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Description
Title of Invention: HEAT-SHRINKABLE PLASTIC ELEMENT, COMPOSITE
PREFORM, AND COMPOSITE CONTAINER
Technical Field
[0001] The present invention relates to a heat-shrinkable plastic element, a composite
preform including the heat-shrinkable plastic element, and a composite container that
is a blow-molded product of the composite preform.
Background Art
[0002] A plastic container has come into common use recently as a container for
keeping fluid of food and drink etc. therein.
[0003] Such a plastic container for keeping fluid therein can be produced by inserting
a preform into a metal mold, and then biaxial stretch—-blow molding this preform
(biaxial stretch blow molding).
[0004] For example, preforms including a monolayer material, a multilayer material,
or a blend material of polyethylene terephthalate (PET), polypropylene (PP), etc. are
conventionally used for production of plastic containers.

Commonly, a preform is just molded into a container in conventional biaxial
stretch—blow molding, which limits means for obtaining a container having various
functions and characteristics (such as barrier properties and heat-retaining properties)
to, for example, change of a material constituting the preform. It is especially
difficult to obtain a container including portions (such as a body part and a bottom
part) having different functions and characteristics.

[0005] PTL 1 discloses a composite container including a container body and a heat-
shrinkable plastic element. This is obtained by blow-molding a composite preform.

This composite preform can be produced by inserting a preform into the heat-
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shrinkable plastic element, and heating them. The insertion of a preform into a heat-
shrinkable plastic element demands skilled techniques.

Citation List

Patent Literature

[0006] PTL 1:JP 2015-128858 A

Summary of Invention

Technical Problem

[0007] Lately, the inventors of the present invention have found that a heat-
shrinkable plastic element containing (A) an ionomer resin and (B) an olefin resin as
essential constituents can notably improve insertability of a preform thereinto, which
can improve production efficiency of a composite preform and a composite container.
[0008] An object of the present invention is thus to provide a heat-shrinkable plastic
element that can notably improve insertability of a preform.

Another object of the present invention is to provide a composite preform
including this heat-shrinkable plastic element, and a composite container that is a
blow-molded product of the composite preform.

Solution to Problem

[0009] A heat-shrinkable plastic element according to the present invention
comprises: at least a layer containing (A) an ionomer resin and (B) an olefin resin as
essential constituents.

[0010] In one embodiment, the heat-shrinkable plastic element according to the
present invention has a storage modulus at 25°C of at least 4.0x108 Pa.

[0011] A composite preform according to the present invention comprises: a preform
that includes a mouth part, a body part linked to the mouth part, and a bottom part

linked to the body part; and the heat-shrinkable plastic element, which is fit to be
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disposed on the outside of the preform.

[0012] In one embodiment, in the composite preform according to the present
invention, the dynamic friction coefficient between the heat-shrinkable plastic element
and the preform is at most 1.1.

[0013] In one embodiment, in the composite preform according to the present
invention, the static friction coefficient between the heat-shrinkable plastic element
and the preform is at most 1.1.

[0014] A composite container according to the present invention is a blow-molded
product of the composite preform, and comprises: a container body including a mouth
part, a neck part disposed underneath the mouth part, a shoulder part disposed
underneath the neck part, a body part disposed underneath the shoulder part, and a
bottom part disposed underneath the body part; and a heat-shrinkable plastic element
that is fit to be disposed on the outside of the container body.

Advantageous Effects of Invention

[0015] The heat-shrinkable plastic element according to the present invention can
notably improve insertability of a preform, which can improve production efficiency
of a composite preform and a composite container.

Brief Description of Drawings

[0016] [Fig. 1] Fig. 1 is a front view showing one embodiment of a heat-shrinkable
plastic element 40a according to the present invention.

[Fig. 2] Fig. 2 is a front view showing one embodiment of the heat-shrinkable plastic
element 40a according to the present invention.

[Fig. 3] Fig. 3 is a schematically cross-sectional view showing one embodiment of a
composite preform 70 according to the present invention.

[Fig. 4] Fig. 4 is a schematically cross-sectional view showing one embodiment of the
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composite preform 70 according to the present invention.

[Fig. 5] Fig. 5 is a perspective view showing one embodiment of the composite
preform 70 according to the present invention.

[Fig. 6] Fig. 6 is a front view showing one embodiment of the heat-shrinkable plastic
element 40a according to the present invention.

[Fig. 7] Fig. 7 is a front view showing one embodiment of a preform 10a.

[Fig. 8] Fig. 8 is a schematically cross-sectional view showing one embodiment of a
composite container 10A according to the present invention.

[Fig. 9] Fig. 9 is a schematically cross-sectional view showing one embodiment of the
composite container 10A according to the present invention.

[Fig. 10] Fig. 10 is a schematically cross-sectional view showing one embodiment of
the composite container 10A according to the present invention.

[Fig. 11] Fig. 11 is a schematic view showing one embodiment of a method for
producing the composite container 10A.

Description of Embodiments

[0017] Hereinafter the embodiments of the present invention will be described in
detail. The present invention is not limited to the following embodiments, but is also
enabled by any modifications as long as not deviating from the gist thereof.

[0018] A heat-shrinkable plastic element according to the present invention at least
has a characteristic such as to be shrunk by heating. It is not always essential to heat-
shrink the heat-shrinkable plastic element according to the present invention when a
preform is provided with this heat-shrinkable plastic element at least on part of the
outside thereof to produce a composite preform. There is a case where a heat-
shrinkable plastic element has no heat-shrinkability already when the heat-shrinkable

plastic element constitutes a composite container. Constituent elements in such a
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case are also encompassed in the heat-shrinkable plastic element according to the
present invention.

The heat-shrinkable plastic element according to the present invention has a
shape not limited, but usually is in the form of a film (sheet), and as described later,
may be in the form of a cylindrical film, that is, a tube.

[0019] <Heat-shrinkable plastic element 40a>

A heat-shrinkable plastic element 40a according to the present invention has
a feature of including at least a layer 41a that contains (A) an ionomer resin and (B)
an olefin resin as essential constituents. The heat-shrinkable plastic element 40a
according to the present invention may have, as shown in Fig. 1, a monolayer structure
that is formed of a layer containing (A) the ionomer resin and (B) the olefin resin as
essential constituents, and may have, as shown in Fig. 2, a multilayer structure that
includes another layer 42a. The heat-shrinkable plastic element 40a having a
multilayer structure may include two or more layers 41a each containing (A) the
ionomer resin and (B) the olefin resin as essential constituents.

