
INTEGRITET I VEK KONSTRUKCIJA 

Vol. 26, br.1 (2026), str. 125–130 

STRUCTURAL INTEGRITY AND LIFE 

Vol. 26, No.1 (2026), pp. 125–130 

 

125 

Mohammad Salim Kaiser*  

TRIBOLOGICAL DEGRADATION FORECAST OF AL-BASED AUTOMOTIVE ALLOY 

UNDER DIFFERENT LEVELS OF USED MOTOR OIL 

PROCENA TRIBOLOŠKE DEGRADACIJE Al LEGURE ZA AUTOMOBILE KOD 

RAZLIČITIH NIVOA UPOTREBLJENOG MOTORNOG ULJA 

 
Originalni naučni rad / Original scientific paper 

Rad primljen / Paper received: 6.03.2025 

https://doi.org/10.69644/ivk-2026-01-0125 

Adresa autora / Author's address: 
Innovation Centre, International University of Business Agricul-
ture and Technology, Dhaka-1230, Bangladesh 
M.S. Kaiser https://orcid.org/0000-0002-3796-2209  
*email: dkaiser.res@iubat.edu  

 
Keywords 

• automotive Al-alloy 

• wear 

• friction 

• used motor oil 

• microstructure 

Abstract 

Tribological behaviour of Al-based automotive alloy is 

studied using pin-on-disc wear testing apparatus under dif-

ferent levels of used motor oil. Throughout the investigation, 

different pressures are applied but the sliding speed is con-

stant. Experimental results prove that higher levels of used 

motor oil have a large negative influence on the tribological 

behaviour of the alloy. The oil acts as a lubricant by creat-

ing a thin film between the contacting surfaces which con-

trols the wear characteristics. Application of long-used oils 

exhibits high wear rates with high friction coefficients due 

to quality loss in oil purity, viscosity, density, etc. Micro-

scopical examination of the worn surfaces in a sliding envi-

ronment of fresh oil reveals plastic deformation and micro-

scuffing caused by oil film's resistance. In contrast, narrow 

grooves, random crevices and deep marks are formed under 

used oil for its harmful and corrosive nature along with 

increased surface contact. 

Ključne reči 

• Al legura za automobile 

• trošenje 

• trenje 

• upotrebljeno motorno ulje 

• mikrostruktura 

Izvod 

U radu se proučava tribološko ponašanje Al legura za 

automobile, korišćenjem Pin-on-Disk ispitivanja sa tribome-

trom u različitim uslovima kvaliteta motornog ulja. U istraži-

vanju se koriste različiti pritisci sa konstantnom brzinom 

klizanja. Rezultati eksperimenata dokazuju da starije upo-

trebljeno motorno ulje ima veoma negativan uticaj na tribo-

loško ponašanje legure. Ulje je mazivo koje formira tanak 

film između dodirnih površina, čime se postižu date karak-

teristike trošenja materijala. Primenom ulja koja su dugo u 

upotrebi javljaju se velike brzine trošenja materijala sa veli-

kim koeficijentima trenja usled gubitka kvaliteta ulja: čisto-

će, viskoznosti, gustine, itd. Mikroskopska ispitivanja istroše-

nih površina u uslovima klizanja sa svežim uljem pokazuju 

pojavu plastične deformacije i mikro brazdanja izazvanih 

otpornošću filma ulja. S druge strane, uski zarezi, proizvolj-

ne šupljine i duboki tragovi se formiraju kod upotrebljenog 

ulja, zbog njegove štetne i korozivne prirode zajedno sa pove-

ćanim površinskog kontakta. 

INTRODUCTION 

Cast Al-Si-Cu-Mg alloy is one of the important classes 

of material extensively used in the industry, especially in 

the automotive sector, for its lightweight and other excel-

lent properties /1-4/. Cylinder blocks, cylinder heads, valve 

lifters, and pistons are the main automobile components. Cu 

and Mg are generally used to achieve higher performance 

through heat treatment, and their levels vary from 1.0 to 4.0 

wt.% and 0.3 to 1.0 wt.%, respectively /5, 6/. Different alloy-

ing elements like Ni, Fe, Zn, Zr, Sc, etc. are also used to 

face a particular purpose /7-9/. The principal alloying ele-

ment Si is added to the eutectic composition around 12.6 wt. 

