
14th World Congress in Computational Mechanics (WCCM) 
ECCOMAS Congress 2020 

Virtual Congress: 11 – 15 January 2021 
F. Chinesta, R. Abgrall, O. Allix and M. Kaliske (Eds) 

 
 
 

SAMPLE PREPARATION METHODOLOGY OF THE AL2O3  
SURFACE LAYERS FOR SELF-LUBRICATING SLIDING PAIR 

JOANNA KORZEKWA¹, MAREK BARA1 AND DARIUSZ KARPISZ2 

 ¹ Faculty of Science and Technology, Institute of Materials Engineering,  
University of Silesia in Katowice 

75 Pułku Piechoty 1a, 41–500 Chorzów, Poland  
joanna.korzekwa@us.edu.pl (J.K), marek.bara@us.edu.pl (M.B) 

 
² Cracow University of Technology, Faculty of Mechanical Engineering 

Al. Jana Pawla II 37, 31-864 Krakow, Poland, EU  
dariusz.karpisz@pk.edu.pl 

 
 

Key words: structure of aluminum alloy, anodizing, etching, sample preparation 

Abstract. The article discusses the process of preparing samples with an anodic Al2O3 layer 
for tribological tests in the combination of sliding, reciprocating on the T17 tester. The method 
of cutting, grinding, drilling, threading, gluing, etching, and anodizing samples used in 
laboratory conditions was presented. As shown in the article, the number of factors influencing 
the surface quality of the oxide layer produced in terms of tribological associations is 
significant; therefore, the appropriate sample preparation methodology is so important. 

 
 
1 INTRODUCTION 

Increasing the mechanical properties of aluminum is made by fusing metal with alloying 
elements to form alloy aluminum, which is even several times more durable while maintaining 
good plastic properties. The most commonly used alloy additives in aluminum alloys are Cu, 
Fe, Si, Mg, Mn, Zn. These elements affect in various ways  the strength properties of pure 
aluminum. Some of the aluminum alloys have favorable constructional parameters. The ratio 
of strength to their specific weight is much greater than, e.g., for steel. This fact largely 
determines the wide use of alloys aluminum in the industry. Improvement of aluminum's 
surface properties, e.g., increasing the corrosion or abrasion resistance and hardness, can be 
obtained by producing aluminum oxide layers in an electrolysis process called anodizing. 
Anodizing of aluminum alloys leads to the formation of an oxide layer on their surface, due to 
which the aluminum gains resistance to abrasion. The coatings obtained by this method are 
widely used in sliding connections of kinematic machine parts. Examples of elements made of 
anodized aluminum alloys are internal surfaces of cylinders of pneumatic actuators, shock 
absorbers and compressors, surfaces of pistons of combustion engines, and profiles of sliding 
door guides. The selection of materials for cooperating tribological elements should be based 
on preliminary tests carried out in conditions that are closest to real ones. Conducting trials in 
laboratory conditions often requires special preparation of the test material that allows for 
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testing on a specific stand. Before anodizing, it is necessary to pre-treat or clean the surface of 
aluminum appropriately. The typical types of surface treatment for aluminum alloys before 
anodizing are degreasing [1], [2], electroplating [3], [4], mechanical treatment [5], chemical 
brightening [6]. The article presents the method of preparing samples with an oxide layer 
intended for tribological tests on the T17 stand, manufactured at the Institute of Materials 
Science, University of Silesia.   

 

2 SAMPLE PREPARATION METHODOLOGY 

2.1 Test stand 

Tribological tests carried out on stands whose friction node reflects the real association most 
accurately constitute the basis for inferring about cooperating materials' tribological properties 
under given operating conditions. For example, materials for the pneumatic actuator's sliding 
elements should be tested on the T17 tribotester (produced by Łukasiewicz Institute for 
Sustainable Technology in Radom), where the tester's reciprocating sliding movement is 
consistent with the type of motion of the actuator piston rod – Fig.1a. The T-17 tester enables 
testing according to the American Society for Testing and Materials F 732 standard 
requirements. Before the test run, the frequency and amplitude of the cycles and the friction 
junction load are set on the T-17 device. The friction node consists of a stationary pin pressed 
against the plate, making a reciprocating movement. The pin is fixed in a holder, which is 
connected to a force sensor –Fig.1 b. 
 

                                                                                                    
(a)                                                                   (b) 

Figure 1: An example of the correct selection of the T 17 tribological tester for testing the sliding connection of 
pneumatic actuator elements (a). Friction node of T-17 tester (b). 