[0020] The summary of the technical concept of the present invention will be
described as follows. The present invention is not limited to the scope of the
following technical concept only.

Conventionally, the method of injection-molding polyethylene terephthalate
(PET) to obtain a preform, blow-molding this preform to shape a bottle in advance,
and thereafter winding a heat-shrinkable film (tube) around the preform has been
frequently used. In this case, as the heat-shrinkable film, a polystyrene resin or a
polyester resin is mainly used but a polyolefin resin is seldom used. This is because
use of a polyolefin resin as the heat-shrinkable film leads to low friction between the

heat-shrunk film and the bottle, which makes it difficult to sufficiently fix them.
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[0021] The inventors of the present invention found that use of a polystyrene resin or
a polyester resin as a heat-shrinkable film presents a problem in the method of winding
the heat-shrinkable film (tube) around a preform in advance, and thereafter blow-
molding the preform and the heat-shrinkable film at once. Specifically, it was
difficult to wind the heat-shrinkable film around the preform (in a case of a tube, to
insert the preform) due to too great contact resistance of the heat-shrinkable film and
the preform. In addition, the preform and a polyester resin were fit to each other in
the molding, which made it difficult to crush and sort a composite container.

[0022] Then, (B) the olefin resin that had not come into common use was used for
the heat-shrinkable film. As a result, it was found that the contact resistance of the
heat-shrinkable film and the preform is improved. Just the heat-shrinkable plastic
element constituted of (B) the olefin resin only led to not only insufficient blow
moldability thereafter, but also still insufficient tracking of the bottle body after the
blow molding. Then, it was found that use of (B) the olefin resin and (A) the ionomer
resin together leads to excellent blow moldability as the effect of improving the contact
resistance of the heat-shrinkable film and the preform is maintained, and further leads
to excellent tracking of the bottle body after the blow molding.

[0023] Since dissociating into ions at high temperature, the ionomer resin is softened
in a heating state when the preform is blow-molded, which contributes to improvement
in moldability. In contrast, the ionomer resin forms an ionic bond again after cooled,
which improves physical properties, and results in interaction with a polar portion of
a polyethylene terephthalate resin that forms the bottle body, which can contribute to
improvement in fixation strength. Due to such a polar interaction, for example, the
composite container can be easily separated when crushed to be sorted.

[0024] The layer 41a, which contains (A) the ionomer resin and (B) the olefin resin
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as essential constituents, contains the ionomer resin preferably in an amount of 40
mass% to 99 mass%, more preferably in an amount more than 60 mass% and at most
98.5 mass%, further preferably in an amount of 80 mass% to 98 mass%, and especially
preferably in an amount of 85 mass% to 97 mass%. The content of the ionomer resin
within the foregoing numeral range can improve recyclability when the heat-
shrinkable plastic element 40a is separated and removed from a container body 10, and
in addition, makes it possible to more easily thermocompression-bonding one end of
the heat-shrinkable plastic element 40a when a thermocompression bonding step is
included.

The layer 41a contains (B) the olefin resin preferably in an amount of 1
mass% to 60 mass%, more preferably in an amount of 1.5 mass% to 40 mass%, further
preferably in an amount of 2 mass% to 20 mass%, and especially preferably in an
amount of 3 mass% to 15 mass%.

[0025] In one embodiment, the heat-shrinkable plastic element 40a includes the layer
41a, which contains (A) the ionomer resin and (B) the olefin resin as essential
constituents.

Use of (A) the ionomer resin and (B) the olefin resin as essential constituents
can lead to achievement of the heat-shrinkable plastic element having a storage
modulus and a dynamic friction coefficient within specific ranges, and further leads to
excellent transparency due to good miscibility of (A) the ionomer resin and (B) the
olefin resin, which leads to excellent productivity of the heat-shrinkable plastic
element, which are preferable.

[0026] ((A) Ionomer resin)
For example, resins obtained by crosslinking molecules of an ethylene-

unsaturated carboxylic acid copolymer such as an ethylene-methacrylic acid
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copolymer via a metal ion can be used as (A) the ionomer resin without any particular
limitations. Sodium, zinc, magnesium, lithium, etc. can be used as the metal ion used
for the ionomer resin without any particular limitations.

(A) The ionomer resin preferably has a melt flow rate of 0.6 to 1.0 g/10 min.:
the melt flow rate is measured conforming to ISO 1133 (190°C in temperature, 21.17
Ninload). (A) The ionomer resin having a melt flow rate within the foregoing range
leads to excellent productivity of the heat-shrinkable plastic element.

[0027] The lower limit of the storage modulus (25°C) of (A) the ionomer resin, which
is measured conforming to JIS K7244-4, is preferably at least 1.5x10® Pa, more
preferably at least 2.0x108 Pa, and further preferably at least 2.5x10% Pa. The storage
modulus (25°C) of (A) the ionomer resin within the foregoing range leads to excellent
stability of production when the heat-shrinkable plastic element is molded, and
excellent insertability when the preform is covered with the heat-shrinkable plastic
element.

[0028] ((B) Olefin resin)

A polypropylene resin is preferable, and for example, polypropylene
homopolymers, polypropylene block copolymers, and polypropylene random
copolymers can be preferably used as (B) the olefin resin without any particular
limitations. Particularly, in view of miscibility with (A) the ionomer resin, random
copolymers obtained by copolymerization with a Cz.10 (excluding C3) a-olefin are
preferable, and random copolymers obtained by polymerization using a metallocene
catalyst are more preferable, among polypropylene resins.

[0029] The polypropylene resin preferably has a melt flow rate of 4 to 9 g/10 min.,
which is more preferably 6 to 8 g/10 min.: the melt flow rate is measured conforming

to ISO 1133 (230°C in temperature, 21.17 N in load). The polypropylene resin
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having a melt flow rate within the foregoing range leads to excellent productivity of
the heat-shrinkable plastic element.

[0030] The polypropylene resin preferably has a storage modulus (25°C) of 7.0x108
to 2.0x10° Pa, which is more preferably 9.0x10® to 1.5x10° Pa: the storage modulus is
measured conforming to JIS K7244-4. The polypropylene resin having a storage
modulus (25°C) of the foregoing range leads to excellent insertability when the
preform is covered with the heat-shrinkable plastic element.

