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DESCRIPTION

Resin Molding Apparatus

[TECHNICAL FIELD]
The present invention relates to a resin molding apparatus comprising a screw, a
cylinder receiving the screw therein, an inlet disposed in a posterior portion of the cylinder,

and an outlet disposed in a tip portion of the cylinder.

[BACKGROUND ART]

Thermoplastic resin-based composition is generally, for example, molded from
molding material pellet into a molded article having a desired shape, by means of injection
molding. At this point, a residual material such as a spool, runner, and so on are produced
together with the molded article. Such residual material is separated from the final molded
article, and is further subjected to grinding and extrusion molding so as to produce a recycled
resin pellet. Thus obtained recycled resin pellet is combined with other virgin resin pellet in a
predetermined amount, and are further subjected to injection molding. The terms
“thermoplastic resin-based composition” and “resin composition” are interchangeably used
herein.

An exemplary resin molding apparatus generally used in such a extrusion molding
process conventionally comprises a screw comprising a screw shaft and a plurality of flights
extending from an outer circumferential face of the shaft, a cylinder receiving the screw
therein, an inlet being configured to supply resin composition to inside the cylinder and
being disposed in a posterior portion of the cylinder, an outlet being configured to discharge
the resin composition that is melted and kneaded inside the cylinder and being disposed a tip
portion of the cylinder, and a heater being configured to supply heat energy to the inside the

cylinder.
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!

Japanese Publication of Patent Application No. 2002-234063 discloses a
conventional resin molding apparatus. In above resin molding apbaratus, a screw is
comprised of a resin feeding portion being disposed adjacent to the inlet in the cylinder and
having a shaft with a substantially constant outer diameter, an extrusion portion
communicating with the resin feeding portion and having a tapered shaft whose outer
diameter is gradually reduced from one end thereof to the other end adjacent to the resin
feeding portion, and a metering portion being disposed adjacent to the outlet in the cylinder,
communicating with the extrusion portion, and having a shaft with a substantially constant
outer diameter. The distance (D1) between the outer circumferential face of the shaft and the
tip portion of the flight at the area of the resin feeding portion is made greater than the
distance (D3) between the outer circumferential face of the shaft and the tip portion of the
flight in the area of the metering portion. The ratio of D1 to D3 is, for example, between 2.4
and 3.2.

In use of the afore-mentioned conventional resin molding apparatus, the residual
material is generally supplied via the inlet into the cylinder. Thereafter, the residual material
is subjected to shear force exerted by the screw and is heated By means of the heater during
the movement thereof from the inlet to the outlet within the cylinder. As a result, the residual
material is fully melted and kneaded inside the cylinder. This melted resin is discharged via
the outlet and is molded in a linear shape, and then is cut so as to result in a resin pellet. Thus
obtained recycled resin pellet can be generally used in a next or further molding process.

Meanwhile, in some cases, the afore-mentioned resin composition is generally
comprised of a base resin cor}lponent mainly consisting of thermoplastic resin, and a fibrous
filler component such as a glass fiber and a carbon filament. To differentiatc; the resin
composition comprising such a fibrous filler component from the afore-mentioned

thermoplastic resin-based resin composition, above resin composition comprising such a
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fibrous filler component is referred to as a fiber-reinforced resin composition herein. The
fiber filler component generally is used for imparting enhanced mechanical properties to the
base resin.

However, when using the resin molding apparatus as disclosed in Japanese
Publication of Patent Application No. 2002-234063 for the purpose of preparation of
recycled resin pellet from the residual material of the fiber-reinforced resin composition,
there is problem that the fibrous filler can be easily damaged due to greater amount of shear
force to be applied to the residual material. In a case where such a damaged fibrous
filler-containing recycled pellet is further subjected to inject molding process together with
virgin resin pellet, the final molded article is produced with a deteriorated mechanical
strength properties. In other words, the residual material of fiber-reinforced resin
composition is hardly or never recycled.

To overcome the problem mentioned previously, there is provided a resir; molding
apparatus capable of preventing the fibrous filler-containing residual material from being
damaged and thus maintaining the high level of mechanical strength property of the

fiber-reinforced resin composition.

[DISCLOSURE OF THE INVENTION]

To solve afore-mentioned objectives, there is provided a resin molding apparatus,
comprising: a screw having a screw shaft and a plurality of flights extending from an outer
circumferential face of the screw shaft, a cylinder receiving the screw therein, an inlet being
disposed in a posterior end portion of the cylinder and being configured to supply a
fiber-reinforced resin composition into the cylinder, the fiber-reinforced resin.composition
comprising a base resin and a fibrous filler, and an outlet being disposed in a tip portion of

the cylinder and being configured to discharge the fiber-reinforced resin composition
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therethrough, the fiber-reinforced resin composition being melted and kneaded inside the
cylinder, wherein, (a) the screw comprises a resin feeding portion being disposed adjacent to
the inlet, an extrusion portion communicating with the resin feeding portion, and a metering
portion communicating with the extrusion portion; (b) an outer diameter of the screw shaft is
kept constant throughout a length of the resin feeding portion, increases gradually toward the
metering portibn throughout a length of the extrusion portion, and is kept constant
throughout a length of the metering portion; and (c) a ratio of a distance between the outer
circumferential face of the screw shaft and a tip portion of the associated flight in an area of
the resin feeding portion to a distance between the outer circumferential face of the screw
shaft and a tip portion of the associated flight in an area of the metering portion is between
1.2 and 1.95.

