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ABSTRACT

Purpose: of this paper is to investigate the reusability of contaminated waste lubricant oil 
as flammable fuel by thermal and catalytic cracking process followed by distillation. It also 
includes the study of using Zeolite and Nickel nano particles as catalyst and its influence 
catalytic cracking.
Design/methodology/approach: A conventional sterilization technique called Autoclaving 
method, uses high-pressure steam to separate water and other solid waste from the lube oil. 
It is followed by thermal cracking which breaks the molecular chains and decompose the 
waste lube oil. The autoclaving process works by the concept that the boiling point of water 
(or steam) increases when it is under pressure.
Findings: Now a days, Industrial and Automobile waste lubricating oils are giving big threat 
ecology while burning and disposing on bare land. Furthermore, they discharged into the 
open environment which might make destructive sicknesses to ecology. In water, oil is a 
visible pollutant, floating as a scum on the surface. Moreover, there is a gradual rise in fuel 
requirement across the globe, and the consumption of oil assets have driven the researchers 
to find elective power for internal combustion engines. By the way, diminishing of fossil 
sources, growing of demand and cost of petroleum based fuels and its environmental 
hazards as a result of burning or disposing on land have encouraged to investigate 
possibility of recycling of waste engine oil.
Research limitations/implications: A series of process such as filtration, cracking 
followed by distillation needs expensive experimental setup and regular maintenance as the 
extracted flammable oil fuel possess significant range of dynamic viscosity values. As all real 
fluids has its own viscosity, in near future, an investigation is about to do on its behaviour on 
blending with other flammable fluids.
Practical implications: Although the result of this investigation conforming its flammable 
characteristic of the extracted fuel, the quantity of pollutant free flammable fuel from waste 
contaminated lube oil being extracted is significant, the cost of catalyst is considerably 
more, as it plays the most vital part in cracking. This effort likely also reduces foreign 
exchange, reduces greenhouse emissions and enhances regional development especially 
in developing countries.
Originality/value: The novelty of the work is to prepare pollutant free flammable fuel from 
waste Lube oil by catalytic cracking process. Here Zoelite and Nickel nanoparticles are used 
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as catalyst which breaks the long-chain molecules of the high boiling hydrocarbon liquids 
into much shorter molecules.
Keywords: Waste lube oil, Autoclaving, Zeolite and Ni nano catalyst, Flammable fuel
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CLEANER PRODUCTION AND BIOTECHNOLOGY

 
 
 
 
 
 
 
 
 
 
1. Introduction 

 
The chemical modification of waste automobile waste 

lube oil has become important in the modern living society 
to protect and prevent the ecology from pollution [1]. As 
global reserves of fossil fuels are limited, great efforts are 
being made to nd alternate carbon sources for the 
production of fuels. The use of lubricating oils in various 
applications is increasing due to its requirement in 
automobile industry. About 97% of total lubricant 
production is from fossil fuel such as Petroleum based 
mineral oils [2]. The recycling and reuse of waste lubricant 
oils into chemical feedstock or flammable fuel would be 
suitable option for protecting the environment from 
hazardous waste [3,4]. Motor oil picks up a variety of 
hazardous contaminants when used in engines and in various 
transmission parts. If the used motor lube oil and their 
contaminants are disposed of inappropriately and released 
into the environment, it could create harmful diseases to 
humans, plants, animals in land and water. In water, oil is a 
visible pollutant, oating as a scum on the surface of water. 
This oil scum will not transmit the radiation from the sun to 
deep water in sea and ocean, and thus the oxygen fails to trap 
into the water, eventually affecting the living organisms like 
sh water plants. It also kill sh, frogs and other animals that 
breathe from the surface of the water [5]. 

