
Using laser surface microtexturing to improve tribological properties of surfaces 
 

Jakub Brezina1, Štefan Novotný1, Janette Brezinová1, Péter Pinke2 

Technical University of Košice, Faculty of Mechanical Engineering, Slovakia1 

Óbudai Egyetem Bánki Donát, Faculty of Mechanical and Safety Engineering, Budapest, Hungary2 

correspondence: jakub.brezina@tuke.sk 

 

Abstract: Tribological properties of functional surfaces are a key factor influencing the durability, reliability and efficiency of mechanical 

systems. One of the progressive approaches to surface modification is laser surface microtexturing, which allows for the precise creation of 

controlled microstructures capable of modifying contact conditions and lubricant retention at tribological interfaces. This article focuses on 

the application of laser-induced surface microtexturing to improve the tribological performance of hard nanocomposite coatings nACRo³ 

and nACRo⁴ . The experimental part of the research is dedicated to the preparation of microtextures on the substrate surface using a pulsed 

laser system, followed by the deposition of nanocomposite coatings nACRo³ and nACRo⁴ . The created microstructures are characterized in 

terms of their geometry, distribution and influence on the contact properties of the coated surfaces. The wettability of the microtextured 

surfaces was evaluated based on the measurement of the contact angle. Optimizing surface microtexture is an effective way to increase 

wettability and potentially improve lubrication conditions during technological processes of forming or tribological loading of materials. 
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1. Introduction 

The tribological properties of functional surfaces represent a 

key factor influencing the service life, reliability and operational 

efficiency of mechanical systems. Currently, growing demands to 

reduce energy losses, minimise wear and extend the service life of 

components are driving intensive research into new surface 

modification methods. The condition of the surface layer and the 

nature of the contact interface play a decisive role in load transfer, 

friction generation and the initiation of degradation processes 

during operation. For this reason, considerable attention is devoted 

to progressive surface engineering technologies that enable targeted 

modification of the topography and functional properties of surfaces 

according to the required operating conditions [1–3]. 

One of the promising methods for improving tribological 

properties is laser surface microtexturing [4,5,8]. This technology 

enables the precise and reproducible creation of microstructures 

with a defined geometric shape, dimensions and distribution on the 

material surface.  

Laser surface microtexturing is a modern surface engineering 

technology based on the localised action of highly concentrated 

laser energy on the material surface [5,9]. Using precisely 

controlled pulsed laser systems, microstructures of various 

geometric shapes can be created, such as dimples, grooves, channels 

or regular grid-like structures, with dimensions ranging from a few 

micrometres to tens of micrometres. A significant advantage of this 

technology is the high precision of the process, the possibility of 

non-contact surface modification and the ability to be applied to 

materials with high hardness or to surfaces coated with protective 

coatings. Microtexture parameters, such as depth, diameter, density 

and the mutual arrangement of the microstructures, have a 

fundamental influence on the resulting tribological properties of the 

surface. A properly designed microtexture can reduce the real 

contact area between tribological pairs, promote the hydrodynamic 

effect of lubrication and stabilise the lubricating film during 

operation. In addition to tribological applications, laser 

microtexturing is also used to improve coating adhesion, increase 

corrosion resistance, control surface wettability and for the 

treatment of biologically active implants. Thanks to its flexibility 

and possibility of precise process control, laser microtexturing ranks 

among the promising technologies employed in the development of 

intelligent and highly functional surfaces for modern technical 

applications. 

The advantages of laser microtexturing include high process 

flexibility, non-contact machining and the possibility of application 

to a wide range of engineering materials. The created microtextures 

can significantly influence contact conditions at the tribological 

interface, improve lubricant retention, promote the formation of a 

stable lubricating film and simultaneously reduce adhesive and 

abrasive wear mechanisms. In addition, the microstructures can act 

as lubricant reservoirs or trap wear particles, thereby contributing to 

the stabilisation of the tribological process [6,7,8]. 