Preferably, both the resin feeding portion and the extrusion portion may be made
longer than the metering portion.

Preferably, a ratio of length of the extrusion portion to length of the metering
portion may be between 2 and 4.

Preferably, a ratio of length of the resin feeding portion to length of the metering
portion may be between 1.33 and 5.

Preferably, the afore-mentioned resin molding apparaﬁs may further include a
heater for supplying heat energy to the area of the resin feeding portion inside the cylinder,
wherein the heater is maintained at a temperature of from 25°C below melting point of the

base resin to the melting point.

[BRIEF DESCRIPTION OF THE DRAWINGS]
FIG. 1 is a schematic view of one preferred embodiment of a resin molding

apparatus in accordance with the present invention.



10

15

20

25

WO 2009/051027 5 PCT/JP2008/068133

FIG. 2 is an enlarged side view of a screw as shown in FIG. 1.

FIG. 3 is a graph showing the relationship between tﬁe ratio of D1 to D3 and the
length of the glass fiber included in the recycled pellet. In further detail, D1 is defined as a
distance between the outer circumferential face of the screw shaft and the tip portion of the
flight in the area of the resin feeding portion, and D3 is defined as a distance between the
outer circumferential face of the screw shaft and the tip portion of the flight in the area of the
metering portion.

FIG. 4 is a graph showing the relationship between the ratio of L2 to L3 and the
proportion (%) of the molten fiber-reinforced resin composition based on the total of the
fiber-reinforced resin composition used (100%); In further detail, L2 is defined as the length
of the extrusion portion, and L3 is defined as the length of the metering portion.

FIG. 5 is a graph showing the relationship between the ratio of L1 to L3 and the
temperature of the preheated fiber-reinforced resin composition. In further detail, the L1 is
defined as the length of the resin feeding portion, and the 1.3 is defined as the length of the
metering portion. |

FIG. 6 is a graph showing the relationship between the temperature of the heater for
supplying heat energy to the resin feeding portion and the temperature of the preheated

fiber-reinforced resin composition.

[DETAILED DESCRIPTION OF THE INVENTION]

With reference to FIGS. 1 through. 6, one preferred embodiment of the presenf
invention will be hereinafter illustrated in great detail. A resin molding apparatus 1 in
accordance with a preferred embodiment of the present invention is provided for recycling a
residual material such as a spool and a runner that is generally produced as a by-product

during the injection molding process of fiber-reinforced resin composition. In particular, the
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resin molding apparatus 1 is used for preparing a recycled pellet of fiber-reinforced resin
composition. The resin molding apparatus 1 comprises a screw 2, a cylinder 3, an inlet 4, an
outlet 5, a screw-actuating member (now shown), and a heater 7. A fiber-reinforced resin
composition is generally comprised of a base resin and a fibrous filler.

The screw 2 is overall cylindrically formed. The screw 2 is generally formed of
metal material of high abrasive resistance for the purpose of decreasing the wear caused by
use of the fibrous filler. As shown in FIG. 2, the outer diameter of the screw 2 is kept
substantially constant throughout its overail length. In this case, the oﬁter diameter of the
screw 2 is made twice as long as the distance between the shaft center and the tip portion 22a
of the flight 22. In a preferred embodiment, the ratio of the length of the screw 2 to the outer
diameter of the screw 2 is from 25 to 30. This is because the fiber-reinforced resin
composition is preferably squected to relatively less level of shear force. The screw 2 is
comprised of a screw shaft 21, a flight 22, and a groove 23.

The screw shaft 21 is generally cylindrically shaped. The flight 22 extends from the
outer circumferential face 21a of the screw shaft 21. The flight 22 is spirally foﬁned
throughout the overall length of the screw shaft 21. The groove 23 is defined by the outer
circumferential face 21a of the screw shaft 21, and the outer faces of the flights 22. These
flights are disposed apart from each other and extend approximately perpendicular to the
outer circumferential face 21a of the screw shaft 21. The groove 23 has an approximately
U-shaped cross section. The groove 23 is formed between spirally-formed flights 22, and is
also spirally formed on the outer circumferential face of the screw 2 likewise the flight 22.
The fiber-reinforced resin composition moves along the groove 23 from the inlet 4 toward
the outlet 5.

Furthermore, the screw 2 is shown to inclqde a resin feeding portion 24 being

disposed adjacent to the inlet 4, an extrusion portion 25 communicating with the resin
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feeding portion 24, and a metering portion 26 being disposed adjacent to the outlet 5 and
communicating with the extrusion portion 25. In other words, while the screw 2 is divided
into these three portions (i.e., the resin feeding portion 24, the extrusion portion 25, and the
metering portion 26) along its longitudinal direction, these threé portions are basically
designated for convenience of illustration of the screw 2. The resin feeding portion 24, the
extrusion portion 25, and the metering portion 26 are serially arranged along the longitudinal
direction of the screw 2.

