
TUBULAR FORMING MATERIAL AND ITS HEAT-SHRINKABLE FILM DESCRIPTION
TECHNICAL FIELD [0001] The present invention relates to a material
for producing a heat-shrinkable film by means of a tubular method
(tubular forming material) and a heat-shrinkable film using it.
BACKGROUND ART [0002] Heretofore, polyvinyl chloride was used for a
heat-shrinkable film for e.g. a shrink package, but in recent years,
a blockcopolymer made of a vinyl aromatic hydrocarbon and a
conjugated diene or its resin composition has been used. There are
various processes for producing the heat-shrinkable film, and as the
simplest process, a production process called tubular method may be
mentioned.  [0003] Patent Document 1 discloses that beyond
expectation, it is extremely difficult to produce a heat-shrinkable
film by using the above block copolymer made of avinyl aromatic
hydrocarbon and a conjugated diene or its resin composition by means
of a tubular method, and the temperature control in a stretching step
is to be precisely carried out so as to stabilize forming. On the
other hand, Patent Document 2 discloses that some kinds of block
copolymers made of a vinyl aromatic hydrocarbon and a conjugated
diene are suitable for the tubular method. [0004] The tubular method
is a process for producing a heat-shrinkable film by extruding a
molten resin from a ring-shaped die to obtain a tube, controlling the
tube at a proper temperature, and then Injecting air into the tube so
as to expand it (hereinafter referred to as "bubble formation") for
stretching in a direction perpendicular to the flow direction of the
film. A power required for stretching the film by the bubble
formation can be determined from the difference between the outside
pressure of the bubble and the inside pressure for forming the bubble
by the injection of the air into the tube. [0005] Specifically,
compressed air is injected into the above expanded tube by a needle
to form a bubble, a cooling temperature of the bubble is controlled
or the position of a pinch roll for pinching the downstream side of
the bubble is further adjusted, whereby the internal pressure of the
bubble is adjusted so as to stabilize the bubble. However, the tube
is continuously extruded, therefore there is a case where the
thickness or diameter of the tube slightly changes and further the
resin temperature slightly changes with time (hereinafter generally
referred to as "variable factors in production"), whereby abnormal
expansion (hereinafter referred to as "excess expansion") or the like
locally occurs at the time of bubble formation, and therefore it will
be difficult to stably produce the film. [0006] In order to prevent
the occurrence of the excess expansion, it has been desired to
develop a material which is less influenced by the variable factors
in production while it is not so much required to seriously control
e.g. the amount of air to be injected or the resin temperature.
Patent Document 1: JP-A-50-6673 Patent Document 2: JP-A-07-216186
DISCLOSURE OF THE INVENTION OBJECT TO BE ACCOMPLISHED BY THE
INVENTION [0007] It is an object of the present invention to provide
a tubularforming material excellent in bubble formation stability in
production of a heat-shrinkable film, and particularly ft is an
object of the present invention to provide a tubular forming material
using a block copolymer made of a vinyl aromatic hydrocarbon and a
conjugated diene. MEANS TO ACCOMPLISH THE OBJECT [0008] The present
inventors have conducted extensive studies to accomplish the above
object, and as a result, have found that excess expansion hardly
occurs during bubble formation in the production of a heat-shrinkable