% is the most favourable composition considering the over-

all properties. If the concentration of Si is below or above 

the eutectic composition, the resulting alloy is classified as 

hypo-eutectic or hyper-eutectic, respectively, /10, 11/. 

As the alloys are more favourable for the automotive 

sector, the wear properties are a significant and common con-

cern since the value of abnormal wear is very high. Wear 

essentially involves the removal of material that damages 

and distorts the movable contact surface /12/. Hence the low 

wear of the material provides better engine life. For that, 

motor oil is used to reduce friction and lubricate the engine's 

moving parts. Fresh motor oil must constantly pick up vari-

ous metal particles and other compounds while running the 

engine. These penetrations including C, Zn, Pb, Ca, differ-

ent metallic and non-metallic particles, burnt oil, and road 

dust are not easily separated from oil /13, 14/. During com-

bustion, the engine produces various oxides of sulphur, nitro-

gen and carbon. Ultimately with water, they form different 

acids in the used oil. The quantity of these pollutants rises 

with the engine running time. The presence of these sub-

stances in lubricants has a very detrimental effect on auto-

motive parts /15-17/. Motor oil needs to be continuously 

replaced after a certain period for better performance of the 

vehicle and environment. Otherwise, used oil can be cleaned 

or re-refined for reuse. As such, it is essential to identify the 

engine lubricants being used under different conditions to 

evaluate their performance and capacity. This safeguards the 

engine components and facilitates the creation of superior 

engine oil formulations or enhancement of existing ones. 
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It is well established that long-used oil harms engine 

materials and the environment /15, 18, 19/. However, it is 

yet to be known how long the oil has been used and the 

extent of this damage. Adequate tribological studies have not 

been performed on this type of alloy where long-used lubri-

cants at different levels are considered. This investigation 

reports in detail the effect of different levels of used motor 

oil on the wear rate, friction coefficient, and surface mor-

phology of the Al-based automotive alloy. 

MATERIALS AND METHODS 

The Al-12.7Si-2.1Cu-0.8Mg-0.3Ni-0.3Fe alloy of Al at 

the eutectic level is cast into a permanent mild steel mould 

of 20200300 mm3. A graphite made crucible is consid-

ered in a natural gas pit furnace where aluminium, copper, 

magnesium and highly pure Al-50%Si master alloy are used. 

Before pouring, the melt is strung at 700 °C, and the mould 

is preheated at 250 °C. An appropriate flux cover is used 

during the melting period to avoid oxidation. The chemical 

composition is explored by the spectrochemical method for 

the alloy. 

The cast alloy is then thermally treated by homogenisa-

tion at 450 °C for 12 hours, solutionisation at 535 °C for 2 

hours, and after that salt water quenched. Specimens of 14 

mm length and 5 mm diameter are prepared by machining 

for wear study. To enhance the peak strength, the samples 

are aged for four hours at 200 °C /20, 21/. An electric muffle 

furnace capacity of 900 ± 3 °C is used for the heat treatment 

process. A pin-on-disc wear testing machine is employed to 

study the tribological behaviour of the alloy following 

ASTM Standard G99-05, /22/. During the tribological test, 

the surfaces of the sample are pushed against a stainless-

steel rotating disc. During the wear test, a nominal load of 

30 N, corresponding to a contact pressure of 1.53 MPa, is 

applied to the disc, while a range of 5 to 50 N loads are used 

for additional testing. The disc is allowed to rotate at 300 

rpm with a 49 mm track diameter, resulting in a maintained 

0.77 m/s sliding speed. The working environments in terms 

of temperature and humidity were 22 °C and 70%, respec-

tively, during the conducted experiment. The surface hard-

ness and roughness of the discs were approximately HRC 

95 and 0.45 m. Nine samples are considered for an indi-

vidual test, and the average result is used to plot the graph. 

