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Abstract 
This paper examined the thermo-physical properties of Nigerian used engine oil (SAE10, 40 and 50). Some of 
the properties determined include kinematic viscosity, kinematic viscosity index, calorific value, flash point, 
pour point, and hydrogen content. Samples of the oil were taken from the sumps of three different engines. Two 
spark ignition engines and one compression ignition engine after service covering 1000, 1126, 1500, 2000, 2500 
and 3000 kilometers respectively were used to extract samples at these respective distances. The results 
obtained indicate the deterioration of the samples as the oil ages for almost all the samples tested. Kinematics 
viscosity for SAE 10 however, increases due to formation of oxidation products such as soot. The compression 
ratio for diesel engine is high likewise operating temperature is high compared with petrol engine, this result in 
the formation of the oxidation product in the engine. No pour point change was observed for SAE 50 oil 
samples. This is because SAE 50 is a high grade, high viscosity engine oil containing so many additives. The 
overall result reflects the contamination of engine oil samples with lower molecular weight contaminants. After 
determining these parameters a test rig was designed and constructed in which waste engine oil and mixture of 
waste engine oil and kerosene were tested for incineration or combustion. The results obtained shows that 14.3 
percent of kerosene will be required for mixing with 85.7 percent of used engine oil in order for the mixture of 
the fuel to be incinerated or combusted. This is the optimum mixture ratio for the two fuels to get properly 
burned. It was also discovered that used engine oil can be burned alone via preheating. With this finding used 
engine oil can be combusted to get energy and reduced health risk associated with wild dumping of engine oil. 
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INTRODUCTION 
The oil and natural gas reserves of this world are 
limited, and would run out within 50 years at the 
current rate of production. Therefore, a worldwide 
gap in the supplies of oil and natural gas would have 
to be reckoned with. The result of this would be an 
increased utilization of other fuels. Recognition of the 
limited nature of oil reserves and lack of 
environmental sound path of disposing of used 
engine oil in the country, prompted us to undertake 
this research work to look at the possibility of 
combustion of used lube oil with the view of utilizing 
the energy in it and keeping the environment clean. 
 
Waste oil could however, be effectively incinerated 
through the addition of a secondary fuel. The mixture 
waste oil – secondary fuel would undergo spray 
combustion in a chamber for energy recovery. There 
is the need therefore to investigate the 
thermophysical properties of used engine oil.     
 
MATERIALS AND METHODS 
Lubricating Oils:- The lubricating oils used were 
low viscosity Mobil SAE 10 and higher viscosity oils 
SAE 40 and 50. Samples of the oils for analysis were 
taken from sumps of three different engines after 
covering certain distances with the oil. 
 

Engines:- Three types of internal combustion engines 
(two spark-ignition and one compression ignition) 
were used to study the ageing of lubricating oil. A 3 
year old Peugeot 504 station wagon engine, an 8 year 
old Mitsubishi lancer engine and 4 year old Combi 
Asia bus engine were used in this investigation. 
Waste oil samples were taken after service covering 
1000, 1126, 1500, 2000, 2500, and 3000 kilometers. 
These samples were analysed variously here in 
Nigeria at Kaduna Refinery, Unipetrol Nig. Ltd and 
Energy Laboratory of the University of Leeds, United 
Kingdom with state of the art equipment. Results 
obtained were very detailed and selected few are 
discussed herein under. 
 
Flash point:- The flash point was measured by the 
Pensky-Martens apparatus using IP 35/42. The 
sample was heated at a slow, constant rate with 
stirring. A small flame is directed into the cup at a 
regular interval with simultaneous interruption of 
stirring. The flash point is a measure of most volatile 
component of the oil. 
 
Calorific Values:- The Bertholet-Mahler Bomb 
Calorimeter was used to determine the calorific 
values of the samples. The calorific values were 
obtained by burning oil samples in presence of 
oxygen at a pressure of 2500kN/m2. 
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Kinematic Viscosity:- The kinematic viscosity test 
was based on IP 71/78 standard test, by measuring 
the time for a fixed volume of liquid to flow under 
gravity through a calibrated glass viscometer. 
Kinematic viscosity was determined at 40oC and 
100oC.  
 
Kinematic Viscosity Index:- The kinematic 
viscosity index was determined from kinematic 
viscosity based on IP 226/77 standard test with the 
aid of ASTM tables and manuals at 40oC and 100oC 
respectively. Applicable documents for the 
calculations are: 
i. D341 Viscosity- Temperature Charts for 

Petroleum Products, 
ii. D445/IP 71/ISO 3104 Test for Kinematic 

Viscosity for Transparent and Opaque Liquid. 
 

Pour Point:- The pour point of the samples was 
measured following the IP 15/67. After preliminary 
heating, the sample is cooled at a specified rate and 
examined at intervals of 3oC (5oF) for flow 
characteristics. The lowest temperature at which 
movement of the oil is observed is recorded as the 
pour point. 
 