Improper disposal of used oil is simply a waste of a 
valuable chemical energy resource. Every gallon of used 
motor oil not recovered results in the need to drill for more 
oil wells and in some cases it results in increases in oil 
import. Today, however, most of the crude petroleum 
produced throughout the world contains very little of the 
notable hydrocarbon chains necessary for motor oil. As a 
result, refining crude petroleum to produce virgin lube oil is 
an elaborate, complex, and expensive process that requires 
nearly three times energy as much as used refining oil. Lube 
base oil can be recovered and regenerated to the quality 
equal to or better than its original virgin form [6]. 

A wide range of waste oils can be recycled and recovered 
in a variety of ways, either directly or after proper separation 
and refinement [7]. As per the waste management hierarchy, 

the first option is to conserve the original properties of the 
oil allowing for direct reuse. In addition to that, other option 
includes recovering its nature of heat capacities and using it 
in other lower level applications. Major types of waste oils, 
lubricants in particular, can be reprocessed and tolerating for 
their direct reuse. The use of waste oils, after treatment, can 
be either as lube base stock comparable to refined virgin 
base oil or as clean burning fuel [8].  

Lubricant oils for automobiles have been used primarily 
for reducing friction between moving parts of various 
machinery or equipment, minimize material wear, and 
improve the efficiency of machine element thereby saving 
energy in the form of fuel. It is done by interposition of a 
thin liquid film between moving surfaces and also removes 
heat, keeps equipment clean, and prevents corrosion. 
Typically lubricants contain 90% base oil (most often 
petroleum fractions, called mineral oils) and less than 10% 
additives. A large number of additives are used to impart 
performance characteristics to the lubricants. 

The consumption and demand on automobile usage 
across the world for commercial and industrial purpose leads 
to increase in usage of lubricating oil. Eventually, this lead 
engineers to concentrate more on disposal of waste lube oil 
without affecting the humans and to save ecosystem. Low 
temperature burning of used Lube oil can create air 
pollutants which could cause harmful health effects to 
humans and living organisms [9]. It is important to convert 
waste motor oil into industrial burner fuel by undergo pre-
treatments and then it can used as an industrial burner fuel. 

 
 

2. Experimental setup 
 

The complete work plan on conversion of contaminated 
automobile waste lubricant oil into flammable fuel is shown 
in the Figure 1. 

 
2.1 Selection of materials 
 

The main constituent required for the proposed work is 
the used engine oil in various automobiles such as truck, 
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busses and two wheelers. It has been collected from various 
automobile workshops in and around our locality. Here, the 
engine oil 15 W SAE 40 samples were collected which is 
used in most of heavy vehicles such as trucks and busses.  

 

 
 

Fig. 1. Proposed methodology  
 

Table 1. 
Properties of oil samples 

Oil to be tested Density,  
mg/ml 

Dynamic 
viscosity, cP 

Filtered oil 980.412 129.47 
Cracked oil 976.21 110.66 

 
2.2 Auto enclaving process 

 
An autoclave is a pressure chamber used to carry out 

industrial processes at any required elevated temperature 
and pressure apart from thermodynamic normal temperature 
and pressure. Autoclaves are used in medical applications to 
perform sterilization, chemical industry to cure coatings and 
vulcanize rubber and for hydrothermal synthesis. They are 
also used in industrial applications, and recycling of 
composites [10,11]. 

Many autoclaves are used to sterilize equipment and 
supplies by subjecting them to high-pressure saturated steam 
at 121°C (249°F) for around 15-20 minutes depending on 

the size of the load and the contents. The autoclave was 
invented by Charles Chamberland in 1884. Here, it is done 
by filling 80 ml filtered oil in a closed vessel and kept it in a 
furnace at 180°C for 2 hours for thermal cracking (molecular 
chain braking) and decompose the waste lubricant oil. 

 
2.3 Dehydration and distillation 
 

The oil stored in the vessel for considerable time, 
allowed to separate water and other solid waste from the oil. 
It is followed by heating at 120°C to boil to remove 
emulsified water and remaining fuel diluents. Autoclaving 
is done by taking 80 ml of filtered oil in a closed vessel and 
kept in a furnace at 180°C for 120 minutes. By the time, the 
molecular chain brakes and decompose the waste lube oil. 
This process is called thermal cracking followed by cooling 
at room temperature without opening the vessel. The treated 
samples can be collected after the decomposed waste lube 
attains room temperature. The experimental setup for 
conversion of waste engine oil to flammable oil by 
distillation shown in the Figure 2. 

