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ABSTRACT

Low Density Poly Ethylene (LPDE) plastic waste has no sale value, buried in a landfill. The plastic itself cannot be
broken down by microorganisms in the soil, so that people destroy it through incineration. Incineration plastics
produce NOx, COx, SOx, particulates, dioxins, furans, and smoke, which can increase air pollution with acid rain and
global warming. The purpose of this research is to solve this plastic waste so that it can be reprocessed into more
valuable fuel through the pyrolysis process. The pyrolysis equipment used is a reactor unit made of stainless steel and
equipped with an insulator made from rock wall. The primary tar reservoir is between the reactor outlet channel and
the condenser inlet. The condenser unit is made of a steel shell and a spiral-shaped copper tube where the condensed
product is a secondary tar product. The pyrolysis process produces 3 products, namely solid residue (char), liquid
product (tar), and gas products. The number of products analyzed in this study only char and tar in the pyrolysis of
LDPE plastic waste was analyzed based on temperature variations, namely 200°C, 250°C, and 300°C. The process in
the reactor using natural zeolite catalysts. The results obtained are the highest quantity of char 10.80% and the primary
tar 81.19% by processing in a reactor with a temperature of 200°C without the use of a catalyst, the secondary tar
product 91.01% by processing in a reactor temperature of 300°C using a catalyst. The highest yield of fuel oil was
94.80%, and the lowest remaining solids residue was 5.2% in the reactor process using a catalyst with a temperature
of 300°C for 6 hours.
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1. INTRODUCTION

Destruction of plastic waste through uncontrolled
incineration with a temperature of more than 850°C
produces Polychlorinated benzoyl-dioxine, a type of
carcinogenic chemical that causes cancer and pollutants
from exhaust emissions of NOx, COx, SOx,
particulates, dioxins, furans, and plastic vapors that
increase air pollution as well as add to global warming.

The pyrolysis process produces 3 products, namely
solid residue (char), liquid product (tar), and condensed
gas or syngas. By varying the temperature in the
pyrolysis process, it was found that the higher the
temperature, the mass of char would decrease in
proportion to the increasing mass and tar volume

[61[71[81[9].

The research was conducted on the pyrolysis of

A more precise processing method is needed for this
solution. Pyrolysis is 1 of 4 plastic recycling
technologies  (mechanical recycling, incineration,
chemical recycling, and pyrolysis), which are more
effective in recycling plastic waste so that it can be
applied in treating plastic waste to produce types of fuel

oil [1][2][3][4][5].

plastic waste of 500 grams by varying the temperature
in the pyrolysis reactor, namely 250°C, 300°C, and
350°C, to determine the effect on the volume of fuel oil
and its characteristics. The results obtained are that with
increasing temperature, the volume of fuel oil increases
[10][11][12].

The conversion process of plastic waste using zeolite
catalysts can increase the conversion of the resulting
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product and increase the production of gas compared to
liquid products. The increase in gas products reached
36.83% in the process using a batch reactor because this
zeolite catalyst plays a role in helping the degradation
process, thus accelerating the reaction rate [13][14][15].

Comparing thermal pyrolysis and catalytic pyrolysis
using a zeolite ZSM-5 catalyst in a batch reactor with a
temperature of 450 °C to the resulting product yield
shows that the gas fraction is higher in catalytic
pyrolysis. However, the liquid and solid fraction are
higher using thermal pyrolysis. In the catalytic
pyrolysis, Aluminum Silicate 25% by volume is used as
a catalyst to obtain pyrolysis products, namely Pyrolysis
Oil (60-70%), gas (15-20%), and Carbon Black (20-
30%). The use of a catalyst plays a vital role in the fuel
produced, increasing the amount of fuel produced
[16][17][18].

2. MATERIAL AND METHODS

The materials used in this study were LPDE type
plastic waste and 1% natural zeolite catalyst [19] [20].
The equipment used in this study was 1 unit of LPG-
fueled pyrolysis equipment consisting of a reactor, tar
storage, and condenser. The reactor is equipped with
temperature control made of stainless steel with a
thickness of 3 mm with a capacity of 2.5 kg and a height
of 450 mm, and a diameter of 320 mm and coated with
glass wool to withstand heat transfer to the environment.
The primary steel tar reservoirs were 200 mm high and
80 mm in diameter. The shell side of the condenser is
made of steel with 600 mm height and 350 mm
diameter. The tube is made of copper pipe with a
diameter of 0.5 in and 5,000 mm length formed in a
spiral wound. The product exits the condenser as a
secondary tar.

LDPE plastic waste is weighed as much as 2.5 kg
and entered from the top of the reactor. The catalyst is
added together with the LDPE in the catalytic pyrolysis.
The next step is to operate the gas regulator and input
the desired temperature, namely a variation of 200°C,
250°C, and 300°C. The next step is to operate the
condenser cooling water pump. The operation of the
equipment was carried out for 6 hours. After 6 hours,
the volume of tar in the primary reservoir and the
secondary reservoir was measured. The solid char
residue that was remaining in the reactor was weighed
as well. The pyrolysis apparatus is shown in Figure 1.
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Figures 1 LDPE plastic waste pyrolysis equipment

3. RESULT AND DISCUSSION

Figure 2 shows the effect of temperature and the
catalyst on the yield of pyrolysis products. This picture
shows the yield of the pyrolysis product, namely the
residue in the reactor or char, the primary liquid or tar

product, and the secondary tar from the gas
condensation process in the condenser. Each
temperature variation is available, the resulting

pyrolysis product yield data.

