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Plastftizing Appératus and Plasticizing

ethod Employing Same

This invention relates to a plasticizing apparatus in which the degree of

vacuum in a cylinder may be increased to increase the throughput of molded articles

: L [P

and to improve the quality thereof and a plasticizing method employing such

apparatus.

Tith the currently employed uniaxial or multiaxial plasticizing apparatus for'
molding of a plastic material, a vent hole is formed in the cylinder fbr degassing
the inside of the cylinder via such vent hole to remove air, volatile matter or water
contained in a space between the plastic material and the inner wall surface of the
cylinder or w?thin the plastic material to improve the quality of molded articles.

For effective degassing, it is necessary t6 seal the cylinder ahead of the
vent hole to prevent air from being intruded from the outside into the inside of the

cylinder during degassing. [f such sealing is not made properly, it may occur that
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material, or the material in the cylinder be sucked via the vent hole, with the
result that degassing of the material can not be carried out effectively.

In order to.effect such sealing of the vent hole, it has been practiced with
a known plasticizing apparafus shown in Fig. 12 to provide a compression section
formed by shallow screw flutes ahead of a vent hole 102 of a screw 101 to cause the
saterial to be charged at the compression section into a cylinder 103 as the material
is transported to assure sealing of a vent region ahaad of the vent hole 102.

There is also known an extruder disclosed in the gazette of JP Patent KOKOKU
Publication No. 27912/1970. according to whicha separate movable valving unit fitted
with a thrust valve which may be opened or closed under the thrusting force is
provided in a feeder for stopping up an exit opening of a hopper by the thrust valve
to effect the sealing of the cylinder with respect to the supply side of the feed
material.

On the other hand, with the conventional plasticiaing-method. a constant
quantity of the feed material is supplied from the hopper into the cylinder without
regard to the rotational speed of the screw in the plasticizing apparatus.

The above-described conventional plasticizing apparatus suffers from the

following drawbacks.
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or the feed material supply side, the total length of the scfew 1s increased by an
amount equal to the length of the compression section to increase the size and costs
of the apparatus.

If the separate movable valving unit is provided in the feeder, the feeder is
complicated in structure and becomes costly.

Yith the conventional plasticizing method, in which a constant amount of the
feed material is supplied into the cylinder without regard to the rotational speed
of the screw, supply of the feed material can not cope with the throughput of the
molded articles if, with the plasticizing apparatus employing a multiaxial screw.
the rotational speed of the screw is changed, with the result that surplus or deficit
of the feed material is incurred. Above all, if the rotational speed of the screw
1s increased, the material in the cylinder falls into shortage to lower the quality

of the molded articles.

[n view of the above-described status of the prior art, it would be desirable
to be able to provide an apparatus for plasticization whereby the sealing in

the cylinder may be achieved effectively with reduction in the size and costs of the

apparatus, and a method for plasticization whereby the material to be plasticized may
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be supplied in a suitable quantity conforming to the number of revolutions of the
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screw to increase the throughput and improve the quélity'of the molded‘articles.
Accordingly, the present invention- provides a plasticizing _

apparatus comprising a plasticizing cylinder and a feed screw mounted within the
plasticizing cylinder, characterized in that a rotary valve for supplying a powdery
or particulate material to be plasticized into the cylinder is mounted in a
hermetically sealed relation with respect to and in continuation to the cylinder.
An air éuction pump may be provided beiween the rotary valve and the cylinder or an
air vent hole may also be prdvided in the vicinity of a material supplying section
of the cylinder.

The present invention also provides a plasticizing method - comprising
plasticizing a material as it is supplied by a rotary valve into the inside of a
plasticizing cylindgr having a feed screw mounted therein. The material may be
supplied into the cylinder as the rotary valve is rotated continuously or
intermittently.  Alternatively, the rotational speed of the rotary valve is
synchronized with that of the screw for supplying a moderate amount of the material
correlated with the rotational speed of the rotary valve into the cylinder for
plasticization.

In the present specification, the term air is to be understood as meaning a
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Since a rotary valve having high sealing properties is employed in the
plasticizing apparatus of the present invention as material supplying means, the
space within the cylinder may be sealed reliably without the necessity of employing
special screws or sealing means, while the degree of vacuum within the cylinder may
be improved by providing various degassing means.

Besides, with the plasticizing method of the present invention, employing the
above-mentioned plasticizing apparatus, a moderate amount of the material may be
supplied-at all times into the plasticizing cylinder. while the air included in the
space between the material and the inner walling of the cylinder or within the
material itself may be eliminated to raise the bulk density of the material.

¥ith the above-described plasticizing apparatus of the present invention, the
degree of vacuum within the cylinder may be improved while the apparatus may be
reduced in size.

In addition, tt becomes possible with the plasticiztng method of the present
invention to supply a moderate amount of the material into the plasticizing cylinder

to increase the throughput and improve the quality of the molded articles.
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drawings of which:
Fig. 1. is a longitudinal cross-section showing a plast1c1z1ng apparatus

employing a uniaxial screw according to a first embodiment of the present invention.

Fig.2 is a longitudinal cross-section showing a plasticizing apparatus
employing a uniaxial screw according to a second embodiment of the present
invention.

Fig.3 is a longitudinal cross-section showing a plasticizing apparatus
enploying a multiaxial screw according to a third embodiment of the present
invention.

Fig.4 is a partial cross-sectional view showing a plasticizing apparatus
according to a fourth embodiment of the present invention.

Fig.5 is a partial cross-sectional view showing a plasticizing apparatus
according to a fifth embodiment of the present invention.

Fig.6 is a partial cross-sectional view showing a plasticizing apparatus
according to a sixth embodiment of the present invention.

Fig.7 is a partial cross-sectional view showing a plasticizing apparatus
according to a seventh embodiment of the present invention.

Fig.8 is a partial cross-sectional view showing a plasticizing apparatus

according to an eighth embodiment of the present invention.
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Fig. 9 is a partial cross-sectional view shoying a plasticizing apparatus
according to a ninth embodiment of the present invention.

Fig. 10 is a partial cross-sectional view showing a plasticizing apparatus
according to a tenth embodiment of the present invention.

Fig. 11 is a partial cross-sectional view showing a plasticizing apparatus
according to an eleventh embodiment of the present invention.
Fig. 12 is a longitudinal cross-sectional view showing a conventional

plasticizing apparatus.

Referring to the drawings, certain preferred embodiments of the plasticizing
method and apparatus according to. the present invention ﬁill be explained in detail.
[t should be noted that these embodiments are given only for the sake of illustration
and are not intended for limiting the invention.

A uniaxial screw type plasticizing apparatus according to a first embodiment
of the present invention is first explained.

Fig. 1 shows, in a longitudinal cross-section, a plasticizing gpparatus of the
present first embodiment.

A rotary valve 2 is connected to an exit side of a hopper I.

The exit side of rotary valve 2 is connected to a plasticizing cylinder 4 in
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a hermetically sealed manner via a connecting tube 3. The rotary valve 2 is run in
rotation by a driving motor 2a for supplying the material contained in the hopper |
into the inside of cylinder 4.

A feed screw 5 driven by a driving unit 7 is mounted within a hollow interior
of the plasticizing cylinder 4.

In the vicinity of a material supply section connecting to the connecting tube
3 and, in the present embodiment, in a portion of the plasticizing cylinder 4 in the
vicinity of a root part 5a of the screw 5, there is formed one or more air vent holes
4a for sucking air contained in cylinder 4. At least a part of the air vent hole(s)
4a may be of a porous structure.

A rotary seal 6 is provided in the vicinity of the root part 5a of the screw
5 for preventing air from flowing from the driving unit 7.

The driving unit 7 is provided with a sensor 9 for detecting the number of
revolutions of the screw § and a controller 10 responsive to a signal from the sensor
9 to control the number of revolutions of the motor 2a for the rotary valve 2.
Details of the sensor 4 and the controller 10 will be explained later in connection
with a concrete example of the plasticizing method embodying the present invention.

A heater 8§ is provided érodnd the peripheral surface of the cylinder 4 for

heating the cylinder 4 for melting the material as it is transported through the
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Fig.2 shows., in a longitudinal cross-section. a uniaxial screw type
plasticizing apparatus according to a second embodiment of the present invention.

Yith the present plasticizing apparatus, a suction tube of a suction pump 11
is connected to a part of a connecting pipe 3 interconnecting the rotary valve 2 and
the cylinder 4. [t is by this suction pump Il that air is sucked from a space
between tﬁe inner wall surface of the connecting tube 3 and the material contained
in the connecting tube 3 and from within the material. In the present esbodiment,
the air vent hole 4a formed in the vicinity of the material supply section of the
cylinder 4 may be eliminated. That is. with the present embodiment, it is possible
to remove air from a space between the material and the inner wall surface of the
connecting tube 3 and from within the material itself at a stage prior to supply of
the material into the cylinder 4.

Fig.3 shows, in a longitudinal cross-section, a biaxial screw type
plasticizing apparatus according to the third embodiment of the ﬁresent invention.

Yith the present plasticizing apparatus. screws 5. 5. of which oaly one is
1llustrated, are mounted in a meshing state within cylinder 4.

