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A PREFORM MANUFACTURING DEVICE

[Technical Field]
[0001]

The present invention relates a preform
manufacturing device for manufacturing a preform for a
plastic bottle from thermoplastic resin flakes such as
PET flakes.

[Background Art]
[0002]

A plastic bottle such as plastic container, etc.,
made of polyethylene terephthalate (PET) is widely used
to contain food and liguid for drinking. The plastic
bottle is shaped by blowing up a preform having the shape
such as a test tube by a stretch blow molding method.
[0003]

Recently, recycle of a plastic bottle which is
manufactured from a used plastic bottle, has been carried
out. In particular, in order to recycle a used plastic
bottle as a plastic bottle for liquid for drinking, food,
etc., completely removing foreign matter in the plastic
bottle is important so that it can be safely used by a
customer.

[0004]

For example, as described in PTL 1, a chemical
recycle method and a mechanical recycle method are known
as a decontamination method. In the chemical recycle
method and mechanical recycle method, first, resin flakes
are produced by shattering and washing a collected used
plastic bottle. After that, in the chemical recycle
method, depolymerization reaction of the resin flakes is
carried out in order to decompose the resin flakes into
raw materials or intermediate materials of the resin, and

the decomposed resin is purified and repolymerization is
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carried out in order to carry out decontamination. On the
other hand, in the mechanical recycle method, impure
substances contained in the resin flakes are volatilized
at high temperature in order to carry out
decontamination. Compared to the chemical recycle method,
the mechanical recycle method can reduce necessary
equipment, and therefore it can reduce manufacturing
costs and environmental load.

[Citation List]

[Patent Literature]

[0005]

[PTL 1]

Japanese Patent Publication No. 2014-198422A

[Summary of Invention]

[Technical Problem]

[0006]

FIG. 8 shows a part of a recycle process of a
plastic bottle, wherein a mechanical recycle method is
used, according to prior art. In the shown recycle
process, a preform is manufactured using resin flakes
produced from a used plastic bottle.

[0007]

In a step P101l, resin flakes are prepared. The resin
flakes are produced by shattering and washing a used
plastic bottle. In a step P102, the resin flakes are
decontaminated at high temperature by a decontamination
apparatus. In a step P103, the decontaminated resin is
melted in the decontamination apparatus. In a step P104,
the melted resin is extruded from the decontamination
apparatus. At this time, foreign matter in the resin is
removed by passing the resin through a filter. In a step
P105, the extruded amorphous resin is heated up to high
temperature (about 220 degrees Celsius) and is
crystallized. In a step P106, the crystalized resin is
packed and transported. In a step P107, the transported
crystalized resin is dried at about 160 degrees Celsius.

In a step P108, the dried crystalized resin is melt for
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injection molding. In other words, the crystalized resin
is plasticized. In a step P109, a preform is manufactured
by injecting and molding the plasticized resin with an
injection molding apparatus.

[0008]

As mentioned above, in the prior recycle process,
the amorphous resin extruded from the decontamination
apparatus is crystalized for transportation and
introduction into the injection molding apparatus.
Further, drying the crystalized resin after transporting
it is necessary in order to prevent hydrolysis of the
crystalized resin, since the crystalized resin absorbs
moisture during the transportation. Accordingly, there
were many steps necessary to manufacture a preform from
resin flakes, and therefore enhancing productivity and
quality of a preform was challenging.

[0009]

The present invention was made in consideration of
the above situation and has an object of enhancing
productivity and quality of a preform, in a recycle
process of a plastic bottle, wherein a mechanical recycle
method is used.

[Solution to Problem]
[0010]

As a result of intensive research, the present
inventors conceived of integrating a decontamination
apparatus and an injection molding apparatus and
completed the present invention by focusing attention on
that a resin has been melted in the step of extruding a
decontaminated resin from the decontamination apparatus
and the step of injecting a resin into a mold of the
injection molding apparatus.

[0011]

In order to solve the above problem, in a first
invention, there is provided a preform manufacturing
device for manufacturing a preform from thermoplastic

resin flakes, comprising: a decontamination apparatus
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removing contaminants in the thermoplastic resin flakes,

and an injection molding apparatus injecting and molding

the thermoplastic resin supplied from the decontamination
apparatus.

[0012]

In a second invention, the preform manufacturing
device further comprises a filter disposed between the
decontamination apparatus and the injection molding
apparatus in the first invention.

[0013]

In a third invention, the preform manufacturing
device further comprises a gear pump disposed between the
filter and the injection molding apparatus in the second
invention.

