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(54) HEAT-SHRINKABLE POLYSTYRENE BASED RESIN FILM ROLL AND METHOD FOR
PRODUCTION THEREOF, AND HEAT-SHRINKABLE LABEL

(57) A film roll comprising a heat-shrinkable polysty-
rene based resin film wound into a roll, characterized in
that, each of the samples taken out from the roll exhibits,
in a heat shrinkage test under the condition of the im-
mersion in a hot water at 85°C for 10 seconds, a heat
shrinkage rate in the main shrinking direction of within
± 5% relative to an average rate of the total samples; a
heat-shrinkable polystyrene based resin film taken from
the roll; a heat-shrinkable label comprising the film; a

method for producing the heat-shrinkable polystyrene
based resin film roll which comprises using raw material
chips having a specific form, or using a hopper having
a specific shape for feeding raw material chips to an ex-
truder, or limiting the variation of the surface tempera-
ture of a film in a specific production step to a specific
range.
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Description

Technical Field

[0001] The present invention relates to a heat-shrinkable polystyrene based resin film roll comprising a heat-shrink-
able polystyrene based resin film wound into the roll, which is appropriate as packaging materials used for coating,
tying, exterior wrapping and the like of vessels and the like, a method for production thereof, and a heat-shrinkable label.

Background Art

[0002] Aheat-shrinkable film has a function of shrink properties and thereby can be integrally laminated on an object
through shrinkage force and shapingproperties of the film itself without using a fixing means such as an adhesive agent
and a catch, thereby having a function of not merely mechanically protecting an object with lamination and coating but
also tying, sealing and the like. Further, in the case where a heat-shrinkable film itself has a particular function, which
can be retrofitted to an object with lamination. This characteristic has been effectively used in the field of packaging in
which a main purpose is to preserve an object, protect it during distribution and allow display and design properties
thereto, being utilized for coating, tying, exterior wrapping or sealing of, for example, various vessels such as jars
including bottles made of glass and plastics, and cans, and continuous bodies such as pipes, sticks, wood and various
rodlike bodies, or sheet-form bodies; specifically, being used for coating a part or the whole of a cap portion, a shoulder
portion and a barrel portion of jars for the purpose of displaying, protecting, tying, improving commercial values by
functionalization, and the like; further, being used for collecting and packaging every plural pieces of bodies to be
packaged such as boxes, jars, plates, sticks and notebooks, and packaging (skin package) bodies to be packaged by
a film closely contacted therewith. In the case where molding for display and design is previously allowed to a film,
then the film is made into a commercial product, namely a label.
[0003] Raw materials for a heat-shrinkable film to be used involve polyvinyl chloride, polystyrene, polyester, polya-
mide, aliphatic polyolefin, a derivative thereof, rubber hydrochloride and the like. Typically, a film comprising these raw
materials is molded into a tube shape to cover, for example, jars, and pipes and the like are collected to be thereafter
packaged and tied by heat-shrinking the film. Any conventional heat-shrinkable film, however, is poor in heat resistance
and thereby is not allowed to resist boiling and retorting at high temperatures, accordingly having a defect such as not
to be pasteurized at high temperatures in the case of being applied to uses for food, sanitary fitments and pharmaceu-
ticals. The problem is that, for example, retorting easily damages a conventional film during the treatment.
[0004] With regard to a conventional heat-shrinkable film, a film comprising polyvinyl chloride based resin is extremely
favorable for heat-shrinkable properties but poor in adhesive properties to ink of printing for a label, and further easily
produces a gelatinous substance of an additive mixed thereinto on the occasion of filming, thereby easily causing a
pin hole on a printing plane. In addition, the problem is that the film is discarded and incinerated with difficulty in view
of environment. A film comprising polyester based resin is superior in heat resistance, dimensional stability, solvent
resistance and the like; however, a precise control technique of producing conditions is required for achieving desirable
heat-shrinkable properties, adhesive properties and the like, leading to the problem of costs and the like.
[0005] Also, the usefulness of a heat-shrinkable film has been allowing the heat-shrinkable film to be used in the
field in which a film and a label except the heat-shrinkable film have been conventionally used. With regard to a label
of beverage vessels, particularly, a sticking label comprising a film except paper and a heat-shrinkable film has been
frequently replaced with the heat-shrinkable label. In such a case, a special function is required for protecting vessels
and contents. For example, preservation by heating, which has been conventionally performed only for beverages
filled in glass jars and metal cans, can be performed also for beverages filled in plastic bottles by an improvement in
the heat resistance thereof; consequently bottles mounted with a label made of a heat-shrinkable film are put together
with canned beverages in a heat insulating case such as a hot warmer at a convenience store and a station stall, and
the diversification of a high-temperature environment experienced after shrinkage mounting has been demanding an
improvement in the heat resistance of a heat-shrinkable film. In such a case, a conventional heat-shrinkable film easily
causes a label defect due to softening, embrittlement and the like during and after the preservation by heating of vessels
mounted therewith. With regard to a hot warmer, particularly, a hot plate portion for putting vessels thereon is controlled
at a temperature of approximately 50°C to 75°C in order to make the temperature of beverages into approximately
55°C, however, the temperature inside the hot plate exceeds 120°C partially and temporarily, whereby the defect of a
heat-shrinkable film is occasionally caused. Further, in the case where vessels fall in a hot warmer, a heat-shrinkable
film is contacted with pressure on the surface of a hot plate, and thereby the problem is occasionally caused such that
the conditions of harsh temperature andpressure render the defect of the film serious and deteriorate heat resistance
after shrinkage mounting.
[0006] Also, a function of protecting bodies to be packaged from rays, particularly, near ultraviolet rays having a great
influence has been demanded for vessels, packaging materials and the like accommodating the bodies to be packaged,
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which are easily deteriorated by the rays, for example, beverages such as green tea, juice and beer, food having
synthetic or natural colorant with a low light resistance, cosmetics, sanitary fitments, and pharmaceuticals. In addition,
a heat-shrinkable label has been vigorously applied to the field of a label of plastic bottle vessels with reference to the
problem of recycling, and various forms and modes of packaging design have been performed.
[0007] Also, the low-temperature moist heat shrinking process, which is a process used for aseptic fill packaging
allowed by a composition of cleaning technique, sterilizing technique, high-speeding technique of packaging and the
like, can offer the sterilization of beverages and the like in a short time and thereafter the completion of packaging by
a short-time process at relatively low temperatures, so as to intend the prevention of heat deterioration of contents and
the improvement of packaging efficiency, thereby requiring the development of a heat-shrinkable filmusable for this
low-temperature moist heat shrinking process. A heat-shrinkable film usable for the low-temperaturemoist heat shrink-
ingprocess needs tobe superior in shrink properties in a low-temperature range, and additionally a relatively high shrink-
age rate is advantageous thereto in view of the shortening of process time. A heat-shrinkable polyester based resin
film has been conventionally used as a film having such properties; however, a bottle and a label made of the film are
difficult to separate in the case where it is necessary to separately collect them, while a heat-shrinkable polystyrene
based resin film, for which gravity separation is allowed, has been desirably used and has poor low-temperature shrink
properties, though; the setting of a low shrinkage temperature easily causes the problem such that natural shrinkage
is rendered larger before being packaged and heat resistance is deteriorated after shrinkage mounting.
[0008] In addition, a heat-shrinkable polystyrene based film for a special use as described above has been in an
increasing demand, so that a homogeneous film roll needs to be produced, which can provide a film stably functioning
with a favorable repeatability even in any part of the roll. In the case of a film roll having an inhomogeneous quality,
for example, for the reason that heating conditions in a tunnel are the same in the heat shrinking process of a label, a
large variation of heat shrinkage rate of the above-mentioned each labels causes a label exhibiting an improper heat.
shrinkage rate, which causes appearance defect such as shrinkage deficiency, shrinkage spot, wrinkling, distortion of
patterns and tight ends, and thereby is inappropriate for a final product. The same label for a final product is typically
processed from a piece of film roll, so that a large variation of heat shrinkage rate of films composing a piece of film
roll increases the fraction defective in the heat shrinking process as described above. In particular, this is a serious
problem in uses for a full label for bottles, which covers a large area and requires a high shrinkage rate. Also, close
adhesion stress in mounting on vessels varies with a region, thereby occasionally resulting in the occurrence of defect
in heat resistance even with the use of a film having a superior heat resistance in a hot warmer. Further, in the case
of allowing a film low-temperature shrink properties, then the setting of a low shrinkage temperature causes the problem
such that natural shrinkage is rendered larger before being packaged and heat resistance is deteriorated after shrinkage
mounting.
[0009] The present invention is intended for providing a heat-shrinkable polystyrene based resin film which has a
sufficiently high heat shrinkage rate, causes no shrinkage unevenness thereon in heat-shrinking, has a beautiful ap-
pearance, additionally maintains the appearance stably even under the conditions of high temperatures after shrinking,
and particularly is the most appropriate for the preservation by heating such as a hot warmer; also, offers an extremely
high covering properties even in mounting on vessels having a complicated shape, and is the most appropriate for
packaging products to which the prevention of deterioration by rays is necessary; further, a heat-shrinkable polystyrene
based film roll which can stably provide the heat-shrinkable polystyrene based resin film having a sufficiently high heat
shrinkage rate in the low-temperature shrinking process, and can reduce the occurrence of defect, such as shrinkage
defect, shrinkage spot, wrinkling, distortion and tight end in the after-processing step, caused by the variation of heat
shrinkage rate in the film roll; and a method for production thereof and a heat-shrinkable label.

Disclosure of the Invention

[0010] The invention according to Claim 1 of the present application is a film roll comprising a heat-shrinkable pol-
ystyrene based resin film to be wound into the roll, characterized in that, in a constant range such that filmphysical
properties are stable with respect to the flow direction in producing the film, making a finishing end of the roll of the
film roll into a beginning end, making a starting end of the roll thereof into a terminating end, providing a first cutout
part in a 2m or less inward portion from the above-mentioned beginning end, and further providing another cutout part
at every approximately 100m from the first cutout part, in measuring a heat shrinkage rate of a sample cut out from
each of the cut out parts, which is denoted by a rate of change in length in the main shrinking direction after a treatment
of immersing in a hot water at a temperature of 85°C for 10 seconds with respect to a state before the above-mentioned
treatment, the above-mentioned heat-shrinkable polystyrene based resin film exhibits the heat shrinkage rate of each
of the samples within ±5% relative to an average value of the heat shrinkage rate of the total samples.
[0011] The invention according to Claim 2 of the present application is the invention according to Claim 1, charac-
terized in that, drawing a marked line at an interval of 200mm in the main shrinking direction on a sample cut out so
as to have a width of 15mm and a length of 210mm, the above-mentioned heat-shrinkable polystyrene based resin
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film exhibits a maximum heat shrinkage rate of 40% or more, which is a maximum value of a rate of change in length
in the main shrinking direction of the above-mentioned sample after a treatment of heating at every 10°C from 100°C
to 150°C for 1 minute with respect to a length between the marked lines before the above-mentioned treatment.
[0012] The invention according to Claim 3 of the present application is the invention according to Claim 1, charac-
terized in that, being mounted on a bottle as a label form of a cylindrical tube-shaped transparent vessel such that the
main shrinking direction is made into a cross-sectional direction of a cylinder, the above-mentioned heat-shrinkable
polystyrene based resin film exhibits an average value T of a transmittance of near ultraviolet rays represented in the
following formula 1, which is 0.5 or less after heat-shrinking in the case of irradiating the vessel from outside to inside
thereof with the near ultraviolet rays from a direction perpendicular to a rotational symmetry axis of the vessel.

