Wt % of Polyester B and 10 Wt % of 
Polyester C. 

Example 4 

A heat shrinkable polyester ?lm having a thickness of 50 
um Was obtained in a manner similar to that of Example 1 
except using a polyester obtained by mixing together 15 Wt 
% of Polyester A, 75 Wt % of Polyester B and 10 Wt % of 
Polyester E. 

Example 5 

A heat shrinkable polyester ?lm having a thickness of 50 
um Was obtained in a manner similar to that of Example 1 
except draWing the undraWn ?lm in the transverse direction 
at the ?lm temperature of 72° C. by a draWing factor of 5.5 
(?rst draWing step). 

Example 6 

A heat shrinkable polyester ?lm having a thickness of 50 
um Was obtained in a manner similar to that of Example 1 
except draWing the undraWn ?lm in the longitudinal direc 
tion by a draWing factor of 1.5. 

Comparative Example 1 
A heat shrinkable polyester ?lm having a thickness of 50 

um Was obtained in a manner similar to that of Example 1 
except that the ?rst draWing ?lm temperature Was 80° C. 
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Comparative Example 2 

A heat shrinkable polyester ?lm-having a thickness of 50 
um Was obtained in a manner similar to that of Example 2 
except that the ?rst drawing ?lm temperature Was 80° C. 

Comparative Example 3 

A polyester obtained by mixing together 20 Wt % of 
Polyester A, 70 Wt % of polyester B and 10 Wt % of 

10 
As is apparent from Table 1, each of the heat shrinkable 

polyester ?lms obtained in Examples li6 exhibit a good 
?nal shrinkage property, a suf?cient compressive strength 
and a good thickness distribution. The heat shrinkable 
polyester ?lm of the present invention has a high quality and 
a high practicability, and is particularly suitable for a shrink 
able label use. 

On the other hand, each of the heat shrinkable ?lms 
obtained in Comparative Examples 1 and 2 exhibited poor 
?nal shrinkage property and poor thickness distribution. polyester C Was melted and extruded through a T die at a 10 _ _ _ _ 

temperature of 2800 C” and rapidly Cooled down by using a Moreover, the heat shrinkable ?lms obta1ned1n Comparative 
chill roll to obtain an undraWn ?lm. g?amplesh3fa?d b4 ex??lllfilpoorl compiielsslvebstlen?th' 

The undraWn ?lm Was draWn With a tenter in the trans- us’ eac. O t 6 eat S a 6 p0 yester 1?“ O tame 1n 
. . . Comparative Examples 141 had a poor quality and a loW 

verse direction by a drawing factor of 4.0 at a ?lm tempera- racticab?it 
ture of 73° C., after the ?lm temperature Was pre-heated until 15 p A d, y' h . . h hrhk ?l 
reaching 85° C. under the heat transfer coe?icient of 0.033 _ hccor mg tgnt 1e lirfiim lnvennon’ a e5“ 5, 11 age f m 
W/(m~° C.). The ?lm Was then subjected to a heat treatment Wlt a g00_f a age pFoPeri-‘yjm W“ Veé'y g 
at 68° C. for 10 sec to obtain a heat shrinkable polyester ?lm cfeases’ ,um Orm S _ age’ mlmma @OmOn’ an Su ' 
having a thickness of 50 um‘ c1ent shrinkage occurring from a heat shrlnkage process can 

20 be obtained. Furthermore, the obtained heat shrinkage ?lm 
Comparative Example 4 has a' suf?cient ?lm rigidity Which endures a'high-speed 

apply1ng process, and a shrlnkage property Which shoWs a 
A heat shrinkable polyester ?lm having a thickness of 50 high shrinkage in a short time. 

P111 Was Obtainedinamanner Similar to thatpf comparflki"e Therefore, the heat shrinkable polyester ?lm of the 
Example 3 exgept 115mg a Polyester oobtalned by mlxlng 25 present ‘invention is suitable for use in PET bottle label 
gosge?iero /25 V? Iélofptolyiiwr A2153 Wt oft?olyglsterB atl?d applications, in Which a high-speed label application and 

W 0 O 0 yes er s an raWlng e m m e shrinkage process is desired. 

transverse direction at a ?lm temperature of 74° C. What is Claimed is; 

The evaluation results for the respective ?lms of 1. A heat shrinkable polyester ?lm Whose hot Water 
Examples li6 and Comparative Examples li4 are shoWn 30 shrinkage along its main shrinkage direction is equal to or 
together in Table 1 below. greater than 20% When the ?lm is put in hot Water of 70° C. 

TABLE 1 

Drawing 
factor DraW 

Materials Longi- Trans- ing Hot Water shrinkage Final Com 

Poly- Poly- Poly- Poly- Poly- Poly- Poly- tudinal verse temper- along the main shrink- pressive Thickness 
ester ester ester ester ester ester ester direc- direc- ature shrinkage direction % age strength distri 

