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Abstract

Polyethylene plastic waste is such hazard object in the world, while the benefits of this plastic rubbish are prodigious. An extruder
machine is one of the great ways to reduce huge amounts of plastic waste not only to the manufacturing companies which recycle the
plastic waste but also to the small society. This extruder machine was created to overcome the problems faced by all countries about
plastic waste in land or in ocean. The results of extruded plastic waste were solid filament that can be utilized for some valuable stuff
made by plastic. From this study, experimental test was applied by heating the plastic waste with different temperatures of 150, 160,
170, 180, 190, 200, 210, 220, and 230°C. As a result, the best temperature to heat the polyethylene plastic waste is 190°C according to

surface roughness test and digital caliper measurement.
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1. Introduction

Plastic is material that has many functions in human’s
life. Firstly, most of our packaging for food uses plastic
to cover the food. Many fast food restaurants, for
instance, take advantage of using plastic in order to serve
the meal. Secondly, household dishes are made by plastic
because they are simple to utilize. Lastly, the furniture
companies begin to produce family’s needs in terms of
chairs, desks, cupboards and others.

However, plastic becomes one of the environmental
issues in the world because some people have not been
able to use it wisely. [1] Still lots of plastic garbage lay
strewn across the street in some parts of world. In
addition, [2] plastic is also extremely dangerous for the
ocean because plastic rubbish goes all the way to the sea
for the last destination. The impact is a hazard to marine
life. Million tons of plastic garbage are currently entering
to the ocean every year from land through river mostly
located in Asia [3]. On other impacts of plastic waste, it
affects the condition on coral reefs which increase
diseases that can threaten them [4].

Plastic extruder is a machine to recycle the plastic
garbage to be something that is more valuable. The
process of this machine is to extrude the plastic by
heating process. The purpose of this machine is to reduce
plastic garbage in the world and recycle plastic waste.
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2. Literature Review

Plastic extruder mechanism consists of 5 mm
threaded lead screw (worm screw). The plastic is fed
from the hopper, letting it fall on the thread. As indicated
by the direction, the plastic is going forward. With the
help of the heater pad, it melts as it moves forward. The
heater pad is heated to 350 ° C. The molten plastic is
moved forward and from the nozzle it is collected [5],
[6].

There are plenty of things that extruder machine can
create from plastic waste. Brick is one example of
utilizing plastic garbage. [7], [8] By using different kinds
of plastic with various combinations to create different
kinds of bricks, researchers believe the different
properties of bricks through conducting different tests on
them. The most popular test performed on bricks
involves compression and water absorption testing.

In addition, Due to the extreme quick emergence of
this innovation, leaps have been created towards
enhancing manufacturing. Ideally, the invention of screw
extrusion would open doors to new 3d printing concepts.
Screw extrusion would allow people to access a larger
range of high-resolution products for their 3D printed
parts [9].

In the field including researchers, manufacturers,
designers, engineers and scientists, 3D printing
technology is becoming famous each day, and FDM is
the most commonly utilized 3D printing technology. The
purpose of the project was to design and develop a
Bowden Extruder based on FDM. Researchers built a
Bowden extruder that was simple and user-friendly.
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Researchers found that the prints are almost consistent
with the extruder [10].

In the research, [11] a model feedback control system
has been developed and experimentally tested to regulate
the temperature and pressure of the component in a single
screw extruder. Through a simple yet effective control
architecture focused on two separate external SISO loops
and seven identical internal SISO loops for local
temperature  control, actual-time temperature and
pressure regulation was effectively accomplished.

Based on Labview and Matlab/ Simulink, the plastic
extruder's  constructed  semi-physical  actual-time
simulation system for temperature control was
implemented. The study proved that even in the plastic
extruder production line, the HIL simulation technique
and our designed temperature control computer program
had an amazing effect [12]. The discover through
simulation also expressed the potential to complement
many other determinations by means of extended
analytics;  affective  synchronization and in-situ
identification such as injection fill time; packing injection
ramp speed, operating temperatures, reliability, etc. [13].
The simulation method can be commonly used in the
design of the process control system, it can not only
shorten the development cycle and cost, increase the
design quality of the control system, but also provide a
solution for the real-time display of the controller [12].

