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Abstract: Aluminium and its alloys are highly represented in industrial application. Despite of good 
mechanical and conductive properties, both thermal and electric, in tribological manner material transfer that 
may occur during the dry sliding conditions has great influence on friction and wear of the contact elements. 
This study represents an attempt one in a row to define the parameters that leads to the material transfer 
occurring, and in this paper influence of surface roughness was investigated. Tribological test were performed 
in dry sliding conditions using CSM nanotribometer with ball-on-plate contact configuration and linear 
reciprocating motion with 0,5mm amplitude and sliding speeds of 1, 5 and 10 mm/s under constant load of 
200mN. Obtained results indicated presents of material transfer for all three investigated surfaces prepared 
using sand paper with different grit sizes 240 and 1000 and polished sample. Appearance of transferred layer, 
on the steel counter body, and penetration depth value plots refers to cyclic nature of material transfer. 
Material transfer during the dry sliding contact result in increase of coefficient of friction and wear of tested 
aluminium samples.   
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1. INTRODUCTION 

 
Aluminium and his alloys as a material has a 

wide industrial application since it is recognized 
as lightweight metal in comparison to other 
market available metals and due to its good, 
mechanical and structural properties and 
electric and thermal conductivity. Also 
numerous improvement are possible using 
aluminium as a matrix material for wide range 
of composites, reinforced with various types of 
materials, shapes and sizes [1-3]. In tribological 

manner, it is possible to improve physical 
appearance of the contact surface, by lowering 
the surface roughness and in the same way 
improving the mechanical properties, using 
nonconventional techniques such as ball and 
roller burnishing [4-5].   

Despite mentioned improving the problem 
of material transfer still, exist in dry sliding 
conditions, which can occur as a result of 
construction of tribo-mechanical system itself 
or inadequate lubrication, lubrication medium 
or due to breakage of lubrication or protection 
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film. Tribological investigations of different 
aluminium alloy indicated to presence of 
material transfer to the counter body surface 
[6-8]. Material transfer were noticed in all dry 
sliding tests of automotive cylinder aluminium 
alloy [8], and in some cases of zinc aluminium 
alloy (ZA-27, 27% of aluminium) nano 
composite [6]. In both cases it is very hard to 
predict and to conclude the moment and the 
reason for material transfer. It can occur at the 
early begging of the sliding contact, but also in 
the same contact condition it can be prolonged 
much later. 

In our previous investigations, we have tried 
to avoid material transfer by varying material of 
the counter body (Inox 440c, Ruby, Sapphire, 
Alumina Al2O3 and Silicon Nitride Si3N4) [9] or at 
least define contact parameters without 
material transfer. In this paper, we investigated 
influence of surface roughness on mentioned 
phenomenon of material transfer under dry 
sliding.     

   
2. EXPERIMENT 
 

Tribological testing were performed using 
CSM Nanotribometer with ball-on-plate 
contact geometry and linear reciprocating 
motion. 100Cr6 steel was used as a counter 
body (ball, 1.5 mm in diameter) material. Test 
samples were prepared from aluminium alloy 
6082 (AlMgSi1) T651 grinded with sand paper 
with different grit size, 240p, 1000p, while the 
third one is polished. Pilishing was performed 
using polishing emulsion with 6, then 1 and 
finish with 0,42µm abrasive particles.  Surface 
roughness were measured using INSIZE C002 
profilometer. Friction and wear tests were 
performed under constant load (200mN), with 
0.5 mm amplitude, sliding distance of 1m or 
500 cycles and three different sliding speeds (1, 
5 and 10 mm/s). Each test were repeated three 
times. Obtained wear tracks were measured 
and analysed using optical microscope.  
     
3. RESULTS AND DISCUSSION 
 

Surface roughness measurement result 
were presented on figure 1. As it is mentioned 

before three aluminium samples, with different 
surface finish (240p, 1000p and polished), were 
on test. 