A: an average value (n = 10) of a light energy density transmitting into the film and the vessel in a state of mounting
the heat-shrinkable polystyrene based resin film on the transparent vessel
B: an average value (n = 10) of a light energy density transmitting into the transparent vessel in a state of not
mounting the heat-shrinkable polystyrene based resin film on the transparent vessel

[0013] The invention according to Claim 4 of the present application is the invention according to Claim 1, charac-
terized in that, drawing a marked line at an interval of 50mm in the longitudinal direction in the middle of a sample cut
out so as to have a width of 5mm and a length of 100mm while regarding the main shrinking direction as the longitudinal
direction, the above-mentioned heat-shrinkable polystyrene based resin film exhibits a rate of change in length of 0%
to 90% in the main shrinking direction of the above-mentioned sample after a treatment of loading a tension of 51.18gf
at a temperature of 110°C for 1 minute with respect to a length between the marked lines before the above-mentioned
treatment.
[0014] The invention according to Claim 5 of the present application is the invention according to Claim 1, charac-
terized in that, drawing a marked line at an interval of 200mm in the main shrinking direction on a sample cut out so
as to have a width of 15mm and a length of 210mm, the above-mentioned heat-shrinkable polystyrene based resin
film exhibits a heat shrinkage rate of 5% or more, which is denoted by a rate of change in length between the marked
lines in the main shrinking direction of the above-mentioned sample after a treatment of immersing in a hot water at a
temperature of 65°C for 10 seconds with respect to a state before the above-mentioned treatment.
[0015] The invention according to Claim 6 of the present application is the invention according to Claim 1, charac-
terized in that, in measuring a dynamic viscoelasticity of the film under the conditions of an elastic mode, a frequency
of 50Hz, a temperature range of -20°C to 250°C and a heating rate of 2°C/minute, the above-mentioned heat-shrinkable
polystyrene based resin film exhibits a dispersion except α dispersion, which is measured in a temperature range such
that α dispersion derived from polystyrene is measured.
[0016] The invention according to Claim 7 of the present application is the invention according to Claim 1, charac-
terized in that the above-mentioned heat-shrinkable polystyrene based resin film comprises an undrawn sheet to be
drawn exhibiting a dispersion except alpha dispersion, which is measured in a temperature range such that alpha
dispersion derived from polystyrene is measured in measuring a dynamic viscoelasticity of the film under the conditions
of an elastic mode, a frequency of 50Hz, a temperature range of -20°C to 250°C and a heating rate of 2°C/minute in
the above-mentioned undrawn sheet before being drawn into the above-mentioned heat-shrinkable polystyrene based
resin film.
[0017] The invention according to Claim 8 of the present application is the invention according to Claim 1, charac-
terized in that the above-mentioned heat-shrinkable polystyrene based resin film has a width of 200mm or more and
a length of 300m or more.
[0018] The invention according to Claim 9 of the present application is the invention according to Claim 1, charac-
terized in that the above-mentioned heat-shrinkable polystyrene based resin film contains a polystyrene based resin
having a syndiotactic structure.
[0019] The invention according to Claim 10 of the present application is the invention according to Claim 1, charac-
terized in that the above-mentioned heat-shrinkable polystyrene based resin film comprises two or more kinds of resins
of different compositions.
[0020] The invention according to Claim 11 of the present application is a method for producing a heat-shrinkable
polystyrene based resin film roll described in claim 9 according to Claim 10, comprising the step of mixing and melt-
extruding the resins composing the heat-shrinkable polystyrene based resin film, characterized in that a shape of raw
material chips for each of the above-mentioned resins is rendered columnar and/or elliptical, and a major axis and a
minor axis of a cross section perpendicular to the longitudinal direction and a length in the longitudinal direction of raw
material chips for another resin with respect to raw material chips for a resin mixed in the largest quantity are each

T = A / B formula 1
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within ±50% as a difference in an average value.
[0021] The invention according to Claim 12 of the present application is a method for producing a heat-shrinkable
polystyrene based resin film roll according to Claim 10, comprising the step of mixing and melt-extruding the resins
composing the heat-shrinkable polystyrene based resin film by using an extruder provided with a funnel-shaped hopper
as a feeding portion of raw material chips, characterized in that a tilt angle as an angle formed by an oblique side and
a horizontal line segment in a funnel-shaped part of the above-mentioned hopper is 65° or more.
[0022] The invention according to Claim 13 of the present application is a method for producing a heat-shrinkable
polystyrene based resin film roll according to Claim 1, comprising the steps of preheating, drawing and heat-treating,
characterized in that the variation of a surface temperature of a film measured at an arbitrary point of time in each of
the steps is within ±1°C relative to an average temperature covering the total length of the film.
[0023] The invention according to Claim 14 of the present application is a heat-shrinkable polystyrene based resin
film taken from a heat-shrinkable polystyrene based resin film roll according to Claim 1.
[0024] The invention according to Claim 15 of the present application is a heat-shrinkable label comprising a heat-
shrinkable polystyrene based resin film according to Claim 14.
[0025] A heat-shrinkable polystyrene based resin film forming a film roll according to the present invention, in a
constant range such that film physical properties are stable with respect to the flow direction in producing the film,
making a finishing end of the roll of the film roll into a beginning end, making a starting end of the roll thereof into a
terminating end, providing a first cut out part in a 2m or less inward portion from the above-mentioned beginning end,
and further providing another cut out part at every approximately 100m from the first cut out part, in measuring a heat
shrinkage rate of a sample cut out from each of the cut out parts, which is denoted by a rate of change in length in the
main shrinking direction after a treatment of immersing in a hot water at a temperature of 85°C for 10 seconds with
respect to a state before the above-mentioned treatment, needs to exhibit the heat shrinkage rate of each of the samples
within ±5% relative to an average value of the heat shrinkage rate of the total samples. In the present invention, 'a heat
shrinkage rate' is denoted by a rate of change in length after a treatment of immersing a 10cm 3 10cm square-form
sample cut out from the cut part in a hot water at a temperature of 85°C for 10 seconds to pull up and next immersing
it in a water at a temperature of 25°C for 10 seconds to pull up with respect to a state before the treatment. The heat
shrinkage rate of each of the samples is preferably within ±3% relative to an average value of the heat shrinkage rate
of the total samples, more preferably within ±2%.
[0026] In the present invention, a heat shrinkage rate is not necessarily uniformized at a high level as described
above covering the whole range of a heat-shrinkable polystyrene based resin film forming a film roll, and is preferred
to be uniformized at a high level as described above at least in a constant range such that film physical properties are
stable with respect to the flow direction in producing the film. Also, in the present invention, the number of the above-
mentioned constant ranges (a range produced while operating in a stationary state) is not limited, and only one constant
range (including a case such that a constant range covers the whole film roll) may exist in one film roll.
[0027] 'Film physical properties are stable with respect to the flow direction in producing a film' signifies that physical
properties, particularly heat shrinkage rate properties, are continually stable. That is to say, a heat-shrinkable polysty-
rene based resin film is produced by molding molten resin into a film shape to thereafter draw, and film physical prop-
erties greatly vary with the change of film molding conditions and drawing conditions even after stabilizing the film
molding step and the drawing step. The present invention has been made not to uniformize a heat shrinkage rate of
a film obtained in unstable film molding step and drawing step but to uniformize a heat shrinkage rate at a higher level
than a conventional level in a film obtained through the operation in a stationary state after stabilizing the film molding
step and the drawing step. The above-mentioned constant range in the total length preferably occupies 80% or more
in length of the whole film roll, more preferably 90% or more.
[0028] In a constant range, making a finishing end of the roll of a film roll into a beginning end, making a starting end
of the roll thereof into a terminating end, providing a first cut out part in a 2m or less inward portion from the above-
mentioned beginning end, providing a final cut part in a 2m or less inward portion from the above-mentioned terminating
end, and further providing another cut part at every approximately 100m from the first cut out part, the uniformity of a
heat shrinkage rate in a constant range can be evaluated by measuring a heat shrinkage rate of a sample cut out from
each of the cut out parts. With regard to a film roll according to the present invention, in calculating an average value
of a heat shrinkage rate of the total samples, a heat shrinkage rate of a sample in each of the cut out parts is within
±5% relative to the above-mentioned average value. That is to say, the absolute value |HSn-HSav| of a difference
between a heat shrinkage rate HSn (%) of each of the samples cut out from the cut out parts and an average value
HSav (%) of a heat shrinkage rate of the total samples is uniformly made into 5% or less. Further, in other words, the
above-mentioned requirements are satisfied if a difference between the maximum value HSmax (%) of HSn and HSav
as well as a difference between the minimum value HSmin (%) of HSn and HSav are both within ±5%.
[0029] A heat shrinkage rate of each of the samples is within ±5% relative to an average value of a heat shrinkage
rate of the total samples, thereby decreasing the variation of a heat shrinkage rate of the whole film roll and consequently
decreasing the variation of a heat shrinkage rate of each label produced from one film roll, leading to a sharp decrease
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in the fraction defective in the heat shrinking process. Also, close adhesion stress in mounting on vessels varies less
with a region, thereby reducing the defect in heat resistance in a hot warmer.
[0030] A method for making a heat shrinkage rate of each of the samples within ±5% relative to an average value
of a heat shrinkage rate of the total samples involves, as described later, the adjustment of producing conditions of a
film, particularly, the homogenization of a mixture state of resins composing a film, and a method for adjusting the
variation of a surface temperature of a film measured at an arbitrary point of time in the steps of preheating, drawing
and heat-treating.
[0031] Also, a heat shrinkage rate of each of the samples is made within ±5% relative to an average value of a heat
shrinkage rate of the total samples, which is appropriate for a case such that a heat-shrinkable polystyrene based resin
film forming a film roll according to the present invention has a width of 200mm or more and a length of 300m or more.
A film having a width of less than 200mm is rendered poor in the above-mentioned processing appropriateness and
handling properties, thereby easily having a less influence such as an increase in the fraction defective, while a film
having a length of less than 300m scarcely causes an increase in the fraction defective due to the variation of a heat
shrinkage rate of the whole film roll. A film having a width of 200mm or more and a length of 300m or more is superior
in the processing appropriateness and handling properties from the printing to the process of making a final product
such as a label, however having a great influence such as an increase in the fraction defective due to the variation of
a heat shrinkage rate of the whole film roll; then, the above-mentioned variation within ±5% allows an increase in the
fraction defective to be inhibited. In particular, such variation is appropriate for a case such that a heat-shrinkable
polystyrene based resin film forming a film roll has a width of 300mm or more, furthermore appropriate for a width of
400mm or more. Also, in particular, such variation is appropriate for a case such that a heat-shrinkable polystyrene
based resin film forming a film roll has a length of 400m or more, furthermore appropriate for a length of 500m or more.
In addition, from the viewpoint of the handling properties, it is preferable that a film has a width of 1500mm or less and
a length of 6,000m or less in the case of a thickness of 50µm.
[0032] Also, a heat shrinkage rate of each of the samples is made within ±5% relative to an average value of a heat
shrinkage rate of the total samples, which is appropriate for a case such that a heat-shrinkable polystyrene based resin
film forming a film roll according to the present invention comprises two or more kinds of resins of different compositions.
The above-mentioned film easily causes an increase in the fraction defective due to the variation of a heat shrinkage
rate of the whole film roll; then, the above-mentioned variation within ± 5% allows an increase in the fraction defective
to be inhibited.
[0033] Drawing a marked line at an interval of 200 mm in the main shrinking direction on a sample cut out so as to
have a width of 15 mm and a length of 210 mm, a heat-shrinkable polystyrene based resin film forming a film roll
according to the present invention preferably exhibits a maximum heat shrinkage rate of 40% or more, which is a
maximum value of a rate of change in length in the main shrinking direction of the above-mentioned sample after a
treatment of heating at every 10°C from 100°C to 150°C for 1 minute with respect to a length between the marked
lines before the above-mentioned treatment. A maximum heat shrinkage rate of less than 40% renders shrinkage
insufficient in the case of using as a label (a body label) of a body part of a bottle generally used, which label closely
adheres to the bottle with difficulty. A maximum heat shrinkage rate is more preferably 50% or more. A maximum heat
shrinkage rate of 50% or more does not cause shrinkage deficiency even as a label of a PET bottle requiring high
shrink properties. A maximum heat shrinkage rate is further more preferably 60% or more, particularly preferably 70%
or more. A maximum heat shrinkage rate in the above-mentioned range causes shrinkage deficiency with difficulty
even as a label of a vessel having a complicated shape.
[0034] A method for making a maximum heat shrinkage rate into the above-mentioned range involves a method
such as kind and mixture ratio of resins composing a heat-shrinkable film, the mixture of an additive, for example, a
plasticizer, the adjustment of producing conditions of a film, particularly, an increase in the multiplying factor of drawing,
a reduction in thermal fixation, and the adjustment of a compatible state of components.
[0035] Being mounted on a bottle as a label form of a cylindrical tube-shaped transparent vessel such that the main
shrinking direction is made into a cross-sectional direction of a cylinder, a heat-shrinkable polystyrene based resin film
forming a film roll according to the present invention preferably exhibits an average value T of a transmittance of near
ultraviolet rays represented in the following formula 1, which is 0.5 or less after heat-shrinking in the case of irradiating
the vessel from outside to inside thereof with the near ultraviolet rays from a direction perpendicular to a rotational
symmetry axis of the vessel. An average value T of a transmittance of near ultraviolet rays is more preferably 0.2 or
less, further more preferably 0.1 or less, still further more preferably 0.08 or less and particularly preferably 0.06 or
less. An average value T more than 0.5 of a transmittance of near ultraviolet rays reduces light shielding properties
for bodies to be packaged by a heat-shrinkable polystyrene based resin film according to the present invention, and
scarcely prevents the bodies to be packaged from being deteriorated by rays.