The resin feeding portion 24 mers the fiber-reinforced resin composition, which is
supplied from the inlet 4 into the cylinder 4, toward the extrusion portion 25. During such a
movement of the fiber-reinforced resin composition, the fiber-reinforced resin composition is
preheated by means of a heater 7. The outer diameter of the screw shaft 21 of the resin
feeding portion 24 is uniformly formed throughout its full length. The resin feeding portion
24 has a length L1 longer than the length L3 of the metering portion 26. The ratio of L1 to
L3 is generally from 1.33 to 5. If the ratio is less than the lower limit 1.33, the
fiber-reinforced resin composition cannot be preheated sufficiently. To the contrary, if the
ratio is greater than the upper limit 5, the metering portion 25 having a sufficient length
cannot be ensured.

The extrusion portion 25 is configured to melt the fiber-reinforced resin
composition delivered from the resin feeding portion 24 and to pass therethough by means of
shear force generated between the extrusion portion 25 and the inner face of the cylinder 3,
and heat energy supplied by the heater 7 during the movement of the fiber-reinforced resin
compbsition 24 toward the metering portion 26. The screw shaft 21 of the extrusion portion
25 has a gradually increasing outer diameter, as it approximafes to the metering portion 26.
In other words, in the area of the extrusion portion 25, the outer diameter of the screw shaft

has a value of minimum at a boundary with the resin feeding portion 24 and a value of
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maximum at a boundary with the metering portion 26. The extrusion portion 25 has a length
L2 longer than the length L3 of the metering portion 26. The ratio of L2 to L3 is generally
from 2 to 4. If the ratio is less than the lower limit value 2, the fiber-reinforced resin
composition cannot be fully melted. To the contrary, if the ratio is greater than the upper
limit value 4, the metering portion 26 having a sufficient length cannot be ensured.

The metering portion 26 is configured to move the molten the fiber-reinforced resin
composition in a predetermined amount toward the outlet 5 for a predetermined period of
time. In the metering portion 26, the outer diameter of the screw shaft 21 is designed to be
substantially constant in its longitudinal direction and simultaneously greater than the outer
diameter of the screw shaft 21 of in the area of the resin feeding portion 24. In this
configuration, D1 is defined as a distance between the outer circumferential face 21a of the -
screw shaft 21 and the tip portion 22a ofL‘ the flight 22 in the area of the resin feeding portion
24, and D3 is defined as a distance between the outer circumferential face 21a of the screw
shaft 21 and the tip portion 2ia of the flight 22 in the area of the metering portion 26. In a
preferred embodiment of the invention, the ratio of D1 to D3 is generally from 1.2 to 1.95.
As a result, compression ratio of the screw 2 can be set at lower value in comparison with the
conventional resin molding apparatus. In this case, the term compression ratio as used herein
is defined as a ratio of the spatial volume of the groove 23 within the area of the resin feeding
portion 24 to the spatial volume of the groove 23 within the area of the metering portion 26
in accordance with JIS B8650. If the ratio is less than the lower limit value 1.2, the
fiber-reinforced resin composition cannot be melted sufficiently due to corresponding small
amount of shear force. To the contrary, the ratio is greater than the upper limit value 1.95, the
ﬁbréus filler is easily damaged due to the corresponding large amount of shear force.

As mentioned previously, because the metering portion 26 is made shorter in

comparison with the metering portion of the conventional resin molding apparatus, there is a
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possibility that the molten fiber-reinforced resin composition in a desired amount cannot be
moved toward the outlet 5 within a desired period of time, resulting in incompletely shaped
final article. In addition, because the compression ratio is made lower in comparison with the
conventional apparatus, the fiber-reinforced resin composition cannot be sufficiently melted
and kneaded. However, even if the afore-mentioned phenomenon occurs, (insomuch as a
resin molding apparatus 1 corresponding to an extrusion molding machine being suited for
pelletization is used) precise or rigid standard regarding the shape of the molded article is not
required. In other wo‘rds, it is only important for the fiber-reinforced resin composition to be
fully melted.

As shown in FIG. 1, the cylinder 3 is cylindrically formed and is configured to
receive the screw 2 therein. The cylinder 3 is formed of metal material having a high level of
abrasive resistance. This is because ény friction caused by the use of the fibrous filler can be
avoided or decreased. The inner diameter of the cylinder 3 is generally formed constant and
is slightly larger than the outer diameter of the screw 2.

The inlet 4 is formed in communication with the inside the cylinder 3. The inlet 4 is
formed in the posterior portion 3a of the cylinder 3. The fiber-reinforced resin composition is
supplied to the cylinder via the inlet 4. The inlet 4 is provided with a hopper 41 disposed
perpendicularly thereto or extending perpendicularly therefrom. The hopper 41 is generally
formed in a funnel shape. The fiber-reinforced resin composition, which is achieved by
grinding the afore-mentioned residual material, is stored inside the hopper 41, and is in turn
supplied to the inlet 4.