A vent port 4b for sucking air included in the cylinder 4 or volatile matter

or water etc. generated from the material to outside is formed at an upper region of
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Tith the above-described first to third embodiments, since the inside and the
outside of the cylinder 4 are perpetually sealed from each other by the rotary valve
2. it becomes possible to prevent air from being intruded during degassing into the
cylinder from the material supply side.

Thus it becomes possible to discharge air by suction by suction pump !l and
to discharge air, volatile matter an@ moisture etc. by the vent hole 4a and/or the
vent port 4b to improve degassing of the material contained in the cylinder 4.

Besides. by employihg'the rotatory valve, the material may be supplied in
desired amounts in a desired supply mode such as a continuous or intermittent supply
mode. An amount of the material correlated with the screw rotation may be supp}ied
by synchronizing the screw rotation with the rotary valve rotation.

¥ith the above-described embodiments, the space within the éylinder 4 may be
sealed effectively without the necessity of providing the compreséion section in the
screw or providing a movable valving device of a complicated struéture in the feeder
as in the conventional plasticizing apparatus.

Thus it becomes possible to reduce the total length of the screw to reduce the

size and costs of the entire apparatus. as well as to simplify the feeder structure.
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Yith the above-described first to third embodiments, the material is supplied

tnto the cylinder by the sole rotary valve. For improving the sealing of the
material supply side, it is also possible to provide a plurality of stacked rotary
valves or to provide a shut-off valve at an upper part of the rotary valve for
supplying the material into the cylinder.

Preferred embodiments of this type are hereinafter explained.

Fig. 4 shows, by a partial cross-sectional view, a plasticizing apparatus
according to the fourth embodiment of the present invention.

¥ith the present plasticizing apparatus, two rotary valves 21, 22 are stacked
and connected to each other in a hermetically sealed manner between hopper 1 énd
connecting tube J.

[n the present embodiment. having the rotary valves 21, 22 stacked one above
the other, the sealing between the inside and the out;ide of the cylinder 4 may be
improved further to assure a more effective degassing of the material and the space
between the cylinder and the material.

¥eanwhile, the present embodiment may be applied to both the uniaxial screw
apparatus and to the multi axial screw apparatus, subject to corresponding
modifications.

Fig. 5 shows, by a partial cross-sectional view; a plasticizihg apparatus
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according to the fifth embodiment of the present invention.

Yith the present plasticizing apparatus, two rotary valves 21, 22 are
connected to each other in a hermetically sealed manner by a connecting tube 30, and
a suction tube of a suction pump 31 similar to that of the second embodiment is
connected to the connecting tube 30 for discharging air to outside under suction via
connecting tube 30.

With the present fourth embodiment, it becomes possible to discharge air from
the space between the material and the inner wall surface of the connecting tube 30
and from within the material before the material is supplied to the inside of the
cylinder 4.

Fig. 6 shows, by a partial cross-sectional view, a plasticizing apparatus
according to the sixth embodiment of the present invention.

With the present plasticizing apparatus, two rotary valves- 21, 22 are
connected to each other in a hermetically sealed manner with a material storage
section 40 in-between, and a suction tube of a suction pump 41 similar to that of the
second embodiment is connected to the storage section 40 for discharging air to
outside.

¥ith the present embo&iment. the material supplied from hopper 1 is stored

once in the storage section 40 and degassed for a predetermined period by suction
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tween the material and the inner wall surface of the storage section and from
vithin the material to raise its bulk density.

In the present embodiment, an air vent section 4a is formed in the following
manner. That is, the walling of the cylinder in the vicinity of the materigl supply
section is of a double cylinder structure comprised of a heating cylinder 4c as an
outer cylinder and an air-permeable cylinder 4d as an inner cylinder,-and the air is
discharged from within the cylinder 4 to outside by suction by a suction pump 42.

¥ith such construction, it becomes possible to discharge air effectively from
the space between the inner wall surface of the cylinder and from within the material
itself as-well as to raise the bulk density of the material further.

Meanwhile, the apparatus shown in Fig. 6, having the suction tube of the
suction pump 41 connected to the storage section 40, may be satisfactorily employed
as the plasticizing apparatus. even if the air vent section 4a of the dox-xble
cylindrical construction is omitted.

Fig. 7 shows. by a partial cross-sectional view, a plasticiziﬁg apparatus
according to the seventh embodiment of the present invention.

The plasticizing apparatus of the present seventh embodiment includes a

paterial supply channel 60 having its inlet connected to a hopper 50 in a
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4 in a hgrmetically sealed manner. Three rotary valves 23. 24 and 25, run in
rotation by a single driving motor 20a, are arranged in tandem on the same rotary
axis, while a screw feeder 70, driven by a driving motor 70a, is mounted as a
material extrusion means ipto the cylinder 4, in the vicinity of the material supply
channel 60.

¥ith the present embodiment, having the three rotary valves 23 to 25 arranged
in tandem and by having the screw feeder 70 mounted as the material extruding means.
it becomes possible to raise the degree of vacuum within the cylinder 4 and to assure_
effective degassing from the space between the inner wall surface of the cylinder and
the material and from within the material itself as well as to increase the material
supply quantity.'-

Meanwhile, if the heat emitted by heater 8 provided at the discharge side of
the cylinder 8 as sho;n'in Figs.1 to 3 is transmitted via cylinder 4 to rotary valves
23 to 25, it may occur that the material in the supply channel 60 be melted to lower
the sealing properties of the rotary valves 23 to 25. Thus, with the present
embodiment, a cooling section 80 for circulating a cooling medium 81, such as water,
around the peripheral surface of the supply side of the cylinder 4, is provided for

preventing the heat evolved by the heater § from being ;ransmitted to the rotary
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It is noted that such cooling section 80 may be provided on the cylinder 4 of
"the plasticizing apparatus according to the first to sixth embodiments described
previously.

Fig. 8 shows, by a partial cross-sectional view, a plasticizing apparatus
according to the eighth embodiment of the present invention.

Vith the present plasticizing apparatus, a ball valve 26 as a shut-off valve
and a rotary valve 22 are provided in a directly stacked relation and in a
hermetically sealed manner relative to each other between the hopper | and the
connecting tube 3. The ball valve 26 is rotated intermittently by 90° by motor 27
driven under s driving signal from controller 10 for alternately supplying and
interrupting the material repeatedly.

The plasticizing apparatus of the present embodiment, in which the ball valve
26 and the rotary valve 27 are stacked one upon the other, is suited above all to the
supply of a pulverulent material because the sealing between the outside and the
inside of the cylinder 4 may be improved to achieve effective degassing from the
space between the inner wall of the cylinder 4 and the material and from within the
material.

Neanwhile, the present embodiment may be applied to both the uniaxial screw
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subject to corresponding modifications.

Fig. 9 shows, by a-partial cross-sectional view, a plasticizing apparatus
according to the ninth embodiment of the present invention.

Vith the present plasticizing appératus. a ball valvé 26 as a shut-off valve
and a rotary valve 22 are connected to each other in a hermetically sealed relation
via a connecting tube 30 to which is connected a suction tube of a suction pump 3!
similar to that of the second embodiment described above for discharging air to
outside under suction via the connecting tube 30.

¥ith the present embodiment, it becomes possible to discharge the air from the
space between the inner wall surface of the connecting tube and the material and from.
within the material before the material is supplied into the cylinder 4.

Fig. 10 shows, by a partial cross-sectional view, a plasticizing apparatus
according to the tenth embodiment of the present invention.

¥ith the present plasticizing apparatus, a bali valve 26 énd a rotary valve
92 are connected to each other in a hermetically sealed relation with a material
storage section 40 in-between and a suction pipe of a suction pump 41 similar to that
of the above-described second embodiment is connected to the storage section 40 to

discharge air under suction effects out of the storage section 40.
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5, As the shut-off valve 26, a butterfly valve or a slide valve may be employed
%
sides the ball valve.

¥ith the above-described fourth to tenth embodiments, in which material supply
means into the cylinder 4 is achieved by an arrangement comprised of a plurality of
rotary valves 21 and 22 or 23 to 25, stacked together, or an arrangement comprised
of the rotary valve 22 and the shut-off valve 26, it becomes possible to improve the
séaling of the cylinder 4 further and to achieve more effective degassing from the
space between the material and the inner wall surface of the cylinder and from
within the material.

Besides, if the suction pump 31 or suction pumps 41. 42 are additionally
employed, it becomes possible to discharge air from tﬁe space between the material
and the inner wall surface and from within the material more reliably in conjunction
with the above-mentioned effects in improving the sealing.

Fig. 11 shows. by a partial cross-sectional view, a plasticizing apparétus
according to the eleventh embodiment of the present invention.

Yith the present plasticizing apparatus, a void space having a length equal
to 1/3 to 3 times the diameter of the screw is formed ahead of the foremost part of

the screw 5 for accumulating the molten material therein. By such construction, the

molten material is allowed to dwell in the void space so as to be equalized in its
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molten state to reduce melting fluctuations. As a result thereof, fluctuations in

the pressure in the material as it is extruded from the plasticizing apparatus may
be diminished to assure a uniform quality of the extruded molten material.

The plasticizing method which may be realized with the above-described first
to eleventh embodiments may be applied to both the uniaxial screw apparatus and to
the multi axial screw apparatus.

The plasticizing method which may be realized with the above-described first
to eleventh embodiments is hereinafter explained.