Drip-type single-point lubrication of five drops per minute 

between alloy sample and the SS counter plate contact 

interface is maintained throughout the test. The motor oil 

grade SAE 20W-50 is employed to wear tests under a lubri-

cating environment. Oil of the same grade is considered, as 

different levels of used oil after a 2600 cc octane-driven 

vehicle runs for about 0, 2500, 5000, and 7500 km on a 

timeline of about six months and termed as Condition 1, 2, 

3, and 4, respectively. To measure some properties of this 

oil, such as specific gravity at 60/60F, kinematic viscosity 

at 100 and 40 °C, viscosity index, and sulphur contents, is 

conducted at the University Petroleum Laboratory following 

the ASTM standard methods. For this study, the specific 

gravity is determined using a hydrometer, while a viscome-

ter bath is utilised to determine the kinematic viscosity. The 

sulphur content is analysed through the use of an X-ray 

analyser. To determine the specific wear rates (S.W.R.), 

measured weight loss (W), distance travelled (S.D.), and 

normal load (L) applied to the surface of the samples, are 

considered. The sliding distance is calculated using the rota-

tional speed and the track diameter of the disc. The friction 

coefficient () is obtained by normalising the readings of the 

load cell (F) and the applied normal load, L. The following 

general equations are employed to calculate the various wear 

parameters: 

 
initial finalW W W = − , (1) 

 . . .
. .
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L
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A USB digital type microscope is employed for micro-

structural observations and a JEOL scanning electron micro-

scope type JSM-5200 is used for SEM analyses of the alloy 

surfaces before and subsequent to wear. Roughness of the 

worn surfaces is measured by Tylor Hubson surface rough-

ness tester. The pictures of the wear testing machine, wear 

specimen and counter body as the experimental setup are 

shown in Fig. 1. 

 
Figure 1. Photo of wear testing machine setup. 

RESULTS AND DISCUSSION 

Motor oil properties 

Table 1 provides the experimental characteristics of dif-

ferent grades of used motor oil. It points out that sulphur 

content and specific gravity increase with the level of usage, 

whereas all kinds of viscosity decrease. Fresh motor oil is 

always contaminated with working engine time. So various 

harmful foreign materials such as water, salt, dirt, metal 

scrapings luge, oil-soluble products and other materials, that 

accumulate gradually. 
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These are added to the weight, so the specific gravity of 

used oil is higher. The decline in the viscosity property may 

be due to the presence of solvents in the oil, but the primary 

reason is the high-temperature combustion process that can 

cause the oil molecules to shear and crack into smaller mole-

cules, leading to a reduction in viscosity. Sulphur is emitted 

from the exhaust gases of the combustion engine, which is 

an indicator of poor oil quality and harmfulness. The rate of 

degradation is dependent on the level of oil used and is more 

significant for oil that has been used for an extended period 

/16, 23/. 

Wear behaviour 

The impact of varying levels of used motor oil on the wear 

rate of the alloy is illustrated in Fig. 2 at different sliding 

distances under applied pressure of 1.53 MPa and sliding 

velocity of 0.77 m/s. It can be concluded from the graphs that 

the trend of wear rate is similar in all motor oil environ-

ments. However, the intensity is higher as long as used motor 

oil is applied. In the early sliding stages, the wear rate in-

creases to a certain point and then decreases due to uneven 

mating surfaces and surfaces becoming familiar, respec-

tively. It is worth noting that the wear rate is extensively 

lowest, having the above trend under fresh motor oil. The 

decline in wear rate is due to the formation of a protective 

oil film between the contacting surfaces, which helps to 

prevent friction. The thin film created by engine oil is both 

efficient in facilitating movement and sufficiently viscous to 

minimise contact between moving surfaces. Engine oil also 

serves additional purposes such as heat transfer, protection 

against corrosive damage, sealing of potential cracks, and 

cleaning of residual deposits. Consequently, the wear rate 

decreases over extended sliding distances, /24, 25/. 
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Figure 2. Changes of wear rate with sliding distance under motor oil. 