 

Fig. 1 Microtextured surface produced by a pulsed laser system with 

regularly arranged microstructures designed to improve the tribological 

properties of the surface 

In the design of microtexture geometry, research in recent years 

has frequently drawn inspiration from natural surfaces that have 

been evolutionarily optimised to minimise friction, reduce adhesion 

or enable efficient liquid transport [13,14]. This approach, referred 

to as biomimetics or bionic surface design, is based on the study of 

structures found, for example, on shark skin, butterfly wings, lotus 

leaves or the surface of desert beetles. The surfaces of these 

organisms feature naturally formed micro- and nanostructures that 

provide specific functional properties, such as a self-cleaning effect, 

reduced flow resistance or increased wear resistance. Laser 

microtexturing therefore frequently employs textures in the form of 

regular dimples, grooves or hierarchical structures that mimic 

natural patterns. Biomimetic microtextures can significantly 

improve lubricant retention, stabilise the lubricating film and reduce 

contact stresses at the tribological interface. The results of several 

studies confirm that properly designed biomimetic structures can 

effectively reduce the coefficient of friction and wear rate compared 

to conventional smooth surfaces. 

 

Fig. 2  Biomimetic microtexture inspired by shark skin structure, used to 

reduce friction and optimise flow in tribological contact 
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Fig. 3 Biomimetic microstructure inspired by the surface of gecko foot pads, 
used to optimise the adhesive and frictional properties of functional 

surfaces. 

 

Fig. 4 Surface structure inspired by snake skin, characterised by 

directionally oriented microgrooves that ensure friction reduction. 

 

Fig. 5 Biomimetic texture inspired by the surface of the desert beetle, used to 

control wettability and liquid retention on functional surfaces. 

In combination with modern hard coatings, laser microtexturing 

represents a promising approach to the development of highly 

functional surfaces intended for demanding operating conditions 

[10–12]. Of particular importance in this area are nanocomposite 

coatings, which are characterised by high hardness, good thermal 

stability and enhanced wear resistance. Among the progressive 

types of such coatings are the nanocomposite coatings nACRo³ and 

nACRo⁴ , which find application primarily in the field of cutting 

tools, engineering components and highly loaded functional 

surfaces. Their tribological behaviour, however, can be significantly 

affected by the nature of the substrate surface and its 

microgeometry [24-28]. 

This paper deals with the application of laser surface 

microtexturing to improve the tribological properties of 

nanocomposite coatings nACRo³ and nACRo⁴ . The experimental 

part of the study focuses on the preparation of microtextures using a 

pulsed laser system and the subsequent deposition of the 

aforementioned coatings on the modified substrate surface. 

Attention is paid to the characterisation of the created 

microstructures in terms of their geometry, distribution and 

influence on the contact characteristics of the surface. The 

tribological properties of the prepared surfaces are then analysed 

through friction and wear tests conducted under defined operating 

conditions. The work also includes a morphological analysis of the 

worn surfaces, which enables identification of the dominant wear 

mechanisms and evaluation of the effectiveness of the applied 

surface treatment. 

2. Materials and Methods 

Samples made from a material used in the manufacture of dies 

for high-pressure die casting of Al alloys were used for the 

experimental part. Specifically, this is the tool steel Uddeholm 

Dievar, alloyed with chromium, molybdenum and vanadium, and 

also containing further elements that improve its mechanical and 

thermal properties. This material is designed for operation at 

elevated temperatures and is characterised by high resistance to 

thermal fatigue and wear, which is typical of dies used in high-

pressure aluminium die casting. In practice, it is used primarily for 

the manufacture of dies for aluminium alloys and their shaped and 

functional components. Products made from this steel are 

manufactured using powder metallurgy technology, which ensures a 

homogeneous microstructure and favourable in-service properties. 

The chemical composition of Uddeholm Dievar — a high-strength 

die steel — is given in Table 1, and the mechanical properties in 

Table 2. 

 
Table 1: Chemical composition of Uddeholm Dievar substrate 

Chemical 

element 

C Si Mn V Mo Cr 

Weight [%] 0.38 0.2 0.5 0.6 2.3 5 

 
Table 2: Mechanical properties of Uddeholm Dievar substrate 

Tensile 

strength Rm 

[MPa] 

Hardne

ss 

[HRC] 

Proof strength Rp0.2 

[MPa] 

Elongat

ion A 

[%] 

Reduction 
of area [%] 

1480 44 1210 13 55 

 

Substrate Surface Texturing  

The Piranha Multi FL205 laser system (ACSYS Lasertechnik), 

equipped with a ytterbium (Yb) fibre laser with a nominal power of 

20 W, was used for substrate surface texturing. Two distinct 

morphological types of dimple textures were produced during 

experimental preparation: stochastically generated and regularly 

arranged. Regular textures were created in the form of grid 

structures with defined periodicities of 50 × 50 µm, 100 × 100 µm 

and 50 × 100 µm (Fig. 6). The primary objective of the surface 

treatment was to experimentally verify the hypothesis that dimple 

textures act as reservoirs for the release agent during the high-

pressure die casting of aluminium alloys, thereby potentially 

influencing the tribological and adhesive conditions at the die-melt 

interface. 