Yith the plasticizing method of the present invention, the rotary valve(s) may
be rotated continuously or intermittently fof supplying desired amounts of the
material into the cylinder for plasticization, or the rotary vélve(s) may be rotated
in synchronism with the rotational velocity of the screw for supplying the material
in amounts correlated with the rotational speed of the screw for plasticization.

Referring to Figs.l and 2. the latter case in which the rotational speed of
the rotary valve 2 is synchronized with the rotational sbeed of the screw 5 to feed
and plasticize the material is explained.

The screw 5 and the rotary valve 2 are synchronized in operation by the sensor
9 and the controller 10 provided in the driving unit 7. That is. the sensor J senses

the number of revolutions of the screw 5 to output a corresponding signal to
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tensor 9 t.o run the rotary valve 2 in rotation with the number of revolutions
conforming to the number of revolutions of the screw 5.

This synchronizes the rotational speed of the screw 5 with that of the rotary
valve 2, so that, if the number of revolutions of the screw 5 is changed, the number
of revolutions of the rotary valve 2 is correspondingly changed to enable a moderate
amount of the material correlated with the rotational speed of the rotary valve 2 to
be perpetually supplied into the cylinder 4.

Besides, since the inside of the cylinder 4 is sealed by rotary valve 2, the
air from a space between the material and the inner wall surface of the cylinder and
from wit‘hin the material itself may be effectively discharged under suction via the
air vent hole 4a in the cylinder 4, while air is also allowed to flow through the
cylinder 4, if the plasticizing method is carried out using the- plasticizing
apparatus of the first embodiment described above, such air flow causing the material
to be sucked effectively into the cylinder 4. This raises the bulk density of the
material in the cylinder 4 while assuring positive and smooth supply of the material
and eliminating fluctuations in the quantity of the discharged material.

[f the present plasticizing method is to be carried out using the plasticizing

apparatus according to the second embodiment. the bulk density of the material may
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be raised by discharging air from a space between the material and the inner‘w:

surface of the connecting tube and from withiﬁ the material itself at a stage priofzi“
to supply of the material into the cylinder.

ff the present plasticizing method is to be carried.out using the plasticizing
apparatus according to the third embodiment, any foreign matter, such as air,
volatile matter or water etc. may be effectively discharged via thg vent port 4b
formed at thelupper part of the cylinder 4 for effectively degassing the foreign
matter from inside the cylinder 4 for raising the bulk density of the material.

Besides. if the present plasticizing method is to be carried out using the
plasticizing apparatus according to the fourth to tenth embodiments, the bulk density
of the material transported in the cylinder 4 may be increased by virtue of the high
sealing realized at the supply side of the apparatus.

¥ith the above-described plasticizing method of the present -invention, a
moderate amount of the material correlated with the rotary speed of the screw my be
supplied into the cylinder and the material transported in the cylinder may be
maintained in the high bulk density state on account of the high sealing properties
of the rotary valve. Besides, any foreign matter contained in the material or in the

space between the material and the inner walling of the apparatus may be eliminated

to enable increased throughput and improved quality of molded articles.
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et hod and apparatus according to the p |1
detail . It should be noted that thes Hm
the sake of illustration and are not inte

he i%venti gh. A uni axi al screw type plasticizing apparatus
ﬁbcord&ng to a first enbodinent of the present invention is first
exp) ai ed, 21
A " The plasticizing method and apparatus according to the present invention are

/ﬁgghly effective especially in the case of a biaxial screw type molding system in

which the screws have deep flutes aﬁd the material is allowed to be present.only at
lower portions of the cylinder.

It should be noted that the plasticizing method and apparatus according to the
present invention are not limited to the above-described embodiments.

For example, the plasticizing apparatus according to the present invention is
not limited to the uniaxial or biaxial type system, but may be adapted for any multi-
axial screw system having more than two screws. [n these cases, the vent port 4b may
be provided at the upper portion of the cylinder 4 as in the plasticizing apparatus
of the second embodiment for effectively degassing impurities contained in the
cylinder 4. Such vent port may naturally be provided within a uniaxial screw type
plasticizing apparatus.

In addition, the present plasticizing method and apparatus may be extensively
applied for plasticizing a variety of materials, such as powdery or particulate

material.
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CLAIMS

l. A plastifizing apparatus comprising a plasticizing cylinder and a feed screw
mounted within said plasticizing cylinder, characterized.in that.a rotary valve for
supplying a material to be plasticized into said c&iinder is mounted in a
hermetically sealed relation with respect to said cylinder in continuation to said
cylinder.

2. The plasticizing apparatus as claimed in claim | comprising a suction pump

between said rotary valve and the cylinder for discharging air to outside by suction.

3. The plasticizing apparatus as claimed in claim 1 comprising an air vent -

section in the vicinity of a material supply section of said cylinder.

4, The plasticizing apparatus as claimed in any of claims | to 3 comprising a
multi-axial screws within said cylinder and a vent hole at an upper part of said
cylinder.

5. The plasticizing apparatus as claimed in any of claims | to 4 comprising a
plurality of rotary valves in a stacked relation to one another.

b. The plasticizing apparatus as claimed in claim 5 comprising a plurality of
rotary valves connected to one another via a connecting tube and a suction pump for
discharging air from the connecting tube to outside under suction, said suction pump

being mounted on the connecting tube.




8 a herrretlcal I y seal ed manner via a connectlng tube -3~ Fhe—totary valve 2

IS in rbmseﬁweohas na%edlac edi ng notor 2a i n the materi al
contal ned in |nto t he |n5|de zilﬁ" ﬂ l,”ul,v A feed
screw 5 drive unit 7 is nount interior of
> téhe plasticizing cy |n :
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fﬁh 1. The plasticizing apparatus as claimed in claim 5 comprising a plurality of
rotary valves connected to one another via a material storage section and a suction
pump. for discharging air from the material storage section to outside under suction,
said suction pump being mounted on the material storage section.
8. The plasticizing apparatus as claimed in claim 5 comprising a plurality of
rotary valves in tandem on the same rotary axis, said rotary valves being run in
rotation by a single driving motor for supplying the material into the cylinder.
9, The plasticizing apparatus as claimed in any of claims | to 4 comprising a
shut-off valve connected at an upper part of the rotary valve.
10.  The plasticizing apparatus as claimed in claim 9 comprising a shut-off valve
connected at an upper part of the rotary valve via a connecting tube in a
~ hermetically sealed relation. and a suction pump mounted on said connecting tube for
discharging air to outside under suction from the connecting tube.
11. The plasticizing apparatus as claimed in claim 9 comprising a shut-off valve
connected at an upper part of the rotary valve via a material storage section in a
hermetically sealed relation and a suction pump mounted on said material storage
section for discharging air to outside under suction from the material storage

section.

12.  The plasticizing apparatus as claimed in claim 1 comprising a void space ahead



In-the vicinity. of_a _material. supply section conﬂmhdﬂgastmett nnecti ng
tube 3 and, in the present enbodinent, in a portl\m\lﬁ t X

?glrlrrggegng Iop thﬁ“lulmllmllmlmlllmmz; Pg:tsﬁgkﬂlg cont ai ned |n

4. At least a parf of the"aif? véent hol e(o%«‘? 4a may be of a porous
structure. A rotary seal 6 is pr d ' I cini

part 5a of the screw E
of the foremost part of the screw, said void space having a®

length equal to 1/3 to 3 times the diameter of the screw.

13. A method of plasticizing a material wutilising
apparatus as claimed in any one of claims 1 to 12, said
material being supplied by the rotary wvalve into the inside
of the plasticizing cylinder having a feed screw mounted
therein, the method comprising supplying said material into
the inside- of said cyli/nder for pJ_.asticization as said
rotary valve is rotated continuously or intermittently.

14. A method of plasticizing a material as claimed in
any one claims 1 to 12, said material being supplied by the
rotary valve into the inside of the plasticizing cylinder
having a feed screw mounted therein, the method comprising
synchronizing the rotational speed of said rotary valve
with the rotational speed of said screw for supplying the
material in an amount correlated with the rotational speed
of said screw.

15. A plasticizing apparatus substantially as
described with reference to and as illustrated by Figs. 1
to 11 of the accompanying drawings. '

16. A method of plasticizing a material substantially

as described with reference to Figs. 1 to 11 of the

accompanying drawings.
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Fig.2 shoms,.f

. n a | ongi tudi nal cross-secti on. a'uniaxial screg type
pl asti ci zi ng jfpparatus accordi ng to a second enbothisBaedt HafBebhReppERIENT
i nvention.