The outlet 5 is an opening in communication with the inside of the cylinder 3. The
outlet 5 is formed in the tip portion 3b of the cylinder 3. The fiber-reinforced resin
composition is sufficiently molted and kneaded in the cylinder 3, and then is discharged via

the outlet 5 from the cylinder 3. The outlet 5 is also provided with a breaker plate 51 and a
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die 54.

The breaker plate 51 is generally made of metal material, and is formed in a plane.
The breaker plate 51 is provided with a plurality of through-holes along the thickness of the
breaker plate 51. A wire-woven screen pack 53 is engaged to the breaker plate 51. The
fiber-reinforced resin composition which is melted in the metering portion 26 of the screw 2
is filtrated via the through holes disposed in the breaker plate 51 and via the screen pack 53,
and is then extruded toward the die 54.

The afore-mentioned breaker plate 51 and the screen pack 53 are configured to
remove foreign substance from the molten fiber-reinforced resin composition and are also
configured to control the ﬂpw of the fiber-reinforced resin composition by elevating the back
pressure inside the cylinder 3, resulting in fully melted fiber-reinforced resin composition.
Accordingly, even if the screw 2 having a relatively low level of the compression ratio is
used (in other words, a relatively low level of shear force is applied), the screw 2 is able to
securely and fully melt the fiber-reinforced resin composition.

The die 54 is made of metal material and is, for example, cylindrically formed. The
molten fiber-reinforced resin composition which has passed both the breaker lplate 51 and the
screen pack 53 is molded into a predetermined shape by means of the die 54.

The screw-actuating member includes, for example, a motor. The screw-actuating
member is conﬁguréd to rotatably journal the screw 2 received within the cylinder 3 about
the shaft center thereof, and is also configured to rotatably actuate or drive the screw 2 about
the shaft center thereof.

The heater 7 is generally embedded in the outer wall of the cylinder 3, as shown in
FIG. 1. The heater 7 may be made in a shape of band plates. The heater 7 may be a plurality
of heaters arranged in a shape of band. The heater 7 is configured to provide the cylinder 3

with heat energy so as to melt the fiber-reinforced resin composition received in the cylinder



10

15

20

25

WO 2009/051027 11 PCT/JP2008/068133

3. A plurality of the heaters 7 may be serially arranged along the longitudinal direction of the
cylinde‘r- 3.

The heater 7 is provided with a heater 71 for supplying heat energy to the area of

‘the resin feeding portion 24 of the screw 2 inside the cylinder 3, a heater 72 for supplying

heat energy to the area of the extrusion portion 25, and a heater 73 for supplying heat energy
to the area of the metering portion 26, and a heater 74 for supplying heat energy to the area
of the breaker-plate 51 and the die 54, which means The heater 7 can supply different levels
of heat energy to different areas of the resin molding apparatus 1, respectively. The heater 71
for supplying heat energy to the area of the resin feeding portion 24 is maintained at a
temperature lower than or equivalent to a melting point of tﬁe base resin used in the present
invention, and is also maintained at a temperature higher than or equivalent to the
temperature of 25°C below the melting point (i.e., the melting point - 25°C) of the base resin
so as to only preheat the fiber-reinforced resin composition without substantially melting the
same resin composition. Furthermore, the heaters 72, 73, and 74 are respectively set at a
temperature greater than the melting point of the base resin. For example, when polybutylene
terephthalate having the melting point of about 225°C is used as the base resin, the heater 71
may be set at a temperature from about 200°C to about 225°C, and the heaters 72, 73 and 74
are respectively set at a temperature higher than about 225 °C.

The fiber-reinforced resin composition is generally comprised of the base resin and
the fibrous filler. In a preferred embodiment, unsaturated polyester resins may be used as the
base resin. As above unsaturated polyester resins, polyethylene terephthalate, polybutylene
terephthalate, polycyclohexane terephthalate, and so on can be utilized. In addition to the
afore-mentioned unsaturated polyester resins, the base resin includes epoxy resins,
polyamide resins, phenol resins, and so on. Furthermore, since the base resin is not limited to

the resin as mentioned previously, the resin other than the resin as mentioned above that is
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not against the objective of the present invention can apparently be used as the base resin in
the implementation of the present invention.

The fibrous filler includes, for example, a glass fiber, a carbon filament, an aramid
fiber, and so on. The fibrous filler is generally added to the base resin so as to reinforce or
enhance the mechanical strength properties of the base resin. If the fibrous filler having a
relatively high level of hardness is used, the fibrous filler is easily damaged during a period
of time when the fiber-reinforced resin composition is subjected to a relatively high level of
shear force to produce the completely melted fiber-reinforced resin composition within the
cylinder 3. In this case, enhanced mechanical strength properties of the fiber-reinforced resin

composition cannot be maintained. The fibrous filler is never limited to the material

mentioned previously as a preferred embodiment, the fibrous filler other than the material as

