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The article is devoted to the assessment of the surface texture as well as the mechanical and tribological 

properties of the surface layers obtained in the ALD technique. A coating of Al2O3 was deposited on the 

Ti13Nb13Zr titanium alloys. Measurements of the surface texture of the sample before and after tribological 

tests were made by the use of  a confocal microscope. The hardness of the tested materials was determined 

using an ultranano-hardness tester. A tribometer TRB3 was used for tribological tests. The outcomes of the study 

and the analysis indicate that the use of Al2O3 coatings significantly increases the service life of the tested 

friction pairs. 
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1. Introduction 

Modern biomedical materials are to a large extent based 

on metal alloys, among which titanium alloys occupies 

more and more space. The choice of titanium alloys is 

due to its good mechanical properties and corrosion 

resistance in the tissue environment [1]. In order to 

increase the service durability and to improve the quality 

of the surface Ti13Nb13Zr, protective coatings are 

deposited. Currently, more and more popular is the 

modification of the surface layer through deposition thin 

coatings using the ALD technique [2]. 

2. Methods 

The Leica DCM8 confocal microscope analyzed the 
geometric structure of the specimen surfaces before and 

after tribological tests. The hardness of the tested 

materials was determined using an ultranano-hardness 

tester. The test consisted of pressing a Berkovich 

indenter. This advanced research technique allowed  

precise recording of the load curve and the penetration 

depth of the indenter. Tribological ball-on-disc tests were 

performed using Tribometer TRB3. The friction pair was 

specimen of Ti13Nb13Zr and 100Cr6 ball with DLC 

coating a diameter of 6 mm. The motion resistance was 

determined under technically dry friction (TDF) and with 
the use of Ringer’s solution (RS) as a lubricant. Ringer's 

solution was chosen because its chemical composition 

resembles that of body fluid.  

3. Results 

Figure 1  show the surface topographies of the uncoated 

disc (1a) and the disc coated with Al2O3 (1b) before the 

tribological tests.  

Tests of surface texture showed that, there was a 

difference in the surface texture profiles (Fig. 2) between 

the uncoated Ti13Nb13Zr discs and the Ti13Nb13Zr 

discs coated with Al2O3. As a result of the deposition the 
Al2O3 coating, the roughness parameters Rp, Rv, Rz, Rsk 

and Rku of the samples decreased by about 30%. 

  
a) b) 

Fig. 1. Surface topographies of: a) the uncoated 

Ti13Nb13Zr, b) Ti13Nb13Zr disc coated with Al2O3 

 

a)  

b)  

Fig. 2. Surface profiles of: a) the uncoated Ti13Nb13Zr, 

b) Ti13Nb13Zr disc coated with Al2O3 

4. Discussion 

The results obtained during the tests showed that the use of 

Al2O3 coatings significantly improves the mechanical 

properties and the performance of Ti13Nb13Zr titanium 
alloy. The studied  Al2O3 coatings  demonstrated high 

hardness, high adhesion and had impact on reducing 

movement resistance and tribological wear. 
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