[0013] The inclination being large means that a strong power is
necessary for stretching the film, and as a result, the tube does not
tend to be excessively expanded and the bubble formation will be
stable, such being preferred. However, if the inclination exceeds
0.5, it will be difficult to expand the bubble as such, namely, it
becomes difficult to stretch the film up to a desired stretching
ratio. On the contrary, if the inclination Is lower than 0.25, in a
case where the internal pressure of the tube is Increased so as to
increase the stretching ratio, the variable factors in manufacturing
tend to be influential, whereby the tube tends to be excessively
expanded. [0014] Accordingly, the tube is likely to burst, or the
tube is likely to be inflated to the outside of a cooling ring for
fixing size, and creases are thus likely to be formed on the
heat-shrinkable film obtained, whereby it becomes difficult to
produce a heat-shrinkable film. Such inclination is preferably from
0.27 to 0.4, more preferably from 0.3 to 0.4. [0015] It is possible
to increase the above inclination by increasing the proportion of a
vinyl aromatic hydrocarbon in a block copolymer made of the vinyl
aromatic hydrocarbon and a conjugated diene or in its resin
composition, but the glass transition temperature Increases at the
same time, whereby the film is likely to rupture due to deterioration
of the stretchability or deterioration of the flexibility of the
film, and therefore it is difficult to stabilize the bubble only by
changing the proportion of the vinyl aromatic hydrocarbon. On the
other hand, if the proportion of the conjugated diene In the block
copolymer or its resin composition is increased, such inclination
tends to be too small, whereby excess expansion of the tube
frequently occurs, and therefore the bubble formation becomes (2) The
tubular forming material according to (1), wherein the uniaxial
elongation viscosity at 88'C at a strain rate of 0.5 sec-1 satisfies
the following formula between 1.0 sec and 2.8 sec after initiation of
elongation, 0.3<(LOGq2.8-LOGrho)/(2.8-1.0)<0.4. [0016] unstable.
[0017] Further, In the present invention, the reason that the
conditions for measurement of the uniaxial elongation viscosity of
the tubular forming material are set at a temperature of 88'C and at
a strain rate of 0.5 sec-1, is as follows. [0018] The temperature is
preferably such a high temperature of at least 70t as a suitable
temperature for stretching a block copolymer film made of a vinyl
aromatic hydrocarbon and a conjugated diene. If it exceeds 90'C,
films are hot-welded with one another in a water bath. Therefore in
such a range, the temperature of 88'C was selected since a higher
temperature is suitable for stable tubular film formation. [0019]
Further, regarding the strain rate, 0.5 sec-1 was selected from the
viewpoint of the time required forTD stretching and TO stretching
ratio, within the range of real productivity by means of tubular film
formation. [0020] In order thatthe above inclination is within the
specific range, the tubular forming material contains the following
composition of block copolymers. The block copolymer composition
comprises the following block copolymer (i), block copolymer (ii) and
block polymer (iii), and their composition ratio (mass%) of
(0/(11)/(110 is 20 to 40/20 to 40/20 to 40, particularly preferably
25 to 35/25 to 35/25 to 35. (i) A block copolymer which is a block
copolymer made of a vinyl aromatic hydrocarbon and a conjugated
diene, which satisfies the following (a) and (b).  4 portions is
represented as Ti and the other tapered block portion is represented



