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Abstract. Different types of oil are used widely in all over the world. It is used for lowering friction force at the contact zones, e. g., 

bearings, gears and other areas where at least one element is moving in relation to another one. Several types of oils find place in 

automotive industry: mineral, semi-synthetic and synthetic. Over the time oil characteristics were improved by enriching with different 

additives. Special additives can reduce friction forces, present better wash of abrasion products, extend oil life, etc. 

This article deals with the research of degradation of oil lubrication quality in vehicle combustion engine over the exploitation period. 

Quantity of contaminating particles in oil sample was determined by optical microscopy. Oil film strength test was performed with oil 

samples used after various exploitation periods. 
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1. Introduction 

Automotive industry contains companies and activities involved 

in the manufacture of motor vehicles, including components such as 

engines and bodies. This industry produces transport means, that are 

very popular and used in all over the world. Every mechanical 

assembly of transport mean in order to operate smoothly, it is 

necessary to use lubricating liquids for lowering friction forces and 

increasing its lifetime. The lifetime of lubricating liquids can be 

increased by using additional elements: zinc dialkyl 

dithiophosphates, titanium, graphite, molybdenum disulfide, 

tungsten disulfide, polytetrafluoroethylene or chlorine [1]. Recently, 

lubricating liquids are of very high quality, that allows to use it for 

longer exploitation time. However, during exploitation time engines 

or gearboxes of cars, vans or trucks, fail. Inside of these 

mechanisms most of car services have founded motor oil of high 

viscosity and polluted with abrasive particles. Over the exploiting 

time these particles can mix with motor oil and pollute oil filter. 

Polluted oil filter decreases oil flow for journal bearings and 

increase combustion engine wear.  

The problem is a common internal combustion engine damage 

due to insufficient, inefficient engine lubrication. Modern car 

manufacturers recommend oil change via intervals from 8000 km 

up to 60000 km. Change interval depends on the car's lubrication 

system design and on the filtration system. For example, Ford 

manufacturers recommend their car oil change every 20000 km up 

to 50000 km depending on the vehicle model and type of internal 

combustion engine. Oil and oil filters also must meet the 

requirements for longer distances and engine working hours. 

However, different car manufacturer has different specifications, for 

example, Nissan recommends oil change from 8000 km up to 

30000 km intervals [2]. 

While car operates over time, the oil physical and chemical 

properties change, the oil loses its active ingredients, which gives 

additives. Aging oil usually increases its viscosity and a variety of 

contaminants and oil oxidation occurs due to temperature changes. 

Oil durability also depends on the engine design, oil tanks – sump 

size and the amount of oil poured into the engine lubrication 

system, the oil pump performance, air, oil and fuel filtration system 

design. So, without changing the oil on time, pollution significantly 

increases and the effectiveness of the active substances diminishes. 

If the oil is not changed in time, further consequences may occur – 

the rapid growth of contamination of engine parts, as well as 

increased mechanical and corrosive abrasion, oil filter clogging, 

lubricating channel blockage and other destructive processes [3]. 

Oil can be tested in a variety of methods, starting with 

contamination determination and finishing with chemical 

composition of used oil. Carrying out such research and in order to 

identify problems, it is necessary to gather information and adhere 

to certain set goals. In order to study the oil for some reason and to 

get more accurate data and results, it is necessary to determine 

which mode the car will be running, what oil type and filters will be 

used, how many kilometers or operating hours will be performed 

[4]. As billions of money are spent every year on replacing or 

repairing faulty units due to poor or insufficient lubrication, it is 

appropriate to carry out studies that may help to reduce the problem. 

Table 1 shows the most common oil tests performed [4]. 

