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ABSTRACT 

The environment of Arab countries suffers from the relatively high concentration of dust in 

air, due to the lack of rain and the vast area of desert, which causes an increase in wear rate of 

engines. Consequently, the period of lubricating oil change has been reduced to get rid of the 

contaminated oil to avoid further wear. This solution is severely polluting the environment 

because some people used to get rid of the used oil by burning causing hazardous toxic fumes 

due to the presence of the chemical additives. Besides, used oil can leak to the water resources 

and pollute them. In addition to that, lubricating oil contains antiwear additives which need 

longer time to react and give up the required lubricating properties.  

 

To overcome those severe environmental impacts, it was planned in the present work to 

investigate the change of the lubricating properties of the engine oils in use. Experiments have 

been carried out to investigate the lubricating properties of the used oils. Oil samples taken 

from three passenger cars, running in City of Al-Taif, Kingdom of Saudi Arabia, were tested 

using a test rig designed especially for that purpose.  It was found that both the friction 

coefficient and wear increased with increasing running distance up to 2000 km then decreased 

to values lower than that displayed by fresh oils.  It was found that antiwear additives (zinc 

dialkyl dithiophosphate ZDDP) decompose yielding products that react with the metal surface 

to form a film that is highly wear resistant. This observations confirm the necessity to extend 

the operating time of the used oil up to 5000 km running distance to make full use of the 

improvement of the lubricating properties of used oil during usage. Besides, considering the 

measurements of both kinematic viscosity and total base number, it can be concluded that the 

tested used oils were still efficient and their use can be extended for longer running distance. 

The application of a by-pass oil cleaners containing a super fine filtering materials which 

absorb contaminants down to the size of 0.1 µm is necessary to remove most of the solid and 

liquid contaminants in the lubricating oil. The proposed oil cleaners can trap sludge and 

carbon soots. This helps to prevent wear of engine and reduce the cost of lubricating oil, 

which occupies a great portion of the maintenance cost.  
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INTRODUCTION 

Experiments have been carried out to investigate the lubricating properties of fresh, used and 

filtered oil, [1]. Oil samples taken from three cars were tested using a test rig designed 

especially for that purpose. Test results show that wear and friction displayed by used oil 

represented higher values compared to fresh and filtered oil. As for fi1tered oil, wear and 
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friction decreased with the running distance due to the decomposition of lubricant additive. 

Two super fine filtration methods are proposed to extend the serviceable life of the lubricating 

oil and reduce engine wear. 

 

The lubricating properties of engine oil change with running time owing to the effects of such 

factors as oxidation, thermal degradation, reaction with sliding surfaces, contamination by 

engine blow-by and additive depletion. Since these changes start as soon as an engine is used, 

almost all engines should be considered to be lubricated by used oil. Therefore, investigation 

of engine lubrication should be carried out using both fresh and used oils, but little work on 

used oils has been reported, [2 - 4]. Two factors are influencing the performance of the used 

oil. The first is the abrasive contaminants, which accelerates wear rate. The second is the 

lubricant additive which reduces wear and friction as it decomposes in the oil. The oil 

contains the Zink dialkyl dithiophosphate (ZnDTP) which is one of the most effective 

additives influencing the lubricating properties of engine oil. It was found that the lubricating 

properties of engine oil containing ZnDTP increases with increasing the running distance due 

to the decomposition of ZnDTP in oil solution to Zink polyphosphate and a mixture of alkyl 

sulphides which provide the antiwear action of ZnDTP, [2, 3,5]. 

 

The working clearances in the engine are sufficiently great to enable the small carbon 

particles to pass between them without causing wear. But under the influence of high 

temperature, the soft carbon particles harden and agglomerate into larger and more abrasive 

particles, [6]. The common types of oil filters are not sufficiently fine to remove most of the 

potentially abrasive particles. If a filter is to be increased with filtering accuracy, the flow rate 

of the oil passing through the filter decreases as the filter quickly becomes clogged. 