T = A / B formula 1
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A: an average value (n = 10) of a light energy density transmitting into the film and the vessel in a state of mounting
the heat-shrinkable polystyrene based resin film on the transparent vessel
B: an average value (n = 10) of a light energy density transmitting into the transparent vessel in a state of not
mounting the heat-shrinkable polystyrene based resin film on the transparent vessel

[0036] A method for obtaining a desirable average value T of a transmittance of near ultraviolet rays involves the
selection of kind and mixture ratio of polystyrene based resins composing a heat-shrinkable film, the adjustment of
crystallinity and compatibility of a film, the adjustment of thickness thereof, the mixture into a film and/or the application
on a film plane of a light shielding agent, a light absorbing agent, an ultraviolet absorbing agent, a selective light
absorbing agent and the like, the formation of an image through coloring by the printing on a film plane thereof and
the like, the increase of an image area, the increase of the density of an image pattern, the increase of an image
density, and the like. In addition, an average value T of a transmittance of near ultraviolet rays can be reduced by the
increase of a covered area in mounting as a label on bodies to be packaged as well as the increase of closely adhesive
strength to bodies to be packaged by the adjustment of heat-shrinkable properties or heat-shrinking conditions of a film.
[0037] Drawing a marked line at an interval of 50mm in the longitudinal direction in the middle of a sample cut out
so as to have a width of 5mm and a length of 100 mm while regarding the main shrinking direction as the longitudinal
direction, a heat-shrinkable polystyrene based resin film forming a film roll according to the present invention preferably
exhibits a rate of change in length of 0% to 90% in the main shrinking direction of the above-mentioned sample after
a treatment of loading a tension of 51.18 gf at a temperature of 110°C for 1 minute with respect to a length between
the marked lines before the above-mentioned treatment. The above-mentioned rate of change in length is more pref-
erably 0% to 70%, further more preferably 0% to 50%. A film having the above-mentioned rate of change in length in
the above-mentioned range prevents creep in the harsh state of preservation by heating and the like, leading to a
superior heat resistance. The above-mentioned smaller rate of change in length brings less creep.
[0038] A heat-shrinkable film is exposed to the harsh conditions in the case of being preserved by heating in a hot
warmer and the like in a state of adhesion with pressure after being mounted by heat-shrinking as a label and the like.
Accordingly, heat resistance in preservation by heating can be improved by limiting the degree of creep by tension
instead of the degree of creep by compressive force concurring with shrinkage behavior in preservation by heating at
a temperature of 110°C. The degree of creep is represented by the rate of change in length.
[0039] Drawing a marked line at an interval of 50mm in the longitudinal direction in the middle of a sample cut out
so as to have a width of 5mm and a length of 100 mm while regarding the main shrinking direction as the longitudinal
direction, a part of the above-mentioned heat-shrinkable film as a label, corresponding to a maximum diameter part of
a bottle in a state of peeling off the bottle after mounting on the bottle and heat-shrinking, preferably exhibits a rate of
change in length of 0% to 90% in the main shrinking direction of the above-mentioned sample after a treatment of
loading a tension of 51.18 gf at a temperature of 110°C for 1 minute with respect to a length between the marked lines
before the above-mentioned treatment. In the case of forming a label so as to be mounted on a bottle and heat-shrunk,
a part corresponding to a maximum diameter part of the bottle has scarce shrinkage; therefore, if a rate of change in
length is 0% to 90% in the main shrinking direction of the above-mentioned sample after a treatment of loading a
tension of 51.18gf at a temperature of 110°C for 1 minute with respect to a length between the marked lines before
the above-mentioned treatment, then there exists no problem in heat resistance, and the above-mentioned rate of
change in length of 0% to 90% after heat-shrinking brings a superior heat resistance in a harsh state of preservation
by heating and the like.
[0040] A method for making the above-mentioned rate of change in length into the above-mentioned range involves
kind and mixture ratio of resins composing a heat-shrinkable film, particularly, the selection of material resinhavinga-
highglass transition temperature, the raising of crystallinity of a film, the raising of compatibility of resins composing a
film, the adjustment of producing conditions of a film, particularly, a method such as to control the drawing conditions
to leave much shrinkage stress for contributing to hardness, and to control temperature elapsed time and the aligning
state of a film in the drawing process to control the degree of crystallinity and alignment crystal of a film, and the like.
[0041] Drawing a marked line at an interval of 200mm in the main shrinking direction on a sample cut out so as to
have a width of 15mm and a length of 210mm, a heat-shrinkable polystyrene based resin film forming a film roll ac-
cording to the present invention preferably exhibits a heat shrinkage rate of 5% or more, which is denoted by a rate of
change in length between the marked lines in the main shrinking direction of the above-mentioned sample after a
treatment of immersing in a hot water at a temperature of 65°C for 10 seconds with respect to a state before the above-
mentioned treatment. The above-mentioned heat shrinkage rate is more preferably 10% or more, further more prefer-
ably 20% or more. The above-mentioned heat shrinkage rate of less than 5% reduces low-temperature shrink properties
and causes scarce uses for aseptic fill packaging and the like by a heat-shrinkable polystyrene based resin film ac-
cording to the present invention.
[0042] A method for obtaining a desirable above-mentioned heat shrinkage rate involves the selection of kind and
mixture ratio of polystyrene based resins composing a heat-shrinkable film, the reduction of glass transition temperature
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of a film by the mixture of an additive component and the like, and further the reduction of drawing temperature corre-
sponding to glass transition temperature, and the like. In the case where a resin composition composing a film is
completely compatible, glass transition temperature is made into a weighted average value with each component, and
thereby many additive components are used in order to lower the glass transition temperature to the temperature range
of the shrinking process, easily leading to the reduction of heat resistance and dimensional stability. In the case where
a resin composition composing a film is incompatible, the shrinkage is performed in the vicinityof glass transition tem-
perature of polystyrene based resins as the main component, and the adjustment of a dispersion state of components
with the use of a modifier for adjusting compatibility allows glass transition temperature of the film to be lowered to
glass transition temperature of an additive component while retaining heat resistance of the polystyrene based resins.
[0043] A heat-shrinkable polystyrene based resin film forming a film roll according to the present invention, in meas-
uring a dynamic viscoelasticity of the film under the conditions of an elastic mode, a frequency of 50 Hz, a temperature
range of -20°C to 250°C and a heating rate of 2°C/minute, preferably exhibits a dispersion except alpha dispersion,
which is measured in a temperature range such that alpha dispersion derived from polystyrene is measured. According
to pp. 169 to 172 of 44th rheology forum lecture syllabus (1996) by Mr. Nakatani, Mr. Yamada et al., a heat-shrinkable
polystyrene based resin film exhibiting a dispersion to be measured except alpha dispersion causes shrinkage together
with alpha dispersion, namely, a dispersion of relaxation resulting in heat shrinkage phenomenon, and causes a dis-
persion by the occurrence of crystallization and gelatinous structure in the vicinity of the finishing of the shrinkage,
whereby a dispersion is caused and then superior heat resistance and dimensional stability are brought after the shrink-
age. A dispersion except alpha dispersion is frequently observed in a polystyrene based resin composition having
syndiotactic polystyrene, a copolymer thereof and a crystalline component.
[0044] Also, a heat-shrinkable polystyrene based resin film forming a film roll according to the present invention can
be obtained by drawing an undrawn sheet exhibiting a dispersion except alpha dispersion, which is measured in a
temperature range such that alpha dispersion derived from polystyrene is measured, in measuring a dynamic viscoe-
lasticity of the film under the conditions of an elastic mode, a frequency of 50 Hz, a temperature range of -20 to 250°C
and a heating rate of 2°C/minute, in the undrawn sheet before being drawn into the above-mentioned heat-shrinkable
polystyrene based resin film.
[0045] The composition of a polystyrene based resin composing a heat-shrinkable polystyrene based resin film form-
ing a film roll according to the present invention is not particularly limited if the after-mentioned heat-shrinkable prop-
erties can emerge; preferably, a polystyrene based resin containing a polystyrene based resin having a syndiotactic