REFERENCE EXAMPLE 1 [0041] 490 kg of cyclohexane was charged into a
reactor. Then, 35.7 kg of a styrene monomer was added thereto, and
1,600 mL of n-butyllithium (a 10 mass% cyclohexane solution) was
added thereto at an intemal temperature of 30'C with stirring to
carry out polymerization. The internal temperature was decreased to
40'C, and 69.3 kg of a styrene monomer and 8.9 kg of a butadiene
monomer were simultaneously added thereto to carry out polymerization
sufficiently. [0042] Then, the internal temperature was adjusted to
60'C, and 26.8 kg of butadiene and 69.3 kg of styrene were
simultaneously added thereto to carry out polymerization
sufficiently. REFERENCE EXAMPLE 2  [0043] 500 kg of cyclohexane was
charged into a reactor. Then, 8.0 kg of a styrene monomer was added
thereto, and 1,280 mL of n-butyllithium (a 10 mass% cyclohexane
solution) was added thereto at an internal temperature of 30'C with
stirring to carry out polymerization. While the internal temperature
was maintained at 80'C, a styrene monomer in a total amount of 110.0
kg and a butadiene monomer in a total amount of 13.4 kg, were
simultaneously added at constant rates of 87.8 kg/hr and 10.7 kg/hr,
respectively, and after completion of the addition, the system was
maintained as it was, for a sufficient time. After butadiene gas was
completely consumed, 18.6 kg of butadiene was simultaneously added
thereto at an internal temperature of 75'C, and the polymerization
was continuously carried out. [0044] Then, 50.0 kg of a styrene
monomer was simultaneously added thereto to complete the
polymerization. REFERENCE EXAMPLE 3 [0045] 500 kg of cyclohexane was
charged into a reactor. Then, 4.0 kg of a styrene monomer was added
thereto, and 1,950 mL of n-butyllithium (a 10 mass% cyclohexane
solution) was added thereto at an internal temperature of 30t with
stirring to carry out polymerization. While the internal temperature
was maintained at 80"C, a styrene monomer in a total amount of 119.0
kg and a butadiene monomer in a total amount of 11.8 kg, were
simultaneously added thereto at constant rates of 100.8 kg/hr and
10.0 kg/hr, respectively, and after completion of the addition, the
system was maintained as it was, for a sufficient time. [0046] After
butadiene gas was completely consumed, 36.4 kg of butadiene was added
thereto all at once at an internal temperature of 70'C, and
polymerization was continuously carried out. Further, 28.8 kg of a
styrene monomer was simultaneously added thereto to complete the
polymerization. REFERENCE EXAMPLE 4 [0047] 500 kg of cyclohexane was
charged into a reactor. Then, 8.0 kg of a styrene monomer was added
thereto, and 2,400 mL of n-butyllithium (a 10 mass% cyclohexane
solution) was added thereto at an internal temperature of 30C with
stirring to carry out the polymerization. While the internal
temperature was maintained at 80'C, a styrene monomer  7  in a total
amount of 114.0 kg and a butadiene monomer in a total amount of 9.4
kg, were simultaneously added at constant rates of 121.3 kg/hr and
10.0 kg/hr, respectively, and aftercompletion of the addition, the
system was maintained as it was, for a sufficient time. [0048] After
butadiene gas was completely consumed, 60.6 kg of butadiene was
simultaneously added thereto at an internal temperature of 50'C to
continue the polymerization. Further, 8.0 kg of a styrene monomer was
simultaneously added thereto to complete the polymerization.
REFERENCE EXAMPLES [0049] 500 kg of cyclohexane was charged into a
reactor. Then, 80.0 kg of a styrene monomer was added thereto, and
1,530 mL of n-butyllithium (a 10 mass% cyclohexane solution) was



9  [0065] The film formation stability was evaluated by adjusting the
diameter of tube A so that the stretching ratio in the direction of a
tube diameter (hereinafter referred to as "TD") would be two times,
in accordance with the following calculation formula: TO stretching
ratio (times) = circumference of bubble (cm)/circumference of tube A
(cm) = inner circumference of sizing ring (cm)/circumference of tube
A (cm) (1) Stability at the time of air injection [0066] The film
formation stability at the time of injecting air into a bubble was
evaluated in accordance with the following standard. A bubble stably
reaches the sizing ring: 0 A bubble does not reach the sizing ring
since a tube is excessively inflated or burst: x (2) Number of burst
of tube [0067] The TD stretching ratio was set to be double, and the
number of burst of bubbles was measured when air was stationary blown
for 1 hour under a sizing state. 0:0 1: a at least two times or a
case where a bubble could not reach a sizing ring: x <Measurement of
heat shrinkage> [00681 The heat shrinkage of a heat-shrinkable film
was measured by the following method. [0069] From a stretched film, a
square-shape test specimen having a length of about 100 mm in the
film flowing direction (hereinafter referred to as "MD") and a length
of 100 mm in TD was cut out. The test specimen was immersed in a hot
water having a temperature of 100t for 10 seconds and taken it out,
then immediately cooled with water to wipe out moisture and then the
length L1 (mm) in MD and the length L2 (mm) in TD of the test
specimen were measured. The heat shrinkage was calculated by the
following formula. Heat shrinkage (%) in MD = {(100.0-L1)/100.0)xl 00
Heat shrinkage (%) in TD = 00.012)/100.0)xl 00 [0070] From the
results in Table Sand Table 6, it is found that the tubular forming
material of the present invention is stable in bubble formation, and
therefore it is possible to obtain a heat-shrinkable film excellent
in the heat shrinkage characteristics. [0071] On the other hand, in
the case of Comparative Examples 1 to 3 and 5 to 10 in which
"inclination between two points: S" is outside the range defined in
the present invention, the stability of bubble formation is totally
insufficient, and it was impossible to even carrying out the
recovering of a film. [0072] Comparative Example 4 in Table 6 is
within the technical range of Patent Document 2, and even when the
present invention is compared with Comparative Example 4, it is found
that the tubular forming material of the present invention is
superior in number of burst of a tube. TABLE 1  Reference Example 1
Reference Example 10 Reference Example 11 Type of block copolymer (i)
(I) (i) Structure of block copolymer S1-T1-T2 S1-T1-T2 S1-T1-T2  10
(continued)  Reference Example 1 Reference Example 10 Reference
Example 11 Type of block copolymer (i) CO (i)  



