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ABSTRACT
This study is motivated by the existence of lubricating oil waste (which is produced from industrial machinery and 

motor vehicles) in huge volume. Therefore, this study demonstrated the use of lubricating oil waste as an alternative 
fuel for aluminum smelting. Besides, oil waste as a fuel can reduce the consumption of biodiesel fuel. In this study, 
we also make a specific burner that can convert the energy from lubricating oil waste. The design of the burner is 
easily constructed and inexpensive. The experimental results showed several advantages: (1) the atomizing process 
can be produced from mixing of oil wasted fuel and the air pressure, which is flown constantly by the blower into the 
burner to obtain a stable flame for aluminum smelting; (2) lubricating oil waste fuel has a high calorific value, so that 
it can be used as an alternative fuel for aluminum smelting; (3) the results of the aluminum smelting test can be used 
for 1 kg of aluminum by 3 liters of oil waste with the average heating time of 25 minutes. The temperature can reach 
800°C. Furthermore, for aluminum smelting process, it takes time for pre-heating before the combustion conducted 
on the burner.
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INTRODUCTION
The manufactures of burner oil waste as a fuel for aluminum smelting are important. This is because of the huge 

amount of burner oil waste. Here, in this study, we applied and designed a burner using burner oil waste. The burner 
was then used for the smelting process (Kurniawan et al., 2016), specifically for refining aluminum scrap. Aluminum 
can also be recycled or re-melted, so it can be processed further such as extrusion, rolling, and casting (Haraldsson and 
Johansson, 2018). The designing burner used the lubricant oil waste and converted this waste to the gas phase through 
atomizing techniques. This type of burner used heating from the fire to vaporize the fuel continuously. The way burner 
works is by heating the fuel that is flowed to the burner. The fuel vapor that is formed then is sprayed by the blower 
together with lubricating oil wasted so that it is blended in the air and burned to form the flame to smelt aluminum.

Fig. 1. Atomizing Burner (Curtis, 2001).
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Meanwhile, petroleum is non-renewable energy, but in daily life it is widely used for engine lubricants in private 
vehicles so that it will reduce petroleum reserves, which will be exhausted in the next 40-50 years (Edwards, 2015; 
Saidur et al., 2011). The results of the use of engine lubricants will produce lubricating oil wasted, which is one 
of the problems that have to be solved by reducing or recycling the used lubricating oil wasted. The development 
of lubricating oil wasted fuel continuously increases along with the increasing number of motorized vehicles. The 
management of recycling lubricating oil wasted is generally applied in the industrial sector of the factory, but the use 
of lubricating oil was not managed properly and it is thrown and disposes directly to the environment. Thus, it will 
create pollution. 

As an alternative way for overcoming this problem, reusing lubricants oil wasted is the best. The lubricant oil can 
be used as an alternative fuel and can substitute kerosene or diesel fuel. The characteristics of lubricating oil waste still 
have a calorific value so that they can be pumped and easily atomized into fuels wasted and appropriate for aluminum 
smelting fuels (Zhou et al., 2006). Aluminum smelting using lubricant oil waste is certainly a concrete solution in 
saving and replacing kerosene and diesel fuel. In this study, aluminum scrap smelting uses 100% of original oil scrap 
as a fuel. 

The results of the study support the use of lubricating oil wasted such as lubricant oil wasted providing atomizing 
treatment so it is easy to burn. Furthermore, the wet impregnation method can also be used as desulfurization of 
lubricating oil wasted becomes fuel (Bhaskar et al., 2004). The results of other studies also proved that industrial 
vapor made from wood-based diesel fuel using Philippine Calatrava blend with coal-diesel oil (CDOM) is used as an 
alternative fuel (Maglaya, 2005). This is strengthened by the results of the study that economical biodiesel fuel from 
castor oil using impregnated shellfish catalysts gives extraordinary results and it can be used again and considered for 
fuel synthesis (Nurdin et al., 2015; Zaim and Mansouri, 2015).

Based on the rationalization, this study focused on designing burners with simple construction, which can be easily 
moved, and the manufacturing costs are relatively low. Burners are simply designed, but they have optimal work 
effectiveness so that lubricants oil waste can be used to replace biodiesel or LPG fuel. The burner is expected to be 
used as a reference tool for small-scale industries to reduce fuel, so it can reduce the cost of metal smelting production. 
The main components contained in the melting furnace are burners, blowers, oil fuel storage tubes, and furnaces (Zhou 
et al., 2006). Specifically, the formulation of the problem can be formulated as follows:

How are the stages of making burner lubricant oil waste using atomizing process?1. 

What are the results of the trial of lubricant oil wasted on burner?2. 

METHOD
The method used in this study is experimental method. The experiment method was done to test in several steps. 