structure. A polystyrene based resin having a syndiotactic structure is more preferably used as a polystyrene based
resin. The use of a polystyrene based resin having a syndiotactic structure improves mechanical strength and heat
resistance. The use of such a polystyrene based resin brings the point where a low density of the polystyrene is in
favor of a separation in the recycling process, and additionally heat resistance superior particularly in preservation by
heating and the like, the reduction of a change in printing pitch by shrinking with time after forming a film, and the
printing with a high precision as a label; further, improving the durability to a solvent contained in printing ink to have
superior printing properties.
[0046] With regard to the tacticity by determining the quantity of a phenyl group and/or a substituted phenyl group
as a side chain in a magnetic resonance method, the above-mentioned polystyrene based resin having a syndiotactic
structure preferably exhibits 75% or more at dyad (two constitutional units) , more preferably 85% or more, and pref-
erably 30% or more at pentad (five constitutional units), more preferably 50% or more.
[0047] A polystyrene component composing a polystyrene based resin to be used for the present invention involves
poly(alkylstyrene) such as polystyrene, poly(p-, m- or o-methylstyrene), poly(2,4-, 2,5-, 3,4- or 3,5-dimethylstyrene)
and poly(p-tert-butylstyrene), poly(halogenated styrene) such as poly(p-, m- or o-chlorostyrene) , poly(p-, m- or o-
bromostyrene) , poly(p-, m-or o-fluorostyrene) and poly(o-methyl-p-fluorostyrene), poly (halide substituted alkyl sty-
rene) such as poly(p-, m- or o-chloromethylstyrene), poly(alkoxystyrene) such as poly(p-, m- or o-methoxystyrene)
and poly(p-, m- or o-ethoxystyrene), poly(carboxyalkylstyrene) such as poly(p-, m- or o-carboxymethylstyrene), poly
(alkyl ether styrene) such as poly(p-vinyl benzyl propyl ether), poly(alkyl silyl styrene) such as poly(p-trimethyl silyl
styrene), and additionally poly(vinyl benzyl dimethoxyphosphide), and the like.
[0048] With regard to a heat-shrinkable polystyrene based resin film to be used for the present invention, a polysty-
rene based resin composing at least one layer of the film is preferably such that a plasticizer, a compatibilizer and the
like are mixed into polystyrene during polymerization or a polymer, intended for lowering heat shrinkage starting tem-
perature and improving shock resistance.
[0049] In the present invention, a thermoplastic resin and/or a rubber component are preferably added to a polysty-
rene based resin. The above-mentioned thermoplastic resin involves a polystyrene based resin such as polystyrene
having an atactic structure, AS resin and ABS resin, a polyester based resin such as polyethylene terephthalate, pol-
yethylene naphthalate and polybutylenete:rephthalate, apolyamidebasedresinsuchasnylon 6, nylon 66, nylon 12, nylon
4 and polyhexamethylene adipamide, a polyolefin based resin such as polyethylene, polypropylene and polybutene,
and the like. The above-mentioned rubber component is preferably a rubber-like copolymer containing a styrene based
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compound as a component thereof; involving a random copolymer, a block copolymer or a graft copolymer such as to
copolymerize one kind or more selected from each of the styrene and the rubber component. Such a rubber-like co-
polymer involves styrene-butadiene copolymer rubber, styrene-isoprene block copolymer, rubber in which a part or the
whole of a butadiene portion thereof is hydrogenated, methyl acrylate-butadiene-styrene copolymer rubber, acryloni-
trile-butadiene-styrene copolymer rubber, acrylonitrile-alkyl acrylate-butadiene-styrene copolymer rubber, methyl
methacrylate-alkyl acrylate-butadiene-styrene copolymer rubber, and the like. The above-mentioned rubber-like co-
polymer containing a styrene based compound as a component thereof has a styrene unit and therefore favorable
dispersionproperties mainly for a polystyrene based resin having a syndiotactic structure, consequently having a great
effect of improving physical properties on the polystyrene based resin. In particular, the above-mentioned rubber-like
copolymer containing a styrene based compound as a component thereof is appropriate as a compatibility adjustor.
[0050] Another rubber component to be used involves natural rubber, polybutadiene, polyisoprene, polyisobutylene,
neoprene, ethylene-propylene copolymer rubber, urethane rubber, silicone rubber, acrylic rubber, polyether-ester rub-
ber, polyester-ester rubber, and the like.
[0051] In the present invention, the weight-average molecular weight of a polystyrene based resin composing a film
is preferably 10,000 or more, and more preferably 50,000 or more. A weight-average molecular weight of less than
10,000 easily reduces drawing properties and heat resistance of a film. The upper limit of weight-average molecular
weight is not particularly determined; however, a weight-average molecular weight of 1, 500, 000 or more occasionally
causes rupture and the like accompanying an increase in drawing tension, so that the weight-average molecular weight
is preferably less than 1,500,000.
[0052] In the present invention, other resins, a plasticizer, a compatibility adjustor, inorganic particles, organic par-
ticles, a coloring agent, an antioxidant, an antistatic agent and the like can be properly mixed into a heat-shrinkable
polystyrene based resin film in order to improve electrostatic close adhesion properties, lubricating ease, drawing
properties, processing aptitude, shock resistance and the like, and for the purpose of surface roughening, opacification,
cavitation, weight reduction and the like.
[0053] The use of a polystyrene based resin as described above for raw materials composing a film according to the
present invention brings various superior heat-shrinkable properties, superior printing properties such as adhesive
properties to ink in forming a label, and no occurrence of a pin hole on a printing plane of the film; further, superior
discarding properties and less influence on environment in the case of being incinerated.
[0054] A polystyrene based resin composing a film as described above is formed into a film shape by a generally
used conventional method such as an extruding method and a calender method. The shape of a film is not particularly
limited; for example, a plane shape or a tube shape. A drawing method to be used may be a generally used conventional
method such as a roll drawing method, a long-gap drawing method, a tenter drawing method and a tubular drawing
method. In any of the above-mentioned methods, the drawing may be performed by any of sequential biaxial drawing,
simultaneous biaxial drawing, uniaxial drawing and a combination thereof. The drawing in longitudinal and lateral di-
rections may be simultaneously performed with regard to the above-mentioned biaxial drawing, and sequential biaxial
drawing such as to perform either of them earlier is effective, in which either of longitudinal and lateral directions may
be performed earlier. Preferable conditions in the case of producing a heat-shrinkable polystyrene based resin film
according to the present invention are described hereinafter. The multiplying factor of drawing is preferably 1.0 to 6.0,
and the multiplying factor in a predetermined direction and the multiplying factor in a direction perpendicular to the
direction may be the same or different. In the drawing process, the preheating is preferably performed at a temperature
of the glass transition temperature (Tg) to (Tg + 50)°C of a resin composing a film. In the thermal fixation after drawing,
the film is preferably passed through a heating zone at a temperature of 30°C to 150°C for approximately 1 to 30
seconds after the drawing. Also, after drawing the film, relaxation treatment may be performed in an appropriate degree
before or after performing the thermal fixation. In addition, after the above-mentioned drawing, the process of cooling
the film while stressing under a state of extension or strain may be added, or another cooling process may be further
added after releasing the state of strain subsequently to the process.
[0055] The composition variation in resin components of a film is mainly considered as a factor by which the heat
shrinkage rate of a lengthy film forming a film roll varies with a region. Typically, with regard to a heat-shrinkable
polystyrene based resin film, the properties of the film are modified in order to render heat-shrinkable properties and
strength compatible by blending two or more kinds of resins, using a resin comprising plural comonomer components,
and the like. In the case of blending two or more kinds of resins, raw material chips for plural kinds of resins of different
compositions are blended with a hopper and the like to be thereafter extruded from an extruder through melt-kneading
and be made into a film. For example, in the case of three kinds of resins for raw materials, each of the raw material
chips is continually or intermittently fed to three hoppers, and then the raw material chips are quantitatively fed to an
extruder in accordance with the extrusion output of the extruder while mixing three kinds of the raw material chips
finally with a hopper directly before or above the extruder (hereinafter referred to as 'a final hopper') through a buffer
hopper as required, so as to be formed into a film. Depending on the capacity or shape of a final hopper, however, the
raw material segregation phenomenon is easily caused such that the mixture ratio of the chips fed from the final hopper