[0014]

In a fourth invention, the injection molding
apparatus comprises a plurality of molds and continuously
shapes preforms in any one of the first to third
inventions.

[0015]

In a fifth invention, the injection molding
apparatus 1s a rotary type injection molding apparatus
comprising a rotary mechanism rotating the plurality of
molds in the fourth invention.

[Advantageous Effects of Invention]
[0016]

According to the present invention, it is possible
to enhance productivity and quality of a preform, in a
recycle process of a plastic bottle, wherein a mechanical
recycle method is used.

[Brief Description of Drawings]

[0017]

[Fig. 1]

FIG. 1 shows a preform for a plastic bottle.

[Fig. 2]

FIG. 2 is a figure schematically showing a preform

manufacturing device according to the embodiment of the
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present invention.

[Fig. 3]

FIG. 3 is a figure schematically showing another example
of a decontamination apparatus according to the
embodiment of the present invention.

[Fig. 4]

FIG. 4 is a figure schematically showing an injection
molding apparatus according to the embodiment of the
invention.

[Fig. 5]

FIG. 5 is a figure schematically showing a gear pump
according to the embodiment of the invention.

[Fig. 6]

FIG. 6 is a figure schematically showing another example
of an injection molding apparatus according to the
embodiment of the present invention.

[Fig. 7]

FIG. 7 is a flowchart of a preform manufacturing process
according to the embodiment of the present invention.
[Fig. 8]

FIG. 8 is a flowchart of a preform manufacturing process
in prior art.

[Description of Embodiments]

[0018]

Below, referring to the attached drawings, an
embodiment of the present invention will be explained in
detail. Further, in the blow explanation, the same
components are assigned the same reference notations.
[0019]

A plastic bottle used to contain liquid for
drinking, food, etc., is shaped by blowing up a preform
by a stretch blow molding method. Note that in the
Description, a plastic bottle means a bottle made of
plastics such as polyethylene terephthalate (PET),
polypropylene (PP) and polyethylene (PE), and therefore
it is not limited to a PET bottle. Further, the plastic
bottle may be a Polyethylene naphthalate (PEN), a plant
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bottle partially made from plants, etc.

[0020]

FIG. 1 shows a preform 100 for a plastic bottle. The
preform 100 is composed of an inlet portion 100a fitting
with a cap of a plastic bottle, a cylindrical body
portion 100b adjacent to the inlet portion 100a, and a
bottle portion 100c closing one end of the cylindrical
body portion 100b, and has a shape such as a test tube.
An external thread screwed with an internal thread of the
cap of the plastic bottle is formed on the circumference
surface of the inlet portion 100a. The end of the preform
100, which is positioned at the inlet portion 100a side,
is opened.

[0021]

The preform 100 is manufactured using injection
molding apparatus typically from a virgin material made
of an oil, etc., a recycled material made of a used
plastic bottle, or a mixture of the virgin material and
the recycled material. However, a used plastic bottle is
often contaminated by impure substances. Therefore, if a
recycled material is used, 1t is necessary to remove
contaminations due to impure substances by a
decontamination apparatus before introduction into the
injection molding apparatus.

[0022]

FIG. 2 is a figure schematically showing a preform
manufacturing device 1 according to the embodiment of the
present invention. The preform manufacturing device 1
manufactures a preform from a recycled material. The
recycled material is a thermoplastic resin flake which is
produced by shattering and washing a used plastic bottle,
for example, a PET flake. The PET flake is a small piece
of about 8mm square.

[0023]

The preform manufacturing device 1 comprises a

decontamination apparatus 3 and an injection molding

apparatus 5. The decontamination apparatus 3 removes
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contaminations in thermoplastic resin flakes, and
supplies the decontaminated thermoplastic resin to the
injection molding apparatus 5. The injection molding
apparatus 5 shapes a preform by injecting and molding the
thermoplastic resin supplied from the decontamination
apparatus 3. In the present embodiment, the preform
manufacturing device 1 further comprises a filter 7
disposed between the decontamination apparatus 3 and the
injection molding apparatus 5. The filter 7 is, for
example, a screen mesh filter having holes of 32um
diameter, or a melt filter which removes foreign matter
by rotating a cylindrical filter having holes of minimum
80 um diameter. Micro foreign matter in the thermoplastic
resin can be removed by passing the melted thermoplastic
resin extruded from the decontamination apparatus 3
through the filter 7.

