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Abstract. Handling the problem caused by hazardous waste and toxic (B3 waste)
including used lubricating oil (ULO) of vehicles is very important because it hurts the
environment and living things. In addition, exploration of energy sources continues to be
carried out due to a decrease in the main energy source causing the energy crisis issue to
get scarier. ULO is one of the energy sources that can be used as an alternative fuel
through pyrolysis. This study aims to examine the pyrolysis process of ULO by
controlling its temperature and heating rate to produce distillate gasoline-like fuel (GLF)
and diesel-like fuel (DLF). The research method is a laboratory test where a certain
amount of ULO is put into the pyrolysis reactor and then heated at a controlled
temperature. Due to the influence of heat, ULO decomposes on several types of liquids
named waste oil pyrolysis fuel (WOPF) similar to conventional fuels which can be
identified by the color of the resulting liquid.
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1 Introduction

Lubricating oil serves to protect engine components, both motor vehicle engines and industrial
engines from wear and tear in addition to controlling the temperature in the combustion
chamber [1]. Currently, lubricating oil is generally made from petroleum extraction which is
added with additives to obtain lubricating oil characters according to standards. Used oil or
called used lubricant oil (ULO) [2], or also called waste lubricant oil (WLO) [3] is waste from
lubricating oil after use. Usually, this waste is considered worthless and is allowed to
accumulate before being disposed of carelessly. This oil has a fairly long carbon chain
between fractional derivatives of petroleum distillation. The number of carbon atoms is 12
(C12) t0 20 (Cy) in one molecule. This used oil can boil at temperatures above 300 °C.

Used oil generally contains harmful substances and metal particles [4]. If disposed of
carelessly, the consequences caused are environmental pollution that is very dangerous and
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poses a threat to human life and other living things [5]. Figure 1 shows a situation where
beach water is polluted by waste oil that is disposed of carelessly.

Fig. 1. Public locations polluted with waste dil

Awareness of this threat has increased efforts to treat waste oil. Almost 20 years ago the
handling of used oil by recycling was done to restore the quality of used oil so that it can be
used again [6]. Burning directly for destruction is also the easiest solution, but the resulting air
pollution will be a threat if the combustion process is not done properly [7]. However, burning
used oil by mixing it with other fuel waste such as fuel oil can improve combustion
performance [8]. Instead of having to burn directly, the pyrolysis process may be carried out
as part of the waste oil recycling process.

A study 23 years ago studied the kinetics of changing used oil to pyrolysis oil experimentally
and analyzed it through mathematical models. The results reported that the pyrolysis process
in used oil provides a new paradigm for processing waste oil to be more useful [9]. The latest
article in his review mentioned that used oil pyrolysis oil has very potential to be used as
motor vehicle fuel by first upgrading or by mixing it with the main fuel [10].

Pyrolysis of used oil depends on important parameters such as temperature, operational
pressure, and the catalyst used. Depending on the desired product, the pyrolysis process
temperature becomes a key parameter. Demirbas et al.,, 2008 suggested that pyrolysis
temperatures between 200 °C to 350 °C can produce gasoline equivalent oil [11]. However,
when the temperature is raised to 600 °C, the resulting product is pyrolysis oil equivalent to
diesel fuel [12]. High temperatures also increase the amount of product produced. As many as
65% pyrolysis oil products can be obtained at a temperature of 575 °C [13]. There are also
findings of researchers who show that the influence of catalysts is not too significant in the
production of pyrolysis oil [14]. Producing alternative fuels from used oil, in general, faces
constraints on the energy needed. The higher the temperature needed, the greater the energy
needed. The pyrolysis process of used oil at moderate temperatures is still rarely publicized
and is still dominated by high temperatures.

This study focuses on the pyrolysis process at moderate temperature to increase the added
value of ULO in gasoline and diesel-like fuel. This fuel can be used as an alternative fuel for



internal combustion engines or boiler fuel in industry. However, how ULO is processed to
produce oil with levels equivalent to gasoline and diesel oil is an important question that must
be answered through ways and processes that can be done.