EP 1 426 165 A1

5

10

15

20

25

30

35

40

45

50

55

10

to the extruder varies in the case of a large quantity of the chips and a small quantity of residue thereof in the final
hopper. This problem is particularly notable in the case where the shape and specific gravity of the chips varies with
resins, in which case a heat shrinkage rate easily varies in a lengthy film.
[0056] Accordingly, in a lengthy film forming one film roll, the composition variation with a region of the film is pref-
erably reduced in order to obtain the film having a small variation of a heat shrinkage rate, and for that purpose, in the
case of using plural kinds of resins, the raw material segregation phenomenon in a final hopper is preferably prevented
by rendering less the dispersion of the shape of raw material chips. Specifically, in the case of comprising the step of
mixing and melt-extruding plural kinds of resins composing the heat-shrinkable polystyrene based resin film, a shape
of raw material chips for each of the above-mentioned resins being rendered columnar and/or elliptically cylindrical, a
major axis and a minor axis of a cross section perpendicular to the longitudinal direction and a length in the longitudinal
direction of raw material chips for another resin with respect to raw material chips for a resin mixed in the largest
quantity are preferably each within ±50% as a difference in an average value. Also, the plane form of a cross section
perpendicular to the longitudinal direction with regard to the above-mentioned 'columnar' is not particularly limited;
such as, measurable angular and circular. The above-mentioned major axis, minor axis and a length in the longitudinal
direction are more preferably as a difference in an average value within ±20%, particularly preferably as a difference
in an average value within ±15%. In the case where raw material chips are different in size and shape, smaller chips
easily fall when a mixture of the chips falls in a final hopper, and thereby the ratio of larger chips rises when chip residue
decreases in the final hopper, resulting in the raw material segregation; however, the uniformization of size and shape
of the chips as described above can reduce the raw material segregation.
[0057] Also, for the purpose of preventing the raw material segregation phenomenon in a final hopper, in the case
of comprising the step of mixing and melt-extruding resins composing a heat-shrinkable polystyrene based resin film
by using an extruder provided with a funnel-shaped hopper as a feeding portion of raw material chips, a tilt angle as
an angle formed by an oblique side and a horizontal line segment ina funnel-shaped part of the above-mentioned
hopper is preferably made into 65° or more. The above-mentioned tilt angle of 65° or more allows chips to easily fall
even with the dispersion of a shape thereof, and additionally chips to be dropped in a state such that a top face thereof
is horizontal, thereby being effective in the reduction of the raw material segregation. The above-mentioned tilt angle
is more preferably 70° or more. Plural hoppers may be used upstream of a final hopper, in which case the above-
mentioned tilt angle is preferably made into 65° or more in any of the hoppers, more preferably 70° or more.
[0058] Further, a fine pulverulent body caused by collapse, failure and the like of raw material chips to be used
promotes the occurrence of the raw material segregation, and thus the removal of a fine pulverulent body caused in
the processes preferably reduces the ratio of a fine pulverulent body in a final hopper. Specifically, the ratio of a fine
pulverulent body is preferably controlled within 1% by weight through all processes for feeding raw material chips to
an extruder, more preferably 0.5% by weight. A method for reducing the ratio of a fine pulverulent body involves a
method for removing a fine pulverulent body by a sieve in forming chips with a strand cutter, a method for removing
by a cyclone-type air filter and the like in pneumatically carrying raw material chips, and the like.
[0059] Also, a method for rendering proper the capacity of a hopper to be used is preferable as a method for reducing
the raw material segregation in the hopper. Specifically, the capacity of a hopper to be used is preferably made into
15 to 120% by weight of the discharge rate per hour of an extruder, more preferably 20 to 100% by weight.
[0060] In addition, a preferable method for mixing raw material chips for two or more kinds of resins involves a method
for quantitatively feeding and mixing each of the raw material chips continually to an extruder with a hopper directly
above the extruder (a final hopper). Also, raw material chips such that the dispersionof a size thereof is limited in the
above-mentioned range may be previously mixed to thereafter be fed to a final hopper and an extruder through one,
or two or more intermediate (buffer) hoppers. A method for mixing plural kinds of raw material chips involves a method
for quantitatively feeding and mixing plural kinds of raw materials into a hopper from a device for quantitatively feeding
raw material chips continually, or a method for previously mixing by using a blender and the like; in the case of the
latter, a size of raw material chips is preferably noted so as not to cause the raw material segregation in discharging
the mixture.
[0061] A factor by which the heat shrinkage rate of a lengthy film forming a film roll varies with a region involves the
variation of the conditions in the processes of drawing the film except for the above-mentioned composition variation
with a region of a resin composing the film. In the present invention, a method for reducing the variation of a surface
temperature of a film by restraining the temperature variation in the processes of drawing the film is also preferable as
another method for reducing the variation of a heat shrinkage rate in a film roll. For example, the processes of uniaxially
drawing in a lateral direction by using a tenter include a preheating step before drawing, a drawing step, a heat-treating
step after drawing, a relaxation-treating step, a redrawing step and the like; particularly, in a preheating step, a drawing
step and a heat-treating step after drawing, the variation of a surface temperature of a film measured at an arbitrary
point of time in each of the steps is preferably within ±1°C relative to an average temperature covering the total length
of the film, more preferably within ±0.5°C relative to an average temperature. A small variation of a surface temperature
of a film brings the performance of drawing and heat-treating at the same temperature covering the total length of the
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film, leading to the uniformization of heat shrinkage behavior. The temperature variation in a preheating step, a drawing
step and a heat-treating step after drawing has a great influence on the variation of a heat shrinkage rate, and therefore
the temperature variation is preferably restrained by using a heating equipment and a drawing equipment allowing a
strict temperature control. Also, the temperature variation is preferably restrained in a preheating step and a heat-
treating step after drawing.
[0062] Incidentally, 'the variation of a surface temperature of a film measured at an arbitrary point of time' in the
present invention is measured by a method such as to continually measure a surface temperature of a film during the
production of the film, for example, at a point of time when passed by 2m in a drawing step. An average temperature
can be calculated at a point of time when the production of a roll of a film is finished, and if the variation of a surface
temperature of a film is within ±1°C relative to the average temperature, then the total length of the film is drawn in the
same conditions, whereby the variation of a heat shrinkage rate is rendered less.
[0063] The thickness of a heat-shrinkable polystyrene based resin film is not particularly limited in the present in-
vention; preferably in a range of 10 to 200 µm, more preferably in a range of 20 to 100 µm.
[0064] A film roll according to the present invention is formed by winding the above-mentioned heat-shrinkable pol-
ystyrene based resin film. A wind-up core to be used involves a core made of plastics and metal, such as generally
used 3-inch, 6-inch and 8-inch.
[0065] A heat-shrinkable polystyrene based resin film obtained from a film roll according to the present invention is
appropriately used as packaging materials used for coating, tying, exterior wrapping and the like of vessels and the
like, and the use of the film according to the present invention allows a beautiful appearance to be obtained with a
favorable repeatability; particularly, a label composed of the film according to the present invention is superior in cov-
ering properties and appropriate for packaging vessels. A heat-shrinkable polystyrene based resin film and a label
according to the present invention can uniformly coat the whole of an article having a large covered area and an article
having a complicated shape, for example, even a vessel having a thin neck part. The present invention allows a heat-
shrinkable polystyrene based resin film having a superior applicability to vessels for preservation by heating, such that
a label made of the film can stably maintain its appearance even at an exposure to the condition of high temperatures
after shrinking; a heat-shrinkable polystyrene based resin film capable of protecting bodies to be packaged from exterior
rays and preventing a deterioration in the bodies to be packaged; and a heat-shrinkable polystyrene based resin film
having a superior low-temperature stability and a superior applicability to aseptic fill packaging and a packaging in a
short time. A heat-shrinkable polystyrene based resin film and a label obtained from a film roll according to the present
invention, therefore, are usable as various vessel labels of heat-resisting plastic bottles, glass jars, metallic vessels,
ceramic wares and the like.

Best Mode for carrying out the Invention

[0066] The present invention is more specifically described hereinafter by using test examples, examples and ref-
erence examples, and is not limited thereto.

TEST EXAMPLES

1. Test Methods

(1) A heat shrinkage rate of a film roll in a constant range

[0067] With regard to a film roll of Examples 1 to 6, Comparative Examples 1 to 12 and Reference Examples 1 to 5,
in a heat-shrinkable polystyrene based resin film composing a constant range such that film physical properties are
stable with respect to the flow direction in producing the film, making a finishing end of the roll of the film roll into a
beginning end, making a starting end of the roll thereof into a terminating end, providing a first cut out part in a 2m or
less inward port ion from the above-mentioned beginning end, providing a final cut out part in a 2m or less inward
portion from the above-mentioned terminating end, and further providing another cut out part at every approximately
100m (including an error range; a difference such as ±1m is allowable) from the first cut out part, a 10cm 3 10cm
square sample having parallel sides in each of the longitudinal direction of the film and a direction perpendicular thereto
was cut out from each of the cut out parts. The following treatment was performed for each of the samples in every
cut out part: immersing in a hot water of a water bath at a temperature of 85°C for 10 seconds to pull up, and next
immersing in a water at a temperature of 25°C for 10 seconds to pull up. A length (An: unit is cm) of one side mainly
shrunk (in the main shrinking direction) was measured, and then a rate HSn (unit is %) of change in length after the
treatment with respect to a length before the treatment was calculated as a heat shrinkage rate by using the following
formula 2 to thereafter calculate an average value HSav (unit is %) of a heat shrinkage rate of the total samples and
HSn-HSav. In Tables 3, 6 and 9, the maximum value of the absolute value |HSn-HSav| of a change in the heat shrinkage
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rate was shown as a representative value, which signified a range of the variation.

[0068] The above-mentioned test method is specifically described. For example, in the case of a film roll composed
of a film having a length in a constant range of 498m, sample 1 is cut out in a 2m or less inward portion from a finishing
end of the roll of the film in the constant range. Sample 2 is cut out in a portion approximately 100m distant from sample
1, sample 3 in a portion approximately 200m distant, sample 4 in a portion approximately 300m distant, sample 5 in a
portion approximately 400m distant, and then the rest is shorter than 100m, so that sample 6 is cut out in a 2m or less
inward portion from a starting end of the roll of the film. Even in the constant range, a finishing end of the roll of the
film and a starting end of the roll thereof have a high possibility that heat-shrinkable properties vary more largely than
other parts, whereby a sample is always cut out in a 2m or less inward portion from each of the ends. A heat shrinkage
rate of each of the samples, which is within ±5% relative to an average value of the heat shrinkage rate of the total
samples, signifies that adifference |HSn-HSav| between a heat shrinkage rate HSn (%) of a sample piece n and an
average value HSav (%) of the heat shrinkage rate of the total samples is each smaller than 5%. That is to say, it is
preferred that a difference |HSmax-HSav| between the maximum value HSmax of HSn and HSav as well as a difference
|HSmin-HSav| between the minimum value HSmin of HSn and HSav are both within ±5%.

(2) A maximum heat shrinkage rate

[0069] Six pieces of a heat-shrinkable polystyrene based resin film such as to have a width of 15 mm and a length
of 210 mm at approximately regular intervals while regarding the main shrinking direction as the longitudinal direction
were cut out from a film roll of Examples 1 to 6, Comparative Examples 1 to 12 and Reference Examples 1 to 5 so as
to be made into test pieces, drawing a marked line at an interval of 200 mm in the longitudinal direction. Each of the
test pieces stood in the middle of a hot-air circulating type incubator (FX-1 manufactured by OHTORI MANUFACTUR-
ING CO. , LTD. : damper closed, quick heater ON) at every 10°C from 100°C to 150°C so as to be heated for 1 minute.
The test pieces were cut out from the incubator and cooled, and thereafter a distance (X' : unit is mm) between the
marked lines was measured to calculate a rate D' (unit is %) of change in length after the treatment with respect to a
length before the treatment by using the following formula 3. The maximum value of this rate D' of change in length
was made into a maximum heat shrinkage rate.

(3) A transmittance of near ultraviolet rays

[0070] A heat-shrinkable film from an arbitrary region of a film roll of Examples 1 and 2 , Comparative Examples 1
to 4 and Reference Example 1 was formed into a label formof a cylindrical tube-shaped transparent vessel having a
length of 23 cm in a direction perpendicular to the main shrinking direction, such as to be a direction perpendicular to
a rotational symmetry axis of the vessel, and then was mounted on a transparent 1, 000 ml PET bottle to be thereafter
heat-shrunk in the same manner as the after-mentioned test (7). A measuring instrument such that a semiconductor
UV sensor (G3614 manufactured by HAMAMATSU PHOTONICS K. K.) was attached at a tip of a thin stickwas con-
nected to calibrate output and light energy density thereof (mw/cm2), and the above-mentioned measuring instrument
was inserted into the above-mentioned bottle through a 5mm-diameter hole provided for the middle of a cap in a mouth
portion of the bottle along a rotational symmetry axis thereof. A light source (Black Light Blue FL15BL-B manufactured
by MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. : 15W, 41cm) was disposed so that a central axis thereof was
15cm distant from a rotational symmetry axis of the above-mentioned bottle and was arranged in approximate parallel
with the vessel, and then the vessel was irradiated from outside thereof to inside with the near ultraviolet rays from a
direction perpendicular to a rotational symmetry axis of the vessel. The above-mentioned semiconductor UV sensor
was moved along a rotational symmetry axis of the bottle so as to measure light energy density (A1 to A10) in a
transmission through the film and the bottle at each spot for dividing the bottle into 10 equal parts from a bottom portion
to a mouth portion excluding an opaque portion thereof, whereby an average value A of these was calculated. Next,
a heat-shrinkable polystyrene based resin film was removed to measure light energy density (B1 to B10) in a trans-
mission through the transparent vessel at the same measuring spot in the same manner as the above, whereby an
average value B of these was calculated. An average value T of a transmittance of near ultraviolet rays represented
in the following formula 1 was calculated by the above-mentioned values A and B. With regard to 'the main shrinking
direction', the following maximum heat shrinkage rate was measured in longitudinal and lateral directions of a film, and

HSn (%) = [(10-An)/10] 3 100 formula 2)

D' (%) = [(200 - X')/200] 3 100 formula 3
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a direction in which the maximum heat shrinkage rate was larger was regarded as the main shrinking direction. The
lateral direction was the main shrinking direction in a film of Examples, Comparative Examples 1 to 4 and Reference
Example 1.

