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DESIGN AND FABRICATION OF A FIXED BED
PYROLYSIS WITH LDPE PLASTIC WASTE
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Indonesi a ’ This paper presents the design of a fixed bed reactor pyrolysis to convert
plastic waste type LDPE into condensate oil. The dimensions of the batch
Correponding email 1: type pyrolysis reactor are adapted to household needs and are designed to
agusputrawan@pnb.ac.id be easy to operate and transport. From the results at three different pyrolysis

temperature variations; 250 °C, 275 °C and 300 °C shows that reactor yields
a maximum condensate oil of 45,3wt% at temperature of 300 °C. In addition,
the weight of charcoal also decreased along with the increase in operating
temperature.
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1. INTRODUCTION

Currently, the waste problem has become a common problem in various places, especially in big cities
which have relatively dense population with relatively limited waste disposal sites and almost all waste disposal
sites in cities in Indonesia only apply open dumping which is considered not to be appropriate as a systematic way
of handling waste [1]

Plastic waste is a polymer compound with a very large molecular shape in which the main element is carbon.
The term plastic, in a chemical sense, includes synthetic or semi-synthetic polymerization products. Conversion
of plastic waste into fuel has several advantages, as well as being one of the main alternatives for processing plastic
waste, because landfill and incineration methods have a negative impact on the environment.

Pyrolysis technology is an alternative for municipal solid waste treatment which is considered quite
prospective to be developed because it has several advantages including having a high conversion ratio, its products
have a high energy content, the resulting products can be increased into basic materials for other purposes as well
as controlling an easier process when compared to the incineration process [2].

Pyrolysis is a process of decomposition of organic material with heat without containing oxygen. The
products that can be produced can be in the form of gas (H2, CO, CO2, H20, CH4), tar and charcoal. Charcoal
formed during the pyrolysis process can be used as fuel or used as activated carbon. While the liquid oil produced
from the pyrolysis process can be utilized as an addictive substance or used for fuel mixtures [3].

A lot of works have been developed on pyrolysis in traditional reactors such as fluidized-bed [4],[5], fixed
bed [6], [7], rotary kiln [8] reactors etc. Regarding product distribution at different operating conditions. Whilst
recently the pyrolysis of terrestrial biomass has received a great deal of attention at various experimental conditions
from rice husk and rice straw [9], palm [10], orange peel [11], and coconut leaf’s [12]

Plastic based on its type consists of two, namely thermoplastic and thermoset plastic, thermoplastic is a
plastic that has been shaped to soften by heat treatment and can be reshaped repeatedly, until it loses its
constituents. Thermoset plastics are plastics that have been molded and cannot be softened by heat treatment.
Excess heat will burn the constituents. One type of plastic waste that is very easy to find is Low Density
Polyethylene (LDPE). The derivative of this type of plastic is crackle plastic whose use is still very massive in the
community so that its existence is quite abundant and is considered to have no economic value. Its main
characteristics are that it is easy to process, easy to shape using heat, and is formed from petroleum-based materials.
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Knowledge of the thermal properties of various types of plastics is very useful for the plastic recycling
process which includes the thermal properties of melting point (Tm), transition temperature (Tg) and
decomposition temperature. The transition temperature is the temperature when the plastic undergoes structural
stretching so that there is a change from a rigid state to a more flexible state. Above the melting point, the plastic
experiences an increase in volume so that the molecules move more freely which is indicated by an increase in
their flexibility. The melting temperature is the temperature at which the plastic begins to soften and turn into a
liquid. The decomposition temperature is the limit of the liquefaction process. If the temperature is raised above
the melting temperature, the plastic will flow easily and the structure will decompose. Decomposition occurs
because the thermal energy exceeds the energy binding the molecular chains.

Based on the above description it is deemed necessary to research the effect of working temperature by
design of the pyrolysis system on the oil yield product.

2. MATERIALS AND METHODS

2.1 Feed stock

Plastic waste used as fuel for this experiment was collected from household production which is usually
dominated by LPDE types such as plastic bags for dry-cleaning, newspapers, bread, frozen foods, fresh produce
and garbage. Thus, maintaining uniform characteristics, the plastic is separated from the impurities and cropped
into equal sizes.