 

Application of nACRo3 and nACRo4 Coatings 

Two types of physical vapour deposition (PVD) coatings — 

specifically nACRo3 and nACRo4 — were applied to both the 

textured and non-textured substrate surfaces, while a third group of 

samples remained uncoated. Deposition was carried out by means 

of advanced PVD technologies — cathodic arc evaporation and 

magnetron sputtering. Key process parameters, such as the supply 

of reactive gases (primarily nitrogen) and alloying elements (e.g. 

silicon), were controlled to ensure the required microstructure, high 

coating density and optimum adhesion to the substrate, which was 

supported by the use of appropriate interlayers (e.g. CrN or AlCrN). 

The nACRo3 and nACRo4 coatings belong to the group of 

advanced nanocomposite protective layers based on the Al-Cr-N 

system and its modified variants. Their microstructure is derived 

from the concept of nc-(Al,Cr)N/a-Si₃ N₄  nanocomposites, in 

which nanocrystalline grains of the (Al,Cr)N phase with a typical 

size of approximately 5–10 nm are embedded in an amorphous or 

quasi-amorphous matrix. This characteristic architecture leads to a 

synergistic combination of high hardness, thermal stability and 

resistance to oxidative and tribological wear. The nanocomposite 

effect, based primarily on the restriction of dislocation movement 

(Hall–Petch mechanism) and the presence of an amorphous phase 

acting as a barrier to crack propagation, leads to increased hardness 

(approximately 30–40 GPa), toughness and resistance to 

delamination. 
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From the perspective of chemical composition and 

microstructural optimisation, the nACRo3 and nACRo4 coatings 

represent evolutionary modifications of classical AlCrN systems. 

The nACRo3 coating can be characterised as an older generation 

with a relatively higher chromium content and a lower proportion of 

amorphous phase. It is characterised by a fine-grained structure and 

a balanced ratio of hardness, adhesion and toughness. The presence 

of chromium promotes the formation of a stable passivation layer of 

Cr₂ O₃  at elevated temperatures, which increases the oxidation 

resistance of the coating. Typical hardness values range from 30 to 

35 GPa, and the coating exhibits good resistance to abrasive wear 

and a favourable coefficient of friction. These properties predestine 

it primarily for applications with moderate thermal and mechanical 

loading, such as conventional metal cutting. The nACRo4 coating 

represents a newer generation with an optimised chemical 

composition, characterised by a higher aluminium content and often 

also a more pronounced proportion of amorphous phase (e.g. 

Si₃ N₄ -based). This modification leads to an even finer 

nanostructure and a more homogeneous phase distribution, 

manifested as an increase in hardness to approximately 35–40 GPa 

and improved resistance to plastic deformation. The higher 

aluminium content promotes the formation of a protective Al₂ O₃  

layer, which ensures high oxidation stability even at temperatures 

exceeding 1000 °C and increases resistance to degradation 

processes, including recrystallisation under long-term thermal 

loading. From a tribological point of view, both coatings are 

characterised by a low coefficient of friction (approximately 0.4–0.6 

depending on operating conditions) and high wear resistance even 

at high contact pressures. From an application standpoint, the 

nACRo3 and nACRo4 coatings are intended primarily for tooling 

applications, especially in the machining of difficult-to-cut 

materials such as high-temperature alloys, stainless steels and 

titanium alloys. Their high thermal stability enables effective use 

under dry machining or minimum quantity lubrication (MQL) 

conditions. While the nACRo3 coating offers a balanced 

compromise between mechanical and tribological properties under 

moderate loading, the nACRo4 coating is optimised for extreme 

conditions, such as high-speed machining where high temperatures 

and intense wear dominate. The differences between these coatings 

thus stem primarily from their chemical composition and 

nanostructural arrangement, which determine their resulting 

mechanical, thermal and tribological characteristics. 