Indicators of extruded plastic waste have been
studied. Mechanical and chemical parameters of
recycling solid plastic waste have been researched [14],
[15], [16]. The laminates of textile cotton waste plastic
were researched in order to understand characterization
of tensile and fatigue [17], [18]. The properties of low-
isotacticity polypropylene elastomeric fibers with
purpose of spinning were inscribed [19], also plastic bag
waste to use ecofriendly polyethylene fiber was studied
[20].

The result of plastic extruder machine should be
analyzed by the measurement of surface roughness. This
aims to determine best results of the machine according
to the temperature tested. Surface roughness test for
plastic composites by applying an optical method was
measured [21]. Furthermore, plastic pipes that were used
for irrigation were calculated experimentally using
internal surface roughness test [22].

3. Design and Procedure of Machine

The tools used in this research as shown in Fig. 1 are:
electrical welding machine, safety goggles, welding
gloves, heat resistant gloves, mechanical tools (wrench,
pliers, and hammer), measuring tools (ruler, varnier
caliper, micrometer, surface roughness test and dial
indicator), conventional machines (turning, milling,
grinding, drilling, and shaping), computer set, power
supply, and CNC milling machine.

1) Frame 7) Barrel set

2) Reducer 8) Bearing

3) Motor 9)  Pulley — belt transmision
4)  Hopper 10) Electrical box

5) Nozzle screw 11) Thermostat

6) Band heater

Figure 1. Design of Plastic Extruder Machine

The main function of this machine is to heat the
plastic to become filament extruded. A part to heat the
plastic is barrel that is connected with hopper. The
material that is used for barrel is steel. In order to drive
the plastic out, screw is paired up inside barrel. In Fig. 2
(c), nozzle is a part to mold the extruded plastic after
heating the plastic. The size of nozzle circle is @4 mm. it
means the size result of solid filament should be around 4
mm in diameter.

In this study, the average of motor rotation is 30
RPM. This is from AC motor with ¥ HP. Before motor
connected to screw driver, there is reducer 1:20 to
decrease the rotation from AC motor. Pulley —belt
transmission is applied in this machine. The heat source
of barrel is band heater. There are 3 band heaters used
with the distance among band heaters 32 mm. To control
the temperature, thermocouple and thermostat are
attached. The function of thermocouple is to measure the
temperature of barrel while thermostat is to set the
temperature.

The steps in order to operate this extruder machine is
(1) Connect electrical box to power supply, (2) switch
MCB on from electrical box, (3) set temperature by using
thermostat, (4) wait until the temperature reaches the
maximum set, (5) after reaching the temperature, turn on
motor to rotate barrel screw, (6) enter plastic shredded
from shredder machine into the hopper, (7) prepare a
container to place the result of extruding.
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Figure 2. Design of (a) barrel (b) screw (c) nozzle

4. Result and Discussion

4.1. Construction and operation result of plastic extruder
machine

The frame of plastic extruder machine in Fig. 3 is
assembled by electrical welding machine. The position of
main tools of this machine is on the frame while the
electrical box is on one side of the frame. Miniature
circuit breaker is inside the electrical box. It has function
to run the machine with red lamp as a sign.

There were two buttons on the electrical box in its
front door. A left button is for running AC motor and a
right button for turning off AC motor. On front door of
electrical box, thermostat was available in order to show
the temperature of barrel.