2.2 Sample preparation 

The material for tribological tests is plates cut from a 4 mm thick rolled sheet from various 
aluminum alloys (e.g., EN AW 5251). Plates with 62.5 x 16  mm dimensions are cut on a milling 
plotter or water jet cutting machines – Fig.2.[7] Plates are cut in external companies. Plates for 
tribological tests must maintain surface parallelism. Failure to keep this parallelism causes 
erroneous loading of samples and cooperation of elements on the surface. 
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Figure 2: Plates cut out from aluminum alloy [7] 
 

Machine-cut plates are drilled in the central part of the long side of the sample with a drill of 
⌀2.4 mm in diameter to a depth of 10 mm –Fig.3a, and then the drilled hole is threaded with 
M3 mm taps – Fig.3b. The M3 die is also used to thread an aluminum rod made of the same 
aluminum alloy grade as the sample – Fig.3c. The threading process is carried out using fluids 
that reduce the tool's effect sticking to the inserted material.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                              (a)                                                         (b)                                                      (c) 
                                                  

Figure 3: Drilling of sample (a), threading of sample (b), threading of rod (c) 
 

All surfaces previously milled or cut with a water jet are sanded on a  polisher with water-based 
sandpaper, 400 grit, to obtain a smooth surface – Fig.4a. After pre-washing and degreasing the 
plates' surface and the rod with ethyl acetate, the plate is connected to the rod by twisting the 
threaded elements until a slight resistance is obtained –Fig.4b.  
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(a)                                                       (b) 
Figure 4: Grinding of the surface plate (a), connecting of plate and rod (b) 

 
To reduce the amount of heat generated on the aluminum plate during the electrochemical 
process, all plate surfaces that do not take part in the slip test and the rod attached to the plate 
are coated with a distal classic two-component epoxy adhesive - Fig. 5a.  The taped tiles are 
left to dry for a minimum of 48 hours. After this time, the adhesive is resistant to acids, which 
are components of electrolytes. When in contact with the atmosphere, the surface of the 
aluminum and its alloys is spontaneously covered by the passivating layer of aluminum oxide. 
This thin oxide layer (0.001-0.1 m) isolates the metal from contact with the environment. 
Therefore, before the anodizing process, this layer must be removed using various acids or 
bases [8]. In our research, the etching is carried out in 5% potassium hydroxide solution for 40 
minutes and then neutralized in 10% nitric acid solution to reverse the etching reaction – Fig.5b. 
Etching and neutralization treatments end with rinsing in distilled water.  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
                                                   (a)                                                 (b) 
 

Figure 5: The plate surfaces covered with classic distal glue (a), the etching and neutralization of plates (b)  
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Fig. 6 shows the roughness values of the aluminum alloy substrate surface for five samples. 
Measurements were made in the horizontal and vertical positions of the samples. For most 
samples, the roughness measured in the horizontal direction has  higher values than that 
measured vertically. This difference is caused by the surface of aluminum related to heat-plastic 
treatment (sheet rolling). Higher roughness values are obtained for a direction that is 
perpendicular to the rolling direction. The exception is sample No. 4, the value of the average 
roughness of which could have been affected by sheet scratches. Fig. 7 shows the roughness 
values for the etched aluminum alloy substrate surface for five samples. The surface roughness 
values after etching are higher due to the action of chemicals on the alloy surface.  

 

 
Figure 6: Roughness of samples before etching. 

 

 
Figure 7: Roughness of samples after etching. 
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An essential element in preparing samples is the appropriate selection of the material in 
terms of texture after rolling and roughness after etching. The influence of these processes on 
the substrate's properties is inherited in the anodizing process of aluminum alloy [9], which in 
its consistency may contribute to disturbances in tribological tests. 

2.3 Anodizing of samples 

Anodizing is performed by the direct current [10] or the impulse method [11] using the 
laboratory power supply – Fig. 8a. Anodizing carried out in oxalic or sulfuric acid requires 
intensive cooling of the electrolyte, which increases the cost of the process. In order to avoid 
intensive cooling, electrolytes with other acids are used in the composition [12]. Hard anodizing 
requires cooling the electrolyte, which is passed through an automatic temperature control 
system. The heat release in the layer growth area results from aluminum's exothermic reaction 
with acid and the so-called Joule's warmth. Too high electrolyte temperature in the oxide layer 
growth area and too shallow immersion of the sample in the electrolyte increases the acid's 
ability to redissolve the oxide and reduces its surface hardness. Such samples are not suitable 
for further research. For this reason, a rod (Fig. 5a) is attached to the test plates, allowing the 
sample to be placed at the appropriate depth in the electrolyte. After the anodizing process, the 
plate with the oxide layer formed is rinsed in distilled water to rinse the electrolyte from its 
porous structure. Thanks to the characteristic structure of the layer and variable properties, the 
hard, porous aluminum oxide layer (Fig. 8b) can be used in many technology fields. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
                                               (a)                                                 (b) 

Figure 8: The Al2O3 layer production process (a), the Al2O3 surface layers (b) 
 