2. Methodology

To answer the questions in this study experimental research methods. A total of a liter of used
oil is fed into the pyrolizer. Slowly the reactor is heated using LPG fuel and the temperature is
monitored using a thermometer. The test was carried out in the temperature range of 300-500
°C with a heating rate of 10-40 °C/min. After the target temperature is reached, heating
continues for 10 minutes at that temperature. During heating, the pyrolysis steam flows into
the condenser for the cooling process so that the pyrolysis steam turns into a liquid. The liquid
is accommodated in the distillate tank every 5 minutes by opening the tap of the oil product.
To get a quality product, the pyrolysis target temperature is changed to get a good product.
Visually, a good pyrolysis product can be known from the color of the condensate produced.

2.1 Materials

In this study, the material used is used lubricating oil. This used oil was taken from a
motorcycle repair shop close to the research site. There is no special treatment of used oil,
only ordinary filtration is carried out to clean it from coarse material or other impurities.
Figure 2 shows the appearance of used oil received from a motorcycle repair shop.

Fig.'2. The appearance of used oil

2.2 Experiment diagram flow

Figure 3 is a diagram of the arrangement of equipment needed to conduct an experimental
study of the distillation of used oil as an alternative fuel. The equipment used is very simple; a
distillation tube, condenser, and collector tank.
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Fig. 3. Arrangement of research equipment

3. Result and Discussion
3.1 Temperature profile during the process

Figure 4 shows the temperature profile used during the test. The temperature range used is
from 300 °C to 500 °C with a maintained temperature increase of 10 °C/min.
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Fig. 4. Temperature profile during the pyrolysis process at a heating rate of 10 °C/min with different
temperature targets



3.2 Pyrolytic product visualization

The results of the visual observation of ULO pyrolysis results can be seen through the
resulting product visualization images as shown in Figure 5. Gasoline-like pyrolytic oil has a
light color, while diesel-like pyrolytic oil has a slightly lighter color compared to the original
dirty oil.
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Fig. 5. The appearance of pyrolysis oil on heating 30 °C/min with a target temperature of about 450
°C/min

3.3 The influence of temperature on pyrolysis product

The temperature of the pyrolysis process affects the yield and quality of the pyrolitic
produced. In general, the higher the pyrolysis temperature, it pyrolysis of organic materials or
inorganic materials such as plastics, the more liquid is produced [15]. However, the optimal
temperature limit for pyrolysis of spent lubricating oil ranges from 300°C to 500°C, depending
on the type of lubricating oil and pyrolysis conditions [10]. If the pyrolysis temperature is too
low, then the quantity of liquid produced will be little or even nothing. This is because the
pyrolysis process requires enough temperature to trigger a chemical reaction that converts the
raw materials into pyrolysis products. Meanwhile, if the pyrolysis temperature is too high, the
liquid produced can be reduced because the temperature is too high can trigger further
reactions that can break the carbon chains to be even shorter and result in the formation of
gases that cannot be condensed. Therefore, pyrolysis temperature regulation should be done
carefully and meticulously to obtain the optimal and high-quality liquid quantity.

From this study, it was obtained that the optimum temperature limit for the waste oil pyrolysis
process is varied as shown in Figure 6 to Figure 8. This is due to several factors, such as the
type of used oil, the equipment available, and the parameters to be obtained. In general, the
optimum temperature for used oil distillation in this study was between 350°C to 450°C. The
results of this study are in line with the results of research conducted by Bhaskar et al. (2004)
[6]. In this temperature range, most of the components in used oil can be well separated.
However, the optimum temperature may vary depending on the type of used oil. For example,
for used oil that contains a lot of impurities or water, a higher distillation temperature may be
required. In addition, keep in mind that too high temperatures can cause oil degradation and
produce compounds harmful to the environment and human health. Therefore, the regulation



of the distillation temperature must be done carefully, and pay attention to other factors such
as distillation time and proper use of equipment.