Application of a by-pass system containing a super fine oil cleaner which absorb 

contaminants down to the size of 0.1 µm, [7], can trap sludge and carbon and cosequently 

viscosity of the oil can be recovered to certain levels. This helps to prevent wear of engine. 

The cost of lubricating oil, which occupies a great portion of the maintenance cost, can be 

substantially reduced. Some of the good oil cleaners can extend oil service life to about 

60,000 - 100,000 km or it requires an oil change once a year. 

 

It was found that for used oil, the friction coefficient has an erratic behaviour like that 

observed in previous experiments, [8, 9], when the lubricant was contaminated by abrasive 

particles. The microscopic inspection was used to check the cleanliness of fresh and used oil 

samples. It was surprising that the fresh oil samples contain a lot of abrasive particles up to 

150 µm while in used oil samples the abrasive contaminant concentration is relatively high, 

[10]. These photomicrographs confirm that the increase of wear with running distance is due 

to the progressive quantity of abrasive contaminants circulating in the used oil. Test results 

show that wear and friction displayed by used oil represented higher values compared to fresh 

and filtered oil. As for fi1tered oil, wear and friction decreased with the running distance due 

to the decomposition of lubricant additive. Two super fine filtration methods were proposed 

to extend the serviceable life of the lubricating oil and reduce engine wear. 

 

It was shown that, used oils possess relatively better lubricating properties than the fresh oils, 

[11, 12]. As for oils exposed for oxidation, wear increased due to the negative effect of 

oxidation on the reduction of the effect of antiwear additives. The decomposition products of 

the antiwear additives are responsible for the wear reduction.  
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The effect of preheating oil and additives on their lubricating properties was discussed, [13]. 

Zinc dialkyl dithiophosphates were added to the base oil at different concentrations after 

prehearing to 150°C for 50, 100 and 150 hours. Wear scar diameter of the stationary pin in the 

cross pin wear tester was considered as a measure of the lubricating property of the tested 

additives. The experiments showed that addition of zinc dialkyl dithiophosphate to as received 

oil up to 0.5 wt. % zinc content caused significant wear decrease. Further increase of zinc 

dialkyl dithiophosphate increased wear. Besides, dilution of the preheated additives in the as 

received oil did not enhance the wear resistance, while addition of preheated zinc dialkyl 

dithiophosphates to the preheated oil showed significant wear decrease. It was found that the 

best wear resistance can be obtained by preheating both the oil and zinc dialkyl 

dithiophosphates together for 150 hours at 150 ºC. Dilution of the preheated calcium 

sulphonate in the preheated oil for 150 hours at 150 ºC displayed significant wear reduction. It 

was observed that the addition of sulphur to as received oil up to 8 wt. % can reduce wear, 

[14]. Further increase of sulphur causes wear increase. Zinc dialkyl dithiophosphates can 

significantly improve the lubricating properties of as received oil containing sulphur additive. 

The addition of ZDDP can reduce the optimum sulphur content to 4 wt. % for minimum wear. 

Besides, addition of the preheated additives to the as received oil does not enhance the wear 

resistance. The best wear resistance can be obtained by preheating both the oil and the 

additives for 150 hours at 150 ºC. 

 

The aim of the present work is to investigate the lubricating properties  of the engine oils as a 

function of the running distance aiming to extend the actual period of oil change of the used 

oils.  

 

EXPERIMENTAL 

The tested used oils samples were used to lubricate three passenger cars running in Al-Taif 

City in Saudi Arabia. 100 ml samples of the used oil were taken from the port of the oil-level 

stick. Experiments were carried out using a cross pin wear tester, Fig. 1. It consists, mainly, of 

rotating and stationary pins of 20 mm diameter and 100 mm long. The material of the pins is 

carbon steel (St. 60), (0.6 % C, 0.25 % Si, 0.65 % Mn, 0.045 % P and 0.045 % S) of 1800 

MPa hardness. The rotating pin was attached to a chuck mounted on the main shaft of the test 

rig. The stationary pin was fixed to the loading block where the load is applied. The main 

shaft of the test machine is driven by DC motor (300 watt, 250 volt) through a V-belt drive 

unit. Moreover, the motor speed is adjustable and can be controlled by varying the input 

voltage. The test rig is fitted by a load cell to measure the frictional torque generated in the 

contact zone between the rotating and stationary pins.  

