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ABSTRACT 

Atomic absorption spectroscopy was used in determining the metal content in Nigerian used engine oil samples. 

Various engine oil samples were analysed ranging from SAE 10, SAE 40 to SAE 50 taken from the sumps of three 

different internal combustion engines (504 Peugeot Station Wagon, Mitsubishi Lancer, Asia Combi Bus) after 

service covering 1000, 1126, 1500, 2000, 2500, and 3000 Kilometers. The samples of these oils were prepared and 

traces of elements in the various engine oil samples were analysed and result obtained indicates various degree of 

wear in certain component of the engine as oil ages. Iron (Fe) content in the oil samples increases as the oil ages, 

Zinc (Zn), Calcium (Ca) and Sodium (Na) decreases as oil ages, while potassium (K) was initially observed to 

increase but later decreases as the oil ages. Different reasons could be advanced for these. It could be due to wear of 

the engine parts (cylinders, piston rings, bearings) and sacrifice of anti oxidant additives to protect the bearings from 

corrosion.    

 

1.0 SIGNIFICANCE OF THE STUDY 

If one looks at the way and manner in which used engine oils are disposed off in Nigeria it could be seen that the 

oils find their way somehow into drainage systems (by implication contaminating drinking water and aquatic life), 

hence the need to find an environmentally safe way of disposing its. Used engine oils contain a lot of metal 

contaminants, hence the need to determine the quantity of these metals will enable the selection of the right method 

of disposal and or treatment these engine oils.    
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 Combustion, Mobil and Viscosity   
  

 
3.0 INTRODUCTION 

It was estimated that the lubricant demand for the 1995 stand at 42 million tones per year. The increase in word 

lubricant demand was due to inclusion of China and former Soviet Union in the petroleum statistics. But between 

them they appear to consume one quarter of the world‟s lubrication oil, and increase the lubrication oil consumption 

from 1 percent of the crude oil consumed to about 1.3 percent. Of the 42 million tones of lubrication oil consumed 

only 40 – 50 percent has gone into the environment. Globally there is an environmental problem because of 42 

million tones per year consumed and 22 million tones of used oil generated, only perhaps 10-15 million tones are 

recycled (API, 1996 and Petroleum Review, 1994).  

Atomic absorption spectroscopy, as one of the modern approaches to trace elemental analysis, has found 

considerable application in the analysis of crude petroleum and its product, due to its versatility and flexibility with 

respect to the number of elements and their wide range of concentration.  The atoms of every element absorb 

radiation at a narrow wavelength band, which was different for each element.  For an element to be in a condition to 

absorb a certain amount of energy, the atoms of the element must be chemically free and unbound in their minimum 

energy state.  This condition was usually achieved by vaporization of the sample in a flame (ASTM and I.P. 

Standards, 1991). 

Metal content in the Nigerian used engine oil were determined using atomic absorption spectroscopy. Atomic 

absorption equipment, measures the ratio of transmitted radioactive energy (light quanta) to the absorbed one, which 

causes the transition of some atoms from the ground to the excited state where the total energy absorbed by aspirated 

solution per unit volume, is evidently proportional to the number of free atoms, or in other worlds “concentration.”  

The concentration of free atoms in the flame depends on the vapour pressure at the particular flame temperature, the 

total surface of the solid particles, their number, mean size and form (mean size depends also on the size of the 

droplets and the concentration of the salts in the solution sprayed) (ASTM and Petroleum Review, 1994). 
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4.0 MATERIAL AND METHODS 

The engine oil samples used were low viscosity Mobil SAE 10, higher viscosity Mobil SAE 40 and Mobil SAE 50 

taken from the sumps of three different internal combustion engines after services covering 1000, 1126, 1500, 2000, 

2500 and 3000 Kms in sahelian (characterized by high ambient temperatures and low relative humidity) town of 

Nigeria. 

The three internal combustion engines (two spark ignition engines and one compression ignitions engine) used were 

an eight year old Mitsubishi Lancer engine, a three year old 504 Peugeot station wagon engine and a 4 year old 

Combi Asia Bus engine.  The two spark ignition engines were used under relatively light services, i.e. inter city 

service while the compression ignition engine was used under heavy duty service, i.e. being run for town services, 

local running, with numerous starts and stops and traffic congestion (Yahaya, 1995). Because of the problem in 

getting the same type of engines of the same age we use the engines that are available at our disposal.  

 

5.0 MATERIAL PREPARATION 

A 10g weight of an oil sample was placed in a porcelain crucible, which was then heated with a Bunsen burner until 

the oil ignited and burnt off living carbon residue.  The crucible was then put in ash furnace at a temperature of 

about 500
o
C and left until it turned to grey ash indicating thus disappearance of carbon. The ash was extracted after 

cooling with concentrated Hydrochloric (HCL) and little nitric acid.  The solution was then filtered into a 25ml 

volumetric flask with repeated washing of distilled water. Contents of the metals K, Na, Ca, Fe and Zn in the oil 

samples were determined by atomic absorption spectroscopy using a „Varian‟ atomic absorption spectrometer (I.P. 

Standards, 1994).  The absorbence of the samples was measured. The metal content was obtained from equation 

below. 

 

1.5.............
tan.
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The recommended instrument parameters {for Varian AA-1275} for the various measured metals are (I.P. 