2.2 Reactor design

The application of fixed bed pyrolysis equipment with batch reactor type is designed for household scale
with a maximum capacity of 0.01 m3 which can treat crackle waste produced by households on average for 4 days.
The reactor pyrolysis (diameter:260mm and high:250m) was made from stainless steel having the fuel feeder
(header heigh:100mm, diameter:50mm) at top of reactor. Design and sign is made to carry a compact concept with
m that is easy to move and operate. The preheating source comes from a heating furnace using LPG fuel. Crackle-
type plastic waste can be inserted into the feeder nut located at the top of the reactor. The system pyrolysis was
designed as the Fig.1 bellow

1. Frame 6. Condenser

2. Reactor 7. Box condenser
3. Flange 8. Liquid output
4. Fuel feeder 9. Burner

Figurel. The schematic design of fixed bed pyrolysis system
2.3 Experimental Method

A LDPE plastic waste was transfer into reactor by fuel feeder. A waste plastic to fuel production process
was applied at three different temperature by 250 C, 275 C and 300 C. During fuel production process vacuum
system did not apply and catalyst or extra chemical did not added. Condensation unit was setup with reactor and
no water circulation system was added. Experiment was batch process fully closed system setup.

The operating temperature of the reactor will be assessed by recording the temperature measurements on
the reactor. Type K thermocouple will be installed on the reactor wall with 3 (three) measurement points to obtain
the average temperature distribution that occurs. Temperature variations are carried out by controlling the valve
on the heating furnace to achieve the required temperature setting.

LDPE (700g) plastic waste is put into a fixed bed pyrolysis reactor. The reactor admires for up to 200
minutes until it reaches the set temperature. When the temperature inside the reactor reaches the pyrolytic
temperature, the product gas is passed through the condenser where cooling water temperature is 30-35 C which
causes the condensed gas to produce a liquid. Then the liquid is collected from the reservoir and weighed. The
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product yield of condensate oil were determined by the following Eq. (1) respectively:

o m. condensate
Condensate oil yield ——x 100%

(wt%) = m. feedstock

3. RESULTS AND DISCUSSION

3.1 Temperature Distribution

The temperature distribution in the pyrolysis reactor is controlled by 3 type K thermocouples mounted on
the reactor with a height distance of 30mm at each point. Real time data recording using 4 channel digital
temperature display. The heating rate control is done by manually adjusting the valve opening on the stove. The
temperature of the cooling water in the condenser is also recorded to display the condition of the cooling water.
The temperature distribution obtain by 250°C showed as Fig 2. below

N
Q
S

w
@
=]

U
Q
S

N
o
S

N
Q
=]

-
wu
=]

'W*vw“v’ VYR
4

Reactor Temperature (°C)
N

=
g o
o o

o

0 20 40 60 80 100 120 140 160 180
Time (Min)
==@==Bottom temperature Middle temperature
Upper temperature Water condenser temperature

Figure 2. Temperature distribution 250°C

3.2 Condensate oil yields

The effect of reactor heating temperature on the pyrolysis process affects the amount of oil produced.
Table 1 shows an increase in the volume of condensate oil production along with the increase in temperature in
the reactor. At a temperature of 250°C, the volume of condensate oil produce was 182 ml, then increased to 310
ml at a temperature of 275°C and the highest volume was 526.5 ml at a temperature of 300°C.

Table 1. Pyrolysis product with different temperature

Reactor Feed mass of Volume of condensate Condensate oil yields
temperature (°C) LDPE (gram) oil (ml) (%owt)
250 700 182 224
275 700 310 35
300 700 526,5 45,3

From the results of the volume of condensate oil, it shows that the increased temperature has an effect on
the increase in the volume of condensate oil. A reactor temperature of 250°C showed a volume of condensate oil
of 182ml, an increase temperature to 275°C results in an increased the volume of condensate oil to 310ml and at a
temperature of 300°C produced the highest condensate oil, which is 526.5ml. This is influenced by the
decomposition process of the plastic that has entered the melting temperature phase (Tm) of 330°C to release the
molecular bonds that form plastic into gas.

3.3 Char product

Fig. 3 shows the mass of charcoal produced during the pyrolysis process. At a temperature of 250°C, the
amount of charcoal is 175 grams, an increase in temperature to 275°C indicates a decrease in the amount of
charcoal, which is 122 grams and the lowest mass of charcoal is 70 grams, which is produced at a reactor
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temperature of 300°C. The increase in reactor temperature will reduce the amount of charcoal produced in the
pyrolysis system.
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Figure 3. Char product with different temperature

4. CONCLUSION

From the results obtained, it can be concluded that the highest amount of condensate oil production is
produced at a reactor temperature of 300C, which is 45.3%wt. The amount of charcoal produced decreased as the
pyrolysis temperature increased.
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