Condition a) St/Bd of 11 (mass% ratio) St/Bd of T2 (mass% ratio)
89/11 83/17 91/9   72/28 83/17 75/25 Condition b) Proportion of St in
Si (mass%) 100 100 100  TABLE 2  Reference Example 2 Reference
Example 12 Reference Example 13 Type of block copolymer (U) (ii) (ii)
Structure of block copolymer S1-R1-131-S2 S1-R1-131-S2 S1-R1-81-S2
Condition c) St/Bd in R1 (mass% ratio) 89/11 92/8 78/22 Condition d)
Proportion of St in Si (mass%) Proportion of St based on the total of
block copolymer (mass%) 100 100 100   4 4 2 



Proportion of St in 82 (mass%) Proportion of S2 based on the total of
block copolymer (mass%) 100 100 100   25 4 4 Condition e) Proportion
of Bd in 81 (mass%) Proportion based on the total of block copolymer
(mass% ratio) 100 100 100   9 12 7  TABLE 3  Reference Example 3
Reference Example 4 Reference Example 6 Reference Example 7 Reference
Example 8 Type of block copolymer (U1) (11) (U1) (U1) (111) Structure
of block copolymer S1-RI-81-82 S1-R1-81-S2 S1-R1-131-S2 



S1-R1-131-S2 S1-R1-81-S2 St/Bd in R1 (mass% ratio) 91/9 92/8 92/8
90/10 88/12  11 (continued)  Reference Example 3 Reference Example 4
Reference Example 6 Reference Example 7 Reference Example B Type of
block copolymer (iii) (11) (Ili) (Hi) (iii) Proportion of St in Si
(mass%) 100 100 100 100 100 Proportion of S1 based on the total of
block copolymer (mass%) 2 4 4 2 2 Proportion of St in 52 (mass%) 100
100 100 100 100 



Proportion of S2 based on the total of block copolymer (mass%) 14  4
17 17 Proportion of Bd In 51 (mass%) 100 100 100 100 100 Proportion
of Si based on the total of block copolymer (mass%) 18 30 25 15 15
St/Bd in T1 (mass% ratio) _ .     TABLE 4  Reference Example 5
Reference Example 9 Reference Example 14 Reference Example 15
Reference Example 16 Reference Example 17 Type of block copolymer
PVC PP 



Structure of block copolymer S1-R1-B1- S2 S1 -T1 S1-T1-S2 S1-R1-B1-
S2 - - St/Bd in R1 (mass% ratio) 74/26 -  81/19  - Proportion of St
in S1 (mass%) 100 100 100 100   Proportion of Si based on the total
of block copolymer (mass%) 40 16 8 50    12 (continued)  Reference
Examples Reference Example 9 Reference Example 14 Reference Example
15 Reference 