[0031] (Other constituents)

The layer 41a may contain any thermoplastic resin other than (A) the ionomer
resin and (B) the olefin resin which is preferably a resin material of an olefin resin
other than (B) the olefin resin, such as polyethylene resins, cyclic olefin copolymers,
and ethylene-vinyl acetate copolymers, in view of miscibility with (A) the ionomer
resin and (B) the olefin resin.

The layer 41a containing (A) the ionomer resin and (B) the olefin resin as
essential constituents may contain at least two of the foregoing resin materials as the
other constituents, and other than them, may contain any additive such as a plasticizer,
a filler, an ultraviolet stabilizer, an anti-coloring agent, a fluorescent brightening agent,
a flatting agent, a deodorizer, a flame retardant, a weathering agent, an antistatic agent,
a fiber friction modifier, a slip agent, a release agent, an antioxidant, an ion exchanger,
a dispersing agent, and an ultraviolet absorber.

[0032] (Shape of heat-shrinkable plastic element)

In one embodiment, the heat-shrinkable plastic element 40a has, as shown in
Figs. 1 and 2, a cylindrical shape without a bottom.

[0033] The heat-shrinkable plastic element 40a has an inner diameter that can be

optimized according to the shape and size of the preform, but preferably has an inner
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diameter of 22 mm to 65 mm, which is more preferably 24 mm to 60 mm. The heat-
shrinkable plastic element 40a having an inner diameter within the foregoing numeral
range makes it possible to more easily insert a preform 10a which will be described
later, to improve production efficiency of a composite preform 70.

[0034] The heat-shrinkable plastic element 40a preferably has a thickness of 200 pm
to 500 um, which is more preferably 220 pum to 400 pum, and is further preferably 250
um to 350 um. The heat-shrinkable plastic element 40a having a thickness within the
foregoing numeral range makes it possible to more easily insert the preform 10a.
Here, when the heat-shrinkable plastic element 40a has a multilayer structure, the
foregoing numeral values each mean the thickness of all the layers in total.

[0035] When the heat-shrinkable plastic element 40a has a multilayer structure, the
structure preferably includes a layer containing (A) the ionomer resin and (B) the
olefin resin, a gas-barrier layer, and a layer containing (A) the ionomer resin and (B)
the olefin resin in order from the inside.

For example, a layer containing a resin having gas-barrier properties, such as
ethylene-vinyl alcohol copolymers, Nylon-MXD6, and cyclopolyolefins can be used
as the gas-barrier layer. As an ethylene-vinyl alcohol copolymer, EVAL
(manufactured by Kuraray Co., Ltd.), Soarnol (manufactured by Mitsubishi Chemical
Corporation), and the like can be used.

As other embodiments, the structure may be a two-layer structure of a layer
containing (A) the ionomer resin and (B) the olefin resin, and the gas-barrier layer.
The structure may be also such as to include a layer containing (A) the ionomer resin
and (B) the olefin resin, the gas-barrier layer, and any other layer. In such structures,
a side to be in contact with the preform is preferably provided with any layer containing

(A) the ionomer resin and (B) the olefin resin.
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[0036] Preferably, an adhesive layer is further included between any layer containing
(A) the ionomer resin and (B) the olefin resin, and the gas-barrier layer. As the
adhesive layer, for example, ADMER (manufactured by Mitsui Chemicals, Inc.) and
MODIC (manufactured by Mitsubishi Chemical Corporation), which are polyolefin
adhesive resins, can be used.

[0037] When the heat-shrinkable plastic element 40a has a multilayer structure as
described above, any layer containing (A) the ionomer resin and (B) the olefin resin
has a thickness that is not particularly limited but is preferably 40 to 200 um in view
of tracking of the container after the blow molding.

The gas-barrier layer preferably has a thickness of 20 to 60 pm, which is more
preferably 25 to 60 pm, and further preferably 30 to 60 pum, in order to obtain excellent
gas-barrier properties.

[0038] (Storage modulus of heat-shrinkable plastic element)

The heat-shrinkable plastic element 40a preferably has a storage modulus at
25°C of 4.0x10% Pa to 1.0x10° Pa, which is more preferably 4.5x10% Pa to 9.0x10® Pa,
and further preferably 5.0x10% Pa to 8.0x10% Pa. The heat-shrinkable plastic element
having a storage modulus (25°C) within the foregoing range leads to excellent
insertability when the preform is inserted into the heat-shrinkable plastic element 40a.

In the present invention, the storage modulus of the heat-shrinkable plastic
element 40a can be measured according to the method conforming to JIS K7244-4.

The storage modulus of the heat-shrinkable plastic element 40a can be
adjusted by the types of (A) the ionomer resin and (B) the olefin resin, optimization of
the melt flow rates, or the mixing ratio of these resins, or the like.

[0039] (Dynamic friction coefficient of heat-shrinkable plastic element)

It is necessary that the dynamic friction coefficient between the heat-
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shrinkable plastic element 40a and the preform 10a described later is at most 1.1.
This dynamic friction coefficient is more preferably at most 1.0, and further preferably
at most 0.6. The lower limit of this dynamic friction coefficient is not particularly
limited, but is preferably at least 0.3, and further preferably at least 0.4. The dynamic
friction coefficient between the heat-shrinkable plastic element and the preform within
the foregoing range makes it possible to insert the preform into the heat shrinkable
plastic element without any resistance.

The dynamic friction coefficient between the heat-shrinkable plastic element
40a and the preform 10a may be the same as, or may be different in both faces (inner
and outer faces in the case of a tubular shape). This dynamic friction coefficient has
only to satisfy the foregoing at least on one of the faces. This dynamic friction
coefficient preferably satisfies the foregoing at least on the inner face when the heat-
shrinkable plastic element 40a is in the form of a tube.

[0040] The dynamic friction coefficient between the heat-shrinkable plastic element
40a and the preform 10a can be measured at 23°C by the method conforming to JIS-
K7125.

The preform 10a is preferably constituted of polyethylene terephthalate.
The dynamic friction coefficient between the plastic element 40a and the polyethylene
terephthalate is preferably the same as the foregoing.