A B C D E F G tion tion (° C.) 70°C. 75° C. 80° C. property (mN) bution 

Example 1 20 70 10 i i i i 1.1 5.0 70 27 46 55 O 6300 0 

Example 2 10 70 i 20 i i i 1.1 5.0 68 30 46 52 O 6600 0 

Example 3 6 84 10 i i i i 1.1 5.0 71 27 47 58 O 6300 0 

Example 4 15 75 i i 10 i i 1.1 5.0 71 34 47 53 O 6400 0 

Example 5 20 70 10 i i i i 1.1 6.0 72 27 46 58 O 6800 0 

Example 6 20 70 10 i i i i 1.5 5.0 70 27 46 55 O 6700 0 

Com- 20 70 10 i i i i 1.1 5.0 80 22 40 50 A 5700 A 

parative 
example 1 
Com- 10 70 i 20 i i i 1.1 5.0 80 25 38 48 A 5800 A 

parative 
example 2 
Com- 20 70 10 i i i i 1.0 4.0 70 27 46 54 O 5900 O 

parative 
example 3 
Com- 25 i i i i 50 25 1.0 4.0 74 28 46 55 O 4950 O 

parative 
example 4 

Polyester A: TPN/EG = l00//l00 (mol %) 
Polyester B: TPNIPN/EG = 78/22//l00 

Polyester C: TPNIPNAN/BD = 65/l0/25//l00 

Polyester D: TPNAN/EG = 70/30//l00 

Polyester E: TPNSN/EG = 53/47//l00 

Polyester F: TPN/EG/NPG = l00//70/30 

Polyester G: TPN/BD = l00//l00 
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for 5 sec; 35% to 55% When put in hot Water of 75° C. for 
5 sec; and 50% to 60% When put in hot Water of 80° C. for 
5 sec, wherein the compressive strength of a label formed by 
the ?lm satis?es a following expression: 

Where y denotes compressive strength (mN) and x denotes 
?lm thickness (pm). 

2. A heat shrinkable polyester ?lm according to claim 1, 
Wherein the ?lm has a thickness distribution of 6% or less. 

3. A label for a bottle Which is produced by a heat 
shrinkable polyester ?lm according to claim 1. 

[4. A heat shrinkable polyester ?lm according to claim 1, 
Wherein the compressive strength of the label formed by the 
?lm satis?es a folloWing expression: 

Where y denotes compressive strength (mN) and x denotes 
?lm thickness (p.m).] 

5. A heat shrinkable polyester ?lm according to claim 1, 
Wherein the thickness of the ?lm between 10 um and 200 

uM. 
6. A heat shrinkable polyester ?lm according to claim 5, 

Wherein the thickness of the ?lm is betWeen 20 HM and 200 
uM. 

7. A heat shrinkable polyester ?lm according to claim 1, 
Wherein the polyester has an acid component and a diol 
component, Wherein the main acid component is tereph 
thalic acid, mixed With 14 mol % or more of isophthalic acid 
and less than 5 mol % of an adipic acid, and Wherein the 
main diol component is an ethylene glycol, mixed With 5 
mol % to 15 mol % of butanediol. 

8. A heat shrinkable polyester ?lm according to claim 7, 
Wherein the polyester contains less than 4 mol % diethylene 
glycol. 

9. A method of producing a heat shrinkable polyester ?lm 
consisting of: 

a) drying a polyester material; 
b) melting the polyester material; 
c) extruding it into a ?lm at a temperature of 200° C. to 

300° C. and rapidly cooling the ?lm to obtain an 
undraWn ?lm; 

d) draWing the undraWn ?lm at a temperature equal to or 
greater than Tg—5° C. and less than Tg+l5° C. along a 
?rst direction by a draWing factor of 1.05 or more; 

20 
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e) pre-heating the ?lm; 
f) draWing the ?lm along a second direction 

(perpendicular to the ?rst direction) by a draWing factor 
of 4.5 or more (?rst draWing step); 

g) draWing the ?lm further at a temperature of 65° C. to 
85° C. along the second direction by a draWing factor 
of 1.05 or more (second draWing step), 

Wherein Tg is the glass transition temperature of the ?lm. 
10. The method of claim 9, Wherein the draWing tem 

perature in step d) is 70° C.*90° C. 
11. The method of claim 9, Wherein the draWing factor 

instep d) is 1.05 to 1.20. 
12. The method of claim 9, Wherein the draWing factor in 

step d) is 4.7 to 5.2. 
13. The method of claim 9, Wherein the draWing is a 

biaxial draWing in Which the ?lm is draWn in the ?rst 
direction and then draWn With a tenter in the second direc 
tion. 

14. The method of claim 13, Wherein the biaxial draWing 
is a successive biaxial draWing. 

15. The method of claim 13, Wherein the biaxial draWing 
is a simultaneous biaxial draWing. 

16. The method of claim 9, Wherein the ?rst direction is 
the longitudinal direction (extrusion direction) and the sec 
ond direction is the transverse direction (perpendicular to the 
extrusion direction). 

17. A heat shrinkable polyester ?lm produced by the 
method of claim 9. 

18. Aheat shrinkable polyester ?lm according to claim 17, 
Wherein the thickness of the ?lm is between 10 HM and 200 
uM. 

19. Aheat shrinkable polyester ?lm according to claim 17, 
Wherein the thickness of the ?lm is betWeen 20 HM and 200 
uM. 

20. Aheat shrinkable polyester ?lm according to claim 17, 
Whose hot Water shrinkage along its main shrinkage direc 
tion is equal to or greater than 20% When the ?lm is put in 
hot Water of 70° C. for 5 sec; 35% to 55% When put in hot 
Water of 75° C. for 5 sec; and 50% to 60% When put in hot 
Water of 80° C. for 5 sec, Wherein the compressive strength 
of a label formed by the ?lm satis?es a folloWing expression: 

Where y denotes compressive strength (mN) and x denotes 
?lm thickness (um). 