Evaluation of Surface Wettability of Samples 

Within the experimental evaluation, the effect of surface 

texturing on surface wetting was analysed, with the contact angle as 

the primary monitored quantity. This parameter represents the 

fundamental quantitative indicator of wettability and enables 

evaluation of the interaction between the material surface and the 

liquid, which is closely linked to the surface energy and topography. 

Measurements were performed on surfaces with both 

stochastic and regular textures, with the regular texture represented 

by grids with dimensions of 50 × 50 µm and 100 × 50 µm. The 

investigated surfaces were also coated with nACRo3 and nACRo4 

PVD coatings, which can significantly influence not only the 

mechanical and tribological properties, but also the wetting 

behaviour of the surface through changes in its chemical 

composition and energy state. Wettability determination was carried 

out in accordance with the requirements of standard ISO 19403-

2:2017 using the Advex Instruments measurement system. The 

contact angle was determined by the optical method as the angle 

between the tangent to the droplet and the sample surface at the 

three-phase boundary. 

Three liquids with different physicochemical properties were 

selected as test media: distilled water as a reference solution and 

two technologically used release agents, Safety Lube 61014B and 

Safety Lube 68502. Each liquid was applied to the sample surface 

using a laboratory micropipette in the form of droplets with a 

defined volume. The contact angle between the sample surface and 

the liquid was then evaluated. To increase the reliability of the 

results, the measurements were performed repeatedly and 

subsequently subjected to statistical analysis. 

3. Results 

Surface Texturing 

This subsection presents the results of substrate surface 

texturing. The created dimple structures with stochastic and regular 

arrangement are presented. The individual texture types are shown 

in Fig. 6. 

 

Fig. 6 Surface structuring of samples 

 

Evaluation of Surface Wettability of Samples 

The wettability of sample surfaces was evaluated by measuring 

contact angles. These measurements were carried out using two 

types of release agents, specifically Safety Lube 61014 and Safety 

Lube 68502. The obtained data were evaluated and mutually 

compared.   

 

Fig. 6 Illustration of contact angle measurement at the 

droplet/substrate interface with Safety Lube 61014 B on uncoated 

samples 

The results presented in Fig. 7 and 8 show that the release agent 

Safety Lube 61014B in combination with an uncoated sample 

exhibits the best wetting properties with the regular 100 × 50 μm 

texture. Conversely, for samples with nACRo3 and nACRo4 PVD 

coatings, the regular 50 × 50 μm texture appears most suitable in 

terms of wettability. This difference can be attributed to the 

combined effect of texture geometry and the modified surface 

properties of the coatings, which influence liquid spreading on the 

surface and droplet stability.  

 

Fig. 7 Graphical representation of sample surface wettability 

with Safety Lube 61014 B 
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Fig. 8 Graphical representation of sample surface wettability 

with Safety Lube 68502 

A lower surface contact angle is conditioned not only by the 

texture itself, but also by the type of applied coating. The results 

clearly show that the texture has a considerable influence on the 

contact angle value, and that the application of a PVD coating leads 

to its visible reduction. This finding has a significant impact on 

practical use in the technological processes of aluminium die 

casting, where the control of wettability is a key factor. 

4. Conclusion 

Based on the evaluation of contact angles, it can be stated that 

surface wettability was significantly influenced by both the type of 

surface treatment and the Safety Lube lubricant used. For both 

investigated lubricants, it was generally found that a lower contact 

angle indicates better surface wettability; the best results were 

achieved by samples with a regular 50 × 50 µm texture (for coated 

samples) or a regular 100 × 50 µm texture (for uncoated samples), 

or alternatively a stochastic texture depending on the coating type; 

surfaces without texture (―untextured‖) exhibited higher contact 

angle values in most cases, indicating poorer wettability. 

With Safety Lube 61014 B, a more pronounced effect of surface 

texturing was observed. The regular 50 × 50 µm texture achieved 

the lowest contact angle values, particularly on the nACRo3 

surface, indicating improved spreading of the lubricant on the 

surface. Conversely, some coating-texture combinations led to an 

increase in contact angle, pointing to a different interaction between 

the lubricant and the surface microgeometry. The combination of a 

suitable texture and surface treatment can significantly improve the 

tribological properties of the surface; regular microtexture promotes 

more uniform lubricant spreading, although the effect of the texture 

also depends on the chemical character of the coating and the 

lubricant used.  

Optimisation of surface microtexture represents an effective 

means of increasing wettability and potentially improving 

lubrication conditions in technological processes of forming or 

tribological loading of materials. 
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