[0041] (Static friction coefficient of heat-shrinkable plastic element)

The static friction coefficient between the heat-shrinkable plastic element 40a
and the preform 10a described later is preferably at most 1.1, more preferably at most
1.0, and further preferably at most 0.8. The lower limit of this static friction
coefficient is not particularly limited, but is preferably at least 0.3, and further

preferably at least 0.4. The static friction coefficient between the heat-shrinkable
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plastic element and the preform within the foregoing range makes it easy to determine
an insertion position when the preform is inserted into the heat shrinkable plastic
element.

The static friction coefficient between the heat-shrinkable plastic element 40a
and the preform 10a may be the same as, or may be different in both faces (inner and
outer faces in the case of a tubular shape). The static friction coefficient has only to
satisfy the foregoing at least on one of the faces. The static friction coefficient
preferably satisfies the foregoing at least on the inner face when the heat-shrinkable
plastic element 40a is in the form of a tube.

[0042] The static friction coefficient between the heat-shrinkable plastic element 40a
and the preform 10a can be measured at 23°C by the method conforming to JIS K7125.

The preform 10a is preferably constituted of polyethylene terephthalate.
The static friction coefficient between the plastic element 40a and the polyethylene
terephthalate is preferably the same as the foregoing.

[0043] The heat-shrinkable plastic element 40a has a specific gravity at 23°C lower
than 1.0, which is more preferably lower than 0.99. The heat-shrinkable plastic
element 40a having a specific gravity lower than 1 makes it possible to separate the
heat-shrinkable plastic element 40a using the difference in their specific gravity when
the heat-shrinkable plastic element 40a is separated and removed from the container
body 10.

[0044] <Method for producing heat-shrinkable plastic element 40a>

In one embodiment, the heat-shrinkable plastic element 40a can be produced
using various conventionally known methods. Particularly non-limited but preferred
methods thereof include the method of melting various raw materials using a single

screw extruder to extrude a non-elongated tube using an annular die or a multilayer
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annular die, and then elongating the tube to obtain a seamless heat-shrinkable tube.
Other than this, the method of pasting a film that is extruded and elongated using a T-
die, by fusing, welding, adhering, or the like, to shape a tube, further the method of
spirally pasting the foregoing film to shape a tube, etc. can be given.

[0045] Here, the method of extruding a non-elongated tube using an annular die or a
multilayer annular die, and then elongating the tube to obtain a heat-shrinkable tube
will be further described in detail. The foregoing various raw materials are heated
and melted by a melt extruder, continuously extruded via an annular die or a multilayer
annular die, and thereafter forcibly cooled to be molded into a non-elongated tube.
The method of immersion in water at low temperature, the method of using cool air,
and the like can be used as a means for the forced cooling. Among them, the method
of immersion in water at low temperature gives high cooling efficiency, and is effective.
This non-elongated tube may be continuously fed to the following elongating step.
Or, a roll of this non-elongated tube after the tube is wound once in the form of a roll
may be used as a master roll for the following elongating step. The method of
continuously feeding the non-elongated tube to the following elongating step is
preferable in view of production efficiency and thermal efficiency.

[0046] The non-elongated tube obtained as described above is pressurized by
compressed gas from the inside thereof, to be elongated. The elongating method is
not particularly limited. For example, as pressure by compressed gas is applied via
one end of the non-elongated tube to the inside thereof, the tube is fed at a fixed rate,
next heated by hot water, an infrared heater, or the like, and passed through a cooled
cylindrical tube for regulating the drawing ratio in a transverse direction (TD) with
respect to the machine direction, to be elongated at the fixed ratio. Temperature

conditions etc. are adjusted so that the tube is elongated in a suitable place in the
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cylindrical tube. The elongated tube cooled in the cylindrical tube is held by a pair
of nip rolls to be drawn as the drawing tension is retained, and wound as an elongated
tube. The tube may be elongated priorly in the machine direction (MD), or priorly in
the transverse direction (TD) with respect to the machine direction, but is preferably
elongated in both directions at the same time.

[0047] The elongation conditions are adjusted according to characteristics of the used
resin compositions, the thermal shrinkage to be aimed, etc.

The drawing ratio in the machine direction (MD) is determined by the ratio

of the feeding rate of the non-elongated tube, and the rate of the elongated tube passing
through the nip rolls. The drawing ratio in the transverse direction (TD) with respect
to the machine direction is determined by the ratio of an outer diameter of the non-
elongated tube, and an outer diameter of the elongated tube. For an elongating and
pressurizing method other than this, the method of holding both the non-elongated tube
on the feeding side and the elongated tube on the drawing side by nip rolls, to keep the
internal pressure of compressed gas enclosed therein can be employed.
[0048] A heat shrinkable tube (heat-shrinkable plastic element) according to the
present invention is made by elongating the non-elongated tube in the transverse
direction (TD) with respect to the machine direction, and in the machine direction
(MD). The drawing ratio in the transverse direction (TD) with respect to the machine
direction is preferably 1.4 to 2.0 times, and more preferably 1.5 to 1.8 times. In the
machine direction (MD), the tube does not necessarily elongate, but is preferably
obtained by elongation at a drawing ratio within the range of preferably 1.02 times and
1.25 times that is preferably 1.17 times.

Here, the drawing ratio in the transverse direction (TD) with respect to the

machine direction of the heat-shrinkable tube of at least 1.4 times can lead to a
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shrinkage enough for the preform to be covered, and the drawing ratio thereof of at
most 2.0 times can suppress temperature non-uniformity in a covering furnace, and
non-uniformity of shrinkage of the tube according to a direction of intruding the
covering furnace. In contrast, the drawing ratio in the machine direction (MD) of the
heat-shrinkable tube of at most 1.25 times leads to a suitable shrinkage in the machine
direction (MD), which does not lead to misposition due to shrinkage in covering,
which makes it possible to shorten an extra length of the tube before covering (before
shrinkage), which can also suppress a cost increase.
[0049] The shrinkage in the machine direction (MD) of the heat-shrinkable plastic
element, which is made as described above, is preferably 3 to 20%, and more
preferably 5 to 15%. The shrinkage in the transverse direction (TD) with respect to
the machine direction is preferably 30 to 50%, and more preferably 35 to 45%. The
shrinkages in the machine direction (MD) of the heat-shrinkable plastic element, and
in the transverse direction (TD) with respect to the machine direction within the
foregoing ranges lead to the heat-shrinkable plastic element fit to the preform all over
from a mouth part to a bottom part of the preform when the preform is covered with
the heat-shrinkable plastic element, which leads to excellent finishing properties.
[0050] <Composite preform 70>

The composite preform 70 according to the present invention has a feature of
including the preform 10a, and the heat-shrinkable plastic element 40a, which is fit to
be disposed on the outside of the preform 10a.
[0051] The preform 10a included in the composite preform 70 includes, as shown in
Figs. 3 and 4, a mouth part 11a, a body part 20a that is linked to the mouth part 11a,
and a bottom part 30a that is linked to the body part 20a. Among them, the mouth

part 11a corresponds to a mouth part 11 of the container body 10, which will be

16



10

15

20

25

described later, and has approximately the same shape as the mouth part 11.