Wth the present plasticizing a tijon tube
of .a suctioff punp 11 is connected to a part of a [ e 3
interconnefting the rotary valve 2 and t he cylinder 4. 'S by this

suction mp Il that air is sucked froma space  between the inner wall
surface pf the connecting tube 3 and the material contained

Fig. 3
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pl astici zi ng apparatus according to the third enbodi ment of —“The| present
i nvénti on. . Wth the present pl asticg.l ARPALARUS, ‘gcr ws 5. 5, of
which only oné is illustrated, are nmounte mﬁﬁ t Wi t hin

cyljnder 4. A vent port 4b for sucki jﬂl @ in the cylinder
4 or volati.le matter or water etc. generat erial to outside

Is forned -at an upper region of

Fig. 5
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10 the cylind 4. In the present enbodi ment, the vent h
di spensed wit h/ Wth the above- descrlbed f| rst to th| rd

enbodi nents. §ince the inside and the out si d&h Rfmﬁead 4
perpetual ly. seal ed from each ot her by the rot ar b&Cones
possible to prevent air from being intruded dur nto t he
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node. An anount /of the material correlated with fhe w-@ may be
supplied by synchronizing the screwrotation with the rotary val
rotation. / Wth the above-described ermmdee:mmmen Rehlace8pace within
the cylinder/4 may be sealed effectively wit SI ty of

provi di ng t,,ﬁe conpression section in the scrp!li HI"E mﬂ g a novabl e

val ving device of a conplicated structure in eeder as in the

conventi ghal plasticizing apparat us. Thus it becones possible to
reduce the total length of the screw to reduce the

Fig. 8
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size and costs of the entire apparatus, as well as to S|npllfy th f eeder
strilicture. Wth the above- descThistsaebt HisrBeén Replageldt r
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into the cylindey by the sole rotary valve. For—nprovi-ng- £ %g/dfz
the~ material sdpply side, it is also possible to provide a pIuraI ty of
stacked rotary/ valves or to provide a shut-off. malsweeti&aTsBeéﬂRHH&@J art of

the rotary valve for supplying the naterial |nt
"l Fig.4
tus

Preferred enbodl ments of this type are herei naft
shows, by a “partial cross-sectional view, a pI astl
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according to the fourth enbodi nent of the prese Wil 2
t he~present plastici zi ng apparatus, two rotary val ves 21, 22 a dt acked

and connected to each other in a hernetlcalLﬂngg@&aﬁuﬁamn@mmhe n hopper

1 and connecting tube 3. In the prese havi ng t he
ng between the
urther to assure

rotary valves 21. 22 stacked one above the ot
a nore effective degassing of the material and the space

i nside and the outside of the cylinder 4 may

Fig. 11
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bet ween the cylinder and the material .

enbodi nent may be applied to both the uniaxi.all
the nulti axial screw apparatus, subject
nodj fications. Fig.5 shows, by a partia
pl astici zi ng appar at us
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\:‘% TICIZING APPARATUS AND PLASTICIZING METHOD EMPLOYING‘"S'AME—"
»
) A rotary valve 2 for supplying a material into a cylinder 4 of a plasticizing
/x" apparatus is provided in continuation to and in a hermetically sealed relation to the
.'/’I

cylinder and an air vent hole is provided for discharging air out of the cylinder.
During plasticization, a moderate amount of the material is perpetually supplied into
the cylinder. [n this manner, the apparatus may be reduced in size and degassing of
the cylinder may be achieved effectively. Besides. the throughput of the molded

articles may be improved and the molded article may be improved in quality.
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a suction tube of a suction punp 31 simlar to tha
- epbodinent is connected to the connecting tube 30
out si de under suction via connecting tube 30.

X

fourth enbodi ment, it becones possible to discharg
between the material and the inner wall2surface of
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material, or the material in the cylinder be sucked via the vent hole, with the

result that degassing of the material can not be carried out effectively.

In order to effect such sealing of the vent hole. it has been practiced with

a known plasticizing apparatus shown in Fig. 12 to provide a compression section

formed by shallow screw flutes ahead of a vent hole [02 of a screw 10l to cause the

saterial to be charged at the compression section into a cylinder 103 as the material

is transported to assure sealing of a vent region ahead of the vent hole 102

There is also known an extruder disclosed in the gazette of JP Patent KOKOKU

Publication No. 27912/1970. according to which a separate govable valving unit fitted

_with a thrust valve which may be opened or closed under the thrusting force is

provided in a feeder for stopping up an exit opening of a hopper by the thrust valve

to effect the sealing of the cylinder with respect to the supply side of the feed

material.

On the other hand. with the conventional plasticizing method. a constant

quantity of the feed material is supplied from the hopper into the cylinder without

regard to the rotational speed of the screw in the plasticizing apparatus.

The above-described conventional plasticizing apparatus suffers from the

following drawbacks.
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FHg. 6 shows, by a partial cross-sectional view,-
according to the sixth enbodi nent of the present in
the present plasticizing apparatus. two rotary val
to each other in a hernetically seal ed manner with
section 40 in-between, and a suction tube of a suction pu ¥

that of the second enbodl ment is connecBed to the storage section 40 for

di scharging ai rTHa@ is, if the compression section is provided in the screw as sealing means

for the feed material supply side. the total length of the scr.ew is increased by an
amount equal to the length of the compression section to increase the size and costs
of the.apparatus.

If tﬁe separate movable valving unit is provided in the feeder, the feeder is
;:omplicated ;n structure and becomes costly.

Tith the conventional plasticizing method. in which a constant amount of the
feed material is suppliéd into the cylinder without regard to the rotational speed
of the"screw. supply of the feed matecial can not cope with the 'throughput of the
molded articles -if. with the plasticizing apparatus employing a multiaxial screw,
the rotational speed of the screw is changed. with the result that surplus or deficit |
of ﬁhe feed material is incurred. Above all, if the rotational speed of the screw
is increased, the material in the cylinder falls into shortage to lower the quality

of the molded articles.

" [n view of the above-described status of the prior art. it would be desirable
to be able to provide an apparatus for plasticization whereby the sealing in
the cylinder may be achieved effectively with reduction in the size and costs of the

apparatus. and a method for plasticization whereby the material to be plasticized say



-

outsi de.
hopper |

predet ermi ned period by suction

13

Wth the present enbodinment,  the
Is stored once in the storage section 40 §

4 :
be supplied in a suitable quantity conforming to the nuaber of revolutions of the

screw to increase the throughput and improve the quality of the molded articles.

Accordingly, the present invention provides a plasticizing
apparatus comprising a plasticizing cylinder and a feed screw mounted within the
plasticizing cylinder. characterized in that a rotary valve for supplying a powdery
or particulate material to be plasticized into the cylinder .is mounted in a
hermetically sealed relation with respect to and in continuat{on to the cylinder.
An air suction punp may be provided'bétween fhe cotary valve and the cylinder or an
air vent hole may also be provided in the vicinity 6f a material supplying section
of the cylinder.

The present invention alsc provides a. plasticizing method -comprising
plasticizing a material as it is suppiie& by a rotary valve into the insidé-of a
plasticizing cylinder having a feed screw mounted therein. The maferial @ay be
supplied into the cylinder as the rotary valve is rotated continuously or
intermittently.  Alternatively, the rotational speed of the rotary valve is
synchronized with that of the screw for supplying a moderate amount of the material
cqrreLated with the rotatibnal speed of the rotary valve into the cylinder for
ﬁlasticization.

In the present specification, the term air is to be understood as meaning a



punmp 41. Thus it becomes possible to discharge air r ebiabby—fr t he
space between the material and the inner wall surflagEreRCENENTISHEETE
section and from within the material to raise its [pulk Sit In
t he present enbodi ment, an air vent section 4a is f imw i Ng
manner. That is, the walling of the cylinder in th

material supply section is of a double cyyinder structure conprised of a

heati ng

as an i nﬁgq..a'sg)}ﬁ qﬁép?sglg@dgﬁég & cyl i nder and an air-permeabl e cylinder 4d

Since a rotary valve having high sealing properties is employed in the
plasticizing apparatus of the present invention as material supplying means, the
space within the cylinder may be sealed reliably without the necessity of employing
special screws aor sealing means, whiie the degree of vacuus within the cylinder may
be iampraved by praviding various degassing means.

-ﬁesides. with the plasticizing method of the preseat invention. eaploying the
above-gentiaoned plasticizing apparatus. a moderate amount of the matéri.al @ay be.
supplied at all times into the plasticizing cylinder. while the air included m the
space between the material and the inner walliﬁg of the cylinder or within the
saterial itself may be eliminated to raise the bulk density of the material.

Yith the above-described plasticizing apparatus of the presént inveation, the
degrée of vacuum with.in the cylinder may be improved while the apparatus may be
reduced in size..

‘[n addition, it becomes possible with the plasticizing method of the present
iavention to supply a moderate aamount of the mate'rial into the plasticizing cylinder

to increase the throughput and improve the quality of the molded acticles.
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di scharged fromw thin the cylinder 4 to outside by [ i a_suction
punp 42. Wth such construction. it becones ;OBEP{AQEmgNe narge
air effectively from the space between the inner wgll SUF%%C@ i 955
cylinder and fromw thin the material ifself as melJDm§ .............. E e |pul k
density of the material further. Meanwhi | e, tHe—apparatus§ M) i n

Fig. 6. havingByhaagueti eranphe 6hlyeemboginemt $usp el&ectedntai Ye
storage section 40. may be satisfactorily enpl oyed

be described in greater detail with reference to the accompanying
drawings of which:

Fig. 1. is a longitudinal cross-section showing a plasticizing apparatus
employing a uniaxial screw according to a first embodiment of the present invention.

Fig.2 is a longitudinal cross-section showing a plasticizing apparatus
esploying a uniaxial screw according to -a second embodiment of the present
invention.