mentioned above that is not against the objective of the present invention can apparently be
used as the fibrous filler in the implementation of the present invention.
| In a preferred embodiment, as the fiber-reinforced resin compositiclm in accordance
with the present invention, for example, Toraycon 1010-G30 (trademark) available from
Toray Industries, Inc. including a galss fiber as the fibrous filler in an amount of 30% in
polybutylene terephthalate employed as the base resin may be employed. Afore-mentioned
fiber-reinforced resin composition is initially produced in the shape of a pellet. However, the
fiber-reinforced resin composition is not limited to such a resin composition as previously
mentioned, the fiber-reinforced resin composition other than such a resin composition can be
apparently used as the fiber-reinforced resin composition in accordance with the present
invention, in somuch as it is not against the objective of the subject application.
When molding the fiber-reinforced resin composition by wuse of the
afore-mentioned resin molding apparatus 1, the residual material as mentioned previously is

fed into the hopper 41, and then is carried to the inside the cylinder 3 via the inlet 4. The
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fiber-reinforced resin composition is fed into the groove 23 disposed in the area of the resin
feeding portion 24 of the screw 2. Thereafter, as the screw rotates, the fiber-reinforced resin
composition is carried to the groove 23 disposed in the area of the extrusion portion 25 of the
screw 2, and then carried to the groove 23 disposed in the area of the metering portion 26 of
the screw 2.

In the resin feeding portion 24, the ﬁber—reinforced resin composition is preheated
sufficiently by the heater 71 which is set at a temperature equivalent or below the melting
point of the base resin used. This predetermined range of temperature of the heater 71
ensures that the fiber-reinforced resin composition cannot be molted in this step. Next, in the
area of the extrusion portion 25, the fiber-reinforced resin composition is melted by means of
heat energy supplied from the heater 72 which is set at a temperature higher than the melting
point of the base resin used, and also by means of the reduced level of shear force in
comparison with the conventional apparatus.

Subsequently, the molten fiber-reinforced resin composition passes the area of the
metering portion 26, which is made shorter in comparison with the resin feeding portion 24
and the extrusion portion 25, apd is in turn carried to the breaker plate 51, and then the screen
pack 53 and the die 54. The fiber-reinforced resin composition cools and hardens after
passing through the die 54. After cooling, the fiber-reinforced resin composition is molded
into a linear shape, is cut, and then is subjected to pelletization once more. In other words,
the fiber-reinforced resin composition is finally produced into a recycled pellet.

In accordance with the preferred embodiment of the present invention, the screw 2
is shown to include the resin feeding portion 24 disposed adjacent to the inlet 4, the emsion
portion 25 communicating with the resin feeding portion 24, and the metering portion 26
disposed adjacent to the outlet 5 and communicating with the extrusion portion 25. With

respect to outer diameter, the resin feeding portion 24 and the metering portion 26 are
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designed to be constant in their respective longitudinal direction, and the extrusion portion 25
is designed to increase gradually toward the metering portion 26. In other words, the
extrusion portion 25 of the screw 2 has a tapered shape whose outer diameter is gradually
reduced from its one end adjacent to the metering portion 26 to the other end adjacent to the
.resin feeding portion 24. In this configuration, D1 is defined as a distance between the outer
circumferential face 21a of the screw shaft 21 and the tip portion 22a of the flight 22 at the
area of the resin feeding portion 24, and D3 is defined as a distance between the outer
Vcircumferential face 21a of the screw shaft 21 and the tip portion 22a of the flight 22 at the
area of the metering portion 26. In a preferred embodiment of the invention, the ratio of D1
to D3 is generally from 1.2 to 1.95. As a result, a relatively lower level of shear force is
applied to the fiber-reinforced resin composition and thus preventing the fibrous filler from
being damaged. Accordingly, the fiber-reinforced resin composition can show remarkably
enhanced mechanical strength properties before and after its pelleting process.

Since both the resin feeding portion 24 and the extrusion portion 25 are respectively
designed to have their length longer than the overall length of the metering portion 26, the
fiber-reinforced resin composition is allowed to be preheated sufficiently at the area of the
resin feeding portion 24 and then to be fully molted at the area of the extrusion portion 25 by
means of heat energy supplied from the heater. Moreover, since the metering portion 26 is
designed to be shorter, the molten fiber-reinforced resin composition is subjected to less
shear force in the area of the metering portion 26.

The extrusion portion 25 generally has a length 1.2 longer than the length L3 of the
metering portion 26. The ratio of L2 to L3 is generally from 2 to 4. In accordance with such a
configuration, the fiber-reinforced resin composition can be sufficiently melted in tﬁe area of
the extrusion portion 25 by means of heat energy supplied from the heater. Furthermore,

since the metering portion 26 is formed shorter, the molten fiber-reinforced resin
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composition is subjected to less shear force in the area of the metering portion 26.

The resin feeding portion 24 generally has the length L1 longer than the length 1.3
of the metering portion 26. The ratio of L1 to L3 is generally from 1.33 to 5. In accordance
with such a configuration, the fiber-reinforced resin composition can be sufficiently
preheated in the area of the resin feeding portion 24. Moreover, since the metering .poxtion 26
is made shorter, the molten fiber-reinforced resin composition is thus subjected to less shear
force in the area of the metering portion 26.