The body part 20a corresponds to a neck part 13, a shoulder part 12, and a
body part 20 of the foregoing container body 10, and has approximately a cylindrical
shape. The bottom part 30a corresponds to a bottom part 30 of the foregoing
container body 10, and has approximately a hemispherical shape.

[0052] In one embodiment, the preform 10a is constituted of a resin material.
Examples of the resin material include polyamide resins, polyester resins, polyolefin
resins, cellulose resins, and vinyl resins. Among them, polyethylene terephthalate is
more preferably used. The preform 10a may contain two or more of the foregoing
resin materials.

[0053] The preform 10a may contain, for example, a red, blue, yellow, green, brown,
black, or white coloring agent, but is preferably colorless and transparent without such
a coloring agent in view of recyclability.

[0054] The preform 10a can contain additives such as a plasticizer, a filler, an
ultraviolet stabilizer, an anti-coloring agent, a fluorescent brightening agent, a flatting
agent, a deodorizer, a flame retardant, a weathering agent, an antistatic agent, a fiber
friction modifier, a slip agent, a release agent, an antioxidant, an ion exchanger, a
dispersing agent, and an ultraviolet absorber.

[0055] The preform 10a may have a monolayer structure, or may have a multilayer
structure.

For example, the preform 10a can be formed of three or more layers as
including a layer constituted of a resin having gas barrier properties and/or a resin
having light blocking effect, such as Nylon-MXD6, Nylon-MXD6 + a fatty acid salt,
polyglycolic acid (PGA), ethylene-vinyl alcohol copolymers (EVOH), and

polyethylene naphthalate (PEN), as a middle layer.
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[0056] The preform 10a preferably has an outer diameter of 20 mm to 50 mm, which
is more preferably 25 to 45 mm. The preform 10a having an outer diameter within
the foregoing numeral range can realize easier insertion into the heat-shrinkable plastic
element 40a, to improve productivity of the composite preform 70.

[0057] The material constituting the heat-shrinkable plastic element 40a, and the
thickness of the heat-shrinkable plastic element 40a are as described above.

As shown in Fig. 3, the heat-shrinkable plastic element 40a is attached to the
outer face of the preform 10a without adhesion, and is fit so as not to move or rotate
with respect to the preform 10a, or so as not to drop by a dead load thereof. The
plastic element 40a is disposed in all over the circumferential direction of the preform
10a so as to surround the preform 10a, and has a horizontally circular cross section.

One end of the heat-shrinkable plastic element 40a may be
thermocompression-bonded, to form a bottom part 43a (see Fig. 5).

[0058] <Method for producing composite preform 70>

A method for producing the composite preform 70 includes the steps of:
preparing the preform 10a and the heat-shrinkable plastic element 40a; inserting the
preform 10a through one end of the heat-shrinkable plastic element 40a; and heating
and heat-shrinking the heat-shrinkable plastic element 40a, and fitting the heat-
shrinkable plastic element 40a to the preform 10a.

In one embodiment, the method for producing the composite preform 70
according to the present invention includes the step of thermocompression-bonding
one end of the heat-shrinkable plastic element 40a.

[0059] (Step of preparing preform 10a and heat-shrinkable plastic element 40a)
The preform 10a can be made by injection-molding the foregoing resin

materials etc. using a conventionally known injection molding machine.
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The method for making the heat-shrinkable plastic element 40a is as described
above.

[0060] (Inserting step)

In the inserting step, the preform 10a is inserted through one end of the heat-
shrinkable plastic element 40a. This step may be carried out manually, or
mechanically. There is no regulations on how to carry out the inserting step: for
example, either or both of the heat-shrinkable plastic element 40a and the preform 10a
is/are moved, to carry out this step.

The bottom part 30a of the preform 10a is inserted into an opening part of the
one end of the heat-shrinkable plastic element 40a. To what extent the bottom part
30a is inserted varies according to the lengths of the preform 10a and the heat-
shrinkable plastic element 40a, or a desired shape of the product. The bottom part
30a of the preform 10a is inserted to the extent as to be exposed from the opening part
at the other end of the element 40a, other than the case where one end of the heat-
shrinkable plastic element 40a is thermocompression-bonded as shown in Fig. 5.
[0061] (Heating step)

The method of heating the heat-shrinkable plastic element 40a is not
particularly limited, and can be suitably carried out using infrared radiation, hot air,
etc. The heating temperature is preferably 60°C to 250°C, and more preferably 80°C
to 150°C. The heating temperature is the surface temperature of the heat-shrinkable
plastic element 40a in the heating, but not a setting temperature of infrared radiation,
hot air, etc. This heating step is not essential. For example, when the preform 10a
and the heat-shrinkable plastic element 40a are fit to each other so as not to be
mispositioned, the heating step is not always necessary.

[0062] (Thermocompression bonding step)
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In one embodiment, the method according to the present invention may

include the step of thermocompression-bonding one end of the heat-shrinkable plastic
element 40a. Including such a step makes it possible to completely cover the bottom
part 30a of the preform 10a, moreover the bottom part 30 of the container body 10
after the blow molding, with the heat-shrinkable plastic element 40a.
[0063] Specifically, the heat-shrinkable plastic element 40a (see Fig. 6) is made so
as to have a length X longer than a length Y from the neck part 13a to the bottom part
30a of the preform 10a (see Fig. 7), that is, so that the one end of the heat-shrinkable
plastic element 40a is provided with a margin part 80a. This margin part 80a is
thermocompression-bonded, which can lead to formation of the bottom part 43a.