 

 
 

Fig. 2. Experimental setup for distillation process 
 
Simple distillation can be used effectively to separate 

liquids which have at least fifty degrees difference in their 
boiling points [2]. As the liquid being distilled is heated, the 
vapours that form will be rich in the component of the 
mixture that boils at the lowest temperature. Purified 
compounds will boil, and thus turn into vapours, over 
a relatively small temperature range (2°C or 3°C). On 
monitoring the temperature in the distillation flask to this 
desired level, it is possible to observe the effect with 
significant separation before the formation of hot spots. As 
distillation progresses, the concentration of the lowest 
boiling component, a point was noted within the apparatus 
where there is not enough of volatile liquid to transfer the 
heat. Eventually the solution reaches the boiling point of 
another liquid in the mixture. A pure compound is no longer 

2.2.  Auto enclaving process

2.3.  Dehydration and distillation
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being distilled. The temperature will continue to increase 
until the boiling point of the next-lowest-boiling compound 
is approached [12,13].  

When the temperature again stabilizes, another pure 
fraction of the distillate would be collected. This fraction of 
distillate will be primarily the compound that boils at the 
second lowest temperature of about 68°C. This process can 
be repeated until all the fractions of the original mixture have 
been separated. 

Catalytic cracking is one of the most important 
conversion process used in petroleum refineries. It is used to 
convert the high boiling, high molecular weight hydrocarbon 
fractions of petroleum crude oils into more valuable gasoline 
substances. It is done by the substance catalyst which is 
added. The catalyst breaks the long-chain molecules of the 
high boiling hydrocarbon liquids into much shorter 
molecules. Here we used the zeolite and nickel nano material 
as a catalyst which is relatively cheap and non-toxic 
materials it is used for the desulphurization of waste 
lubricant oil into flammable fluid [14-16]. 
 
 

3. Results and discussion 
 

The flammable oil prepared using zeolite and nickel 
nano particles as catalyst are shown in the Figure 3 and 
Figure 4. 

 

 
 

Fig. 3. Flammable oil using zeolite as catalyst 
 

3.1 Measurement of viscosity 
 

The viscosity of flammable oil extracted from waste 
engine oil is measured using Rotary viscometer test. In this 
method, the oil is placed in a glass tube, housed in an 
insulated block at a fixed temperature. A metal spindle is 
then rotated in the oil at a fixed 10 rpm, and the torque 
required to rotate the spindle is measured. Based on the 
 

 
 

Fig. 4. Flammable oil using Ni nano particle as catalyst 
 

internal resistance to rotation provided by the shear stress of 
the oil, the oil’s absolute viscosity can be determined. 
Absolute viscosity is reported in centipoise (cP), equivalent 
to mPaꞏs in SI units. The viscosity of oil was measured at 
three stages after filtration, cracking and distillation process 
using zeolite and nickel nano particle as catalyst shown ion 
the Table 2. 

 
Table 2. 
Viscosity measurements 

Oil sample Viscosity for zeolite 
as catalyst, cP 

Viscosity for nickel 
as catalyst, cP 

Filtered oil 129.47 132.54 
Cracked oil 110.66 113.57 
Distilled oil 84.06 87.125 

 
The density of filtered, cracked and distilled oil samples 

with zeolite and nickel nano particles as catalyst is shown in 
the Table 3. It if found that, the both viscosity and density of 
distilled oil with nickel as catalyst is more significant than 
that of zeolite samples. 