Fig.3 is a longitudinal cross-section showing a plasticizing_ apparatus
employing a multiaxial screw according to a third embodiment of the present
in§entﬂﬁx

Fig. 4 is a partial cross-seﬁtional view showing a p;asticizing apparatus
according to a fourth embodiment of the present iavention.

Fig.5 is a partial cross-sectional view showing a plasticizing apparatus
according to a fifth embodiment of the present invention.

Fig.6 is a partial cross-se_ctional view showing a plasticizing apparatus
according to a sixth embodiment of the present invention.

Fig. 7 is a partial cross-sectional view showing a plasticizing apparatus
a;cording to a seventh embodiment of the present invention.

Fig. 8 is a partial cross-sectional view showing a plasticizing apparatus

according to an eighth embodiment of the present iavention.
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as the plasticizing apparatus, even if the air vent [SREPLACEMENDRHERS

double cylindrical construction is omtted. Fig.éE h ,..by a
partial cross-sectional view, a plasticizing apparaquyﬂe goﬁéfﬂﬂ&{gnt e
sevent h enbodi nent of the present invention. : =24
apparatus of the present seventh enbodi ment includes a naterial supply
channel 60 having its inlet connected to a hopper 50 in a

Fig.9 is a partial cross-sectional view showing a plasticizing apparatus

accarding to a ninth embodiment of the present invention.

Fig. 10 is a pactial cross-sectional view showing a plasticizing apparatus
according to a tenth embodiment of the present invention.

Fig. Ll is a partial cross-sectional view showing a plasticizing apparatus
according to an eleventh embodiment of the present invention.

Fig. 12 is a longitudinal cross-sectional view showing a conventional

plasticizing apparatus.

Referring to the drawings, certain preferred embodiments of the plasticizing
zethod and apparatus according to the present invention will be explained in detail.
[t should be noted that these embodiments are given only for the saké of illustration
and are not intended for limiting the invention.

A uniaxial screw type plasticizing apparatus according to a first embodiment
of the present invention is first explained.

Fig. | shows, in a longitudinal cross-section. a plasticizing apparatus of the
present first embodiment.

A rotary valve 2 is connected to an exit side of a hopper [.

The exit side of rotary valve 2 is connected to a plasticizing cylinder 4 in



*4 -~hernetically sealed manner, while having its ou
the cylinder 4 in a hernetically seal ed nmanner. '“tﬁMTSHﬂgwa 23,
24 and 25, run in rotation by a single driving not
tandem on t he same rotary —JL__F et

8

a hermetically sealed manner via a connecting tube 3. The rotary valve 2 is run in

‘rotation by a driving motor 2a for supplying the material contained in the hopper |
into the inside of cylinder 4.

A feed screw 5 driven by a driving unit 7 is mounted within a hollow interior
of the plasticizing cylinder 4.

[n the vicinity of a material supply section connecting to the connecting tube
J and, in the present embodiment. in a portion of the plasticizing cylinder 4 in the
vicinity of a root part 5a of the screw 5. there is formed one or more air vent holes
4a.for sucking air contained in cylinder 4. At least a part of the air vent hole(s)
4a may be of a porous structure.

A rotary seal § is provided in the vicinity of the root part 5a of the screw
5 for preventing air from flowing from the driving unit 7.

The driving unit 7 is provided with a sensor 9 for detecting .the number of
revolutions of the screv 5 and a controller 10 res;onsive toa sitnal from the sensor
9 to control the number of revolutions of the motor 2a for the rotary valve 2.
Details of the sensor 4 and the controller 10 will be explained later in connection
with a concrete exampie of the plasticizing method embodying the present invention.

A heater 8 is provided around the peripheral surface of the cylinder 4 for -

heating the cylinder 4 for melting the material as it is transported through the



axis,-while a screw feeder 70, driven by a driving
a naterlal extrusion neans into the cylinder 4, i
material supply channel 60. Wth the prese
three rotary valves 23 to 25 arranged in tandem a
feeder 70 nounted as the material extruding neans. it becones possible to
rai se the degree of vacuumw thin the cylinder 4 and to assure

_ cylinder 4.

Fig.2 shows. in a longitudinal cross-section. a uniaxial screw typé
plasticizing apparatus according to a second embodiment of the present invention.

Fith the present plastici;ing apparatus. a suction tube 6f a suction pump 11
is connected 0 a part of a connecting pipe J interconnecting the rotary valve 2 and
the cylinder 4. [t is by this suction pump {l that air is sucked from a space
between tﬁe inner wall surface of the connecting tube 3 and the material contained
in the connecting tube 3 an& from within the material. [n the present embodiment,
the airnvent hole 4a formed in the vicinity of the material supply section of the
cylinder 4 may be eliminated. That is. with the present embodiment. it is possible
to remove air from a space between the material and the inner wall surface of the
connecting tube 3 and.from within the matérial itself at a stage prior to supﬁly of
the material into the cylinder d.

Fig.J shows, in a longitudinal cross-éectidn. a biaxial screw type
plasticizing apparatus according to the third embodiment of the Eresent Lavention.

Yith the present plasticizing apparatus. screws 9. 9. of which only one is
illustrated, are mounted in a meshing state within cylinder 4.

A vent'po;t 4b for sucking air included in the cylinder 4 or volatile matter

or water etc. generated from the material to outside is formed at an upper region of



effective degassing fromthe space between the.inneff~#s
cylinder and the material and fromwithin the nate %Ephﬁm#m\mgkwﬁl as

to increase the material supply quantity. le, if th eat
emtted by heater 8 provided at the discharge side pft 16 A 8 as
shown in Figs. 1 to 3 is transnmitted via cylinder 4 —orary—wai¥es 123 to

25. it may occur that the material in t A8 supply channel 60 be el ted to
I th h i f the rot I 3,to 2 h h th
ower Cehe @1 {dd8 AT ORG" e SsteSne Lebboditna! Yent Sen e Yol da gay Be dIséJesns w%.th. ©

pr esent

Tith the above-described first to third embodiments. since the inside and the
outside of the cylinder 4 are perpetually sealed from each other by the rotary valve
2. it becomes possible to prevent air from being intruded during degassing into the
cylinder from the material supply side.

Thus it becomes possible to discharge air by sucftion by suction pump !l and
to discharge air, volatile matter amj moisture etc. by the vent hole 4a and/or thc'e
vent port 4b to improve degassing of the material contained in the cylinder 4.

Besides. by employing the rotatory valve, the material may be supplied in
desired amounts in a desired supply mode such as a continuous or intermittent supply
mode. An amount of the material correlatgd ‘with the screw rotation may be sup.p;;.ied
by synchronizing the screw rotation with the rotary valve rotation. ..

lith thg above-described embodiments, the space within the cyli.ndef 4 may be
sealed effectively without the necessity of providing the compreséion section in the
screw or providing a movable valving device of a complicated stru;:ture in the feeder
as in the conventional plasticizing apparatus.

Thus it becomes possible to reduce the total length of the screw to reduce the

size and costs of the entire apparatus. as well as to simplify the feeder structura.



ermmbodi-ment, a cooling section 80 for circulating a gpQl g',\,'_ o q] ni uch
as water,. around the peripheral surface of the supf &EEP ‘e‘%&%?ﬁ@%ﬂl nder

4, is provided for preventing the heat evol ved by thBath ter0GY 1996m bpi ng
transmtted tothe rotary e 15
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Yith the abave-described first to third embodiments, the material is supplied

into the cylinder by the sole rotary valve. For improving the sealing of the
material supply side, it is also possible to provide a plurality of stacked rotary
valves or to provide a shut-off valve at an upper part of the rotary valve for
supplying the material into the cylinder.

Preferred embodiments of this type are hereinafter explained.

Fig. 4 shows.. by a partial cross-sectional .view. a plasticizing apparatus
according to the fourth embodiment of the present invention.

Tith the present plasticizing apparatus, two rotary valves 21, 22 are stacked
and connected to each other in a hermetically sealed manner between hopper | and
connecting tube 3.

[n the present embodiment. having the rotary valves 21, 22 stacked one above
the other, the ;ealing between the inside and the outside of the cylinder 4 may be
improved further to assure a more effective degassing of the material and the .space
between the cylinder and the material.

¥eanwhile, the p_resent esbodiment may be applied to both the uniaxial screw
.appa'ratus and to the multi axial screw apparatus. subject to corresponding
modifications.

Fig.5 shows, by a partial cross-sectional view, a plasticizihg apparatus



valves 23 to 25 to maintain the sealing properties;s

t.o 25. It is noted that such cooling secti rﬂm,':\n:aw“iaﬁ @E@f ko ded on
the cylinder 4 of the plasticizing apparatus accafdi ngég &E fi rst to

si xt h enbodi nents descri bed previously. H o) f __________ parti al
cross-sectional view, a plasticizing apparatus accorarrg—to=the—ai gfit h
enbodi ment of the present invention. 12

according to the fifth embodiment of the present invention.

Tith the present plasticizing apparatus, two rotary valves 21, 22 are
connected to each other in a hermetically sealed manner by a connecting tube 30, and
a suction tube of a suctiod pump 31 similar to that of the second embodiment is
connected to the connecting tube 30 for discharging air to outside under suction via
connecting tube 30.