 
Table 1. Usually performed oil quality tests [4] 
 

Category Research object Methods of analysis 

Wear 

Quantity size and 
distribution of 

contamination 

particles 

Microscopy 

Particles shape Ferrography 

Metal particles Spectroscopy of a rotating disk 

electrode (RDE) 

Pollution 

Sand and mud Microscopy 

Unburnt fuel Fuel Sniffer Spectro, Gas 

chromatography (GC) 

Water Infrared (IR)*, Karl Fischer 

Titration (KF)  

 

Water coolant, 
antifreeze 

Infrared (IR) 

Soot Infrared, soot meter 

Other liquids  

Fatigue 

Oxidation, 

nitration, 
sulphitization 

Infrared (IR) 

Viscosity Viscosity testers  

Acid numbers or 

base numbers  

Titration 

3. Research methodology 

An optical microscope Nikon was used for studies to see solid 

particles inside the used oil. An objective Nikon TU Plan Fluor 20x 

/ 0.45 A was chosen, and Nikon DS-Ri2 with a 16x megapixel 

camera was used to obtain images. NIS-Elements D software was 

used to process the images. 

The Timken test is a test that meets international standards and 

is a test method that meets American standards (ASTM No. D 

2782) [5]. A special experimental stand is used for this test (Fig. 1). 

The Timken machine has an electric motor (4) that rotates the 

shaft (5) at 800 rpm. At the beginning of the test, the sample (2) is 

placed in the lever, then the oil bath (3) is filled with the oil to be 

analyzed and the apparatus is started. After the apparatus has been 

tampered with, the selected weight (2.5 kg) is placed on the lever 

(1) for a few seconds and the sample is further abraded for the 

selected time. The tests usually give a constant load and a constant 

wear time. After the tests, the samples are removed from the lever 

and further examined by other methods. 

After all samples have been tested by Timken test, they are 

carefully analyzed visually. Filter samples were taken in three 

stages. The first stage, when the car travels about 25,000 kilometers, 

the second stage, when the maximum permissible mileage is 

achieved, e.g. 50,000 kilometers, and the third stage, when the car 

travels the maximum permissible mileage, but the filter is used only 
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half the range, e.g. after about 25,000 kilometers only the oil filter 

was replaced. 

 

 

Fig. 1. The Timken test experimental setup: 1 – lever with the load, 2 – 

sample, 3 – oil bath, 4 – electric motor, 5 – shaft 

4. Research progress 

Oil samples from five different cars were collected for the 

study. When the car arrived for service maintenance, 40 ml of used 

oil was taken as a sample, which was safely placed in a sealed tube 

(Fig. 2). Some literature sources [6, 7] mention that the oil filter 

often becomes dirty faster than the oil change time comes and the 

oil does not longer flow through the safety valve, causing 

contamination increase rapidly and can cause significant damage of 

the engine or its components. Therefore, it was decided to collect 

the oil samples at a halfway of the oil change interval (~ 25000 km), 

without changing the oil itself, to change only the oil filter, take a 

sample of used oil and the used filter, and repeat this procedure 

after 50000 km. 

 

 

Fig. 2. Tubes with samples of used oil 

 

For testing and operation of the cars, original Ford oil was used, 

which meets the requirements set by the car engine manufacturer. 

The oil specification is given in Table 2.  

 
Table 2. Specifications of engine oil used 

Oil name Oil type Oil specification 

Ford FORMULA F  
 

SAE 5W-30  
 

ACEA A5/B5  
WSS-M2C913-C WSS-

M2C913-B WSS-M2C913-A  

 

This oil is suitable for most Ford cars. It is a high quality fully 

synthetic oil. It reduces friction of engine parts and fuel 

consumption, features excellent motor protection and wash quality. 

It ensures optimal engine start at low temperatures and reduces CO2 

emissions [8]. 

Timken samples (Steel grade 1010, Ø12 mm) were prepared 

according standard requirements [5] and used during the 

investigation. After placing the Timken sample on the test bench 

(Fig. 1), the oil bath was filled with oil. The apparatus started before 

any load had been applied, the load was applied to the load lever 

when the stand was launched and the Timken sample was further 

abraded for the selected time. Figure 3 shows a Timken sample 

when tested for 7 minutes in a new, unused oil. 