 

Normal loads were applied by means of weights attached to the loading lever. A counter 

weight is used to balance the weights of the loading lever, the loading block and the stationary 

specimen. The tests were carried out at 300 rev/mm (0.32 m/sec), load of 6, 10 and 16 N and 

for a test time of 5 minutes.  

 

The wear scar diameter was measured for the upper stationary pin using an optical 

microscope within an accuracy of ±1 µm. The contact area was lubricated by the tested oil at 

the beginning of the test and every minute of the testing time. The wear tests were repeated 

three times and the mean values of friction coefficient and wear scar diameter were 

considered. The lubrication tests were  carried  out  to  measure friction coefficient and  wear 

using  the  tested used oils taken from the three cars I, II and III. Fresh oil used for every car 

was tested as a base of comparison. 
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Fig. 1 Arrangement of the test rig. 

 

 

RESULTS AND DISCUSSION 

The measurements of the change of kinematics viscosity, at 40 and 100 °C and total base 

number (TBN), with increasing of the  running distance of the tested oils are shown in Figs. 2 

– 4. It is clearly seen that kinematic viscosity slightly increased with increasing the running 

distance due to the generation of wear particles and carbon soots as well as foreign solid 

particles entered to the engine through air, fuel and oil. The viscosity increase is lower than 5 

% relative to the fresh oil. The total base number of the tested used oils significantly 

decreased with increasing the running distance, where the lowest value exceeded 8 mg 

KOH/g. Based on the above measurements it can concluded that the tested used oils were still 

efficient and their use can be extended for longer running distance.  

 

 

 
 

Fig. 2 Kinematic viscosity of the tested used oils at 40 °C. 
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Fig. 3 Kinematic viscosity of the tested used oils at 100 °C. 

 

 

 
 

Fig. 4 The total base number (TBN) of the tested used oils. 

 

The lubricating properties of the tested used oils are illustrated in Figs. 5 – 10. Friction 

coefficient displayed by used oil (I) is shown in Fig. 5. Fresh oil displayed relatively lower 

friction values of 0.22, 0.3 and 0.32 at 6, 10 and 16 N respectively. After 1000 km running 

distance, friction coefficient increased up to 0.42, 0.57 and 0.58 at 6, 10 and 16 N 

respectively. Further slight friction increase was observed after 2000 km running distance. As 

the running distance increased to 3000 km, significant friction decrease was observed. Further 

friction decrease was displayed after 4500 km running distance.  



 

45 

 

 

 

Fig. 5 Friction coefficient displayed by used oil (I). 

 

Wear scar diameter as a measure of the antiwear properties of the used oil (I) is shown in Fig. 

6. Wear behaviour showed the same trend observed for the friction coefficient. The wear scar 

diameter increased with the running distance up to  2000 km and then decreased. The results 

suggested that a new agent which may contribute to the antiwear behaviour was formed. The 

main antiwear agent used in engine oils is zinc dialkyl dithiophosphate (ZDDP) that 

decomposes thermally resulting in the formation of various compounds that include soluble 

organic sulphides, organo thiophosphates and organo phosphate which under tribological 

conditions of high pressure and temperature form oil insoluble components such as zinc 

polyphosphates on surfaces as tribological films [14 - 16]. The thickness and coverage of 

these films on the surface is important in determining the wear resistance under boundary 

lubrication. The stable film has been shown by several earlier studies to be composed of 

polyphosphates of Zn and Fe and sulfides and sulfates of Zn and Fe. When the protective film 

breaks down there is a steep rise in the friction coefficient. This rise in friction results in the 

further breakdown of the ZDDP and the establishment of the protective antiwear film. The 

formation of this protective film results in the decrease in the friction coefficient. Wear 