Tith the present fcqrth embodiment, it becomes possible to discharge air from

the space between the material and the inner wall surface of the connecting tube 30

and from within the material before the material is supplied to the inside of the

cylinder 4.
Fig.6 shows. by a partial cross-sectional view, a plasticizing apparatus
accord-ing to the sixth embodiment of the present invention.

Vith the present plasticizing apparatus. two rotary valves- 21, 22 are
connected to each other in a hermetically sealed ménner with a material storage
section 40 in-between, and a suction tube of a suction pump 41 similar to that of the
second embodiment is connected fo the storage section 40 for discharging air to
outside.

Tith the present embodiment. the matecial supplied from hopper | is stored

once in the storage section 40 and degassed for a predetermined period by suction
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Wth the present plasticizing apparatus, a ball val

valve and a rotary valve 22 are provided in a dir 1% SHEET {jon
and in a hernetically sealed manner relative to e s en the
hopper 1 and the connecting tube 3. The ball val L8 'aﬁsﬁ -----

intermttently by 90 by notor 27 driveb3under s driving signa _
Fepeat ed pumpdL’" Tusria Bicauds oEhg HPgEicherss o ooie pelabln TER G0t bR
in which the ball valve
between the material and the inner wali surface of the storage section and from
sithin the material to raise its bulk deasity.

[n the present embodiment, an air vent section 4a is formed in the following
manner. That is, the walling of the cylinder in the vicinity of the material supply
section.is of a double cylinder structure comprised of a heating cylinder 4c as an
outer cylinder and an air-permeable cylinder 4d as an inner cylinder,-and the air is
discha;ged from within the cylinder 4 to outside by suction by a suction pump 42.

Tith such construction, it becomes possible to discharge air effectively from
the space between the inner wall surface of .t.ﬁe cylinder and from within the material
itself as-well as to raiﬁe the bulk dens;ty of the material further.

Neanwhile, the apparatus shown in Fig.§. having the suction tube of fhe
suction pump 41 connected to the storage s;ction 40, may be satisfactorily employed
as the plasticizing apparatus. even if the air vent section 4a of the'doﬁble
cylindrical construction is omitted.

Fig. 7 shows. by a partial cross-sectional view. a plasticiziﬁg apparatus
acco;ding to the seventh embodiment of the present invention;

The plasticizing apparatus of the present seventh embodiment includes a

material supply channel 60 having its inlet connected to a hopper 50 in a



26-and the rotary valve 27 are stacked one upon th ol above
all to the supply of a pulverulent material becaugerEbeasgating;be en
the outside and the inside of the cylinder 4 may lje inp?o%gﬁttmc ijeve
effective degassing fromthe space between the infleDaryal’l’of”} e~ cyljl nder
4 and the material and fromw thin the jgaterial. ' he

present enbodi nent may be applied to both the uniaxial screw

hermetically sealed manner, while having its outlet side connected to the cylinder
4 in a hermetically sealed manner. Three rotary valves 23. 24 and 25. run in
rotation by a single' driving motor 20a. are arranged in tandem on the same rotary
axis, while a screw'feeder 70, driven by a driving motor 70a. is mounted as a
material extrusion means into the cylinder 4, in the vicinity of the haterial supply
chaanel 60.

Yith the present ephodiment. having the three rotary valves 23 to 25 arranged
in tandem and by having tﬁe screw feeder 70 mounted as the material extruding means,
it becomes possible to raise the degree of vacuus v.vith_in the cylinder 4 and to assure
effective degassing from the space between the inner wall surface of the cylinder and
the material and from within the material itself as fell as to increase the mafe.rial
supply quantity.

Weanwhile, if the heat emitted by heater 8 provided at the discharge side of
the cylinder 8 as shoa;n in Figs. | to 3 is transmitted via cylinder 4 to rotary valves
23 to 25. it may occur that the material in the supply channel 60 be melted to lower
the sealing properties of the rotary valves 23 to 25. Thus. with the present
embodiment, a cooling section 80 for circulating a cooling medium 81, such as water.
around the peripheral surface of the supply side of the cylinder 4, is provided for

preventing the heat evolved by the heater § from being transmitted to the rotary



16 type pl
appar at us,
a partial

WWMW

2 &16CT 9gghovsy| b

asticizing apparatus and the nulti "axial s rg

subj ect to correspondi ng nodifications.
cross-sectional view, a plasticizing appagallls =il
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valves 23 to 295 to maintain the sealing properties of the rotary valves 23 to 25.
[t is noted that such cooling section 80 may be provided oa the cylinder 4 of

“the plasticizing apparatus according to the first to sixth embodiments described

previously.
Fig. 8 shows, by a partial cross-sectional view, a plasticizing apparatus

according to the eighth embodiment of the present invention.
Yith the present plasticizing apparatus, a ball valve 2§ as a shut-off valve
and a rotary valve 22 are provided in a directly stacked relation and in a
hermetically sealed manner relative to each other between the hopper | and the
connecting tube 3. The ball valve 26 is rotated intémittently by 90° by motor 27
driven under s driving signal from controller 10 for alternately supplying and
inter‘ruptiné the material repeatedly. -
The plasticizing apparatus of the present emboqiment. in 'which the ball valve
26 and the rotacy valve 27 are stacked one upon the other. is suited above all to the
supply of a pulverulent material because the sealing between the outside and the
inside of the cylinder 4 may be improved to achieve effective degassing from the
;pac_.e between the inner wall of the cylinder 4 and the mater;al and from within the

material.

Keanwhile, the present embodiment may be applied to both the uniaxial screw
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according to the ninth enbodi ment of the present inve tREPLACEMENTs&E
present plasticizing apparatus, a ball valve 26 as a ghut-qff valve

rotary val ve 22 are connected to each other in a herngtbgal ﬁ 967 886
rel ation
a suction punp 31

Q¥

.........
...............

via a connecting tube 30 to which is connect
type plasticizing apparatus and the multi axial screw type plasticizing apparatus,
subject to corresponding modifications.
Fig. 9 shows, by a-partial cross-sectional view, a plasticizing apparatus
according to the ainth embodigent of the present invention.
Yith the present plasticizing apparatus, a ball valvé 26 as a shut-off valve

and a rotary valve 22 are connected to each other in a hermetically sealed relation

via a connecting tube 30 to which is connected a suction tube of a suction pump 31

similar to that of the second embodiment described above for discharging air to
outside under suction via the connecting tube 30.

Yith the present embodiment, it becomes possible to discharge the air from the
space between the ihner wall sucface of the connecting tube and the material and from
within the material before the material is supplied into the cylinder 4.

Fig. 10 shows, by a partial cross-sectional view, a plasticizing apparatus
according to the tenth embodiment of the present. invention.

Yith the present plasticizing apparatus, 3 ball valve 26 ;nd a rotary valve
22 are connected to each other in a hermetically sealed relation with a material
s;o;age section 40 in-between and a suction pipe of a suction pum§ 41 similar to that
of the above-described second embodiment is connected to the storage section 40 to

discharge air under suction effects out of the storage section 40.

simlar to that of thessecond enbodi nent descri bed above
for discharging air to outside under suction via the connecting tube 30.



Wth the present enbodinment, it becones possible to s ge the air from
the space between the inner wall surface of the co -_-?E:T":-- e
material and from wthin the material before the ng 9 [

the cylinder 4. Fig. 10 shows, by a partiall _________ b Vijew, a
pl astici zing apparatus according to the tenth enbotifment=ef {he-
I nventi on. Wth the present plastigizing apparatus vatrve 26

and a rotary valve 22 are connected to each other in a hernetically seal ed
rel ati on with aAsrdhershat-off valve 26, a butterfly valve or a slide valve may be eaployed

besides the ball valve.

Tith the above-described fourth to tenth embodiments. in #hich material supply
means into the cyLinde_r 4 is achieved by én arrangegent compriséd of a plurality of
rotary valves 2l and 22 or 23 to 25, stacked together, or an arrangement comprised
of the rotary valve 22 and the shut-off valve 26, it becomes possible to imprave the
sealing of the cylinder 4 further and to achieve more effective degassing from the
space tfetween the material and the inner wall surface of the cylinder and from
vithin the material.

Besides, if the suction pusp 3l or suction pusps 4l. 42 are additionally
employed, it bacomes possible to diécharge air from the space between the material
and the inner wall surface and from within the matecial more reliably in conjunction
with the above-mentioned effects in improving the sealing.

Fig. [l shows. by a partial cross-sectional view. a plasticizing apparatus
according to the eleventh embodimant of the present iavention.

Tith the pcesent plasticizing apparatus. -a void space having a length equal
ta l/é to 3 times the diameter of the screw is formed ahead of the foremost part of
the screw § for accumulating the molten material therein. By such construction, the

molten material is allowed to dwell in the void space so as to be equalized in its
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st orage section 40 in-between and a suction pi pe of
simlar to that of t he above descrlbed second enbodl
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molten state to reduce melting fluctuations. As a result thereof, fluctuations in

the pressure in the saterial as it is extruded from the plasticizing apparatus may
be diminished to assure a uniform quality of the extruded molten material.

The plasticizing method which may be realized with the above-described first
to eléventh embodiments may be applied to both the uniaxial screw apparatus and to
the oulti axial screw apparatus.

The plasticizing method which méy be realized with the above-described first
to eleventh embodiments is hereinafter explained.