The experiment was chosen because the aim of the study was to conduct a trial of performance tests in developing 
burner oil wasted for aluminum smelting. Lubricants oil waste are not only easy to obtain, but also the characteristics 
of lubricants oil waste still have a calorific value so they indicate that they can be pumped and easily atomizing into 
fuel.

Research Placea) 

The manufactures of burner aluminum oil wasted fuel for aluminum smelting conducted at the Production workshop 
in one Department of Mechanical Engineering, State University of Jakarta.

Tools and Materialsb) 

Tools and Materials, Tools used to support the work are Shielded Metal Arch Welding (SMAW) and Oxy Acetylene 
Welding (OAW), lathe machining processes, drilling, grinders, slag hammers, punch, steel brushes, hand grinders, 
steel ruler, vernier caliper, fuel line hose, and thermocouple. Material: 8 inch pipe, blower, drum, refractory brick, 
rockwool, drigen, lubricating oil wasted.
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Experimental Stagesc) 

In this study, three test processes were conducted and at the end of trial the burner was able to smelter aluminum 
completely. Lubricant oil waste is expected to be an alternative fuel for small-scale industries to reduce the production 
costs. The experimental stages can be clearly at the research flowchart in Figure 2.

Fig. 2. Research flow system.

RESULTS AND DISCUSSION
Experimental results

A literature study was conducted to examine the theory of the development of aluminum smelting devices. 1. 
The activities conducted are theoretically examining various types of literature and literature relating to the 
characteristics of lubricating oil wasted, atomizing processes by implementation and smelting aluminum. The 
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sources will be a reference of relevant results to strengthen problems as well as the theoretical basis to solve the 
problems.

At the design stage, the software used for drawing sketches is AutoCad, as well as some other supporting software. 2. 
In figure 3 is a schematic burner where lubricating oil wasted fuel on oil tube is flowed to the fuel through a hose 
connected with a copper pipe, in the same time the air pressure is blown constantly using a blower and flows into 
the burner combustion chamber so that the blending process occurs between lubricating oil waste and air fuel. The 
gas and air trapped inside the turbulent burner become outside turbulence in the same time and produce a flame, 
which is positioned in the direction of the furnace for the aluminum smelting process.

Fig. 3. Schematic illustration of burner oil lubricant waste as a fuel: (a) Melting furnace, (b) Aluminum cup, 
(c) Burner, (d) Blower, (e) Fuel reservoir anchoring construction, and (f) Fuel reservoir.

The manufacture of the burner process starts from choosing an air diverter source, because the air needed must be 3. 
constant. Therefore, the blower is chosen as a source of pressurized diverter. Figure 4 is a picture of a blower that 
has a flow rate specification of 0.0023 m3/s and a speed of 7 m/s, which results in 2800 rpm = 3 bars in pressure 
conversion.

Fig. 4. Blower.

The manufacture of a burner begins by making a picture design and understanding the image. Furthermore, in the 4. 
process of making the burner as a fuel, it should adjust the size of the blower hole, which is equal to 2.5 inches 
and the main pipe for the combustion chamber is 8 inches. Then the selected pipe is cut to the size mark using 
a weld. In the burner part is given the inlet and exit holes as air pressure makers and to drain the flame into the 
furnace. In the final stage, an investigation is made to check whether there is a leak on the burner. The process of 
manufacturing the burner, starting from drawing the design to the welding process, can be seen in Figure 5.
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Fig. 5. Burner.

The melting furnace is made light in order to facilitate the transfer process. Therefore, the design of the melting 5. 
furnace is made of 600-mm drum and rockwool insulator as a heat retardant and additional resistant bricks are 
bonded using fire-resistant cement to strengthen the wall of the melting furnace. In the melting furnace two holes 
are made, the first hole for the heat input from the used oil-burner and the second hole made to output combustion 
residue. In figure 6 below is a picture of a melting furnace for melting aluminum.

Fig. 6. Melting furnace.

This study conducted a performance test three times. In the first trial the burner was made using a compressor as 6. 
a pressure source. The results show that the resulting flame was good enough only for the first few minutes, then 
the compressor experienced a decrease in pressure. It is known that when the compressor compresses the air, in 
fact it cannot be stable.

In the second trial to increase the effectiveness of the burner compressor was changed by using a blower and 
burner used from Liquified Petroleum Gas (LPG) gas cylinders, which are given input channels and output 
channels. The result of the second test is that the air flow is good enough to flow constantly so that the flame is 
stable and the fuel supply burns completely. However, because the burner used is thinner, it can be seen that there 
is high heating inside the burner.