Hydrogen Content:- This was determined by low 
resolution nuclear magnetic resonance spectrometer 
(NMRS) IP 338/85. A sample of the material is 
compared in a continuous wave, low-resolution 
nuclear magnetic resonance spectrometer with a 
reference standard sample of pure hydrocarbon. 
 
Test rig 
Droplet diameter of the primary (used engine) oil, 
secondary fuel (kerosene) and their mixtures were 
mixed with the aid of the drop formation test rig 
constructed specifically for this purpose. The 
frequency of the falling drop and the time taken to 
collect 1 gm of droplets of primary fuel, secondary 
fuel and their mixtures were determined. The 
calculated droplets diameter of the analysed samples 
were compared with those obtained from the 
photographed ones are compared.       
 
RESULTS AND DISCUSSION 
The flash points of the aged oils are shown in table 
1.0. It was observed that as the oil ages the flash 
point for all samples decreases. These results reflect 
the contamination of the oil with lower molecular 
weight contaminants with their lower flash point 
 
Calorific value of the aged oil is given in table 1.0. 
The calorific value for all the samples decreases as 
the oil ages. This was due to the contamination of the 
oil with lower molecular weight contaminants with 
their lower calorific values. Kinematic viscosities of 
the samples were determined at 40oC and 100oC 
respectively with the aid of ASTM table and 
manuals. As the oil ages the viscosity of the samples 

deteriorates or decreases (table 1.0), in the case of 
diesel engine the viscosity increases, this is due 
largely by the formation of oxidation products such 
as soot. The compression ratio for diesel engine is 
high and operating temperature is also high compared 
to petrol engine. This high operating temperature 
results in the formation of oxidation product in the 
engine. Viscosity decreases however with fuel 
dilution. If the two occur at the same time, the net 
result could be no change in the viscosity. Hydrogen 
content of all the samples was determined and the 
results are as shown in table 1.0. The table shows 
how hydrogen content changes with ageing of the oil. 
It was observed for all the samples as the oil ages the 
hydrogen content decreases. This indicates the level 
of contamination of the samples with their lower 
molecular weight contaminant. 
 
The pour point of the samples was determined and 
given in table1.0. For SAE 10 and SAE 40 samples 
the pour point decreased as the oil ages. No change 
was observed for SAE 50 oil samples. This is because 
SAE 50 oil is a high grade, high viscosity engine oil 
containing so many additives. These results reflect 
the contamination of the oil with lower molecular 
weight contaminants. The composition of the fuel to 
be incinerated or combusted was determined with the 
aid of the test rig constructed. It was discovered that 
used engine oil can be burned alone via preheating 
with the aid of the 1000 Watt water heater and 
thermocouple. The results obtained from the 
experiments also shows that 14.3 percent of kerosene 
(secondary fuel) will be required for mixing with 
85.7 percent of used engine oil (primary fuel). This is 
the optimum mixture ratio for the two fuels to get 
properly burned. The calculated droplets diameter of 
the analysed samples were compared with those 
obtained from photographed ones and the values are 
in acceptable agreement. 
 
 Based on these results obtained from the experiments 
(thermo-physical properties) it can be seen that if 
these oils are properly mixed with secondary fuels 
they can be combusted effectively and energy 
recovered from the used engine oil.      
 
CONCLUSION 
The thermo-physical properties of Nigerian Used 
Engine Oils (SAE 10, SAE 40 and SAE 50) were 
determined. The results obtained shows that these oils 
can be mixed with secondary fuels and under go 
spray combustion effectively. By combusting these 
oils we are reducing the possibility of polluting the 
environment with used engine oils. A combustion rig 
could be built to incinerate and combust these oils. 
When this is done waste engine oil will not find its 
way into the drinking water and therefore could not 
contaminate it. 
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APPENDIX 
Table 1.0 Results 
S/N Samples, SAE Flash Point 

oC 
CV kJ/kg Viscosity (cSt) 

40oC     100oC 
KVI Pour Point 

oC 
Hydrogen 
Content 

1. 10(Fresh) 222 45.123 140.2 25.62 144 -15 13.06 
2. 10(1000km) 180 45.568 151.81 13.34 79 -12 12.80 
3. 10(2000km) 167 44.636 152.79 15.73 106 -9 12.60 
4. 10(3000km) 137 44.870 157.93 15.93 102 -9 12.63 
5. 40(Fresh) 218 44.835 139.57 25.34 144 -18 13.02 
6. 40(1126km) 95 44.850 105.81 13.18 116 -15 11.72 
7. 50(Fresh) 228 44.930 187.6 35.56 142 -27 13.15 
8. 50(1000km) 143 44.635 123.95 15.7 123 -27 12.80 
9. 50(1500km) 122 44.867 110.7 14.01 120 -27 12.50 
10. 50(2000km) 110 44.636 118.4 14.85 120 -27 12.64 
11. 50(2500km) 107 44.637 128.33 15.1 115 -27 12.65 

 

 