'- Tith the plasticizing method of the present invention, the rétary valve(s) may
be rotated continuously or ihtermittently fdr supplying desired amounts of the
material into the cylinder for plasticization, or the rotary valve(s) may be rd;ated
in synchronism with the rotational velocity of the screw for supplying the material
in amounts correlated with the rotational speed of the screw for plasticization

Referring to Figs. | and 2. the latter casé iﬁ which the rotational speed of
the_rotary valve 2 is synchronized with the rotational speed of tﬁe screw 5 to feed
and plasticize the material is explained.

The screw 5 and the rotary valve 2 are synchronized in operation by the sensor
9 and the controller 10 provided in the driving unit 7. That is, the sensor 9 senses

the number of revolutions of the screw § to output a corresponding signal to
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As the shut-off valve 26, a butterfly va

17 a_slide valve may
be enpl oyed besi des the ball val ve. Wth mna@t%gﬁ.

fourth to tenth enbodi ments, in which material supply %né(f Sﬁqéé}e
cylinder 4 is achieved by an arrangenent conprised {phag ?3 ......... TttS%)f

rotary val ves 21 and 22 or 23 to 25, stacked toget Hers—er—an-—ar AN nt

conpri sed
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controller |( which then runs the driving sotor 2a in rotation based on a signal from

seasor § to run the rotary valve 2 in rotation with the nuamber of revolutions
conforming to the number of revolutions of the screw 5.

This synchronizes the rotational speed of the screw § with that of the rotary
valve 2, so that, if the number of revolutions of the screw 5 is changed, the number
of revolutions of the rotary v;lve 2 is correspondingly changed to enable a moderate
amount of the material correlated with the rotational speed of the r‘otary valve 2 to
be perpetually supplied into the cylinder 4.

Besides, since the inside of the cylinder 4 is sealed by rotary valve 2, the.
air from a space between the material and the inner wall surface of the cylinder and
from wit_hin the material itself may be effectively discharged under suction via the
air vent hole 4a in the cylinder 4. while air is also allowed to flow through the
cylinder 4, if the plasticizing method is carried out using the- plasticizing
apparatus of the first embodiment described above, ﬁsuch air flow causing the saterial
to be sucked effectively into the cylinder 4. This raises the bulk density of the
saterial in the cylinder 4 while assuring positive and smooth supply of the ecaterial
and éliminating fluctuations in the quantity of the discharged material.

[f the pcesent plasticizing method is to be carried out using the plasticizing

apparatus according to the second embodiment. the bulk density of the material may



of the rotary valve 22 and the shut-off valve 26, i{~e
i nprove the sealing of the cylinder 4 further andEEBumlm %8
ef fective degassing fromthe space between the ‘ and"'

wal | surface of the cylinder and from wthin the ,
Besi des, if the suction punp 31 or suction punps 417 Z2=at= d ™M -onaffl y
enpl oyed, it becones possible to discharge air fromthe space bet W
material and the inner wall surface an@%fromw thin the material nore

reliably be reiwedusyctiistharging air from a space between the material and the inner'wall

surface of the connecting tube and from within the material itself at a stage prioc -
to supply of the saterial into the cylinder.

[f the present plasticizing method is to be cafried out using the pla.s“ticizing
apparatus according to the third embodiment, any foreign matter. such as air,
volatile matter or water etc. may be effectively discharged via the vent port 4b
formed at the upper part of the cylinder 4 for effectively degassing the foreign
satter from inside the cylinder 4 for raising the bulk density of the material.

Besides. if the present plasticizing ﬁethod is to be carried out using the
plasticizing apparatus according to the fourth to tenth embodiments, the bulk deasity
of thé material transported in the cylinder 4 may be increased by virtue of the high
_sea_ling realized at the supply sfde of the apparatus.

Tith the above-described plasticizing method of the present -invention, a
moderate amount of the material correlated with tﬁe rotary speed of the screw my be
supplied into the cylinder and the material transported in the cylinder amay be
saintained in the high bulk density state on account of the high sealing properties
of the rotary valve. Bésides. any foreign matter contained in the material or in the

space between the material and the inner walling of the apparatus may be eliminated

to enable increased throughput and improved quality of molded articles.-
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with the above-nentioned effects in inproving thefsg
shows, by a partial cross-sectional view, a plasti C|§%Liggﬂﬁﬁé$§q§§7
accordlng to the el eventh enbodi ment of the prese tD&QEgétg?Q VVth
the present plasticizing apparatus, a void spacetthawiig g T H e

1/3 to 3 tinmes the diameter of the screwis forned ahead of the 70

part of the screw 5 for accunulating the nolten material therein. By such
construction, the 21

The plasticizing method and apparatus according to the present invention are

ﬁighly effective especially in.the case of a biaxial screw type molding system in
which the screws have deep flutes and the material is allowed to be present only at
lower portions of the cylinder.

[t should be noted that the plasticizing method and apparatus according.to the
present invention are not limited to thé above-described embodiments.

For example, ;helplasticizing apparatus according to the preseat invention is
not limiﬁed to the uniaxial or biaxial type system, but may be adapted for any multi-
a#ial screv system having more than two screws. [n these cases, the vent port 4b may
be provided at the upper portion of the cylinder 4 as in the plasticizing apparatus
of the second embodiment for effective;y degassing impurities contained in the
cylinder 4. Such vent port may naturally be provided within a uniaxial screw type
plasticizing apparatus.

fn addition, the present plasticizing method and apparatus may be extensively
applied for plasticizing a variety'ﬁf matecrials. such as powdery or pafticulate

paterial.
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L. A plastifizing apparatus comprising a plasticizing cylinder and a feed screw

mounted within said plasticizing cylinder. characterized in that a crotary valve for

supplying a wmaterial to be plasticized into said cylinder is mounted in a

hermetically sealed relation with respect to said cylinder in continuation to said

cylinder.

2 The plasticizing apparatus as claimed in claim | comprising a suction pump

between said rotary valve and the cylinder for discharging air to outside by suction.

3; The plasticizing apparatus as claimed in claim | comprising an air vent

section in the vicinity of a material supply section of said cylinder.

4. The plasticizing apparatus as claimed in aﬁy of clains | to J comprising a

multi;axial screws within said cylinder and a vent hole at an upper part of said

cylinder.

5. The plasticizing apparatus as claimed in any of claims | to 4 comprising a

plurality of rotary valves in a stacked relation to one another.

6. The plasticizing appacatus as claimed in claim 5 comprising a plurality of

rotary valves connected to one another via a connecting tube and a suction puap for

discharging air from the connecting tube to outside under suction, said suction pump

being mounted on the connecting tube.



the pressure in the mate m uded fro&bb&cﬁ@agﬁg@gt—,—n
apparatus may be dim nl 'ma"m”m anI form gual 1ty of the extjuded
mol ten materi al . Bl ast il 2l ng met uhbg{gzwﬂ@q__mal_j._z pd with
t he above-described fi rst to el eventh errbodl msnt —Ry-—be-—apptted—t0 both
t he uni axi al screw apparatus and to23%he nulti axial screw apparat us.

The pl asticizing nethod which may be realized with the above-descri bed

first to7el eveng fp},@gf@gtﬂiﬁ@ﬁbﬁarhﬁ:sh@s' RLAakd §h SvaRh 3 R8fbrising a plurality of

rotary valves connected to one another via a material storage section and a suction
pump for discharging air from the material storage section to outside under suction.
said suction pump being mounted on the material storage section.
8. The plasticizing apparatus as claimed in claim § comprising a plurality of
rotary valves in tandes on the same rotary axis. said rotary valves being run in
rotation by a single driving motor for supplying the material iato the cylinder.
9. | The plasticizing apparatus as claimed in any of ciaims | to 4 comprising a
: shdt-off valve connected at an upper part of the rotary valve.
10.  The plasticizing apparatus as claimed in claim 9 comprising a shut-off valve
.connec,te,d at an upper part of the rotary valve via a connecting tube | in. g'
hermetically sealed relation, and a suction pump mounted on said connecfing tube for
dischargi_ng air to outside under suction from the connecting tube.
L. The plasticiziag apparatus as claimed in claig 9 comprising a shut-off valve
connected at an upper part of the rotary valve via a material storage section ia a
hermetically sealed celation and a suction pump mounted on said material storage
section for discharging air to outside under suction from the material storage
section.

(2. The plasticizing apparatus as claimed in claim | comprising a void space ahead
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rotary valve(s) may be rotated in synchronismwt ocity
of the screw for supplying the material in anmounts correlated wth tThe
rotational speed of the screw for plasti%ization. Referring to Figs.
1 and 2. the latter case in which the ro gtional speed of

of the foremost part of the screw, said void space having a
length equal to 1/3 to 3 times the diameter of the.screw.

13. A method of plasticizing a material utilising
apparatus as claimed in any one of claims 1 to 12, said
material being supplied by the rotary valve into the inside
of the plasticizing cylinder having a feed screw mounted
therein, the method comprising supplying said material into
the inside of said cyl;nder for p;asticization as said
rotary valve is rotated continuously or intermittently.

14. A method of plasticizing a matérial as claimed in
any one claims 1 to 12, said material being supplied by the
rotary valve into the inside of the plasticizing cylinder
having a feed screw mounted therein, the method comprising
synchronizing the rotational speed of said rotary valve
with the rotational speed of said screw for supplying the
material in an amount correlated with the rotational speed
of said screw.