A: an average value (n = 10) of a light energy density transmitting into the film and the vessel in a state of mounting
the heat-shrinkable polystyrene based resin film on the transparent vessel
B: an average value (n = 10) of a light energy density transmitting into the transparent vessel in a state of not
mounting the heat-shrinkable polystyrene based resin film on the transparent vessel

(4) A rate of change in length after a treatment of heating and loading a tension

[0071] A heat-shrinkable polystyrene based resin film such as to have a width of 5 mm and a length of 100m while
regarding the main shrinking direction as the longitudinal direction was cut out from an arbitrary region of a film roll of
Examples 3 and 4, Comparative Examples 5 to 8 and Reference Examples 2 and 3 so as to be made into a test piece,
drawing a marked line at an interval of 50mm in the longitudinal direction in the middle thereof. A weight of 50g was
attached at an end of the test piece by using a clip having a weight of 1.18g, and the other end was fixed with a proper
jig so that the film and the weight drooped. The test piece stood in the middle of a hot-air circulating type incubator
(FX-1 manufactured by OHTORI MANUFACTURING CO., LTD.: damper closed, quick heater ON) at a temperature
of 110°C so as to be heated for 1 minute. The test piece was taken out from the incubator and cooled, and thereafter
a distance (A' : unit is mm) between the marked lines was measured to calculate a rate D (unit is %) of change in length
after the treatment of heating and loading a tension (at a temperature of 110°C, one-minute loading of a tensionof
51.18 gf) with respect to a length before the treatment by using the following formula 4. With regard to 'the main shrinking
direction', the following maximum heat shrinkage rate was measured in longitudinal and lateral directions of a film, and
a direction in which the maximum heat shrinkage rate was larger was regarded as the main shrinking direction. The
lateral direction was the main shrinking direction in a film of Examples, Comparative Examples and Reference Example.

(5) A heat shrinkage rate

[0072] A heat-shrinkable polystyrene based resin film such as to have a width of 15mm and a length of 210mm while
regarding the main shrinking direction as the longitudinal direction was cut out from an arbitrary region of a film roll of
Examples 5 and 6, Comparative Examples 9 to 12 and Reference Examples 4 and 5 so as to be made into a test piece,
drawing a marked line at an interval of 200mm in the longitudinal direction. The following treatment was performed for
the test piece: immersing in a hot water of a water bath at a temperature of 65°C for 10 seconds. A distance (X'' : unit
is mm) between the marked lines was measured to calculate a rate D'' (unit is %) of change in length after the treatment
with respect to a length before the treatment by using the following formula 5. Also, with regard to 'the main shrinking
direction', the following maximum heat shrinkage rate was measured in longitudinal and lateral directions of a film, and
a direction in which the maximum heat shrinkage rate was larger was regarded as the main shrinking direction. The
lateral direction was the main shrinking direction in a film of Examples, Comparative Examples and Reference Example.

(6) A dynamic viscoelasticity

[0073] Each undrawn sheet obtained in the step of producing a heat-shrinkable polystyrene based resin film forming
a film roll of Examples 5 and 6, Comparative Examples 9 to 12 and Reference Examples 4 and 5 was cut out so as to
have a width of 5mm and a length in a measuring portion of 30mm while regarding the MD direction as the longitudinal
direction, thereby being made into a test piece. A dynamic viscoelasticity of the test piece was measured under the
conditions of an elastic mode, a frequency of 50 Hz, a temperature range of -20 to 250°C and a heating rate of 2°C/
minute to confirm the presence of a dispersion except alpha dispersion in a temperature range such that alpha disper-
sion derived from polystyrene is measured.

T = A / B formula 1

D (%) = [(A' - 50)/50] 3 100 formula 4

D'' (%) = [(200 - X'')/200] 3 100 formula 5
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(7) Shrink finish properties

[0074] Three-color printing with the use of three-colorink (grass green, golden and white) manufactured by TOYO
INK MFG. CO. , LTD. was performed for the whole length of a film composing a film roll of Examples 1 to 6, Comparative
Examples 1 to 12 and Reference Examples 1 to 5, and thereafter the film was slit and solvent-bonded by 1,3-dioxolane
with the use of a center seal machine to be rendered tube-shaped and wound in a twofold state. The whole tube was
cut out into a size (the main shrinking direction is made into a circular cross-sectional direction and the length in the
non-shrinking direction is 22 cm) for a full label for the after-mentioned PET bottle to form the label. The above-men-
tioned labels were mounted on a 1,000 ml PET bottle and passed through a steam tunnel (SH-1500-L manufactured
by FUJI ASTEC, INC.). The conditions in the steam tunnel are the first zone at a temperature of 67°C, the second
zone at a temperature of 80°C and a tunnel passage time of 10 seconds. All of the labels were similarly heat-shrunk,
and the shrink finish properties were evaluated by visual observation in accordance with the following standard. In
addition, 4 or more in the following standard was regarded as 'pass', 3 or less as 'defect' and the fraction defective
was calculated in accordance withthe following formula 6. Here, 'defect' iswrinkling, label end fold, color spot and
shrinkage deficiency.

[Standard for evaluation]

[0075]

5: the most favorable finish
4: favorable finish
3: 2 or less defects
2: 3 to 6 defects
1: not less than 6 defects

(8) Resistance to preservation by heating

[0076] A bottle (after heating) mounted with a label composed of a heat-shrinkable polystyrene based resin film
composing a film roll of Examples 3 to 6, Comparative Examples 5 to 12 and Reference Examples 2 to 5 used for
evaluating the shrink finish properties of the above-mentioned (7) was evacuated of as much air as possible and filled
with water to be sealed up with a cap. The bottle was put sideways on a hot plate for a laboratory heated to a temperature
of 110°C and stood for 72 hours with regard to Examples 3 and 4, Comparative Examples 5 to 8 and Reference
Examples 2 and 3 while for 24 hours with regard to Examples 5 and 6, Comparative Examples 9 to 12 and Reference
Examples 4 and 5; thereafter, a state of the label were evaluated by visual observation in accordance with the following
standard.

s: favorable with scarce faults on a label
∆: unfavorable with apparent faults on a label
3: defects with many faults

(9) A size of chips of a material

[0077] 100 grains of chips were randomly taken out from among raw material chips for each polymer to be used for
producing a heat-shrinkable polystyrene based resin film composing a film roll of Examples 1 to 6, Comparative Ex-
amples 1 to 12 and Reference Examples 1 to 5, and each size (any unit is mm), namely, a major axis and a minor axis
of a cross section perpendicular to the longitudinal direction and a length in the longitudinal direction with respect to
each of the grains was measured down to the first decimal place by using a caliper to calculate an average value
thereof. Respective differences were calculated in the average value between each size of raw material chips for the
main resin (a resin mixed in the largest quantity) and each size of raw material chips for another resin to calculate a
percentage relative to the average value of each size of raw material chips for the main resin.

The fraction defective = (the number of 'defects' / the

total number of labels) 3 100 formula 6
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2. Test Results

[0078] The results of the above-mentioned tests (1) to (9) are shown in Tables 3, 6 and 9.

EXAMPLES

Example 1

[0079] Raw material chips for the main resin in which syndiotactic polystyrene (a weight-average molecular weight
of 300,000) comprising 40 mol % of 4-methyl styrene copolymerized as a component was mixed with 0.05% by weight
of calcium carbonate particles having an average particle diameter of 1.0 µm as a lubricant, raw material chips for a
styrene-butadiene block copolymer (a rubber component) comprising 40% by weight of styrene copolymerized as a
component, and raw material chips for a high styrene rubber (a styrene-butadiene copolymer rubber comprising 85%
by weight of styrene as a component) as a modifier for adjusting compatibility were made into form and size as shown
in Table 2, fed by a quantitative screw feeder so as to be in a weight ratio of 65/30/5 (the main resin/a rubber component/
a modifier) , and mixed in a hopper having a tilt angle of 70° directly above an extruder. This was melted at a temperature
of 250°C, extruded from a T-die having a lip gap of 800 µm, and cooled to solidify by closely adhering to a cooling roll
at a temperature of 40°C in an air knife method to obtain an amorphous sheet. At this time, 150kg of the raw material
chips remained in the hopper as a residence. The amorphous sheet was preheated to a temperature of 110°C, drawn
in the lateral direction by a multiplying factor of 5.0 at a drawing temperature of 90°C, and thereafter treated with the
thermal fixation at a temperature of 60°C for 15 seconds to form a heat-shrinkable polystyrene based resin film having
a thickness of 50µm continually over 1,000m or more. The variation of a surface temperature during the formation of
a film was within ±0.8°C relative to the average temperature in a preheating step, ±0.6°C relative to the average
temperature in a drawing step and ±0.5°C relative to the average temperature in a thermally fixing step. The obtained
film was slit so as to have a width of 400 mm and a length of 1,000m and was wound up on a 3-inch paper can to be
made into a film roll. An image was formed by halftone printing on the whole plane of one side of the obtained film so
as to offer an example.

Example 2

[0080] A film roll was obtained in the same manner as Example 1 except for making the raw material chips into form
and size as shown in Table 2, replacing the modifier with a styrene graft styrene-butadiene rubber (a graft ratio of 100%
by weight) in which a styrene-butadiene copolymer (25% by weight of styrene) was graft-polymerized with styrene,
and making the variation of a surface temperature during the formation of a film within ±0.8°C relative to the average
temperature in a preheating step, ±0.5°C relative to the average temperature in a drawing step and ±0.8°C relative to
the average temperature in a thermally fixing step.

Comparative Example 1

[0081] A film roll was obtained in the same manner as Example 1 except for making the raw material chips into form
and size as shown in Table 2, and making the multiplying factor of drawing into 2.0.

Comparative Example 2

[0082] A film roll was obtained in the same manner as Example 1 except for making the raw material chips into form
and size as shown in Table 2, and using a hopper having a tilt angle of 60°.

Comparative Example 3

[0083] A film roll was obtained in the same manner as Example 1 except for making the raw material chips into form
and size as shown in Table 2, and making the variation of a surface temperature during the formationof a filmwithin
±1.0°C relative to the average temperature in a preheating step, ±2.5°C relative to the average temperature in a drawing
step and ±2.0°C relative to the average temperature in a thermally fixing step.