55
= 50
5 X
-
g 45
= 40
g ]
= B T=300C
5 30
> #T=350C
2 2
= AT=400C
= 20
X e T=450C
-
= 9 X T=500C
=
e 5
0
0 10 20 30 40 50
HEATING RATE (C/MIN)
Fig. 6. The effect of temperature on diesel-like fuel product
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Fig. 7. The effect of temperature on gasoline-like fuel products
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Fig. 8. The effect of temperature on oil products at a heating rate of 30 °C/min

The results showed that the used oil pyrolysis process can produce light hydrocarbon
molecules to restore the quality of used oil so that it can be reused as a basic material for
lubricating oil or fuels such as diesel-like fuel [12], [16], [17], petroleum, or gasoline-like fuel
[11], [18].

4. Conclusion and Recommendation

Research on used oil with the intention of improving quality through pyrolysis has been
carried out. In this study, temperature and heating rate are important factors in setting
parameters to obtain optimal and high-quality distillation results. The optimum temperature
limit for pyrolysis of used oil as an alternative fuel is between 300°C to 500°C, although it
may vary depending on the type of scrap oil used and the equipment available. Too high
temperatures can lead to oil degradation and produce compounds harmful to the environment
and human health. This study shows that pyrolysis can improve the quality of spent oil as an
alternative fuel, but the regulation of distillation parameters must be done carefully and
systematically to obtain optimal results and be safe for the environment and human health.
Distillation can also be a promising alternative to reduce the use of fossil fuels and reduce the
environmental impact generated by waste oil

Acknowledgment

The Institute for Research and Community Service (LPPM) at Universitas Negeri Medan
provided funding support under contract number: 0138/UN33.8/KPT/PD/2023, which the
authors gratefully acknowledge. The assistance of two diploma final-year students, workshop
workers, and research collaborators was also acknowledged.



References

(1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

[0l

[10]

[11]

[12]

[13]

[14]

X. Liang et al., “Development of a combustion reaction model for lubricant
synthetic base oil by experimental and numerical methods,” Combust Flame, vol.
238, p. 111916, Apr. 2022, doi: 10.1016/j.combustflame.2021.111916.

J. A. Botas, J. Moreno, J. J. Espada, D. P. Serrano, and J. Dufour, “Recycling of
used lubricating oil: Evaluation of environmental and energy performance by LCA,”
Resour Conserv Recycl, vol. 125, pp. 315-323, Oct. 2017, doi:
10.1016/j.resconrec.2017.07.010.

N. Zhao et al., “Direct combustion of waste oil in domestic stove by an internal heat
re-circulation atomization technology: Emission and performance analysis,” Waste
Management, vol. 104, pp. 20-32, Mar. 2020, doi: 10.1016/j.wasman.2020.01.007.
S. S. Lam, A. D. Russell, and H. A. Chase, “Pyrolysis Using Microwave Heating: A
Sustainable Process for Recycling Used Car Engine Oil,” Ind Eng Chem Res, vol.
49, no. 21, pp. 10845-10851, Nov. 2010, doi: 10.1021/ie100458f.

P. Nowak, K. Kucharska, and M. Kaminski, “Ecological and Health Effects of
Lubricant Oils Emitted into the Environment,” Int J Environ Res Public Health, vol.
16, no. 16, p. 3002, Aug. 2019, doi: 10.3390/ijerph16163002.

T. Bhaskar et al., “Recycling of waste lubricant oil into chemical feedstock or fuel
oil over supported iron oxide catalysts,” Fuel, vol. 83, no. 1, pp. 9-15, Jan. 2004,
doi: 10.1016/S0016-2361(03)00216-3.