[0024]

The decontamination apparatus 3 has an inlet 31, a
decontamination portion 32 and a supply portion 33.
Thermoplastic resin flakes are introduced into the
decontamination portion 32 from the inlet 31, and the
thermoplastic resin decontaminated in the decontamination
portion 32 is supplied to the injection molding apparatus
5 by the supply portion 33. In the present embodiment,
the decontamination portion 32 has two decontamination
containers 34a and 34b. The decontamination containers
34a and 34b have similar constructions. The upper ends of
the decontamination containers 34a and 34b are provide
with two slide valves 35, respectively. Each of the two
slide valves 35 can be moved between an open position and
a closed position by double-acting cylinders 36.

[0025]

The decontamination containers 34a and 34b are
connected to a vacuum pump 37, respectively. Therefore,
the decontamination containers 34a and 34b are
decompressed into a vacuum state by the vacuum pump 37.

Further, a plurality of rotation members 39 connected to
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a rotation shaft 38 are located in the decontamination
containers 34a and 34b. The rotation shaft 38 is driven
to rotate by a rotation driving device 40. The
thermoplastic resin introduced into the decontamination
containers 34a and 34b is fluidized and heated by
rotating the rotation members 39 by driving the rotation
shaft 38. The decontamination apparatus 3 can volatilize
and remove contaminations in the thermoplastic resin by
heating the thermoplastic resin at a vacuum state.
Accordingly, the decontamination apparatus 3 carries out
a so-called mechanical recycle method.

[0026]

The decontamination apparatus 3 has a transfer
portion 41 between the decontamination container 34a and
the decontamination container 34b. The thermoplastic
resin decontaminated in the decontamination container 34a
enters into the transfer portion 41 from a discharge port
provided in the decontamination container 34a. A transfer
screw 42 is disposed at the transfer portion 41. The
transfer screw 42 is driven to rotate by a transfer screw
driving device 43. The thermoplastic resin is moved from
the decontamination container 34a to the decontamination
container 34b by rotating the transfer screw 42Z2. The
thermoplastic resin moved to the decontamination
container 34b is decontaminated again in the
decontamination container 34b by a method similar to the
decontamination container 34a. A supply screw 44 is
disposed at the supply portion 33 disposed at the lower
portion of the decontamination container 34b. The supply
screw 44 is driven to rotate by a supply screw driving
device 45. The supply portion 33 supplies the
decontaminated thermoplastic resin to the injection
molding apparatus 5 via the filter 7 by rotating supply
screw 44.

[0027]
The supply screw 44 melts the decontaminated

thermoplastic resin. Therefore, the decontaminated
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thermoplastic resin at the molten state is supplied to
the filter 7. Note that if the preform manufacturing
device 1 is not provided with the filter 7 or if the
injection molding apparatus 5 is provided with a filter,
the supply screw 44 may be a transport screw supplying
the decontaminated thermoplastic resin at the solid state
to the injection molding apparatus 5.

[0028]

The rotation shaft driving device 40, transfer screw
driving device 43 and supply screw driving device 45 are,
for example, electric motors. Note that the
decontamination apparatus 3 may have a construction
having only one decontamination container 34c, as shown
in FIG.3 as a decontamination apparatus 3'. Further, the
decontamination apparatus 3 is not limited to the
construction mentioned above as long as it is configured
to remove contaminations in thermoplastic resin flakes by
a mechanical recycle method.

[0029]

FIG. 4 is a figure schematically showing the
injection molding apparatus 5 according to the embodiment
of the present invention. As shown in FIGS. 2 and 4, the
injection molding apparatus 5 has an injection portion 51
and a mold portion 52. The injection portion 51 includes
a heating cylinder 53 and a plasticizing screw 54. A
heater 55 is provided on the heating cylinder 53, and the
heating cylinder 53 can heat the thermoplastic resin
supplied to the injection portion 51 from the
decontamination apparatus 3. The plasticizing screw 54 1is
driven to rotate by a plasticizing screw driving device
(not shown) and can be moved in an axial direction of the
plasticizing screw 54. The thermoplastic resin supplied
to the injection portion 51 is plasticized by being
heated by the heating cylinder 53 and a frictional force
applied by the rotation of the plasticizing screw 54. The
plasticizing screw driving device is, for example, a

hydraulic cylinder, a hydraulic motor, an electric motor,
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or a combination thereof.
[0030]

The plasticized resin is hold at the front side of
the plasticizing screw 54 and is injected into cavities
of a mold 56 of the mold portion 52 by advancing the
plasticizing screw 54 in the axial direction. The
plasticizing screw 54 advanced in the axial direction is
shown in FIG. 4. The resin injected into the cavities is
cooled and solidified. After that, the mold 56 is
opened, and the shaped preform is ejected from the mold
56. In the example in FIG. 4, two preforms are shaped per
one injection molding.