decrease may be due to the balance between the formation of the stable antiwear film and the 

abrasive action of the debris present in the wear track. The eventual breakdown of the film 

corresponds to the exhaustion of the ZDDP in the oil coupled with increase in the extent of 

wear debris. The duration and failure of the friction process depend greatly on the nature of 

the protective antiwear film, amount of lubricant used and the applied load. It was found that 

antiwear additives (zinc dialkyl dithiophosphate ZDDP) decompose yielding products that 

react with the metal surface to form a film that is highly wear resistant. A spectroscopy study 

using X-ray absorption, [17], was carried out to identify sulfur and phosphorus containing 

species. It was revealed that the tribofilms consist of long chain polyphosphates. When just 

ZDDP is used at high pressure it is possible to form a heavily crosslinked polyphosphate film, 

[18].  
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Fig. 6 Wear scar diameter of stationery test specimen lubricated by used oil (I). 

 

 
 

 

Fig. 7 Friction coefficient displayed by used oil (II). 
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Fig. 8 Wear scar diameter of stationery test specimen lubricated by used oil (II). 

 

 

 

Fig. 9 Friction coefficient displayed by used oil (III). 

 



 

48 

 

 

Fig. 10 Wear scar diameter of stationery test specimen lubricated by used oil (III). 

 

The same trend of the behaviour of both friction coefficient and wear was observed for the 

used oil taken from the other two cars (II) and (III), Figs. 7 - 10. The increase of friction 

coefficient and wear in the first 2000 km running distance may be due to the increase of the 

soot particulate. The effect of soot particulate emission on the life of automotive engines was 

discussed, [19 - 23]. It was found that dispersed carbon black rapidly abraded ZDDP reaction 

films.  

 

Moreover, it was seen that higher soot concentration in oil generates more wear whereas a 

higher concentration of phosphorus in the oil leads to less wear. It was concluded that the 

chemical activity of soot particles and their reaction with ZDDP prevent the formation of 

liquid boundary layers on metal surfaces. After 2000 km running distance, friction coefficient 

and wear decreased due to the decomposition product of the antiwear additives that dissolved 

in the lubricating oil. The observations suggest that the good antiwear properties of the used 

oil after 2000 km running distance may be attributed to the antiwear ability of the 

decomposition products of the antiwear additives. 

 

Several additives in engine oils are necessary to improve the efficiency of engines by 

reducing friction and wear as well as by protecting the oil from oxidation [24 - 29]. As both 

an antiwear and an antioxidant additive, ZDDP has been used in engine oil for several 

decades. However, in spite of its outstanding properties, ZDDP is the primary source of P, S 

and heavy metal Zn in the exhaust. Development of metal free additives is a part of a new 

trend in engine oils. Ashless phosphorus containing antiwear additives have been found to be 

particularly effective at reducing friction and inhibiting wear. It was found that an ashless 

dialkyl dithiophosphate can have superior antiwear and antioxidation performance under 

extreme pressure conditions. On the other hand it was found that ZDDP has better wear 
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protection compared with ashless dithiophosphates and a combination of ZDDP and ashless 

dithiophosphate can provide very good wear protection. 

 

CONCLUSIONS 

1. Based on the measurements of kinematic viscosity and total base number, it can be 

concluded that the tested used oils were still efficient and their use can be extended for longer 

running distance.  

2. The lubricating properties of engine oil containing ZDDP increases with increasing the 

running distance due to the decomposition of ZDDP in oil solution to zink polyphosphate and 

a mixture of alkyl sulphides which provide the antiwear action of ZDDP. 

3. The operating time of the used oil should be extended up to 5000 km running distance to 

make full use of the improvement of the lubricating properties of used oil during usage.  

4. Application of a by-pass oil cleaners containing a super fine filtering materials which 

absorb contaminants down to the size of 0.1 µm is necessary to remove most of the solid and 

liquid contaminants in the lubricating oil. The proposed oil cleaners can trap sludge and 

carbon soots. This helps to prevent wear of engine and reduce the cost of lubricating oil, 

which occupies a great portion of the maintenance cost.  