In the experimental test, polyethylene plastic waste
was tested. Each experiment contained 30 gram plastic
waste of polyethylene. The variation of this research was
from temperature 150, 160, 170, 180, 190, 200, 210, 220,
and 230°C. In order to get the time to melt plastic,
estimated time was counted by using stopwatch. It started
from pouring plastic waste to melting the plastic out from
the nozzle. It was noted that while pouring waste plastic
into the hopper, motor was on to rotate screw driver. In
order to describe the result of filament, molten results
were taken into two categories. One category is solid
which means if the samples are extruded well or no, and
another is continue which means whether the samples are
consistent or inconsistent.

Table 1 shows the data of extruding plastic waste
with various hot temperatures. According to the
experimental test, the filament with temperatures of
degree 150 and 160 was not melted at all due to low heat
from the barrel as heater of plastic waste. While the
filament samples with higher temperature (170, 180, 190,
200, 210, 220 and 230°C) were melted. However, some
samples of filament such as the temperature of 210, 220
and 230°C were inconsistent in extruding process. The
high temperatures also produced darker filament results
of extruding process (see Fig. 4). It occurred because heat
of the barrel was too high. Furthermore, a sample of
230°C produced not only unstable extruded plastic but
also liquid plastic that are different with other samples.

NIHIEN H0NHLA

(b)

Figure 3. Construction of plastic extruder machine
(a) top view (b) front view

Table 1. Data of extruding process on plastic waste

Time from Molten Result
No. Temperature Pourir)g Plastiq to Tota}l Time Annotation
(°C) Melting Plastic Solid Continue (Minute)
(Minute)

1. 150 - 600 No Molten Plastic
2. 160 - 600 No Molten Plastic
3. 170 204 Yes Yes 1616

4, 180 150 Yes Yes 1048

5. 190 125 Yes Yes 896

6. 200 70 Yes Yes 558

7. 210 88 Yes No 473

8. 220 55 Yes No 363

9. 230 41 No No 297
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Table 1 shows the data of extruding plastic waste
with various hot temperatures. According to the
experimental test, the filament with temperatures of
degree 150 and 160 was not melted at all due to low heat
from the barrel as heater of plastic waste. While the
filament samples with higher temperature (170, 180, 190,
200, 210, 220 and 230°C) were melted. However, some
samples of filament such as the temperature of 210, 220
and 230°C were inconsistent in extruding process. The
high temperatures also produced darker filament results
of extruding process (see Fig. 4). It occurred because heat
of the barrel was too high. Furthermore, a sample of
230°C produced not only unstable extruded plastic but
also liquid plastic that are different with other samples.

Duration of the time from pouring the plastic waste
into the hopper to melting plastic waste was measured.
This aims to know plastic which melts slower and faster
by different heating temperature with similar weight of
plastic (30 gr). It can be shown from Table 1 that a
temperature of 170°C was slower than other temperature.
On the other hand, a temperature of 230°C was the most
rapid to heat the plastic. It means that the hotter barrel is,

the faster melting time is. Total time needed in melting
plastic was also measured. From the study, experiments
with temperatures of 170, 180, and 190°C needed longer
time to finish 30gr-plastic waste. While samples heated
on temperatures of 200, 210, 220 and 230°C only needed
no more than 600 minutes.

4.2. Analysis of filament size

Various heating temperature causes the size change of
filaments. In this research, Digital caliper Mitutoyo CD-
6>’ ASX with serial number of B17012083 was used to
get real inspection in measuring. The caliper measuring
range is up to 150mm with minimum indication of
0.01mm. As explanation above, the size of each sample
should be around 4mm in diameter because of nozzle
circle size 4mm. From Table 2, samples which have
suitable size with nozzle pit are 180, 190 and 200°C. The
average size value of the samples is more than 4mm
which means that plastic waste extruded fully, while
samples with temperature of 170, 210 and 220°C were
partially melted due to less size of 4mm in average.