 
Table 3. 
Density of oil samples 

Oil Sample Density, mg/ml; 
Zeolite as catalyst 

Density, mg/ml; 
Nickel as catalyst 

Filtered oil 980.41 982.79 
Cracked oil 976.21 978.14 
Distilled oil 781.82 783.12 

 
3.2 Flash point and fire point 

 
The flash point and fire point of distilled flammable 

samples prepared using zeolite and nickel nano particles as 
catalyst is shown in the Table 4.  

3.  Results and discussion

3.1.  Measurement of viscosity

3.2.  Flash point and fire point
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Table 4. 
Flash point and fire point 

Oil sample 
(as catalyst) 

Flash point,  
°C 

Fire point,  
°C 

Zeolite 72 79 
Nickel 69 76 

 
3.3 Proximate analysis 
 

Proximate analysis is a partitioning of compounds in a 
fuel into 4 categories based on the chemical properties of the 
compounds. The categories are: moisture, ash, volatile 
matter and fixed carbon. 

 
Table 5. 
Proximity analysis 

Proximate 
analysis 

Zeolite as 
catalyst 

Ni nano particle 
as catalyst 

Moisture 1.5 0.509 
Ash 0.08 0.02 
Volatile matter 99.7 99.413 
Fixed carbon 0.717 0.058 

 
The Table 5 revealed about the moisture content, ash 

content, volatile matter and fixed carbon for samples 
prepared by using zeolite as catalyst and samples of nickel 
nano particles added as catalyst. Volatile matter shows the 
amount of prepared sample decomposed during the process. 
Here, samples prepared with zeolite as catalyst decomposes 
0.3% more than samples prepared by nickel nano catalyst 
samples. Moisture content gives the amount of moisture 
present in the sample, where samples added with zeolite as 
catalyst contains 75% more than samples prepared from 
nickel nano as catalyst. Ash content is the presence of ash 
after decomposition Zeolite added catalyst contains 60% 
more ash content thank nickel nano added catalyst. Fixed 
carbon is the solid combustible residue that remains after the 
sample is heated and the volatile matter is expelled, Zeolite 
added catalyst contains more than 100% than nickel nano 
added catalyst which plays an important role in the 
stabilization of obtained catalysts. 

 
3.4 FTIR analysis of flammable oil 
 

Fourier Transform Infrared spectroscopy (FTIR) is an 
important analysis technique that detects various 
characteristic functional groups present in oil. Upon 
interaction of infrared light with oil, chemical bonds can 
absorb infrared radiation in specific wavelength ranges 
regardless of the structure of the rest of the molecules. The 

FTIR analysis of diesel have peaks at three different zone 
shown in the Figure 5. The peak at 2921.30 cm-1 reveals the 
presence of C-H stretch whose intensity is weak. The peak 
at 2853.58 cm-1 reveals strong C-H stretching confirms 
aldehyde group. The second peak exactly at wavenumber 
1459.99 cm-1 expose the presence of CH2 bend whose 
intensity is weak followed by the third peak at wavenumber 
1376.89 cm-1 expose the existence of CH3 bend whose 
intensity is medium. The peak obtained at wavenumber 
723.10 cm-1 declares the presence of C-Br whose intensity is 
strong. 

 

 
 

Fig. 5. FTIR analysis of diesel 
 

The FTIR analysis of oil sample prepared using nickel 
nano particles as catalyst at 120°C is shown in the Figure 6. 
The peak at 2922.58 cm-1 reveals the presence of C-H stretch 
whose intensity is weak. The second peak exactly at 
wavenumber 1459.69 cm-1 expose the presence of CH2 bend 
whose intensity is weak. It is followed by another peak of 
wavenumber approximately between 1360-1380 cm-1, with 
medium intensity conforms the carboxyl class O-H bending 
[17,18]. 

The FTIR analysis of oil sample prepared using nickel 
Zeolite as catalyst at 120°C is shown in the Figure 7. The 
peak at 2921.30 cm-1, whose intensity is weak reveals the 
presence of C-H stretch. The second peak exactly at 
wavenumber 2857.70 cm-1, with variable intensity exposes 
the existence of –C-H aldehydic group. The third peak of 
1544.86 cm-1, reveals strong N-O stretching which conforms 
the presence of nitro compound. The fourth peak for zeolite 
catalyst sample is at wavenumber 1457.93 cm-1 reveals the 
presence of CH2 bend with medium intensity followed by 
the third peak at wavenumber 1375.02 cm-1 expose the 
existence of CH3 bend whose intensity is medium.  