Comparative Example 4

[0084] A film roll was obtained in the same manner as Example 1 except for making the raw material chips into form
and size as shown in Table 2, and making the variation of a surface temperature during the formation of a film within
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±1.0°C relative to the average temperature in a preheating step, ±2.5°C relative to the average temperature in a drawing
step and ±2.0°C relative to the average temperature in a thermally fixing step.

Reference Example 1

[0085] A film roll was obtained in the same manner as Example 1 except for making the raw material chips into form
and size as shown in Table 2, replacing the polystyrene in the main resin with syndiotactic polystyrene comprising no
copolymerization component, and making a mixture ratio of the main resin, a rubber component and a modifier into a
weight ratio of 50/50/0 (the main resin/a rubber component/a modifier).

Example 3

[0086] A film roll was obtained in the same manner as Example 1 except for replacing the polystyrene based resin
in the main resin with syndiotactic polystyrene (a weight-average molecular weight of 300,000) comprising 30 mol %
of 4-methyl styrene copolymerized, making the raw material chips into form and size as shown in Table 5, making a
mixture ratio of the main resin/a rubber component/a modifier into a weight ratio of 75/20/5, and not performing halftone
printing for the obtained film.

Example 4

[0087] A film roll was obtained in the same manner as Example 3 except for making the raw material chips into form
and size as shown in Table 5, replacing the modifier with a styrene graft styrene-butadiene rubber (a graft ratio of 100%
by weight) in which a styrene-butadiene copolymer (25% by weight of styrene) was graft-polymerized with styrene,
and making the variation of a surface temperature during the formation of a film within ±0.8°C relative to the average
temperature in a preheating step, ±0.5°C relative to the average temperature in a drawing step and ±0.8°C relative to
the average temperature in a thermally fixing step.

Comparative Example 5

[0088] A film roll was obtained in the same manner as Example 3 except for making the raw material chips into form
and size as shown in Table 5, and making the multiplying factor of drawing into 2.0.

Comparative Example 6

[0089] A film roll was obtained in the same manner as Example 3 except for making the raw material chips into form
and size as shown in Table 5, and using a hopper having a tilt angle of 60°.

Comparative Example 7

[0090] A film roll was obtained in the same manner as Example 3 except for making the raw material chips into form
and size as shown in Table 5, and making the variation of a surface temperature during the formation of a film within
±1.0°C relative to the average temperature in a preheating step, ±2.5°C relative to the average temperature in a drawing
step and ±2.0°C relative to the average temperature in a thermally fixing step.

Comparative Example 8

[0091] A film roll was obtained in the same manner as Example 3 except for making the raw material chips into form
and size as shown in Table 5, and making the variation of a surface temperature during the formation of a filmwithin
±1.0°C relative to the average temperature in a preheating step, ±2.5°C relative to the average temperature in a drawing
step and ±2.0°C relative to the average temperature in a thermally fixing step.

Reference Example 2

[0092] A film roll was obtained in the same manner as Example 3 except for making the raw material chips into form
and size as shown in Table 5, replacing the polystyrene in the main resin with syndiotactic polystyrene comprising no
copolymerization component, and making a mixture ratio of the main resin, a rubber component and a modifier into a
weight ratio of 50/50/0 (the main resin/a rubber component/a modifier).
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Reference Example 3

[0093] A film roll was obtained in the same manner as Example 3 except for making the raw material chips into form
and size as shown in Table 5, and replacing the polystyrene in the main resin with atactic polystyrene.

Example 5

[0094] A film roll was obtained in the same manner as Example 1 except for replacing the polystyrene based resin
in the main resin with syndiotactic polystyrene (a weight-average molecular weight of 300,000) comprising 33 mol %
of 4-methyl styrene copolymerized, making the raw material chips into form and size as shown in Table 8, making a
mixture ratio of the main resin/a rubber component/a modifier into a weight ratio of 55/40/5, making the multiplying
factor of drawing into 6.0, and not performing halftone printing for the obtained film.

Example 6

[0095] A film roll was obtained in the same manner as Example 5 except for making the raw material chips into form
and size as shown in Table 8, replacing the modifier with a styrene graft styrene-butadiene rubber (a graft ratio of 100%
by weight) in which a styrene-butadiene copolymer (25% by weight of styrene) was graft-polymerized with styrene,
and making the variation of a surface temperature during the formation of a film within ±0.8°C relative to the average
temperature in a preheating step, ±0.5°C relative to the average temperature in a drawing step and ±0.8°C relative to
the average temperature in a thermally fixing step.

Comparative Example 9

[0096] A film roll was obtained in the same manner as Example 5 except for making the raw material chips into form
and size as shown in Table 8, and making the multiplying factor of drawing into 2.0.

Comparative Example 10

[0097] A film roll was obtained in the same manner as Example 5 except for making the raw material chips into form
and size as shown in Table 8, and using a hopper having a tilt angle of 60°.

Comparative Example 11

[0098] A film roll was obtained in the same manner as Example 5 except for making the raw material chips into form
and size as shown in Table 8, and making the variation of a surface temperature during the formation of a filmwithin
±1. 0°C relative to the average temperature in a preheating step, ±2.5°C relative to the average temperature in a
drawing step and ±2.0°C relative to the average temperature in a thermally fixing step.

Comparative Example 12

[0099] A film roll was obtained in the same manner as Example 5 except for making the raw material chips into form
and size as shown in Table 8, and making the variation of a surface temperature during the formation of a filmwithin
±1.0°C relative to the average temperature in a preheating step, ±2.5°C relative to the average temperature in a drawing
step and ±2.0°C relative to the average temperature in a thermally fixing step.

Reference Example 4

[0100] A film roll was obtained in the same manner as Example 5 except for making the raw material chips into form
and size as shown in Table 8, replacing the polystyrene in the main resin with syndiotactic polystyrene comprising no
copolymerization component, and making a mixture ratio of the main resin, a rubber component and a modifier into a
weight ratio of 50/50/0 (the main resin/a rubber component/a modifier).

Reference Example 5

[0101] A film roll was obtained in the same manner as Example 5 except for making the raw material chips into form
and size as shown in Table 8, and replacing the polystyrene in the main resin with atactic polystyrene.
[0102] The components of a heat-shrinkable polystyrene based resin film roll of the above-mentioned examples,
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comparative examples and reference examples in the following Tables 1, 4 and 7 are as follows.

(1) The main resin
PS1: 4-methyl styrene copolymerized syndiotactic polystyrene
PS2: syndiotactic polystyrene
PS3: atactic polystyrene

(2) Rubber component
G1: a styrene (40% by weight)-butadiene copolymer

(3) Modifier
a: a high styrene rubber (85% by weight of styrene)
b: a styrene graft styrene-butadiene rubber

Table 1

Main Resin P Rubber Modifier S Mixture Tilt Angle Multiplying

Kinds Copolymerization
Copolymerization

Ratio (mol %)

Component
G

Ratio P/G/
S (weight

ratio)

of Hopper
(°)

Factor of
Drawing
(times)

Example 1 PS1 40 G1 a 65/30/5 70 5.0

Example 2 PS1 40 G1 b 65/30/5 70 5.0

Comparative
Example 1

PS1 40 G1 a 65/30/5 70 2.0

Comparative
Example 2

PS1 40 G1 a 65/30/5 60 5.0

Comparative
Example 3

PS1 40 G1 a 65/30/5 70 5.0

Comparative
Example 4

PS1 40 G1 a 65/30/5 70 5.0

Reference
Example 1

PS2 - G1 - 50/50/0 70 5.0

Table 2

Variation of Surface Temperature of Film (°C
within)

Difference in Average Value of Size of Raw
Material Chips (% within)

Preheating
Step

Drawing Step Thermally
Fixing Step

Major Axis Minor Axis Length

Example 1 ±0.8 ±0.6 ±0.5 ±15 ±15 ±18

Example 2 ±0.8 ±0.5 ±0.8 ±18 ±19 ±19

Comparative
Example 1

±0.8 ±0.6 ±0.5 ±15 ±16 ±17

Comparative
Example 2

±0.8 ±0.6 ±0.5 ±15 ±16 ±17

Comparative
Example 3

±1.0 ±2.5 ±2.0 ±15 ±16 ±17

Comparative
Example 4

±1.0 ±2.5 ±2.0 ±55 ±51 ±34

Reference
Example 1

±0.8 ±0.6 ±0.5 ±14 ±13 ±16
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Table 3

(1)
Variation Rate of
Heat Shrinkage

Rate in the Whole
Roll (% within)

(2)
Maximum Heat

Shrinkage Rate (%)

(3)
Transmittance of
Near Ultraviolet

Rays T

(7)
Shrink Finish

Properties (fraction
defective) (%)

Example 1 ±0.15 63 0.14 0.85

Example 2 ±0.16 75 0.07 1.23

Comparative
Example 1

±5.11 40 0.24 61.2

Comparative
Example 2

±7.70 66 0.55 20.1

Comparative
Example 3

±7.42 63 0.67 18.1

Comparative
Example 4

±8.12 65 0.68 58.0

Reference Example
1

±3.20 51 0.23 43.3

Table 4

Main Resin P Rubber
Component

G

Modifier S Mixture
Ratio P/G/
S (weight

ratio)

Tilt Angle
of Hopper

(°)

Multiplying
Factor of
Drawing
(times)

Kinds Copolymerization
Ratio (mol %)

Example 3 PS1 30 G1 a 75/20/5 70 5.0

Example 4 PS1 30 G1 b 75/20/5 70 5.0

Comparative
Example 5

PS1 30 G1 a 75/20/5 70 2.0

Comparative
Example 6

PS1 30 G1 a 75/20/5 60 5.0

Comparative
Example 7

PS1 30 G1 a 75/20/5 70 5.0

Comparative
Example 8

PS1 30 G1 a 75/20/5 70 5.0

Reference
Example 2

PS2 - G1 - 50/50/0 70 5.0

Reference
Example 3

PS3 - G1 a 75/20/5 70 5.0
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Table 5

Variation of Surface Temperature of Film (°C
within)

Difference in Average Value of Size of Raw
Material Chips (% within)

Preheating
Step

Drawing Step Thermally
Fixing Step

Major Axis Minor Axis Length

Example 3 ±0.8 ±0.6 ±0.5 ±15 ±15 ±18

Example 4 ±0.8 ±0.5 ±0.8 ±18 ±19 ±19

Comparative
Example 5

±0.8 ±0.6 ±0.5 ±15 ±16 ±17

Comparative
Example 6

±0.8 ±0.6 ±0.5 ±15 ±16 ±17

Comparative
Example 7

±1.0 ±2.5 ±2.0 ±15 ±16 ±17

Comparative
Example 8

±1.0 ±2.5 ±2.0 ±55 ±51 ±34

Reference
Example 2

±0.8 ±0.6 ±0.5 ±14 ±13 ±16

Reference
Example 3

±0.8 ±0.6 ±0.5 ±15 ±15 ±18

Table 6

(1)
Variation Rate

of Heat
Shrinkage Rate

in the Whole
Roll (% within)