The margin part 80a preferably has a length of at least 3 mm, which is more

preferably 5 mm to 20 mm.
[0064] The thermocompression bonding method is not particularly limited as long as
the margin part, which is heated by infrared radiation, hot air, or the like, can be, for
example, held to be compression-bonded. For example, a metal tool and a heat-
resistant resin tool (hereinafter may be referred to as "compression bonding tool") can
be used, and may be used in combination. The surface of this compression bonding
tool may be flat, or may partly or entirely have a rough shape.

The compression bonding tool may have a heating mechanism on the surface
thereof. This can improve compression bonding strength of the margin part 80a more.
The heating temperature of the surface of the compression bonding tool is, for example,
preferably 100°C to 250°C.

The pressure in the compression bonding is preferably 50 N/cm? to 1000
N/cm?, and more preferably 100 N/cm? to 500 N/cm?.

The temperature of the heat-shrinkable plastic element 40a in the compression
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bonding is preferably 80°C to 200°C according to the material thereof though.
[0065] <Composite container 10A>

A composite container 10A according to the present invention is a blow-
molded product of the composite preform 70, and as shown in Figs. 8 to 10, has a
feature of including the container body 10, and a heat-shrinkable plastic element 40
that is fit to be disposed on the outside of the container body 10.
[0066] The container body 10 includes, as shown in Figs. 8 to 10, the mouth part 11,
the neck part 13, which is disposed underneath the mouth part 11, the shoulder part 12,
which is disposed underneath the neck part 13, the body part 20, which is disposed
underneath the shoulder part 12, and the bottom part 30, which is disposed underneath
the body part 20.
[0067] In one embodiment, the mouth part 11 has a screw part 14 that is to be screwed
into a cap not shown, and a flange part 17 that is disposed underneath the screw part
14.
[0068] In one embodiment, the neck part 13 is positioned between the flange part 17
and the shoulder part 12, and has approximately a cylindrical shape having
approximately a uniform diameter. The shoulder part 12 is positioned between the
neck part 13 and the body part 20, and has a shape such that a diameter thereof is
gradually enlarging from the neck part 13 side toward the body part 20 side.
[0069] In one embodiment, the body part 20 has a cylindrical shape having
approximately a uniform diameter as a whole. The present invention is not limited
to this. The body part 20 may have a polygonal cylindrical shape such as a
quadrangular cylindrical shape and an octagonal cylindrical shape, or may have a
tubular shape having a horizontally cross section not uniform from the top towards the

bottom.
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The body part 20 of the container body 10 shown in Figs. 8 to 10 has
approximately a flat surface. = The present invention is not limited to this.
Roughness by a panel, groove, or the like may be formed on the body part 20.

[0070] In one embodiment, the bottom part 30 has a recess part 31 positioned at the
center, and a ground connection part 32 that is disposed around this recess part 31.
The shape of the bottom part 30 is not particularly limited either, but may be a petaloid
bottom shape, a round bottom shape, or the like according to the content to fill.
[0071] Part of the container body 10 which corresponds to the body part 20 can be
thinned to be, for example, approximately 50 pm to 250 pm, as not limited to this
though. Further, the container body 10 can have a weight of 10 g to 20 g when, for
example, the content of the container body 10 is 500 mL, as not limited to this though.
[0072] The container body 10 may be formed of a bottle having a total capacity of,
for example, 100 mL to 2000 mL. Or, the container body 10 may be a large bottle
having a total capacity of, for example, 10 L to 60 L.

[0073] As shown in Figs. 8 and 9, the heat-shrinkable plastic element 40 can be
disposed so that the shoulder part 12 and the body part 20 of the container body 10,
excluding the mouth part 11, the neck part 13, and the bottom part 30, are covered
therewith.

As described above, the heat-shrinkable plastic element 40a is
thermocompression-bonded at the one end thereof, and thereafter blow-molded, which
can lead to the structure of the heat-shrinkable plastic element 40a such that the bottom
part 30 of the container body 10 is covered therewith (see Fig. 10).

[0074] The heat-shrinkable plastic element 40 can have a thickness of, for example,
approximately 5 um to 100 pum in a situation where the heat-shrinkable plastic element

40 is attached to the container body 10, as not limited to this though.
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[0075] Since not welded or adhered to the container body 10, the heat-shrinkable
plastic element 40 can be separated (released) and removed from the container body
10.

As the method of separating (releasing) the heat-shrinkable plastic element
40 from the container body 10, for example, the heat-shrinkable plastic element 40 can
be cut off using a cutting tool etc.; or the heat-shrinkable plastic element 40 is provided
with a cutting-plane line in advance, and can be released along this cutting-plane line.
The forgoing method makes it possible to separate and remove the heat-shrinkable
plastic element 40 from the container body 10, which makes it possible to recycle the
container body 10 colorless and transparent as the conventional.

[0076] <Method for producing composite container 10A>

A method for producing the composite container 10A includes the steps of:
heating the composite preform 70; and blow-molding the heated composite preform
70 in a metal mold for blow molding, to integrally expand the preform 10a and the
heat-shrinkable plastic element 40a.

In one embodiment, the method according to the present invention includes
forming an image on the heat-shrinkable plastic element 40 after the blow molding.
[0077] Hereinafter the method for producing the composite container 10A according
to the present invention will be described in more detail based on Fig. 11(a) to 11(d).
[0078] First, the composite preform 70 is heated by a heating apparatus 51 (see Fig.
11(a)). At this time, the composite preform 70 is heated by the heating apparatus 51
uniformly in the circumferential direction as rotating in a state where the mouth part
11a faces the bottom. The heating temperature of the preform 10a and the heat-
shrinkable plastic element 40a in this heating step may be, for example, 90°C to 130°C.

This heating can be suitably carried out using infrared radiation, hot air, etc.
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[0079] Next, the composite preform 70 heated by the heating apparatus 51 is fed into
a metal mold for blow molding 50 (see Fig. 11(b)).

[0080] The composite container 10A is molded using this metal mold for blow
molding 50.

In one embodiment, the metal mold for blow molding 50 is formed of a pair
of body metal molds 50a and 50b that are separated from each other, and a bottom
metal mold 50c (see Fig. 11(b)). In Fig. 11(b), the pair of body metal molds 50a and
50b is open therebetween, and the bottom metal mold 50c is raised up. In this state,
the composite preform 70 is inserted between the pair of body metal molds 50a and
50b.