The heater 7 for supplying heat energy is disposed inside the cylinder 3. The heater
71 for supplying heat energy to the area of the rein feeding portion 24 is designed to maintain
a temperature of from -25°C below the melting point (i.e., the melting point - 25°C) of the
base resin used to the melting point of the same base resin. In accordance with such a
configuration, the fiber-reinforced resin composition is allowed to be sufficiently preheated
at the area of the resin feeding portion 24, without being substantially melted. Accordingly,
the fiber-reinforced resin composition will be subjected to less shear force at the area of the
metering portion 26.

The inventor of the present invention prepared the afore-mentioned resin molding
apparatus 1, and also carried out the following several experiments so as to test and evaluate

the same.

[EXAMPLES]

EXAMPLE 1

Several screws 2 were prepared such that their respective ratio of D1 to D3 was
different to each other. As mentioned previously, D1 is defined as a distance between the
outer circumferential face 21a of the screw shaft 21 and the tip portion 22a of the flight 22 at

the area of the resin feeding portion 24, and D3 is defined as a distance between the outer
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circumferential face 21a of the screw shaft 21 and the tip portion 22a of the flight 22 at the
area of the metering portion 26. By use of the resin molding apparatus 1 respectively
equipped with the screw 2 having such a different D1/D3 ratio, the residual material of the
fiber-reinforced resin composition is subjected to pelletization. In other words, the recycled
pellet was prepared from the residual material of the fiber-reinforced resin composition, by
means of the resin molding apparatus 1 in accordance with the present invention. Only base
resin component of thus-obtained recycled pellet was solved in the specified solvent in order
to collect only the glass fiber included in the recycled pellet. Microscopic analysis was
carried out on the collected glass fiber. In this microscopic analysis, the full length of the
glass fiber was measured.

The screws 2 were prepared such that their ratios of D1 to D3 were set to different

four values 1.5, 1.8, 3.0 and 3.8 respectively. All of the screws 2 were designed to have an

~ outer diameter of 20 mm, L/D value of 25, L1 value (i.e., the length of the resin feeding

portion 24) of 200 mm, L2 value (i.e., the length of the extrusion portion 25) of 240 mm, and
L3 value (i.e., the length of the metering portion 26) of 80 mm, and a rotating speed at 150
pm.

The resin molding apparatus 1 used in this example was D2025-type available from
Toyo Seiki Seisaku-sho, Ltd. The heatér 71, 72 73, and 74 were respectively set at
temperature of 200, 250, 260, and 270°C. Furthermore, Toraycon 1010-G30 (trademark)
available from Toray Industries, Inc. was employed as the fiber-reinforced resin composition
in accordance with the present invention.

The results of Example 1 were shown in FIG. 3. The numerical values in FIG. 3
were the average of five specimens, respectively. More specifically, in FIG. 3, a lateral axis
represents the ratio of D1 to D3, and a vertical axis represents the length (um) of the glasé

fiber included in the recycled pellet. With reference to FIG. 3, when the ratio of D1 to D3 is
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1.5, the length of the glass fiber is 399 um, which means that the length of the glass fiber
included in the recycled pellet is substantiaﬂy identical to the length (about 413 pum) of the
glass fiber included in the virgin resin pellet. When the ratio of D1 to D3 is 1.8, the length of
the glass fiber is 330 um included in the recycled pellet, which means that the length of the
glass fiber included in the recycled pellet corresponded to about 80% of the length of the
virgin resin pellet. Also, the ratio of D1 to D3 is less than 1.2, the fiber-reinforced resin
composition cannot be sufficiently melted, .and therefore is not considered to be suited for
further extrusion molding. On the contrary, the ratio of D1 to D3 is greater than 1.95, the
glass fiber in an amount of more than 25% is damaged. Conclusively, if the ratio of D1 to D3

is from 1.2 to 1.95, the glass fiber can be protected from such damage or breakage.

EXAMPLE 2

Several screws 2 were prepared such that the ratios of L2 to L3 of the screws 2
were set at different values, respectively. As mentioned previously, L2 is the length of the
extrusion portion 25, and L3 is the length of the metering portion 26. By means of the resin
molding apparatus 1 equipped with above screw 2, the residual material of the
fiber-reinforced resin composition was subjected to pelletization. In other words, the
recycled pellet was prepared from the residual material of the fiber-reinforced resin
composition. During the pelleting process, the proportion (%) of the molten fiber-reinforced
resin composition based on the total of the fiber-reinforced resin composition used (100%)
was measured in the area of the extrusion portion 25.

Each of screws 2 was prepared such that the ratio of D1 to D3 was 1.8. As
mentioned previously, D1 is defined as a distance between the outer circumferential face 21a
of the screw shaft 21 and the tip portion 22a of the flight 22 at the area of the resin feeding

portion 24, and D3 is defined as a distance between the outer circumferential face 21a of the
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screw shaft 21 and the tip portion 22a of the flight 22 at the area of the metering portion 26.’
Example 2 was eam'ed out in the similar manner to Example 1, except for the length L1 of
the resin feeding portion 24, the length L2 of the extrusion portion 25, the length L3 of the
metering. portion 26, and the ratio of L2 to L.3. Specifically, for one, the values L1, L2, L3,
and L2/L.3 were set to 200 mm, 200 mm, 120 mm, and 1.7, for another, the values L1, L2,
L3, and 1.2/1.3 were set to 200 mm, 240 mm, 80 mm, and 3, and for the other, the values L1,
L2, L3, and L2/1.3 were set to 200 mm, 260 mm, 60 mm, and 4.3, respectively. In other
words, three different screws 2 were prepared as such.