3.3.  Proximate analysis

3.4.  FTIR analysis of flammable oil
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Fig. 6. FTIR chart for sample add with nickel nano particle 
and preheats at 120°C 

 

 
 

Fig. 7. FTIR Chart for sample add with zeolite and preheats 
at 120°C 
 

The fourth and fifth peaks for zeolite catalyst flammable 
oil sample are at wavenumbers 889.92 cm-1 and 726.08 cm-1. 
This shows the presence of C-Cl and C-Br functional group 
with stronger intensity.  

 
 

4. Conclusion  
 

Conversion of waste lubricant oil into flammable fuel 
could result in both environmental and economic benefits. 
It is considered in terms of conserving resource as well as 
minimising waste and reducing damage to the environment. 

Recycling reduces the burden on storage and disposal 
facilities. Successfully we attain a flammable fuel from 
waste oil through by distillation and followed by the study 
on its nature on thermal and physical property. This study 
was significant while comparing its flammable behaviour 
with the help of FTIR. The existence of functional groups in 
flammable diesel were taken as reference for the modified 
waste lube oil to validate its behaviour. The presence of 
functional group C-H conforms the behaviour of newly 
modified flammable fuel with diesel having peaks at notable 
wavenumbers. The attained peaks conforms the flammable 
property of the sample. The Future work focuses on 
increasing the yield of flammable oil for waste engine oil 
and control the level of sulphur in oil by adding new 
catalysts such as sodium carbonate and sodium hydroxide. 

 
 

References  
 
[1] J. Bacha, J. Freel, A. Gibbs, L. Gibbs, G. Hemighaus, 

K. Hoekman, J. Horn, A. Gibbs, M. Ingham, L. Jossens, 
D. Kohler, D. Lesnini, J. McGeehan, M. Nikanjam, E. 
Olsen, R. Organ, B. Scott, M. Sztenderowicz, A. Tiede-
mann, C. Walker, J. Lind, J. Jones, D. Scott, J. Mills, 
Diesel Fuels Technical Review, Global Marketing, 
Chevron Corporation, San Ramon, California, 2007. 

[2] A. Demirbas, M.A. Baluabaid, M. Kabli, W. Ahmad, 
Diesel Fuel From Waste Lubricating Oil by Pyrolitic 
Distillation, Petroleum Science and Technology 33/2 
(2015) 129-138.  
DOI: https://doi.org/10.1080/10916466.2014.955921  

[3] D.I. Osman, S.K. Attia, A.R. Taman, Recycling of  
used engine oil by different solvent, Egyptian Journal 
of Petroleum 27/2 (2018) 221-225. DOI: 
https://doi.org/10.1016/j.ejpe.2017.05.010  

[4] I. Hamawand, T. Yusaf, S. Rafat, Recycling of waste 
engine oils using a new washing agent, Energies 6/2 
(2013) 1023-1049.  
DOI: https://doi.org/10.3390/en6021023  

[5] P.B.L. Fregolente, L.V. Fregolente, M.R. Wolf Maciel, 
Water content in biodiesel, diesel, and biodiesel-diesel 
blends, Journal of Chemical and Engineering Data 57/6 
(2012) 1817-1821.  
DOI: https://doi.org/https://doi.org/10.1021/je300279c   

[6] T. Bhaskar, M.A. Uddin, A. Muto, Y. Sakata, Y. 
Omura, K. Kimura, Y. Kawakami, Recycling of waste 
lubricant oil into chemical feedstock or fuel oil over 
supported iron oxide catalysts, Fuel 83/1 (2004) 9-15. 
DOI: https://doi.org/10.1016/S0016-2361(03)00216-3  