 

ACKNOWLEDGEMENT 

The authors would like to express their sincere gratitude to the University of Al-Taif for its 

fully funding this research project (project number 708/1431). 

 
REFERENCES 

1. Khattab A., Mohamed M., Sulaimany A., Ali W., “Extending the Operating Time of the 

Used Oil by Auxiliary Filtration”, Proceedings of The Second Seminar of the Environmental 

Contaminants and their Reduction Methods, April, 12, 13, 2009, AlMadina AlMonawwara, 

K. S. A., pp. 279 – 291, (2009). 

2.  Kawamura M., Fujita K. and Ninomiya K., "The Lubricating Properties of Used Oil", 

Wear 77, pp. 195-202, (1982) . 

3.  Fujita K. , Esaki Y. and Kawamura, M."The Antiwear  Property  of Zink 

Dialkyldithiophosphates in Used Engine Oils", Wear 89, pp. 323 – 331, (1983). 

4. Ali  W., Balogh I., Molnar F., "An Experimental Study of the Wear of the Slip Differential 

unit", Acta  Technica  Acad.  Sci., Hungary, 101 (4), pp. 419 - 429, (1988). 

5. Spedding H. and Watkins R., "The Antiwear Mechanism of ZnDTP's", Part 1, Tribology 

International, Feb. 1982, pp. 9 -13, (1982). 

6.  Greene A., "Lubrication and lubricants",  Braithwaite,  E. R. (ed.), Elsevier Publishing Co., 

Amsterdam, 1976, pp. 465 – 466, (1976). 

7. "Triple R Oil Cleaner", Prospect of Triple R Industry Co., LTD., Tokyo, Japan. 

8.  Ali W. and Mousa M., "Wear and Friction of Cylindrical Contacts by Lubricant Abrasive 

Contaminants." Proceedings of EGTRIB  First Tribology Conference, Dec. 20 - 21, 1989, 

Cairo, Egypt, (1989). 

9. Mousa M. and Ali W., "Particle Size Effect on Wear and Friction Caused by Abrasive 

Contaminated in Lubricating Oil", Proceedings of the III Int. Conference Of Mech. Eng., Ain-

Shams  Univ.,  Dec.  27 - 29, 1990, Cairo, Egypt, pp. 213 - 222, (1990). 

10. Ali, W. Y. and Mousa, M. O., “Effectiveness Of Used Oil”, Proceedings of EGTRIB  

First Tribology Conference, Dec. 20 - 21, 1989, Cairo, Egypt, (1989). 

11. Ibrahim, A. A., Youssef, M. M. and Ali, W. Y., “Lubricating Properties of Used 

Automotive Oils”, Proceedings of The 7th Yugoslav Tribology Conference, 11 – 12 

OCTOBER 2001, pp. 2-65 – 2-68, (2001). 



 

50 

 

12. El-Kersh, A. M., Ezzat, F. H. Khashaba, M. I. and Ali, W. Y., “Investigation of the 

Lubricating Properties of Diesel Engine Used Oils”, Proceedings of The International 

Conference of Development and Environment, Assiut University, March 26 – 28, Assiut, 

Egypt, pp. 363 – 371, (2002). 

13. Rasha A. H., Bastaweesy A. M. and Ali W. Y, “Effect of Preheating Lubricating Oil and 

Zinc Dialkyl Dithiophosphates on the Wear Resistance of Steel”, Journal of the Egyptian 

Society of Tribology, Vol. 2, No. 4, Jnuary, pp. 1 – 13, (2005). 

14. Rasha A. H., Bastaweesy A. M. and Ali W. Y, “Effect of Preheating Lubricating Oil and 

Sulphur Containing Additives on the Wear Resistance of Steel”, Journal of the Egyptian 

Society of Tribology, Vol. 2, No. 4, Jnuary, pp. 15 – 24, (2005). 