The results of Example 2 were shown in FIG. 4. The numerical values in FIG. 4
were the average of five specimens, respectively. In FIG. 4, a lateral axis represents the ratio
of L2 to L3,‘and a vertical axis represents the proportion (%) of the molten fiber-reinforced
resin composition based on the total of the fiber-reinforced resin composition used (100%).
With reference to FIG. 4, if the ratio is from 2 to 4, the fiber-reinforced resin composition
was melted in an amount of more than or equivalent to about 98%, which means that the

fiber-reinforced resin composition is sufficiently melted.

EXAMPLE 3

Screws 2 were prepared such that their ratios of the length L1 of the resin feeding
portion 24 to the length L3 of the metering portion 26 were different to each other. By use of
the resin molding appa'ratus 1 each equipped with these different screws 2, the residual
material of fiber-reinforced resin composition was subjected to pelletization. In cher words,
a recycled pellet was prepared from the residual material of the fiber-reinforced resin
composition. During the pelletization, the temperature of the fiber-reinforced resin
composition preheated at the area of the resin feeding portion 24 was measured.

The screw 2 was prepared such that the ratio of D1 to D3 was 1.8. As mentioned
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previously, D1 is defined as a distance between the outer circumferential face 21a of the
screw shaft 21 and the tip portion 22a of the flight 22 at the area of the resin feeding portion
24, and D3 is defined as a distance between the outer circumferential face 21a of the screw
shaft 21 and the tip portion 22a of the flight 22 at the areé of the metering portion 26.
Example 3 was carried out in the similar manner to Example 1, except for the length L1 of
the resin feeding portion 24, the length L2 of the extrusion portion 25, the length L3 of the
metering portion 26, and the ratio of L1 to L3. Specifically, for one, the values L1, L2, L3,
and L1/L.3 were set to 240 mm, 200 mm, 80 mm, and 3, for another, the values L1, L2,. L3,
and L1/L3 were set to 180 mm, 200 mm, 140 mm, and 1.29, and for the other, the values L1,
L2, L3, and L1/L3 were set to 170 mm, 200 mm, 150 mm, and 1.13, respective}y. In other
words, three different screws 2 were prepared as such.

The results of Example 3 were shown in FIG. 5. The numerical values in FIG. 5
were the average of five specimens, respectively. In FIG. 5, a lateral axis represents the ratio
of L1 to L3, and a vertical axis represents the temperature of the fiber-reinforced resin
composition. With reference to FIG. 5, if the ratio (L1/L3) is less than 1.33, the
fiber-reinforced resin composition is not sufficiently preheated. If the ratio is from 1.33 to 5,
the temperature of the fiber-reinforced resin composition is from about-198 C to about 200C,

which means that the fiber-reinforced resin composition is sufficiently preheafed.

EXAMPLE 4

The recycled pellet was prepared from the residual material of the fiber-reinforced
resin composition by varying the temperature of the heater 71, the heater 71 being
configured to supply heat energy to the area of the resin Afeeding portion 24 inside the
cylinder 3. During the pelletizaﬁon, the temperature of the fiber-reinforced resin composition

preheated in the area of the resin feeding portion 24 was measured.
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Further, the temperature of the heater 71 was respectively set to 200°C, 230°C, and
260°C. The screw 2 was prepared such that the ratio of D1 to D3 was 1.8. As mentioned
previously, D1 is defined as a distance between the outer circumferential face 21a of the
screw shaft 21 and the tip portion 22a of the flight 22 in the are of the resin feeding portion
24, and D3 is defined as a distance between the outer circumferential face 21a of the screw
shaft 21 and the tip portion 22a of the flight 22 in the area of the metering portion 26. Except
for above setting, Example 4 was carried out in a similar manner to Example 1.

The results of Example 4 were shown in FIG. 6. The numerical values in FIG. 6
were the average of five specimens, respectively. In FIG. 6, a lateral axis represents the
temperature of the heater 71, and a vertical axis represents the temperature of the
fiber-reinforced resin composition. With reference to FIG. 6, if the temperature of the heater
71 is set to 200 'C, the temperature of the fiber-reinforced resin composition is at about 195C.
Further, if the temperature of the heater 71 is set to 225°C, the temperature of the
fiber-reinforced resin composition is at about 220 C. FIG 6 shows that the heater 71 having a
temperature lower than 200C cannot preheat the fiber-reinforced resin composition
sufficiently, and the heater 71 having a temperature higher than 225°C make the
fiber-reinforced resin composition molten. Conclusively, the heater 71 having a temperature
of from about 200°C to about 225C can preheat the fiber-reinforced resin composition
sufficiently, without melting the same resin composition.