In the third trial, the refinement is made by choosing a burner material with a thickness of 6mm so that it does 
not warm up by conduction on other objects. The flame length is around + 21 cm. Then, the thermocouple is 
installed to determine the heat that occurs in the melting furnace so that the melting point of aluminum scrap can 
be seen. After several minutes of testing and success, the next step is smelting aluminum scrap. The trial stage of 
the burner tool can be seen in Figure 7.
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Fig. 7. Burner trials.

The measurement goes with one7. -time experiment. Aluminum metal smelting process (see Figure 8) can allow 
lubricating oil waste as a fuel. The fuel is flown towards the burner sleeve, which finally comes out from nozzle 
that is made by brass metal. The fuel pressure is kept constant by the blower. Preheating using gasoline is flown 
to the burner. Fire burner heats up the cartridge that has been filled with fuel. This sleeve is used for atomization 
and as a mixture of fuel and air. The air is flown through the pipe by the valve openings setting. The air flowing 
through the gap will experience atomization, which turns into smooth grains and mixes with air and then burns 
and forms a flame. Aluminum scrap melts at a melting point of 800°C; it is measured by using a thermocouple and 
25 minutes to melt aluminum. It is also obtained from the calculation of the mass flow rate and oil volume by the 
rate of oil volume of 0.00157 kg /s and the ratio of AFR (Air Fuel Ratio) of 14 kg of air / kg of fuel. Here, Figure 
8 is the burner of aluminum smelting.

Fig. 8. Smelting aluminum scrap process.

The results of metal smelting lubricating oil wasted device trials indicate that the tool is able to completely smelt 8. 
the metal into liquid wasted aluminum. The aluminum is then poured into a mold that is made from printed sand, 
which has an inlet and exhaust channel. The pouring process is lifted using a manual lifting device, and then the 
cooling process of aluminum metal is conducted naturally by the temperature of the room. For specific results the 
product trial can be seen in Figure 9.
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Fig. 9. The result of aluminum scrap trials.

Graph of aluminum temperature rise
Aluminum melting with a mass of 1 kg requires 2 liters of lubricating oil wasted, for about 25 minutes, in which 

the first 5 minutes was used for the pre-heating process. Then, aluminum scrap melts when the burner combustion 
temperature reaches 800°C. Overall, the temperature is constantly increasing. For subsequent aluminum scrap 
smelting, it does not require a pre-heating process, so it can save the melting time. For more specific about the 
increasing temperatures, it can be seen in Figure 10.

Fig. 10.  The increasing graph of aluminum temperature toward combustion time.

Discussion
The result of this study is that oil-fueled burner has passed three test stages. Starting from the first trial until the 

last to optimize the burner work efficiency, this burner proposes that work efficiency is good enough in the smelting 
process. In other literatures, the burner also increased in its melting efficiency to remain constant by using cooking 
oil wasted (Dorado et al., 2002; Watanabe et al., 2001). Other results also confirm that mixed vegetable-diesel fuel 
could recycle cooking oil waste, which reduces household oil waste products (Dorado et al., 2002). This is certainly 
good if it is compared with coke and charcoal fuel, which takes a long time in the smelting process because the heat 
produced is not good.

On the other hand, innovation is also conducted on the combustion process on the burner. Oil waste with high 
viscosity needs to be heated in the burner to reduce its viscosity (Singhabhandhu and Tezuka, 2010). It is necessary to 
get a good mixture of combustion air when combustion takes place. Therefore, it will need a mixture of lubricating oil 
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waste with a solvent mixture in order to provide good combustion efficiency to the burner (Gopal et al., 2014; Osman 
et al., 2017).

The other improvements were also made by replacing compressors as the main source of pressurized air supply. 
The result is that the air obtained is not constant. The fact that, in other studies, the influence of air on fuel consumption 
has an impact on the flame that is not constant. Therefore, in the trial of compressor was replaced with a pressure 
blower. The result is that the blower is good enough to keep the air flowing into the burner. The melting furnace in 
this study produced residual ash with a higher risk of pollution. Gas combustion also produces carbon monoxide and 
hydrocarbons, which are unwanted (Bennett, 1998). Therefore, air filters need to be developed, so that the air coming 
out does not cause air pollution (Dinaryanto, 2010; Prabawa, 2010).

A melting furnace with a waste oil-based burner can provide a big contribution to the small-scale metal casting 
industry. At present, there are still many metal casting industries that use biodiesel or LPG fuel with high production 
costs. In fact, the use of waste oil from lubricants wasted can reduce waste oil from lubricants waste, and also if 
viewed from an economic perspective, it can cut production costs to be low budget (Singhabhandhu and Tezuka, 
2010). In addition, the burner melting furnace can also support learning, especially when practicing metal casting in 
the laboratory.