 

Fig. 3. Timken sample after 7 minutes of abrasion 
 

For further tests, the abrasion time and load of the first Timken 

sample were set up. Accurate collecting of the results requires the 

same load and abrasion time that should be maintained for all 

Timken samples and different oil samples. 

At the beginning of the tests, the Timken sample was first tested 

in a clean, unused oil, the wear was measured, for the purpose to 

have comparable results with the ones obtained for the used oil 

samples. 

After every test, a different oil sample was changed, the oil bath 

was washed with a special oil and grease-washing liquid to remove 

unwanted impurities, as abrasion of the sample could accumulate its 

abrasive particles in the oil, which later could deteriorate the 

lubricating properties of the oil. 

Fig. 4 shows scar diameter of Timken sample obtained after the 

test of abrasion in used oil for three different situations – I, II and 

III. Here is the description of the mentioned situations: 

I – car mileage was about 50000 km, oil filter exploitation 

duration was the same; 

II – car mileage was about 50000 km, oil filter was changed 

after each 25000 km (twice); 

III – car mileage was about 25000 km, oil filter exploitation 

duration was the same. 

 

 

Fig. 4. Measurement of average scar diameter of Timken sample after 
abrasion test in oil 

 

Determination of hard particles in oil 

After all the oil samples have been collected, they were further 

examined under a microscope to determine how the oil 

contamination has changed with the number of kilometers traveled. 

When examining oil samples under a microscope, the focus was on 

hard particles and their content in the oil. After microscopic 

analysis of all samples, the results were compared to check for a 

change in oil contamination after changing the oil filter in the 

middle of the oil change interval. 
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The nature of the objects found under the microscope was 

assessed on the basis of similar studies already carried out, which 

described in detail the characteristics of every object. The scientists 

describe how the shape, color, surface structure and dimensions of 

an object can be used to partially determine what kind of material is 

in, as well as to decide, based on the surface profile, what kind of 

wear can prevail [9, 10]. Figure 5 shows the oil containing 

undesirable particles. Figure 6 shows the surface of an abrasion 

particle, showing abrasion marks, i.e., longitudinal scratches, from 

which it can be inferred that this particle may be a rupture of the 

cylinder walls or from where the slip tinnitus predominates [9, 10].  

 

 

Fig. 5. Microscopic photo of used engine oil (200x) [9] 

 
Fig. 6. Abrasion particle surface profile (1000x) [10] 

 

The Fig. 7 and 8 show optical microscopic images oil samples 

taken from the first car. Particles larger than 10μm were measured 

and marked on the images, while other, smaller visible particles 

were marked with arrows during microscopic image analysis and 

examination of the detected particles. 

Examination of the microscopic images and the particles seen in 

them revealed that, in terms of dimensions, the largest particles 

were observed in the oil samples which were taken from cars that 

had worked approximately 50,000 km. The dimensions of the 

largest particles detected in the first sample (Fig. 7) were 49 μm and 

45 μm. According to the dimensions and shape of these hard 

particles, based on the literature sources [10, 11], it can be stated 

that it could be a metal chips, which may be caused friction of parts. 

The particles of such size do not pass through the filter material, 

e.g. they are trapped by the oil filter, therefore, it can be argued that 

the oil filter did not filter the oil at fully, i.e., part of the oil flowed 

through the filter and other one flowed through the safety valve and 

the filter had already started to clog. Further examination of the first 

five samples showed that in terms of the amount of particles in the 

oil, most of them are visible in the third sample. Theoretically, it is 

normal for this oil to have the highest levels of contaminants, as this 

oil has been in operation for 51500 km. 

Examination of oil samples 6-10 of car exploited approximately 

50,000 km, but replaced the oil filter at the 25000 km, showed a 

difference compared to the first five samples. Slightly fewer hard 

particles were observed in these oil samples, and the largest particle 

detected was only 20μm, which was several times larger than the 

particles detected in the first samples.  