In above Examples, the resin molding apparatus 1 was equipped with one screw 2.
Meanwhile, in the implementation of the present invention, a resin molding apparatus 1
equipped with a plurality of screws 2 can be also utilized. In this case, a plurality of the
screws 2 may have their shafts parallel to each other. Otherwise, a plurality of the screws 2
may have their shafts being inclined to each other.

Accordingly, while the present invention has been described herein in relation to
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several embodiments, the foregoing disclosure is not intended or to be construed to limit the
present invention or otherwise to exclude any such other embodiments, arrangements,
variations, or modifications and equivalent arrangements. Rather, the present invention is

limited only by the claims appended hereto and the equivalents thereof.

[INDUSTRIAL APPLICABILITY]

In accordance with one aspect of the present invention, (a) the screw comprises a
resin feeding portion being disposed adjacent to the inlet, an extrusion portion
communicating with the resin feeding portion, and a metering portion communicating with
the extrusion portion; (b) an outer diameter of the screw shaft disposed in the screw is kept
constant in the area of the resin feeding portion, is gradually reduced toward the metering
portion in the area of the extrusion portion, and is kept constant in the area of the metering
portion; and (c) a ratio of a distance between the outer circumferential face of the screw shaft
and a tip portion of the flight in the area of the resin feeding portion to a distance between the
outer circumferential face of the screw shaft and the tip portion of the flight in the area of the
metering portion is set to value of from 1.2 to 1.95. Accordingly, it is advantageous that a
relatively lower level of shear force is applied to the fiber-reinforced resin composition and
thus preventing the fibrous filler inclﬁded in the fiber-reinforced resin composition from
being damaged. Moreover, the fiber-reinforced resin composition can advantagelusly
maintain its remarkably enhanced mechanical strength properties before and after its
pelletization.

In accordance with one preferred embodiment of the invention, since the resin
feeding portion and the extrusion portion are made longer than the metering portion, the -
fiber-reinforced resin composition can be sufficiently preheated in the area of the resin

feeding portion, can also be sufficiently molted in the area of the extrusion portion, and is
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subjected to less level of shear force in the area of the metering portion.

In accordance with one preferred embodiment of the invention, since a ratio of
length of the extrusion portion to length of the metering portion is from 2 to 4, the
fiber-reinforced resin composition can be sufficiently heated and melted in the area of the
extrusion portion, and the molten fiber-reinforced resin composition is subjected to less level
of shear force in the area of the metering portion.

In accordance with one preferred embodiment of the invention, since a ratio of
length of the resin feeding portion to length of the metering portion is from 1.33 to 5, the
fiber-reinforced resin composition can be sufficiently preheated in the area of the resin
feeding portion, and the molten fiber-reinforced resin composition is subjected to less level
of shear force in the area of the metering portion.

In accordance with one preferred embodiment of the invention, since the
afore-mentioned resin molding apparatus further includes a heater for supplying heat energy
to inside the cylinder, and the heater is maintained at a temperature of from 25°C below
melting point of the base resin to the melting point, the fiber-reinforced resin composition
can be sufficiently preheated without substantial melting, and is subjected to less level of

shear force in the area of the resin feeding portion.
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CLAIMS

1. A resin molding apparatus, comprising:

a screw having a screw shaft and a plurality of flights extending from an outer
circumferential face of the screw shaft, |

a cylinder receiving the screw therein,

an inlet being disposed in a posterior end portion of the cylinder and being
configured to supply a fiber-reinforced resin composition into the cylinder, the
fiber-reinforced resin composition comprising a base resin and a fibrous filler, and |

an outlet being disposed in a tip portion of the cylinder and being configured to
discharge the fiber-reinforced resin composition therethrough, the fiber-reinforced resin
composition being melted and kneaded inside the cylinder,
wherein, (a) the screw comprises a resin feeding portion beiﬂg disposed adjacent to the inlet,
an extrusion portion communicating with the resin feeding portion, and a metering portion
communicating with the extrusion portion; (b) an outer diameter of the screw shaft is kept
constant throughout a length of the resin feeding portion, increases gradually toward the
metering portion throughout a length of the extrusion portion, and is kept constant
throughout a length of the metering portion; and (c) a ratio of a distance between the outer
circumferential face of the screw shaft and a tip portion of the associated flight in an area of
the resin feeding portion to a distance between the outer circumferential face of the screw
shaft and a tip portion of the associated flight in an area of the metering portion is from 1.2 to
1.95.

2. The resin molding apparatus according to claim 1, wherein both the resin feeding

portion and the extrusion portion are made longer than the metering portion.
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3. The resin molding apparatus according to claim 1 or 2, wherein a ratio of the
length of the extrusion portion to the length of the metering portion is from 2 to 4.

4. The resin molding apparatus according to any of claims 1 to 3, wherein a ratio of
the length of the resin feeding portion to the length of the metering portion is from 1.33 to 5.

5. The resin molding apparatus according to any of claims 1 to 4, further including
a heater for supplying heat energy to the area of the resin feeding portion inside the cylinder,
wherein the heater is maintained at a temperature of from 25°C below melting point of the

base resin to the melting point.
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FIG. 3
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