[0031]

The plasticizing screw 54 is retracted in the axial
direction after injecting the resin, and plasticizes the
resin supplied from the decontamination apparatus 3 again
by the rotation of the plasticizing screw 54. The
plasticized resin is injected into the mold 56 again.
Accordingly, the plasticizing screw 54 intermittently
rotates in order to plasticize a resin, and the injection
molding apparatus 5 intermittently shapes preforms.
Therefore, the supply screw driving device 45 of the
decontamination apparatus 3 drives the supply screw 44 so
that a resin is supplied to the injection portion 51 so
as to conform to the timing of the retraction of the
plasticizing screw 54. In other word, the supply screw
44 is controlled so as to cooperate with plasticizing
screw 54.

[0032]

The preform manufacturing device 1 may further
comprise a gear pump disposed between the filter 7 and
the injection molding apparatus 5. FIG. 5 is a figure
schematically showing a gear pump 9 according to the
embodiment of the present invention. The gear pump 9
conveys a resin by oppositely rotating two gears 9la and
91b meshing each other. Any one of the gears 9la and 91b

is driven to rotate by an electric motor. The gear pump 9
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can control the amount of conveyed resin by controlling
the rotation speed of gears 9la and 91b. Therefore, the
amount of resin supplied from the decontamination
apparatus 3 to injection molding apparatus 5 can be
controlled. Accordingly, the gear pump 9 can supply a
substantially constant amount of resin to the injection
molding apparatus 5 by increasing the rotation speed of
the gears 9la and 91b, even if the filter 7 is clogged.
[0033]

FIG. 6 is a figure schematically showing another
example of an injection molding apparatus according to
the embodiment of the present invention. A injection
molding apparatus 5' is a rotary type injection molding
apparatus comprising a plurality of molds and a rotary
mechanism rotating the plurality of molds, and can
continuously shape preforms. The injection molding
apparatus having such a construction is well known and
disclosed in, for example, WO 2014/111902. Therefore, the
construction of the injection molding apparatus 5' will
be briefly explained in the Description.

[0034]

The injection molding apparatus 5' has a extrusion
portion 61, a resin conveying portion 62, a rotary
mechanism 63 and a mold portion 52'. The extrusion
portion 61 includes a heating cylinder 53' and a
plasticizing screw 54'. The heating cylinder 53' is
provided with a heater 55' and can heat the thermoplastic
resin supplied from the decontamination apparatus 3 to
extrusion portion 61. The plasticizing screw 54' is
driven to rotate by a plasticizing screw driving device
(not shown). The thermoplastic resin supplied to the
extrusion portion 61 is plasticized by being heated by
the heating cylinder 53" and a frictional force applied
by the rotation of the plasticizing screw 54'. Further,
the resin supplied to the extrusion portion 61 is
extruded to the resin conveying portion 62 by the

rotation of the plasticizing screw 54'. The plasticizing
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screw driving device is, for example, an electrical
motor.
[0035]

A conveying passage 64 is formed in the resin
conveying portion 62. The resin extruded to the resin
conveying portion 62 is conveyed to a resin distribution
portion 65 of the rotary mechanism 63 through the
conveying passage 64. The rotary mechanism 63 is
rotatably connected to the resin conveying portion 62 via
a rotary joint. The central axis of the conveying passage
64 is coaxial with the rotational axis of the rotary
mechanism 63. The resin distribution portion 65 is
connected to a plurality of first radial passages 66.
Accordingly, the resin conveyed to the resin distribution
portion 65 is distributed to the plurality of first
radial passages 66 via the resin distribution portion 65.
The plurality of first radial passages 66 are connected
to a second radial passage 67, respectively. The resin
distributed to the first radial passage 66 is supplied
into cavities of molds formed in the mold portion 52
through the first radial passages 66 and the second
radial passages 67.

[0036]

The resin supplied into the cavities is cooled and
solidified. After that, the molds are opened, and the
shaped preforms are ejected from the molds. The injection
molding apparatus 5' has molds continuously disposed in
the circumference direction, and the number of the molds
is, for example, 144. In the injection molding apparatus
57, the plurality of molds continuously rotates with the
rotary mechanism 63, and therefore a preform shaped in
each mold is continuously ejected at the same position in
the circumference direction.