[0081] Next, after the bottom metal mold 50c lowered down, the pair of body metal
molds 50a and 50b is closed, to form the metal mold for blow molding 50, which is
hermetically sealed by the pair of body metal molds 50a and 50b, and the bottom metal
mold 50c. Next, air is injected into the preform 10a, and the composite preform 70
is subjected to biaxial stretch blow molding. This makes it possible to obtain the
container body 10 from the preform 10a in the metal mold for blow molding 50 (see
Fig. 11(c)). During this, the body metal molds 50a and 50b are heated to 30°C to
80°C, and the bottom metal mold 50c is cooled to 5°C to 25°C. At this time, the
preform 10a and the heat-shrinkable plastic element 40a of the composite preform 70
are integrally expanded in the metal mold for blow molding 50. This causes the
preform 10a and the heat-shrinkable plastic element 40a to be shaped so as to integrally
have a shape corresponding to the inner face of the metal mold for blow molding 50.

[0082] As described above, the composite container 10A including the container
body 10, and the heat-shrinkable plastic element 40 disposed on the outer face of the

container body 10 can be obtained.
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[0083] Next, as shown in Fig. 11(d), the pair of body metal molds 50a and 50b, and
the bottom metal mold 50c are separated from each other, and the composite container
10A is taken out of the metal mold for blow molding 50.
Examples
[0084] Next, the present invention will be further described in detail with reference
to examples. The present invention is not limited to these examples.
[0085] <Example 1>

A mixture of 95 mass% Himilan 1706 (manufactured by DU PONT-MITSUI
POLYCHEMICALS CO., LTD., MFR: 0.9 g/10 min., storage modulus at 25°C:
3.8x10% Pa) as (A) an ionomer resin, and 5 mass% WINTEC WFX4TA (manufactured
by Japan Polypropylene Corporation, metallocene polypropylene, MFR: 7.0 g/10 min.,
storage modulus at 25°C: 1.0x10° Pa) as (B) an olefin resin was melt-extruded by a
single screw extruder using an annular die, to be molded into a non-elongated tube
having an inner diameter of 16.6 mm, and next this non-elongated tube was heated by
hot water, and pressurized by compressed gas from the inside thereof, to be elongated,
and thus a heat-shrinkable plastic element having a cylindrical shape without a bottom
was made. The heat-shrinkable plastic element had an inner diameter of 28.7 mm,
and a thickness of 307 pm.
[0086] <Example 2>

A mixture of 95 mass% Himilan 1706 as (A) the ionomer resin, and 5 mass%
WINTEC WFEFX4TA as (B) the olefin resin used for outermost layers, a 100 mass%
polyolefin adhesive resin (ADMER SF731 manufactured by Mitsui Chemicals, Inc) as
adhesive layers, and a mixture of a 100 mass% ethylene-vinyl alcohol copolymer
(EVAL SP482B manufactured by Kuraray Co., Ltd) as a gas-barrier layer for a middle

layer were each melt-extruded by a single screw extruder using a three-kind five-layer
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annular die, and were molded into a non-elongated tube having an inner diameter of
18.3 mm, and next this non-elongated tube was heated by hot water, and pressurized
by compressed gas from the inside thereof, to be elongated, and thus a heat-shrinkable
plastic element having a cylindrical shape without a bottom was made. The heat-
shrinkable plastic element had an inner diameter of 28.7 mm, and a thickness of 345
um (each outermost layer: 132 um, each adhesive layer: 17 pum, middle layer: 47 pm).
[0087] <Comparative Example 1>

A mixture of 95 mass% Himilan 1855 (manufactured by DU PONT-MITSUI
POLYCHEMICALS CO., LTD., MFR: 1.0 g/10 min., storage modulus at 25°C:
1.2x10% Pa) as (A) the ionomer resin, and 5 mass% WINTEC WFX4TA as (B) the
olefin resin was melt-extruded by a single screw extruder using an annular die, to be
molded into a non-elongated tube having an inner diameter of 16.6 mm, and next this
non-elongated tube was heated by hot water, and pressurized by compressed gas from
the inside thereof, to be elongated, and thus a heat-shrinkable plastic element having a
cylindrical shape without a bottom was made. The heat-shrinkable plastic element
had an inner diameter of 28.7 mm, and a thickness of 298 um.
[0088] < Comparative Example 2>

A mixture of 100 mass% Himilan 1706 as (A) the ionomer resin was melt-
extruded by a single screw extruder using an annular die, to be molded into a non-
elongated tube having an inner diameter of 16.9 mm, and next this non-elongated tube
was heated by hot water, and pressurized by compressed gas from the inside thereof,
to be elongated, and thus a heat-shrinkable plastic element having a cylindrical shape
without a bottom was made. The heat-shrinkable plastic element had an inner
diameter of 28.7 mm, and a thickness of 310 um.

[0089] <Storage modulus>
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The storage modulus at 25°C of a test piece of each heat-shrinkable plastic
element obtained in the examples and comparative examples was measured by the
method conforming to JIS K7244-4. The measurement results are shown together in
Table 1.

[0090] <Dynamic and static friction coefficients>

The dynamic and static friction coefficients between each heat-shrinkable
plastic element having a cylindrical shape without a bottom, which was obtained in
the examples and comparative examples, and a preform as described above were
measured at 23°C by the method conforming to JIS K7125.

Specifically, the heat-shrinkable plastic element having a cylindrical shape
without a bottom was cut open, to prepare a heat-shrinkable plastic element having a
size of 40 mm x 200 mm. A preform made from polyethylene terephthalate that was
cut to be in the form of a semicircular column (55 mm in length X 22 mm in width X
11 mm in radius) was also prepared. The heat-shrinkable plastic element having a
cylindrical shape without a bottom was fixed on a horizontal test table so that the inner
face side thereof faced upwards. As a cut face of the preform made from
polyethylene terephthalate in the form of a semicircular column faced the top, an outer
face side of the preform was placed on the heat-shrinkable plastic element. Force
was linearly applied in the vertical direction of the preform made from polyethylene
terephthalate, to measure the dynamic and static friction coefficients.

[0091] <Specific gravity>

The specific gravity of each heat-shrinkable plastic element obtained in the
examples and comparative examples was measured at 23°C by the method conforming
to JIS Z8807.

[0092] <Insertability test>
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A preform having a cylindrical shape with a bottom shown in Figs. 3 and 4
which was formed from polyethylene terephthalate (PET) was made using an injection
molding machine. The preform had an outer diameter of 26 mm.