(2)
Maximum Heat
Shrinkage Rate

(%)

(4)
Rate of Change
in Length after
Treatment of
Heating and

LoadingTension
(%)

(7)
Shrink Finish

Properties
(fraction

defective) (%)

(8)
Resistance to

Preservation by
Heating Heating

Example 3 ±0.15 64 16.0 0.88 s

Example 4 ±0.20 72 50.0 1.24 s

Comparative
Example 5

±5.13 38 19.0 61.3 s

Comparative
Example 6

±7.70 67 24.0 20.8 s

Comparative
Example 7

±7.50 66 32.0 19.2 s

Comparative
Example 8

±8.32 66 29.0 55.8 s

Reference
Example 2

±3.24 49 0.23 44.4 s

Reference
Example 3

±0.25 63 100.0 1.50 3
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Table 7

Main Resin P Rubber
Component

G

Modifier S Mixture
Ratio P/G/
S (weight

ratio)

Tilt Angle
of Hopper

(°)

Multiplying
Factor of
Drawing
(times)

Kinds Copolymerization
Ratio (mol %)

Example 5 PS1 33 G1 a 55/40/5 70 6.0

Example 6 PS1 33 G1 b 55/40/5 70 6.0

Comparative
Example 9

PS1 33 G1 A 55/40/5 70 2.0

Comparative
Example 10

PS1 33 G1 A 55/40/5 60 6.0

Comparative
Example 11

PS1 33 G1 A 55/40/5 70 6.0

Comparative
Example 12

PS1 33 G1 A 55/40/5 70 6.0

Reference
Example 4

PS2 - G1 - 50/50/0 70 6.0

Reference
Example 5

PS3 - G1 A 55/40/5 70 6.0

Table 8

Variation of Surface Temperature of Film (°C
within)

Difference in Average Value of Size of Raw
Material Chips (% within)

Preheating
Step

Drawing Step Thermally
Fixing Step

Major Axis Minor Axis Length

Example 5 ±0.8 ±0.6 ±0.5 ±15 ±15 ±18

Example 6 ±0.8 ±0.5 ±0.8 ±18 ±19 ±19

Comparative
Example 9

±0.8 ±0.6 ±0.5 ±15 ±16 ±17

Comparative
Example 10

±0.8 ±0.6 ±0.5 ±15 ±16 ±17

Comparative
Example 11

±1.0 ±2.5 ±2.0 ±15 ±16 ±17

Comparative
Example 12

±1.0 ±2.5 ±2.0 ±55 ±51 ±34

Reference
Example 4

±0.8 ±0.6 ±0.5 ±14 ±13 ±16

Reference
Example 5

±0.8 ±0.6 ±0.5 ±15 ±15 ±18
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Industrial Applicability

[0103] A film obtained from a heat-shrinkable polystyrene based resin film roll. according to the present invention
has a sufficiently high heat shrinkage rate in practical use and evenly shrinks in heat-shrinking regardless of the fluc-
tuations and the nonuniformity of temperature in the shrinking process, thereby causing no shrinkage unevenness and
offering a beautiful appearance. A film roll can be obtained such that, with regard to a film obtained from any region of
the film roll, the variations in the following properties are reduced; protecting bodies to be packaged from exterior
mechanical stimulus and rays, preventing the deterioration of the bodies to be packaged, causing no slackening and
wrinkling even at an exposure to the condition of high temperatures after shrinking, stably maintaining its appearance,
and having a sufficient heat shrinkage rate even in the low-temperature heat-shrinking process; and the yield is im-
proved in the case of a label made of the film.

Claims

1. A heat-shrinkable polystyrene based resin film roll comprising a heat-shrinkable polystyrene based resin film to
be wound thereinto;

wherein, in a constant range such that film physical properties are stable with respect to a flow direction in
producing the film, making a finishing end of a roll of the film roll into a beginning end, making a starting end of a
roll thereof into a terminating end, providing a first cut out part in a 2m or less inward portion from said beginning
end, and further providing another cut out part at every approximately 100m from the first cut out part, in measuring
a heat shrinkage rate of a sample cut out from each of the cut out parts, which is denoted by a rate of change in
length in a main shrinking direction after a treatment of immersing in a hot water at a temperature of 85°C for 10
seconds with respect to a state before said treatment, said heat-shrinkable polystyrene based resin film exhibits
the heat shrinkage rate of each of the samples within ±5% relative to an average value of the heat shrinkage rate
of the total samples.

2. A heat-shrinkable polystyrene based resin film roll according to Claim 1, wherein, drawing a marked line at an

Table 9

(1)
Variation

Rate of Heat
Shrinkage
Rate in the
Whole Roll
(% within)

(2)
Maximum

Heat
Shrinkage
Rate (%)

(5)
Heat

Shrinkage
Rate (%) a

hot water at a
temperature

of 65°C for 10
seconds

(6)
Dynamic

Viscoelasticity
(the presence
of a dispersion
except alpha
dispersion)

(7)
ShrinkFinish

Properties
(fraction

defective)
(%)

(8)
Resistance to
preservation
Preservation
by Heating

Example 5 ±0.18 62 14.0 Present 0.91 s

Example 6 ±0.23 71 19.0 Present 1.50 s

Comparative
Example 9

±6.20 39 12.0 Present 62.6 s

Comparative
Example 10

±7.75 65 11.0 Present 25.0 s

Comparative
Example 11

±7.63 62 8.0 Present 30.0 s

Comparative
Example 12

±9.32 60 9.0 Present 60.3 s

Reference
Example 4

±3.24 49 0 Present 44.4 s

Reference
Example 5

±0.25 63 4.0 Absent 1.50 3
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interval of 200 mm in a main shrinking direction on a sample cut out so as to have a width of 15mm and a length
of 210mm, said heat-shrinkable polystyrene based resin film exhibits a maximum heat shrinkage rate of 40% or
more, which is a maximum value of a rate of change in length in the main shrinking direction of said sample after
a treatment of heating at every 10°C from 100°C to 150°C for 1 minute with respect to a length between the marked
lines before said treatment.

3. A heat-shrinkable polystyrene based resin film roll according to Claim 1, wherein, being mounted on a bottle as a
label form of a cylindrical tube-shaped transparent vessel such that a main shrinking direction is made into a cross-
sectional direction of a cylinder, said heat-shrinkable polystyrene based resin film exhibits an average value T of
a transmittance of near ultraviolet rays represented in the following formula 1, which is 0.5 or less after heat-
shrinking in a case of irradiating the vessel from outside to inside thereof with the near ultraviolet rays from a
direction perpendicular to a rotational symmetry axis of the vessel.

A: an average value (n = 10) of a light energy density transmitting into the film and the vessel in a state of
mounting the heat-shrinkable polystyrene based resin film on the transparent vessel
B: an average value (n = 10) of a light energy density transmitting into the transparent vessel in a state of not
mounting the heat-shrinkable polystyrene based resin film on the transparent vessel

4. A heat-shrinkable polystyrene based resin film roll according to Claim 1, wherein, drawing a marked line at an
interval of 50 mm in a longitudinal direction in a middle of a sample cut out so as to have a width of 5 mm and a
length of 100 mm while regarding a main shrinking direction as the longitudinal direction, said heat-shrinkable
polystyrene based resin film exhibits a rate of change in length of 0% to 90% in the main shrinking direction of
said sample after a treatment of loading a tension of 51.18 gf at a temperature of 110°C for 1 minute with respect
to a length between the marked lines before said treatment.

5. A heat-shrinkable polystyrene based resin film roll according to Claim 1, wherein, drawing a marked line at an
interval of 200 mm in a main shrinking direction on a sample cut out so as to have a width of 15 mm and a length
of 210 mm, said heat-shrinkable polystyrene based resin film exhibits a heat shrinkage rate of 5% or more, which
is denoted by a rate of change in lengthbetween the marked lines in the main shrinking direction of said sample
after a treatment of immersing in a hot water at a temperature of 65°C for 10 seconds with respect to a state before
said treatment.

6. A heat-shrinkable polystyrene based resin film roll according to Claim 1, wherein, in measuring a dynamic viscoe-
lasticity of the film under the conditions of an elastic mode, a frequency of 50 Hz, a temperature range of -20°C
to 250°C and a heating rate of 2°C/minute, said heat-shrinkable polystyrene based resin film exhibits a dispersion
except alpha dispersion, which is measured in a temperature range such that alpha dispersion derived from pol-
ystyrene is measured.

7. A heat-shrinkable polystyrene based resin film roll according to Claim 1, wherein, in an undrawn sheet before
being drawn into said heat-shrinkable polystyrene based resin film, in measuring a dynamic viscoelasticity of the
film under the conditions of an elastic mode, a frequency of 50 Hz, a temperature range of -20°C to 250°C and a
heating rate of 2°C/minute, said heat-shrinkable polystyrene based resin film comprises said undrawn sheet to be
drawn exhibiting a dispersion except alpha dispersion, which is measured in a temperature range such that alpha
dispersion derived from polystyrene is measured.

8. A heat-shrinkable polystyrene based resin film roll according to Claim 1, wherein said heat-shrinkable polystyrene
based resin film has a width of 200 mm or more and a length of 300m or more.

9. A heat-shrinkable polystyrene based resin film roll according to Claim 1, said roll containing a polystyrene based
resin having a syndiotactic structure.

10. A heat-shrinkable polystyrene based resin film roll according to Claim 1, wherein said heat-shrinkable polystyrene
based resin film comprises two or more kinds of resins of different compositions.

11. A method for producing a heat-shrinkable polystyrene based resin film roll according to Claim 10, comprising the

T = A / B formula 1
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step of mixing and melt-extruding the resins composing the heat-shrinkable polystyrene based resin film;
wherein a shape of raw material chips for each of said resins is rendered columnar and/or elliptical; and
a major axis and a minor axis of a cross section perpendicular to a longitudinal direction and a length in the

longitudinal direction of raw material chips for another resin with respect to raw material chips for a resin mixed in
the largest quantity are each within ±50% as a difference in an average value.

12. A method for producing a heat-shrinkable based resin film roll according to Claim 10, comprising the step of mixing
and melt-extruding the resins composing the heat-shrinkable polystyrene based resin film by using an extruder
provided with a funnel-shapedhopperas a feeding portion of raw material chips;

wherein a tilt angle as an angle formed by an oblique side and a horizontal line segment in a funnel-shaped
part of said hopper is 65° or more.

13. A method for producing a heat-shrinkable polystyrene based resin film roll according to Claim 1, comprising the
steps of preheating, drawing and heat-treating;

wherein a variation of a surface temperature of a film measured at an arbitrary point of time in each of the
steps is within ±1°C relative to an average temperature covering the total length of the film.

14. A heat-shrinkable polystyrene based resin film being taken from a heat-shrinkable polystyrene based resin film
roll according to Claim 1.

15. A heat-shrinkable label comprising a heat-shrinkable polystyrene based resin film according to Claim 14.
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