J. Nisamaneenate, D. Atong, U. Phusuwan, 1. Idris, and V. Sricharoenchaikul,
“Enhanced syngas production from waste lubricant oil reforming with transition
metal catalysts,” J Anal Appl Pyrolysis, vol. 172, p. 106013, Jun. 2023, doi:
10.1016/j.jaap.2023.106013.

J. Gémez, T. Neumann, F. Guerrero, and M. Toledo, “Experimental investigation on
combustion and emission characteristics for heavy fuel and used motor oils blends
in a free-flames burner,” Fuel, vol. 307, p. 121739, Jan. 2022, doi:
10.1016/j.fuel.2021.121739.

S. S. Kim and S. H. Kim, “Pyrolysis kinetics of waste automobile lubricating oil,”
Fuel, vol. 79, no. 15, pp. 1943-1949, Dec. 2000, doi: 10.1016/S0016-
2361(00)00028-4.

A. Mishra, H. Siddiqi, U. Kumari, I. D. Behera, S. Mukherjee, and B. C. Meikap,
“Pyrolysis of waste lubricating oil/waste motor oil to generate high-grade fuel oil: A
comprehensive review,” Renewable and Sustainable Energy Reviews, vol. 150, p.
111446, Oct. 2021, doi: 10.1016/j.rser.2021.111446.

A. Demirbas, “Gasoline-like Fuel from Waste Engine Oil via Catalytic Pyrolysis,”
Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, vol. 30,
no. 16, pp. 1433-1441, Jun. 2008, doi: 10.1080/15567030701258469.

A. Demirbas, M. A. Baluabaid, M. Kabli, and W. Ahmad, “Diesel Fuel From Waste
Lubricating Oil by Pyrolitic Distillation,” Pet Sci Technol, vol. 33, no. 2, pp. 129-
138, Jan. 2015, doi: 10.1080/10916466.2014.955921.

N. Patel, K. P. Shadangi, and P. K. Kar, “Characterization of waste engine oil
derived pyrolytic char (WEOPC): SEM, EDX and FTIR analysis,” Mater Today
Proc, vol. 38, pp. 2866-2870, 2021, doi: 10.1016/j.matpr.2020.09.138.

S. A. EI-Mekkawi, N. N. El-Ibiari, N. K. Attia, G. I. EI-Diwani, O. A. El-Ardy, and
A. K. El Morsi, “Reducing the environmental impact of used lubricating oil through



[15]

[16]

[17]

(18]

the production of fuels by pyrolysis,” Environ Nanotechnol Monit Manag, vol. 14,
p. 100308, Dec. 2020, doi: 10.1016/j.enmm.2020.100308.

B. H. Tambunan, S. Siman, and J. P. Simanjuntak, “Pyrolysis of Plastic Waste into
The Fuel Oil,” in Proceedings of the Proceedings of the 2nd Annual Conference of
Engineering and Implementation on Vocational Education (ACEIVE 2018), 3rd
November 2018, North Sumatra, Indonesia, EAI, 2019. doi: 10.4108/eai.3-11-
2018.2285610.

O. Arpa, R. Yumrutas, and A. Demirbas, “Production of diesel-like fuel from waste
engine oil by pyrolitic distillation,” Appl Energy, vol. 87, no. 1, pp. 122-127, Jan.
2010, doi: 10.1016/j.apenergy.2009.05.042.

R. Maceiras, V. Alfonsin, and F. J. Morales, “Recycling of waste engine oil for
diesel production,” Waste Management, vol. 60, pp. 351-356, Feb. 2017, doi:
10.1016/j.wasman.2016.08.009.

A. Mishra, H. Siddiqi, U. Kumari, I. D. Behera, S. Mukherjee, and B. C. Meikap,
“Pyrolysis of waste lubricating oil/waste motor oil to generate high-grade fuel oil: A
comprehensive review,” Renewable and Sustainable Energy Reviews, vol. 150, p.
111446, Oct. 2021, doi: 10.1016/j.rser.2021.111446.