In samples with a mileage of up to 25000 km (11-15), the 

observed particles are only up to 10μm, compared to the first ten oil 

samples, these hard particles are less visible. The most noticeable 

feature is a soot, as well as small particles whose shape and 

dimensions are difficult to detect by optical microscopy.  

Fig. 9 presents the number of found particles larger than 5 μm 

per 0,36 mm2 test oil smear area. 

 

 

 

Fig. 7. Sample No. 1 after mileage of 49000 km 

 

Fig. 8. Sample No. 11 after mileage of 20000 km 

 

 

Fig. 9. Number of particles per 0.36 mm2 area. Designation with colors is 

the same like in Fig. 4 

5. Discussion 

As technology advances but oil resources dwindle, oil and car 

manufacturers are increasingly striving to increase oil quality while 

increasing the oil change interval. It is no secret that a significant 

proportion of modern cars have a range of 50000 km or more. 

However, faults caused by insufficient lubrication are not 

uncommon. The question arises as to whether the oil with which the 

car has traveled 40000 to 50000 km can be fit for use and do not 

damage the engine components. We know that when operating a car 

in different operating modes, the oil is affected unequally, if the car 

is used at high loads more often, then the oil is subjected to a higher 

load, so it loses its lubrication properties faster. Perhaps when 

operating the vehicle in more severe conditions, the interval should 
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be shortened or measures taken to reduce oil contamination, such as 

changing the filters between the change intervals. 

After analyzing all the oil samples in terms of mileage, the 

biggest contamination and biggest hard particles were found in the 

first five samples, where the oil life was 50000 kilometers and 

more. In this case, the oil was heavily contaminated, the oil filter 

inefficiently filtered the oil, engine components with more 

contaminated oil wear faster, and as a result, the contamination 

increased much faster than with clean oil. 

After analysis, it was determined that the cleanest oil was the 

one that had been operating for about 25000 km, in this oil, no hard 

particles were observed that could pose a significant threat to the 

internal combustion engine assemblies. There could be stated that 

the oil filter and the whole filtration system filtered the oil 

sufficiently, the filter was not clogged and worked effectively. 

After performing the experiment and changing the oil filter, in 

the middle of the oil change interval, after microscopic analysis, it 

could be seen that the particle content and dimensions were much 

lower than in the oil samples that served the full range. Changing 

the oil filter after half-termed exploitation was effective and 

expedient. 

6. Conclusions 

1. In the course of the investigation, oil samples were collected 

from five different cars with identical engines, and the engine oil 

used and the oil filters were the same in all cars. For more accurate 

data, cars with similar operating conditions were selected. The 

nature of oil contamination was determined by microscopic analysis 

of oil samples based on literature sources. The shape and visual 

appearance of the objects visible in the oil determine the nature of 

the particle, e.g. whether it is a metal particle, dross, dust, or 

something like that. 

2. The oil samples contaminated mostly were determined during 

microscopic analysis: 1 (49000 km.), 2 (47500 km.), 3 (51500 km.), 

4 (48650 km.). The biggest hard particles were observed analyzing 

these samples. A comparison of all the oil samples collected 

showed that the least contaminated samples were those with a 

mileage of up to 25000 km and the most contaminated were those 

with a mileage of about 50000 km. 

3. During the oil sampling, an experiment was performed – as 

the aforementioned car oil change interval was 50000 km. After 

performing this experiment and comparing the results with the 

results of all the oil samples, it was observed that the oil 

contamination is significantly reduced when just the oil filter was 

changed between the oil change intervals. 

4. A visual analysis of the used oil filters was performed, during 

which was determined that the most contaminated filter is No. 3 

(51500 km.). It showed many metal wear particles and other foreign 

objects. 

6. The Timken test revealed that the quality of the sample No. 3 

(51500 km.) oil was the worst, as with this oil the Timken sample 

wear out the most - 0.82 mm. Abrasions were also found to be 

lower when tested with oil in which only the oil filter was changed. 

Thus, the study showed that the quality of the oil, its lubrication 

properties could be improved and the contamination could be 

reduced when only the oil filter has been changed between oil 

change intervals. 
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