2.4 Layer test proposals 

The basic properties of the oxide layers produced on the aluminum alloy substrate, such as 
porosity – Fig.9a [13], structure – Fig. 9b [13], thickness and microhardness – Fig.9c, can vary 
widely and depend mainly on the current density, electrolyte temperature, anodizing time, and 
the composition and ph of the electrolyte. An important issue is the selection of an appropriate 
aluminum alloy for anodizing. In particular, alloys containing 2÷ 5% Mg and 0.1÷ 0.4% Mn, 
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deserve attention (e.g., EN-AW-5251). They are characterized by good corrosion resistance, 
and they are plastic, weldable, resistant to fatigue, and easy to work smoothly. Additionally, an 
advantage of these alloys is the low content of intermetallic phases, which increases 
susceptibility to anodic oxidation, carried out to obtain thick and hard wear-resistant surface 
layers. Some aluminum alloys are subjected to precipitation hardening, i.e., the process of 
supersaturation and aging, after which the strength properties are comparable to those of many 
steel grades. Application for some alloys (e.g., EN-AW-6060), plastic deformation after a 
period of aging leads to an increased strength by up to 30% compared to precipitation hardening 
without deformation. The disadvantage of casting alloys used to produce an oxide layer on their 
substrate is a coarse-grained structure with primary silicon crystals – Fig.9d [14], which leads 
to lower mechanical properties of the alloy and silicon transition inclusions to the oxide coating 
structure. 
 
                                 

 
   

 
 
 
 

(a)                                    (b)                                     (c)                                           (d) 
 

Figure 9: The basic properties of the Al2O3 oxide layers: porosity (a)[13], the parallelism of the fibers 
(b)[13], thickness and microhardness (c), inclusions (d)[14] 

 

2.5 Tribological test 

The sliding test's tribological partner with oxide layers is a pin with a diameter of 9 × 10-3 m, 
made of different polymers. Polymer pins are made on a CNC lathe from a bar of ø25 mm by 
machining. As a result of the tribological tests carried out using the above-described material 
samples, the surfaces with a polymer sliding film are obtained – Fig. 10a. The formation of a 
polymer sliding film in dry friction sliding associations is closely related to the wear process of 
the polymeric mandrel and the distribution of the mandrel material on the oxide coatings' 
surfaces. The sliding film can be analyzed by scanning electron microscopy (Fig. 10b), Energy 
Dispersive Spectrometer, and profilographometric tests (Fig. 10c). Based on the data measured 
with the Spider 8 analog-digital converter, which is equipped with the T17 tester, it is possible 
to plot the friction characteristics, calculate the friction force of the cooperating elements, 
determine the ambient temperature of the friction junction and the total linear wear of the 
friction junction elements. 
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                                                                              (a) 
 
 
 
 
 
 
 
 
 
 

                  (b)                                                                            (c) 
 
 

Figure 10: (a) Al2O3 layer with a sliding film, (b) SEM micrograph of Al2O3 coating, (c) profilographometric 
image of the Al2O3 layer 

 
 

 
3 CONCLUSIONS 
 
The paper presents sample preparation steps for tribological tests of the sliding connection on 
the T17 tester. A  method of cutting, grinding, drilling, threading, gluing, etching, and anodizing 
samples used in laboratory conditions was presented. The surfaces of the aluminum alloys on 
which the oxide layers are formed are usually pre-prepared for the anodizing process by 
selecting the aluminum alloy, surface texture, type of chemicals, and etching time. An adverse 
selection of the conditions mentioned above may, to no small extent, have a negative impact on 
the substrate surface of these layers already before the process of producing the oxide layers. 
Equally important factors affecting the tribologically tested surface result from the application 
of appropriate anodizing parameters, i.e., current density, electrolyte temperature, anodizing 
time, and the composition and ph of the electrolyte. An important parameter during anodizing 
is the depth of sample immersion in the electrolyte and the electrolyte flow rate, affecting the 
rate of secondary dissolution of the oxide layer by the acids contained in the electrolyte, and 
thus its hardness. As shown in the article, the number of factors influencing the surface quality 
of the oxide layer produced in terms of tribological pairings is significant; therefore, the 
appropriate sample preparation methodology is so important. 

The results presented in this article may be useful in industrial in order to improve the 
durability of machine parts by strengthening the surface layer [15, 16], modifying its functional 
properties [17, 18] and wear resistance [19, 20]. It can also be used to improve the techniques 
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enhancing the resistance of parts working in chemically aggressive environments [21, 22], 
thermomechanically loaded [23] and exposed to biocorrosion [24-26]. 

For scientific purposes, it provides data sets for the development of analytical methods [27, 
28]. The experience gained may be an inspiration in the field of analytical [29-31] and 
organizational methodologies, providing them with improved information on the durability of 
parts [32, 33]. It can also be useful when designing the structure of specific industrial databases 
[34, 35], as well as non-contact shaping techniques [36, 37]. 
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