During engine operation, heavy metals and harmful chem-

ical compounds accumulate in used engine lubricants. Burnt 

oil along with additive breakdown products and metal parti-

cles from engine wear, such as arsenic, nickel, lead, and 

cadmium, are the contaminants found in used oil. Many of 

these contaminants are extremely hazardous. Additionally, 

used lubricants contain numerous elements, including alu-

minium, iron, copper, magnesium, tin, and silicon. These 

particulates affect the rate of alloy wear. One observable 

fact is that wear increases significantly when long-used 

motor oil is considered. Higher levels of foreign particles, 

along with harmful chemical compounds, can potentially 

trigger a three-body abrasive wear mechanism that leads to 

increased wear rates by damaging the worn surface /26, 27/. 

The change of friction coefficient under the above sliding 

condition of the alloy is plotted in Fig. 3. Initially, the coef-

ficient of friction fluctuates with sliding distance due to 

mating surfaces being comparatively rougher. The coeffi-

cient of friction of the alloy when sliding with fresh motor 

oil is significantly lower in all conditions, than with used 

motor oil. Motor oil reduces friction and wear by creating a 

thin oil film between moving engine parts. In addition, it 

cleans metal debris, improves the sealing effect, and facili-

tates heat transfer. During service, used mobile loses its orig-

inal properties, namely corrosive properties, density, viscos-

ity, total acid number, flash point, cloud point, etc., becom-

ing increasingly inefficient. These destroyed properties are 

responsible for the higher coefficient of friction, as it is 

controlled by the lubricating film. 
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Figure 3. Friction coefficient fluctuations under different levels of 

used motor oil and the effect of sliding distance. 

 

Table 1. Several properties of different used motor oils. 

SAE 20W-50 Specific gravity at 60/60°F Viscosity at 100°C (cSt) Viscosity at 40°C (cSt) Viscosity index Sulphur cont. (wt%) 

Fresh motor oil 0.8899 19.38 168.59 132 0.03 

Used oil 2500km 0.8910 18.52 158.74 130 0.17 

Used oil 5000km 0.8924 17.92 145.48 127 0.41 

Used oil 7500km 0.9241 16.06 128.48 122 0.99 
 

Therefore, the levels of used oil are high, the friction 

behaviour is also higher. The data in Table 1 also confirm the 

state of affairs. One thing to note is that the friction trend 

under fresh oil conditions is downward. The trend goes 

upward when the used oils are applied, which is more 

significant for long-used oil. It can be clarified that fresh oil 

can transfer heat and clean metal debris better than the used 

oil sequentially, /12, 26/. 

Again, Fig. 4 displays the change of the coefficient of 

friction with the normal load under different levels of used 
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engine oil environment. The figure clearly illustrates the 

increased scenario of friction coefficient with load for all 

conditions. However, the increasing rate of these coeffi-

cients is low for fresh oil and proportionally higher for long-

used oil. This occurrence can be endorsed by the increased 

amounts of worn-out particles from the counter body mixed 

with the engine oil continuously, which reduces the perfor-

mance of the oil film between the tribo-pair. This tendency 

goes up as the used oil already contains several heavy parti-

cles and additional components from engine wear as well. 

In addition, increasing the pressure in the contact area causes 

the viscosity to increase exponentially as described by the 

pressure viscosity equation for the same oil and conditions 

/12, 28/. The quality of used engine oil has already been well 

clarified in the previous chapter by considering the infor-

mation in Table 1. 
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Figure 4. Friction coefficient fluctuations under different levels of 

used motor oil and the effect of applied load. 

Optical micrographs 

The optical images presented in Fig. 5, depict alloy sur-

faces before and subsequent to wear under different levels 

of used motor oil. Sliding distance of 2772 m, velocity of 

0.77 m/s, and an applied pressure of 1.53 MPa are consid-

ered for worn surfaces of the wear study. Before wear on the 

highly polished surface, the alloy confirms the smoothness 

and absence of plastic deformation. A little scratch is created 

there owing to polishing. This kind of surface conveys more 

information with etchant than other common microstruc-

tures /29/. The -Al phase with various intermetallic parti-

cles and eutectic Si scattered in intragranular- and grain 

boundaries form the common microstructures of Al-Si alloys. 