 

a) 

 

b) 

 

c) 

Figure 1. Surface roughness of prepared Aluminium 
samples with sandpapers with different grit sizes: a) 

240p, b) 1000p and polished 

  Coefficient of friction and penetration 
depth values are presented on the following 
plots (Figure 2-4) in comparison to the sliding 
time, sliding distance and number of cycles. 
Penetration depth parameter proved to be very 
useful for analysing the material transfer 
process. Presented plots represents one 
tribological test from three that were 
performed under the same contact conditions. 
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Figure 2 represents COF and PD values for the 
samples with 240p grit finish under three 
sliding speeds value. From these plots, it can be 
concluded that material transfer stars at early 
beginning of the contact, which followed with 
the sharp change of both observed parameters. 

 

a) 

 

b) 

 

c) 

Figure 2. Coefficient of friction and Penetration depth 
plots for 240p grit size Aluminium sample under three 
sliding speeds: a) 1mm/s, b) 5mm/s and c) 10mm/s. 

In case of 5mm/s sliding speed material 
transfer starts almost instantly while for others 
sliding speeds material transfer occurs in period 
of 10-20s. Figure 3 represents obtained results 
for sample prepared with 1000 grit size. Sample 

prepared with sandpaper with 1000p grit size 
manifests almost the same trends for COF and 
PD as previous prepared with 240p grit size. 

 

a) 

 

b) 

 

c) 

Figure 3. Coefficient of friction and Penetration depth 
plots for 1000p grit size Aluminium sample under three 

sliding speeds: a) 1mm/s, b) 5mm/s and c) 10mm/s. 

On the figure 4 COF and PD plots are related 
to the polished sample. As it can be seen from 
presented plots, material transfer is postponed 
10-20s, but in all tests there were no immediate 
material transfer. Some authors indicated that 
material transfer is related to the contact 
temperature, and that with temperature rise 
material transfer is more frequent and starts 
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much earlier [7], but in the present 
investigation that’s not a case since all tests 
were performes at the room temperature. 

 

a) 

 

b) 

 

c) 

Figure 4. Coefficient of friction and Penetration depth 
plots for polished Aluminium sample under three sliding 

speeds: a) 1mm/s, b) 5mm/s and c) 10mm/s. 

From all presented plots it is obvious that 
penetration depth has numerous sharp 
changes during the sliding period that indicated 
on unstable and variable thickness of 
transferred layer on the counter body surface. 
Transferred layer thickness increases until the 
critical value that is not able to withstand the 
tangential force. In that moment part of the 

transferred layer is detached and become wear 
debris. That process repeats numerous times 
during the sliding contact and the change in PD 
value is more pronounced for rougher surfaces.  

 Wear tracks were measured and analysed 
using optical microscope. Measurement were 
done by measuring the appeared area of the 
wear track and then analytically wear volume 
was calculated. Wear volume and standard 
deviation of measured wear tracks is presented 
on figure 5. Polished samples exhibits better 
wear resistance in comparison to the rougher 
surfaces accept in case of 10mm/s sliding speed.  

 

Figure 5. Wear volume of all tested samples 

  

a) 

  

b) 

  

c) 

Figure 6. Wear tracks and transferred layer appearance 
obtained under 5mm/s sliding speed: a) 240p, b) 1000p 

and c) polished sample. 
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As a representative example of wear track 
and transferred layer appearance, those 
obtained under 5mm/s sliding speed was 
chosen. Uneven distribution of transferred 
material on the counter body surface indicates 
uneven height, which is in corresponding to the 
presented PD plots. This kind of distribution of 
transferred material and its unpredictable 
behaviour are the reason for high deviations in 
measured wear tracks volume values. 

     
4. CONCLUSION 

 
Influence of surface roughness on material 

transfer occurring, from aluminium samples to 
the steel counter body, during the dry sliding 
contact was presented. It can be concluded that 
surface roughness has no greater influence 
material transfer occurring but polished 
samples has lower wear volume and also PD 
change is less pronounced  in comparison to the 
samples with rougher surfaces. 

Material transfer process is not progressive 
by its nature, but more cyclic, which 
correspondents to the presented PD plots. 

Material transfer occurring is followed by 
sharp change in COF and PD value. COF is 
increased more than four times in comparison 
to the starting values.   
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