1s5. A plasticizing apparatus substantially as
described with reference to and as illustrated by Figs. 1
to 11 of the accompénying draﬁings. .

16. A method of plasticizing a material substantially
as described with reference to Figs. 1 to 11 of the

accompanying drawings.
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valve 2. so that, if the nunber of revolutions of thegs ' nged,
the nunber of revolutions of the rotary valve 2 is (ORERISIOEMENMOLY ged
to enable a noderate anount of the material correl ajjed Wlfzg bﬁg -@éa ijonal
speed of the rotary valve 2 to be perpetually suppl | deteé s#%.0 YHe TYTi nger
4. Besi des, since the inside of the cylinder i NV Totlary
valve 2, the air froma space between the material and the inner wall

surface of the cylinder and

Fig. 3
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fromwithin the material itself may be effectively dM§ﬁﬁaﬁgemuan§ﬁﬁqu tion
via the air vent hole 4a in the cylinder 4. while S dijjto
flow through the cylinder 4, if the plasticizing Dht@dlé@%fr]w t

using the plasticizing apparatus of the first enbo geserbed—ahive,
such air flow causing the material to be sucked effectrvely |nto t he
cylinder 4. This raises the bulk density of the eLl aI ICXJ I nder
4" while assuring positive and snmooth supply of the ' epac
elimnating fluctuations in the quantity of the disc

Fig 4
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20 be rai sed by discharging air..frama_space between the material and t

i oaner wall surface of the %pnnectlng tube and from Wt
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plasticizing apparatus accor |rd enbodi{eht® any fo
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matter, such as air, volatile natter or mater etc. may be effectlvely
discharged via the vent port 4b

Fig. 6
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fornmed at the upper part of the cyli nder 4 for ef fectively degassing the

foreign matter frominside the cyli nder-4 for raisi pg-the ba—de

the material . Besi ﬁﬁ?Sheéﬁ-last[?e r sent pl astic zp;ﬂg_mkﬁﬁff $‘3ET 0
carried out using the pl a %t us accordi ng to %&5

tenth enbodi nents. the bul !Iw m’ he mat eri al toa@sz t
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supply side of the appar at us.
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Wth the above-descri bed-pl-asticizing nethod- of the]jpresent_inventrom,

goder at e amount of the qsrgﬁii’mgsqgegﬂ@ta@d wi th t he fir BFBHC %‘ﬁ‘é@d‘g}éqh

screw ny be supplied into nd the mat ¢gri al gr
ﬁ ul k densit{ St&f&-on-account
t he high sealing propertle y val ve. BeSides, any Torelgn

cylinder may be maintaine

matter contained in the nmaterial or in the space between the material and
the inner walling of the apparatus may be elimnated to enable increased
t hroughput and inproved quality of nolded articl es.

Fig. 8
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whi ch the screws have deep flutes and the material i ent

only at lower portions of the cylinder. It s Oﬁtﬂ_;ﬁg‘gﬂmﬁﬁgﬁtbﬁt the
pl asticizing method and aphff8iddseenRdpingdto the fresent | nve‘nm
h

not limted to the above-des nts Deﬁ@r Zeka&ﬁ‘.)
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axi al screw system having nore than two screws. In

t hese cases, the vent

port 4b may be provided at the upper portion of the cylinder._ é;as,Lnnthe
plast|C|2|ng appar at us of 'the second enbodi nent f:rnéﬁﬁéﬁﬁwéﬁ¥¥ﬁﬂ" si ng

i mpurities contained in ﬁheﬂwa a*ﬂﬁ@kqﬁmaiSuch venyj port nmay be
provided within a unlaX|aI Iast|C|2|n; ____________________________ In
addition. the present pla d and appat vel y

applied for plasticizing a varle y naterlals such as powdery or

particul ate

Fig. 11
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CLAIMS - 1. A plasticizing apparatus conprising a p C O CYT.LT
and a feed screw nounted within said plasticizing cy ?E]%%%A&éc@%?"g§b,“
in that a rotary valve for supplying a naterial to b@ gl 4cDeF 996
said cylinder is mounted in a hernetically sealed rell TH Y 8spert
said cylinder in continuation to said cylinder. 2. The pl astici zing
appar at us ABSTRACTHRF i THE | BISBLOSU®®ri si ng a suction punp '

‘TITLE OF INVENTION: PLASTICIZING APPARATUS AND
: ' PLASTICIZING METHOD EMPLOYING SAME

e

A rotary valve 2 for supplying a material into a cylinder 4 of a plasticizing
apparatus is provided in continuation to and in a hermetically sealed relation to the
cylinder and an air vént hole is provided for discharging air out of the cylinder.
During plasticization. a moderate amount of the material is perpetually supplied into
the cylinder. [n this manner, the apparatus may be reduced in size and degassing of
the cylinder may be achieved effectively. Besides. the throughput of the molded

articles may be improved and the molded érticle may be improved in quality.

FIG. 1
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bet ween said rotary valve and the cylinder for di scha[giEfg-P@EMENrsusﬁfc

by suction. 3. The pl asticizing apparatus as cl aired i r%cs ? m @
conprising an air vent section in the vicinity of a drﬂeéﬁn 1. ANp ......... _
n

section of said cylinder. 4. The pl asticizi ng app
any of clains 1 to 3 conprising a multl-adubstidytesheati + Bdnlaraiady dy@9%hder

and a vent hole at an upper part of said cylinder.

Fig 1
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57 The plasticizing apparatus as clainmed in any of @@%Eiﬂéhﬁﬁssr
conprising a plurality of rotary valves in a stackedjrelation to one
anot her. 6. The plasticizing apparatus as cl ai med) ipatCl.aim5 conpri gi ng
a pturality of rotary valves connected to one anot hel=wi-a—a—eonneCHi il
tube and a suction punp for dischargi n@ ai Substitutérsheetnrizt thangatyi®970
out si de under suction, said suction punp being nounted on the connecting

t ube.

Fig 2
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rotary val ves connected to one anothelff via

23 , 7. The plasticizing apparatus as clained in c{l BERLACEMERT SHiEEY ?
mat eri al

plurality of

punp for dischargi ng@a‘tef ;ﬁn.mhp,mt.gr al

storage section and a suction

storage section to outside under suction. _
3  Substituteé sheet -

Fig. 3
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sai d suction punp being nounted on the materi al '5?596'éé6NTGMEET )
The plasticizing apparatus as clainmed in claim5 Qnpr i rajjity of
rotary valves in tandem on the sane rotary axis, %tﬁ ;gﬁaayngbzes bei ng
run-in rotation by a single driving notor for supplyi al into
t he cyli nder. 9. The plasticizing dppaSabstitate sHeditre24 iJanaayy 4997

clains 1 to 4 conprising a shut-of f val ve connected at an upper part of
the rotary val ve.

Fig. 4
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10.. The plasticizing apparatus as clained in claim
shut -of f val ve connected at an upper part of the r
connecting tube in a hermetically seal ed rel ation.

nount ed on said connecting tube for di schargi ng ai --s—=.-
suction fromthe connecting tube. 11. 5The Spbstitutei sheey -appIanlbhy T
claimed in claim9 conprising a shut-off valve connected at an upper part
of the rotary valve via a nmaterial storage section in a hermetically
seated relation and a suction punp nounted on said material storage

Fig. 5
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section for discharging air to outside under suction f rﬁ’@ﬂ'ﬁ th
storage section. 12. The plasticizing apparatus as{claine | n c arm J

conprising a void space ahead Dath..S....lAN..].SSI ........

6  Substitute sheet - 24 January 1997

Fig. 6
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equal to 1/3 to 3 tines the dianeter of the screw,

utilising apparatus as c aﬁ)atedZLﬁ .M‘Nm o;

Substitute sheet - 24 January 1997

pl asticizing a materi al
clarms 1 to 12, said
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mat eri al being supplied by the rotary val ve intoljt
pl asticizing cylinder having a feed screw nount e ﬁg)mq%:@”%ﬁéﬁt od
conprising supplying said material into the ins for

plasticization as said rotary valve is rotated
intermttently. 14. A nethod of pl8ast |Substmg:eash‘e§ter241ua&&aw aggyd in

any one clains 1 to' 12 said material being supplied by the

-~

Fig. 8
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rotary valve into the inside of the pI asticizing ¢ Iﬁmértlﬁw
screw nounted therein, the nmethod conprising synghronizi ng Tafli onal
speed of said rotary valve with the rotational s Béteo

supplying the material in an amount correlated w |
of said screw. 9 Substitute sheet - 24 January T897

Fig. 9
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15. A plasticizing apparatus substantially a$ RE@#&EE’N@E@T%EE’T
reference to and as illustrated by Figs. 1 to 11fjof t
dr awi ngs. 16. A nmethod of plasticizing a nmajjefaiak. Wi A3 2 ,

described with reference to Figs. 1 to 11 of the
: 10  Substitute sheet 24 January 1997

Fig 10

27- L.
N\
SN~ —— 2 6
N
\\ oAl
.40
22
NEN
7 ’} 3 Q'5
L7 7




RL.PLAGE?\I}::I\T SﬁEl:T

2 5 JAN 1997

11  Substitute sheet - 24 January 1997
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