Example 16 Reference Example 17 Proportion of St In S2 (mass%) 100 -
- 100 - - Proportion of S2 based on the total of block copolymer
(mass%) 25 -  4 - - Proportion of Bd in B1 (mass%) 100 -  100 - -
Proportion of B1 based on the total of block copolymer (mass%) 9 - -
10 -  St/Bd in T1 (mass% ratio) - 69/31 58/42 - - -  13   14 
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J. xa idwoo Etc IIII  - -  YEE  Et8     XI   Block copolymer _ . Her.
EX. 1 Ref. Ex. 10 Ref. Ex. 11 Ref. Ex. 2 Ref. Ex. 12 Ref. Ex. 13 I
Ref. Ex. 3 Ref. Ex. 4 I Ref. Ex. 5 Ref. Ex. 6 Ref. Ex. 7 Ref. Ex. 8
Ref. Ex. 9 Ref. Ex. 14 Ref. Ex. 15 Ref. Ex. 16 ILI16E1     ! C  Type
of blot 1 copolymer 0)  (I0)   0!!)  (!!!)  (!!!)  0!).  (0)   - :



o.le puere I  15 INDUSTRIAL APPLICABILITY [0073] The tubular forming
material of the present invention is suitable for production of a
heat-shrinkable film by means of a tubular method, and such a
material is also suitable for production of a heat-shrinkable film by
means of a tenter method. However, regardless of formation methods as
the above, the heat-shrinkable film obtained from the tubular forming
material of the present invention hardly shrinks even when it was
stored in an ordinary temperature for a long period, and the film is
excellent in anti-natural shrinkage. [0074] The heat-shrinkable film
using the tubular forming material of the present invention is
particularly preferred for e.g. a heat-shrinkable label or
heat-shrinkable cap seal as e.g. a label for bottles, and such a film
may be useful as a packaging film or the like.  16 Claims 1. A
material for producing a heat-shrinkable film b means of atubular
method, said material being made of acomposition comprising block
copolymers each made of a vinyl aromatic hydrocarbon and a conjugated
diene, which has a uniaxial elongation viscosity at 81Elt at a strain
rate of 0.5 sec-1 satis&ing the following formula between 1.0 sec and
2.8 sec after initiation of elongation,
0.25<(LOGq2.8-LOGri1o)/(2.8-1.0)<0.4 wherein mto and I" represent
uniaxial elongation viscosities (Pa. sec) at elongation times of 1.0
sec and 2.8 sec, respectively, when measured by a Meissner model
elongation viscometer wherein the composition comprises the following
block copolymer (i), block copolymer (ii) and block copolymer (Hi),
and their blend ratio (mass% ratio) of (0/00/(11) is 20 to 40/20 to
40/20 to 40, (i) a block copolymer which is a block copolymer made of
a vinyl aromatic hydrocarbon and a conjugated diene, which satisfies
the following (a) and (b) (a) it has two tapered block portions in
which the constitution ratio, in monomer units, of the vinyl aromatic
hydrocarbon to the conjugated diene continuously changes, and in a
case where one of the two tapered block portions is represented as Ti
and the other tapered block portion is represented as T2, the
compositional ratio (mass% ratio) of the yin yl aromatic hydrocarbon
to the conjugated diene occupied in each tapered block portion, is 75
to 95/5 to 25 in Ti and 60 to 95/5 to 40 in T2,  (b) at least one
terminal block portion of the block copolymer contains the vinyl
aromatic hydrocarbon in an amount of at least 95 mass%, (i1) a block
copolymer which is a block copolymer made of a vinyl aromatic
hydrocarbon and a conjugated diene, which satisfies the following
(c), (d) and (e):  (c) it has at least one random block portion in
which the constitution ratio, in monomer units, of the vinyl aromatic
hydrocarbon to the conjugated diene is uniform, and further the
content ratio (mass% ratio) of the vinyl aromatic hydrocarbon to the
conjugated diene in the random block portion is 60 to 95/5 to 40,
(d) at least one terminal of the block copolymer has a block portion
containing at least 95 mass% of the vinyl aromatic hydrocarbon, and
the total amount of such a block portion is from 1 to 30 mass% based
on the total amount of the block copolymer, and  (e) it has a block
portion made solely of the conjugated diene, and the content
proportion of such a block portion is from 5 to 14 mass% based on the
total of a block copolymer, (Hi) a block copolymer which is a block
copolymer made of a vinyl aromatic hydrocarbon and a conjugated
diene, which satisfies the following (f), (g) and (h):  (f) it has at
least one random block portion in which the constitution ratio, in
monomer units, of the vinyl aromatic hydrocarbon to the conjugated