(© (d)

© ()

)

Figure 4. Result of melting by different temperature
(a) 170°C (b) 180°C (c) 190°C (d) 200°C (e) 210°C (f) 220°C (g) 230°C

Table 2. Data of filament size

Diameter of Solid Filament

Temperature Measuring

Diameter of Solid Filament

Temperature Measuring

. mm . mm

©) (Times) Value e Mean ) (Times) Value el Mean
1 3.15 1 4.67

170 2 3.58 3.29 200 2 4,15 434
3 3.13 3 4,19
1 419 1 4,18

180 2 476 4.36 210 2 3.89 3.79
3 414 3 3.30
1 4.98 1 4,93

190 2 4.85 4.88 220 2 2.95 3.60
3 4381 3 2.93
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4.3. Analysis of surface roughness test

In order to survey the result of melted plastic waste,
analysis of roughness surface from filament is important
to measure. Portable surface test machine SJ-310
Mitutoyo (Fig. 5) was operated in this study. The surface
roughness was used after the filament has been got from
the extruder machine. Roughness measurements were
repeated into three times with different surface of each
sample to rise up the reliability. Values of surface
roughness measurements were recorded by Ra and Rq
where; Ra is the deviation of arithmetic average from the
samples analyzed in um, and Rq is the root mean square
average of the profile heights over the evaluation length
in pum. The standard of measurement used in the surface
roughness test was 1SO1997. The speed of detector to
take the data was 0.5mm/second. Sampling length of the
test was 0.8 mm.

Table 3 shows parameters of surface roughness test
on all samples with various temperatures. Data taken
from this study were mean roughness value (Ra) and root
mean square average (rg). In this experimental test, three
times tests were required in different surfaces to get the
reliability. From test 1 to test 3 for all the samples, Ra
and Rq value were not overly far. This means that the
surfaces on all samples were almost similar.

Figure 6 presents comparison of Ra data from surface
roughness test. It can be seen that the average better
value of Ra surface roughness from all the samples was
the sample with temperature of 190°C, followed by
samples of 180 and 170°C, while samples of 200 and
210°C got higher arithmetic deviation in average.
However, the sample of 220°C had average low Ra. This
was because the extruding process was inconsistent.

(b)

Figure 5. (a) Portable surface roughness testing machine SJ-310 Mitutoyo
(b) detector of surface roughness attached by dial indicator base

Table 3. Data of surface roughness test

Temperature Testing Ra (um) Rqg (um)

(°C) (times) Value Mean Value Mean

150

160
1 0.914 1.253

170 2 1.007 0.999 1.463 1.383
3 1.077 1.433
1 1.028 1.233

180 2 0.898 0.940 1.187 1.173
3 0.895 1.101
1 0.545 0.698

190 2 0.565 0.586 0.707 0.731
3 0.648 0.788
1 3.674 5.170

200 2 3.638 3.317 5.139 4.498
3 2.640 3.185
1 3.890 4.818

210 2 3.285 3.895 4.140 4.870
3 4510 5.654
1 0.845 1.124

220 2 0.912 0.828 1.179 1.083
3 0.728 0.947

20

136



EPI International Journal of Engineering, Vol. 3 No. 2, Aug 2020, pp. 132-37

4.5 4
3.895
4.0 A

35 3317

3.0 4
2.5 A

Ra (um)

2.0 1

15 -
0.999 0.940 0828

1.0 1 0.586

0.5 A
0.0

170 180 190 200 210 220
Temperature (°C)

Figure 6. Comparison of arithmetic average deviation (Ra) among the
temperatures of 170, 180, 190, 200, 210 and 220°C

5. Conclusion

In this research, the mechanical design and the
construction of an extruder machine were built to reduce
polyethylene plastic waste. The result of this machine
was solid filament from polyethylene plastic waste that
can be used for some valuable stuff such as furniture,
household appliances or other things made from plastic.
In order to get better solid filament, digital caliper
measurement and surface roughness test were applied
with different samples from various temperatures of
barrel as heater of plastic waste. According to the
research, a sample with temperature of 190°C had the
greatest value of surface roughness test and showed solid
size with constant diameter.
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