Satndards): 

 

a) Iron –Fe 

Lamp current 3.5 mA 

Fuel Acetylene 

Support  Air 

Flame stoichiometry Oxidising 

Wave length 372.0 nm 

Spectral band pass 0.1 nm 

Optimum working range 2.5 – 10 mg/ml 

 

 

b) Calcium – Ca 

Lamp current  3.5 mA 

Fuel Acetylene 

Support Nitrous oxide 

Flame Stoichiometry Reducing red cone 1 – 1.5 cm high 

Wave length 422.7 nm 

Optimum working range 1 –4 mg/ml 

 

 

  C) Potassium – K 

LAMP CURRENT 5 MA 

FUEL* ACETYLENE 

SUPPORT AIR 

FLAME STOICHIOMETRY OXIDISING 

WAVE LENGTH 766.5 NM 

SPECTRAL BAND PASS 0.1 NM 
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OPTIMUM WORKING RANGE 0.5 – 2.0 MG/ML 

 

*An air-acetylene combination was used in order to reduce interference and improve the signal to noise. 

 

 

 

c) Sodium – Na 

Lamp current 5 mA 

Fuel Acetylene 

Support Air 

Flame Stoichiometry Oxidising 

Wave length 589.0 nm 

Spectral band pass 0.1 nm 

Optimum working range 0.15 – 60 mg/ml 

 

 

d) Zinc –Zn 

Lamp current 5 mA 

Fuel  Acetylene 

Support  Air 

Flame stoichiometry  Oxidising 

Wave length 213.9 nm 

Spectral band pass 0.1 nm 

Optimum working range 0.4 – 1.6 mg/ml 

 

All other conventional flame can be used 

TABLE 1: Elements 

S/N TYPE OF ENGINE Samples Zn (ppm) Ca (ppm) K(ppm) Na(ppm) Fe(ppm) 

1.  SAE 10  (NEW) 900 750 8 500 4.5 

. ASIA BUS ENGINE SAE 10  (1000KM) 450 675 40 50 5.5 

 (4 YEARS) SAE 10  (2000KM) 500 650 40 75 6 

  SAE 10  (3000KM) 250 600 30 100 7.5 

2. MITUBISHI LANCER  SAE   40 (NEW) 900 750 4 675 5 

 ENGINE (8YEARS) SAE   40 (1126KM) 75 125 4 50 33 

3. 504 PEUGEOT S/W SAE    50(NEW) 900 850 16 250 15 

 (3 YEARS) SAE    50(1000KM) 750 675 35 275 6 

  SAE    50(1500KM) 775 675 20 450 8 

  SAE    50(2000 KM) 850 650 15 500 11 

  SAE   50(2500KM) 75 600 15 450 15 

 

6.0 RESULT 

The table 1 above and Figs 1 & 2 shows the results of the experiments conducted in determining the metal 

constituents and their quantity in the samples of the engine oils analysed. The engine oil used in this experiment was 

made from the same company (Mobil) but of different grades ranging from SAE 10 to SAE 50. The samples for the 

analysis were taken from the sumps of three different engines after service covering certain distances (0 – 3000kms). 

 

7.0 DISCUSSION 
From table 1 and figs 1 & 2 we can see traces of these elements (Fe, Zn, Ca, Na and K) in the various samples of 

engine/lubricating oil analyzed. The iron Fe content in the samples was observed to be increasing as the oil ages. 

These results indicated various degree of wear in certain components of the engine as indicated by increasing iron 

content in the sample with oil age.  This was due to wear that was taking place inside the engine. 

In contrast however, it was found that Zn, Ca and Na traces decreases in the oil samples as the oil ages.  This was 

due to additive depletion or decomposition to form a protective layer at the metal surface to protect it from oxidation 

and wear (Oslo et al, 1985 and Simolensky et al, 1983). 
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The potassium K was observed to increase in the initial stage and later decreased as the oil aged.  This was due to 

neutralization of total free acid in the sample by Potassium Hydroxide (KOH), which was added to fresh oil as 

additive. 

The standard solution of the samples were prepared and passed through all the steps of the method and the 

relationship between the different concentrations of the prepared solutions and the value of absorbence are drawn in 

the form of working or calibrating curves. The number of standards solution used normally depends on the shapes of 

working curves. For linear ones, only four or five for one decimal order are sufficient.   

When used engine oil is improperly discarded there is no doubt that it will cause considerable ecological damaged to 

the environment. If this used engine oil is incinerated energy can be recovered from this unfriendly waste oil. 

 

7.0 CONCLUSION 

This research was able to find out the level of these metals (Fe, Zn, Ca, Na, K) in the Nigerian used engine oil 

samples analysed. The result obtained could help in deciding whether these oils could be re-used, recycled, 

combusted, etc and also the timing for change of these oils from the sumps of internal combustion engines. By so 

doing we will conserve our fuel resources and keep the environment clean. The oil will not find its way into the 

drinking water if properly utilized. For a country like Nigeria un-polluted drinking water is an essential commodity 

whose provision concern millions of our citizens.     

 

 

S/N Type of engine Samples Zn (ppm) Ca(ppm) K(ppm) Na(ppm)

1 0 900 750 8 500

. Asia bus engine 1000 450 675 40 50

(4 years) 2000 500 650 40 75

3000 250 600 30 100

2 Mitubishi lancer SAE   40 (new) 900 750 4 675

engine (8years) SAE   40 (1126km) 75 125 4 50

3 504 peugeot s/w 0 900 850 16 250

(3 years) 1000 750 675 35 275

1500 775 675 20 450

2000 850 650 15 500

2500 75 600 15 450   
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