CONCLUSION
The experimental results of manufacturing a lubricant oil waste burner were conducted with three trials. The 

results of the trial are as follows: (1) the atomizing process can be produced by mixing oil waste and the air 
pressure flow that is constantly flowed by the blower into the burner to produce a flame that will be used for 
aluminum smelting; (2) lubricating oil waste has a high calorific value, so that it can be used as an alternative fuel 
for aluminum smelting; (3) the results of aluminum smelting trials can melt 1 kg of aluminum by 3 liters of used 
oil waste; average time required is 25 minutes to melt aluminum, at a temperature of 800°C. Furthermore, the 
process of refining the burner needs to be done by making an air filter in the melting furnace in order to overcome 
air pollution by the smoke produced.

ACKNOWLEDGMENT
We thank Universitas Pendidikan Indonesia for providing this research. We also thank the Jakarta State University 

in the production workshop for facilitating the place for the experiment.

REFERENCES
Bennett, P.E.A. 1998. Oxigen-enriched gas burner for incinerating waste materials. United State Patent, 47(9): 2431–2436.

Bhaskar, T., Uddin, A., Muto, A. & Sakata, Y. 2004. Recycling of waste lubricant oil into chemical feedstock or fuel oil over 
supported iron oxide catalysts, Fuel 83(1): 9–15.

Dinaryanto, O. 2010. Pengaruh jenis burner terhadap konsumsi bahan bakar lpg, Jurnal Angkasa, 2(1): 77–84.

Dorado, M.P., Arnal, J.M. & Gil, A. 2002. The Effect Of A Waste Vegetable Oil Blend With Diesel Fuel on Engine Performance, 
Transactions of the ASAE, 45(28): 519–523.

Edwards, L.E.S. 2015. The History and Future Challenges of Calcined Petroleum Coke Production and Use in Aluminum Smelting, 
JOM, 67(2): 308–321.

Gopal, K.N., Pal, A., Sharma, S., Samanchi, C., Sathyanarayanan, K. & Elango, T. 2014. Investigation of emissions and 
combustion characteristics of a CI engine fueled with waste cooking oil methyl ester and diesel blends. Alexandria 
Engineering Journal, 53(2): 281-287.

Haraldsson, J. & Johansson, M.T. 2018. Review of measures for improved energy e ffi ciency in production-related processes in 
the aluminum industry – From electrolysis to recycling. Renewable and Sustainable Energy Reviews, 93: 525–548.

Kurniawan, T., Fauzi, F.A.B. & Asmara, Y.P. 2016. High-temperature oxidation of Fe-Cr steels in steam condition–A review. 



The manufactures of burner lubricating oil wasted fuel for aluminum smelting84

Indonesian Journal of Science and Technology, 1(1): 107-114.

Maglaya, A.B. 2005. Utilizing Philippine Calatrava coal – diesel oil mixture (CDOM) as alternative fuel for industrial steam 
generator, Fuel, 84: 29–35. 

Nurdin, S., Rosnan, N.A., Ghazali, N.S., Gimbun, J., Nour, A.H. & Haron, S.F. (2015). Economical biodiesel fuel synthesis 
from castor oil using mussel shell-base catalyst (MS-BC). Energy Procedia, 79: 576-583.

Osman, D.I., Attia, S.K. & Taman, A.R. 2017. Recycling of used engine oil by different solvent. Egyptian Journal of Petroleum, 
27(2): 221-225..

Prabawa, P.A. 2010. Pengaruh tekanan udara terhadap sifat pembakaran minyak residu menggunakan vaporizing burner untuk 
peleburan aluminum. Doctoral Dissertation, Universitas Sebelas Maret, Surakarta, Indonesia.

Saidur, R., Abdelaziz, E.A., Demirbas, A., Hossain, M.S. & Mekhilef, S. (2011). A review on biomass as a fuel for boilers. 
Renewable and Sustainable Energy Reviews, 15(5): 2262–2289.

Singhabhandhu, A. & Tezuka, T. (2010). The waste-to-energy framework for integrated multi-waste utilization : Waste cooking 
oil, waste lubricating oil, and waste plastics. Energy, 35(6): 2544–2551.

Watanabe, Y., Shimada, Y., Sugihara, A. & Tominaga, Y. 2001. Enzymatic Conversion of Waste Edible Oil to Biodiesel Fuel in 
a Fixed-Bed Bioreactor, Journal of the American Oil Chemists’ Society, 78(7): 703-707.

Zaim, E.H. & Mansouri, S.H. 2015. A new mathematical model for copper concentrate combustion in flash smelting furnaces, 
231(2): 119-130.

Zhou, B., Yang, Y., Reuter, M.A. & Boin, U.M.J. 2006. Modelling of aluminum scrap melting in a rotary furnace, Prosiding 
Semnastek, 19: 299–308.