A bottom part side of the preform, which was made as the foregoing, was
inserted via an opening part of one end part of each heat-shrinkable plastic element
having a cylindrical shape without a bottom shown in Figs. 3 and 4, which was
obtained in the examples and comparative examples, and the time until the bottom part
of the preform was exposed from the other end part was counted to be evaluated
according to the following criteria. The evaluation results are shown together in
Table 1.

[0093] (Criteria)
A: the time was shorter than 0.5 seconds: the preform was easily inserted into

the heat-shrinkable plastic element.

NG: the time was at least 0.5 seconds.

[0094] [Table 1]
(Table 1)
Storage Dynamic Static Specific
modulus friction friction gravity Insertability
(Pa) coefficient | coefficient
Example 1 5.30x108 0.51 0.576 0.96 A
Example 2 | 7.44x10? 0.48 0.52 0.98 A
Comparative . 0.96
1.91x10 0.55 0.67 NG
Example 1
Comparative 0.96
3.69x108 1.236 1.23 NG
Example 2

Reference Signs List

[0095] 10 container body
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10A composite container

10a preform

11 mouth part

11a mouth part

12 shoulder part

13 neck part

20 body part

20a body part

30 bottom part

30a bottom part

40 heat-shrinkable plastic element (after blow molding)
40a heat-shrinkable plastic element (before blow molding)
50 metal mold for blow molding

70 composite preform

29



10

15

20

25

CLAIMS

[Claim 1] A heat-shrinkable plastic element that is disposed on at least part of
an outside of a preform, the preform including a mouth part, a body part linked to the
mouth part, and a bottom part linked to the body part, the heat-shrinkable plastic
element comprising:

at least a layer containing (A) an ionomer resin and (B) an olefin resin as
essential constituents,

wherein the heat-shrinkable plastic element has a storage modulus at 25°C of
at least 4.0x10® Pa, and

adynamic friction coefficient between the heat-shrinkable plastic element and
the preform is at most 1.1.
[Claim 2] The heat-shrinkable plastic element according to claim 1, wherein
(A) the ionomer resin has a storage modulus at 25°C of at least 1.5x108 Pa.
[Claim 3] The heat-shrinkable plastic element according to claim 1 or 2,
wherein the heat-shrinkable plastic element has a specific gravity lower than 1.0.
[Claim 4] The heat-shrinkable plastic element according to any one of claims
1 to 3, wherein

a static friction coefficient between the heat-shrinkable plastic element and
the preform is at most 1.1.
[Claim 5] The heat-shrinkable plastic element according to any one of claims
1 to 4, wherein

the layer contains (A) the ionomer resin in an amount more than 60 mass%
and at most 99 mass%.
[Claim 6] A heat-shrinkable plastic element comprising:

a layer containing (A) an ionomer resin in an amount more than 60 mass%
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and at most 99 mass%, and (B) an olefin resin,

wherein the heat-shrinkable plastic element has a storage modulus at 25°C of
at least 4.0x10® Pa,

a dynamic friction coefficient between the heat-shrinkable plastic element and
polyethylene terephthalate is at most 1.1, and

the heat-shrinkable plastic element has a specific gravity lower than 1.0.
[Claim 7] The heat-shrinkable plastic element according to claim 6, wherein
(A) the ionomer resin has a storage modulus at 25°C of at least 1.5x108 Pa.
[Claim 8] The heat-shrinkable plastic element according to claim 6 or 7,
wherein

a static friction coefficient between the heat-shrinkable plastic element and
the polyethylene terephthalate is at most 1.1.
[Claim 9] The heat-shrinkable plastic element according to any one of claims
1 to 8, wherein

the heat-shrinkable plastic element has a storage modulus at 25°C of 4.0x108
to 1.0x10° Pa.
[Claim 10] The heat-shrinkable plastic element according to any one of claims
1 to 9, wherein (B) the olefin resin is a polypropylene resin.
[Claim 11] The heat-shrinkable plastic element according to claim 10, wherein

the polypropylene resin has a melt flow rate of 4 to 9 g/10 min. (temperature:
230°C, load: 21.17 N), the melt flow rate being measured conforming to ISO1133.
[Claim 12] The heat-shrinkable plastic element according to claim 10 or 11,
wherein

the polypropylene resin has a storage modulus at 25°C of 7.0x10® to 2.0x10°

Pa.
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[Claim 13] The heat-shrinkable plastic element according to any one of claims
1 to 12, wherein

the heat-shrinkable plastic element has a shrinkage of 3 to 20% in a machine
direction (MD), and a shrinkage of 30 to 50% in a transverse direction (TD) with
respect to the machine direction.
[Claim 14] The heat-shrinkable plastic element according to any one of claims
1 to 13, wherein

the layer containing (A) the ionomer resin and (B) the olefin resin has a
thickness of 200 to 500 um.
[Claim 15] The heat-shrinkable plastic element according to any one of claims
1 to 13, wherein

the heat-shrinkable plastic element includes the layer containing (A) the
1onomer resin and (B) the olefin resin, a gas-barrier layer, and another layer containing
(A) the ionomer resin and (B) the olefin resin in order from an inside thereof.
[Claim 16] The heat-shrinkable plastic element according to claim 15, wherein

the heat-shrinkable plastic element further includes adhesive layers between
the layers each containing (A) the ionomer resin and (B) the olefin resin, and the gas-
barrier layer.
[Claim 17] The heat-shrinkable plastic element according to claim 15 or 16,
wherein

the layers each containing (A) the ionomer resin and (B) the olefin resin have
a thickness of 40 to 200 um.
[Claim 18] The heat-shrinkable plastic element according to any one of claims
15 to 17, wherein the gas-barrier layer has a thickness of 20 to 60 pm.

[Claim 19] A composite preform comprising:
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a preform that includes a mouth part, a body part linked to the mouth part,
and a bottom part linked to the body part; and

the heat-shrinkable plastic element according to any one of claims 1 to 18, the
heat-shrinkable plastic element being fit to be disposed on an outside of the preform.
[Claim 20] A composite container that is a blow-molded product of the
composite preform according to claim 19, the composite container comprising:

a container body including a mouth part, a neck part disposed underneath the
mouth part, a shoulder part disposed underneath the neck part, a body part disposed
underneath the shoulder part, and a bottom part disposed underneath the body part;
and

a heat-shrinkable plastic element that is fit to be disposed on an outside of the

container body.
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