[7] S.S. Kim, S.H. Kim, Pyrolysis kinetics of waste auto-
mobile lubricating oil, Fuel 79/15 (2000) 1943-1949. 
DOI: https://doi.org/10.1016/S0016-2361(00)00028-4  

References

4.  Conclusions

http://www.journalamme.org
http://www.journalamme.org


Research paper84 READING DIRECT: www.journalamme.org

Journal of Achievements in Materials and Manufacturing Engineering

[8] C.T. Pinheiro, V.R. Ascensão, C.M. Cardoso, M.J. 
Quina, L.M. Gando-Ferreira, An overview of waste 
lubricant oil management system: Physicochemical 
characterization contribution for its improvement, 
Journal of Cleaner Production 150 (2017) 301-308. 
DOI: https://doi.org/10.1016/j.jclepro.2017.03.024  

[9] M.J. Fuentes, R. Font, M.F. Gómez-Rico, I. Martín-
Gullón, Pyrolysis and combustion of waste lubricant oil 
from diesel cars: decomposition and pollutants, Journal 
of Analytical and Applied Pyrolysis 79/1-2 (2007) 215-
226. DOI: https://doi.org/10.1016/j.jaap.2006.12.004  

[10] P.K. Selvi, M. Sharma, J.S. Kamyotra, Spent oil 
management and its recycling potential in India 
inventory and issues, Procedia Environmental Sciences 
18 (2013) 742-755.  
DOI: https://doi.org/10.1016/j.proenv.2013.04.101  

[11] M. Jumaa, B.W. Müller, Physicochemical properties of 
chitosan-lipid emulsions and their stability during the 
autoclaving process, International Journal of 
Pharmaceutics 183/2 (1999) 175-184. DOI: 
https://doi.org/10.1016/S0378-5173(99)00086-1  

[12] F. Audibert, Waste engine oils: rerefining and energy 
recovery, Elsevier, 2011. 

[13] H.A. Durrani, M.I. Panhwar, R.A. Kazi, Re-Refining of 
waste lubricating oil by solvent extraction, Mehran 

University Research Journal of Engineering and 
Technology 30/2 (2011) 237-246. 

[14] A. Permsubscul, T. Vitidsant, S. Damronglerd, 
Catalytic cracking reaction of used lubricating oil to 
liquid fuels catalyzed by sulfated zirconia, Korean 
Journal of Chemical Engineering 24/1 (2007) 37-43. 
DOI: https://doi.org/10.1007/s11814-007-5006-3  

[15] S.S. Lam, R.K. Liew, C.K. Cheng, H.A. Chase, 
Catalytic microwave pyrolysis of waste engine oil 
using metallic pyrolysis char, Applied Catalysis B: 
Environmental 176-177 (2015) 601-617. DOI: 
https://doi.org/10.1016/j.apcatb.2015.04.014  

[16] I. Bergeron, J.-P. Charland, M. Ternan, Color degra-
dation of hydrocracked diesel fuel, Energy Fuels 13/3 
(1999) 686-693.  
DOI: https://doi.org/10.1021/ef980214q  

[17] K. Naima, A. Liazid, Waste oils as alternative fuel for 
diesel engine: A review, Journal of Petroleum 
Technology and Alternative Fuels 4/3 (2013) 30-43. 
DOI: https://doi.org/10.5897/JPTAF12.026  

[18] A. Demirbas, M.A. Baluabaid, M. Kabli, W. Ahmad, 
Diesel fuel from waste lubricating oil by pyrolytic 
distillation, Petroleum Science and Technology 33/2 
(2015) 129-138.  
DOI: https://doi.org/10.1080/10916466.2014.955921  

 
 

© 2020 by the authors. Licensee International OCSCO World Press, Gliwice, Poland. This paper is an 
open access paper distributed under the terms and conditions of the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) license  
(https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en). 

 

http://www.journalamme.org
http://www.journalamme.org