[0037]

In the injection molding apparatus 5', the

plasticizing screw 54' continuously rotates during

shaping preforms, and thereby it continuously plasticizes
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the resin supplied to extrusion portion 61 and extrudes
it to the resin conveying portion 62. In this case, the
supply screw 44 of the decontamination apparatus 3 is
continuously driven to rotate in order to continuously
supply the resin to the extrusion portion 61, and
therefore the processing ability of the decontamination
apparatus 3 is not suppressed. Accordingly, productivity
of a preform in the recycle process can be further
enhanced by combining the decontamination apparatus 3 and
the injection molding apparatus 5'. Note that the
injection molding apparatus 5' is not limited to the
construction mentioned above as long as it is configured
to continuously shape preforms by continuously rotating
the plasticizing screw 54'

[0038]

Below, a preform manufacturing method in the present
embodiment will be explained. FIG. 7 i1s a flowchart of a
preform manufacturing process according to the embodiment
of the present invention. In a step Pl, resin flakes are
prepared. The resin flakes are produced by shattering and
washing a used plastic bottle. The resin flakes are
thermoplastic resin flakes, for example, PET flakes. In a
step P2, the resin flakes are decontaminated at high
temperature by the decontamination apparatus 3. In a step
P3, the decontaminated resin is melted. The resin is
melted by the supply screw 44 of the decontamination
apparatus 3 and is supplied to the plasticizing screw 54
of the injection molding apparatus 5 or the plasticizing
screw 54' of the injection molding apparatus 5'.
Accordingly, in the present embodiment, the
decontaminated resin is directly supplied from the
decontamination apparatus 3 injection molding apparatus 5
or 5'. Further, the melted resin is passed through the
filter 7 before being supplied to the plasticizing screw
54 or 54', and thereby foreign matter in the resin are
removed. The resin supplied to the plasticizing screw 54

or 54' is kept melted, i.e., plasticized by the
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plasticizing screw 54 or 54'. In a step of P4, a preform
is manufactured by injecting and molding the plasticized
resin with the injection molding apparatus 5 or 5'.
[0039]

Note that if foreign matter in the resin is not
removed by the filter 7 or if foreign matter in the resin
is removed by a filter provided in the injection molding
apparatus 5 or 5', the supply screw 44 may supply the
decontaminated resin at the solid state to the injection
molding apparatus 5 or 5'.

[0040]

According to the present embodiment, the preform
manufacturing process can be drastically shortened,
compared to the preform manufacturing process in prior
art, which is shown in FIG. 8. Therefore, it is possible
to enhance productivity of a preform in a recycle process
of a plastic bottle, wherein a mechanical recycle method
is used. Further, according to the present embodiment,
the number of heating or cooling a resin which is a
material of a preform can be reduced, compared to the
preform manufacturing process in prior art, which is
shown in FIG. 8. Therefore, thermal load on a resin is
reduced, and thereby quality of a preform manufactured
from a recycled material, and therefore quality of a
plastic bottle manufactured from a recycled material can
be enhanced.

[0041]

Above, the preferred embodiments according to the
present invention were explained, but the present
invention is not limited to these embodiments. Various
modifications and changes may be made within the scope of
the claims. For example, the plasticizing screw 54 of the
injection molding apparatus 5 or the plasticizing screw
54' of injection molding apparatus 5' and the supply
screw 44 of decontamination apparatus 3 may be integrated
into one piece and be driven by one driving device.

Further, if the molten state of the resin melted by the
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supply screw 44 is maintained in the injection portion 51
of the injection molding apparatus 5, the injection
portion 51 may not be provided with the heating cylinder
53 and the heater 55. Similarly, if the molten state of
the resin melted by the supply screw 44 is maintained in
the extrusion portion 61 of the injection molding
apparatus 5', the extrusion portion 51 may not be
provided with the heating cylinder 53' and the heater
55'.

[Reference Signs List]

[0042]

preform manufacturing device

decontamination apparatus

, 5'. Injection molding apparatus

filter

~ 0w

9. gear pump
44. supply screw
54, 54'. plasticizing screw

100. preform
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[CLAIMS]
[Claim 1]

A preform manufacturing device for manufacturing a
preform from thermoplastic resin flakes, comprising:

a decontamination apparatus removing
contaminants in the thermoplastic resin flakes;
an injection molding apparatus injecting and

molding a thermoplastic resin supplied from the
decontamination apparatus to shape preforms;

a filter disposed between the decontamination
apparatus and the injection molding apparatus; and
a gear pump disposed between the filter and the
injection molding apparatus.
[Claim 2]

The preform manufacturing device according to claim
1, wherein the injection molding apparatus comprises a
plurality of molds and continuously shapes preforms.
[Claim 3]

The preform manufacturing device according to claim
2, wherein the injection molding apparatus is a rotary
type injection molding apparatus comprising a rotary

mechanism rotating the plurality of molds.