In this case, the microstructures only have different shades 

of lighter and darker tones that rely on how many different 

elements are in the alloys. Some needle-like shades are 

observed, which indicate the eutectic Si. The worn surface 

exhibits slight plastic deformation and micro-scuffing after 

wearing under fresh oil. It is because of the oil film formed 

between the tribo-pairs which provides lower wear and fric-

tion of the alloy. Worn surfaces after wearing under differ-

ent levels of used motor oil show deep grooves and pitting 

from smooth surfaces to damaged surfaces, depending on the 

different levels of used motor oil. As too-long used motor 

oil is applied, the surface damages accelerate as the lower 

quality may have contributed to the discontinuous tribo-film. 

In particular, oil deterioration is associated with the genera-

tion of acids and metallic particles that cause engine wear. 

The metallic particulates accelerate wear, which in turn pro-

duces more contaminants. This process is identified as a 

chain reaction of wear, /24, 27/. 

a)

  

b)
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e)

 

 
Figure 5. Optical worn surfaces of the alloy: a) before; after wear 

under used oil Conditions b) 1; c) 2; d) 3; and e) 4. 

Roughness 

A quantitative analysis of the surface roughness of worn 

surfaces of the alloy has been attempted and is graphically 

presented in Fig. 6. Adhering to upper worn surfaces, rough-

ness increases with the degree of oil used. When higher 

label of used oil is considered, the roughness of the surfaces 

increases. It is greatly increasing beyond 5000 km used oil.  
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Figure 6. Surface roughness of the worn surfaces under different 

levels of used engine oil. 
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It has already been stated that fresh oil forms a thin film 

between the moving surfaces protecting them against heat 

and damage. Since the oil used continuously accumulates 

heavy metals and harmful chemical compounds, it can poten-

tially trigger a three-body abrasive wear system that leads 

to an increase in surface roughness, /26, 30/. 

Scanning electron microscopy (SEM) 

SEM microphotographs of the alloy samples before and 

after wear are presented in Fig. 7, for the same condition 

under Sample 3 used motor oil environment. The worn sur-

faces clearly exhibit eutectic Si evenly distributed within 

the Al-matrix (Fig. 7a). 

a)

 

b)

 
Figure 7. SEM images of the alloy worn surfaces: a) before wear; 

and b) after wear under used oil Condition 3. 

After wear, the worn surface is impacted by abrasive 

wear, which reveals the scratches are most noticeable with 

random crevices and deep markings, scattered throughout 

(Fig. 7b). It is widely known as used engine oil holds vari-

ous hazardous, highly toxic metal particles have an effect on 

the tribo-film. There is a tendency of third body wear, result-

ing in micro-cutting and ploughing. It also causes the fric-

tion force to oscillate. This results in a less uniform and 

smooth wear groove, /31, 32/. 

CONCLUSIONS 

The tribological study of Al-based automotive alloy yields 

the following conclusions. 

Under a fresh motor oil sliding environment, the wear rate 

is low but increases gradually when applied with higher 

levels of used oil. Intended for used oil, the wear rate in-

creases to some extent due to deterioration of oil quality 

through harmful foreign particles. 

It maintains a relatively low wear rate, up to 2500 km of 

use. Beyond 5000 km, the wear rate increases exponentially, 

which may result in a mechanism of three-body abrasive 

wear and corrosive wear. 

Fresh oil sliding conditions enable the motor oil to act as 

a lubrication film that keeps moving surfaces away from 

direct contact and offers a low friction coefficient. However, 

the lubrication quality, including viscosity, density, etc., 

degrades due to harmful foreign particles, generated acids, 

and engine temperature, eventually resulting in a higher coef-

ficient of friction along with wear. 

Under long-used motor oil sliding conditions, worn sur-

faces exhibit high abrasive wear and plastic deformation due 

to highly destructive oil properties that affect the tribo-film, 

resulting in more significant surface damage. 
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