15. Nehme G., Mourhatch R., Aswath P. B., " Effect of contact load and lubricant volume on 

the properties of tribofilms formed under boundary lubrication in a fully formulated oil under 

extreme load conditions", Wear 268, pp. 1129 - 1147, (2010). 

16. Spikes H.A., The history and mechanisms of ZDDP, Tribology Letters 17 (3), pp. 469 - 

489, (2004). 

17. Barnes A. M., Bartle K. D., Thibon V. R. A., "Areview of zinc dialkyldithiophosphates 

(ZDDP's): characterization and role in the lubricating oil, Tribology International, 34 (6), pp. 

389 - 395, (2001). 

18. Smith G. C., "Surface analytical science and automotive lubrication", Applied Physics 

Letters 33, p. 187, (2000). 

19.  Fuller M., Yin Z., Kasrai M., Bancroft G. M., Yamaguchi E. S., Ryason P. R.,  Willermet 

P. A., Tan K. H., "Chemical characterization of tribochemical and thermalfilms generated 

from neutral and basic ZDDPs using X-ray absorption spectroscopy", Tribology International 

30 (4) pp. 305 - 315, (1997). 

20. So H., Lin Y. C., Huang G. G. S., Chang T. S. T., "Antiwear mechanism of zinc dialkyl 

dithiophosphates added to a paraffinic oil in the boundary lubrication condition", Wear, 166, 

pp. 17 – 26, (1993). 

21.  Mosey N. J., Woo T. K., Kasrai M., Norton P. R., Bancroft G. M., Muser M. H., 

"Interpretation of experiments on ZDDP antiwear films through pressure induced cross 

linking", Tribology Letters 24, p. 105, (2006). 

22. Antusch S., Dienwiebel M., Nold E., Albers P., Spicher U., Scherge M.. "On the 

tribochemical action of engine soot", Wear 269,  pp. 1 - 12, (2010). 

23. Ratoi M., Spikes H. A., "The influence of soot and dispersant on ZDDP film thickness and 

friction, Lubric. Sci. 17 (1), pp. 25 - 43, (2004). 

24. Yamaguchi E. S., Untermann M., Roby S. H., Ryason P. R., Yeh S. W., "Soot wear in 

diesel engines", J. Eng. Tribol. 220, pp. 463 - 469, (2006). 

25. Aldajah S., Ajayi O. O., Fenske G. R., Goldblatt I. L., "Effect of exhaust gas recirculation 

(EGR) contamination of diesel engine oil on wear, Wear 263, pp. 93 - 98, (2007). 

26. Truhan J. J., Qu J., Blau P. J., "The effect of lubricating oil condition on the friction and 

wear of piston ring and cylinder liner materials in a reciprocating bench test, Wear 259, pp. 

1048 - 1055, (2005). 

27. Kim B., Mourhatch R., Aswath P. B., "Properties of tribofilms formed with ashless 

dithiophosphate and zinc dialkyl dithiophosphate under extreme pressure conditions", Wear 

268, pp. 579 – 591, (2010). 

28. Spikes H. A., "The history and mechanisms of ZDDP", Tribology Letters 17 (3), pp. 469 - 

489, (2004). 

29. Nicholls M. A., Do T., Norton P R., Kasrai M., Bancroft G. M., "Review of the 

lubrication of metallic surfaces by zinc dialkyl dithiophosphates", Tribology International 38 

pp. 15 – 39, (2005). 



 

51 

 

30. Hua W., Jing L., Hongling Y., Xiangqiong Z., Lingbo L., Tianhui R., "The tribological 

behavior of diester-containing polysulfides as additives in mineral oil", Tribology 

International 40 (8), pp. 1246 - 1252, (2007). 

31. Kim Y., Chung K., Kim N., Hwang D., Cho W., "Synergistic lubricating effect of several 

ashless dithiocarbamates with mo-donor additives", Tribology International 40 (2), pp. 397 - 

404, (2007). 

32. Ribeaud M., "Volatility of phosphorus-containing anti-wear agents for motor oils", 

Lubrication Science 18 (3), pp. 231 - 241, (2006). 

 

 

 
 
 
 
 