3.1 Effect of Temperature on Yield Char and
Tar

It can be seen in Figure 2 that the secondary tar yield
is increasing as the temperature in the reactor increased.
However, the primary tar yield is affected by the
temperature increase in catalytic or non-catalytic
pyrolysis. In general, the increase of reaction
temperature in the pyrolysis process of plastic and
organic materials can increase the conversion of tar or
fuel oil produced. It is due to the increasing number of
tar compounds released from the decomposition of the
feed with increasing temperature [2] [5][6][21].

Increasing the temperature in the reactor causes
more gas to be formed, so the gas flows directly into the
condenser inlet. It causes the increase of volume and
yield of secondary tar results with increasing
temperature. However, the volume of tar in the primary
reservoir is more, and the higher yield occurs in the
pyrolysis process with a lower temperature. The lower
reaction temperature results in less pressure result in
more gas formed from the reactor outlet trapped in the
secondary tar storage channel.

The vyield of char products left in the reactor
decreased along with the increase in heating temperature
in the reactor for both the pyrolysis process. This is due
to the occurrence of plastic decomposition, which is
increasingly decomposed with increasing temperature.

The reduction of char residue at temperatures of
300°C without a catalyst is categorized relatively high
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compared to research related to HDPE pyrolysis in
thermal pyrolysis, which gets a residue char or solid
fraction yield of 3% with a relatively high temperature
of 450°C with the use of the same catalyst, natural
zeolite [16].

%  50.00%
Yield

60.00% 70.00% 80.00% 90.00% 100.00%

mSecondary Tar Non Catalytic W Secondary Tar Catalytic Primary Tar Non Catalytic

w Primary Tar Catalytic = Char Non Catalytic ® Char Catalytic

Figures 2 Effect of temperature and the use of catalysts
on the yield of pyrolysis products

3.2 The Effect of Catalyst Use on the Yield of
Primary Tar and Secondary Tar

Figure 2 shows that the use of a catalyst increases
the yield of the secondary tar product but the best for the
primary tar. The use of a catalyst that helps the process
of cracking the LDPE plastic waste increases the
volatile matter and speeds up the reaction so that the
cracking of the plastic waste makes the reaction faster
so that more gas leaves the reactor outlet [22]. The more
gas mass due to the use of a catalyst makes the pressure
also increase. The high pressure due to mass and
accompanied by an increase in temperature makes the
gas leaving the reactor not trapped in the primary tar
reservoir but flows directly into the condenser inlet so
that the volume and vyield of the secondary tar
condensation results in the higher the condenser.

The use of a catalyst followed by an increase in
temperature is beneficial in increasing the secondary tar
yield conversion value. It can be seen in Figure 2 that at
a temperature of 300°C the secondary tar highest yield
reaches 91.01% where this value has a significant
increase from conditions at temperatures of 250°C,
which is equal to 66.65% and so did the increase in
yield from a temperature of 200°C to a temperature of
250°C of 51.99%. The yield value obtained in the
secondary tar at the highest temperature of 300 °C tends
to be higher than previous studies, namely the treatment
of polypropylene waste by pyrolysis process at a
temperature of 400°C using a 1% zeolite catalyst with a
product yield value of 74.76% [21].

3.3 Effect of Temperature and Use of Catalysts
on the Yield of Fuel Oil

Tar is a product of the pyrolysis process in the
form of liquid condensation. Tar is produced from
the vapor, which is condensed to change from gas
to liquid. Tar contains water and also contains

Atlantis Highlights in Engineering, volume 7

char, which is carried along during the pyrolysis
process [6].

In this discussion, the tar yield at the primary
reservoir and the secondary reservoir is calculated
as the total tar value. From Figure 3, it can be seen
that the tar yield increases with the increase of
reaction temperature in the reactor, and so does the
use of a catalyst. The results obtained are in
accordance with the previous study, that discusses
the study of the effect of temperature and the use

of catalysts in the pyrolysis  process
[2][5][6][20][23].
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Figures 3 Effect of temperature and use of catalysts on
material yield fuel oil (primary tar and secondary
tar)

4. CONCLUSIONS

The increase in temperature and the use of catalysts
can increase the yield of fuel oil and reduce the residue
of solids or char left in the reactor. Pyrolysis of LDPE
plastic waste uses pyrolysis equipment designed using
two tar reservoirs, a stainless steel reactor, and a
condenser with a copper tube in the shape of a spiral and
using a natural zeolite catalyst of 1% at a temperature of
300b°C to convert 2.5 kg of LDPE plastic waste into a
tar or fuel oil by 94.80% and reducing the residual
solids in the reactor by 5.2% in 6 hours.
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