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Fiber laser surface texturing was applied on Cr nitride based and other PVD coatings. The field of interest of this 

study is the cold forming of stainless steel sheets. The laser surface textured coatings were initially investigated in 

terms of structural and tribological properties in order to select the coating system which achieved the best 

benefits from laser machining. This set up process was performed at laboratory level traditional pin on disk tests 

using stainless steel as counterpart. The test conditions were set up to generate severe compressive loads and 

low sliding velocity with boundary lubrication conditions, thus favouring adhesive wear and stainless steel transfer 

onto the textured coated surface. Results in terms of wear coefficient of friction, gain/losses, material transfer and 

structural properties are given so as to identify the optimal coating grade to be subject to laser surface texturing. 
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INTRODUCTION  
As environmental restrictions on the use of lubricants become tighter 

and costs associated with their disposal increase, there is a growing 

demand for low friction materials that allow mating surfaces to slide 

one against each another with reduced friction and wear [1]. This is 

particularly critical in load bearing components such as sliders, sliding 

bearings and cold forming tools which are prone to severe adhesive 

wear as they are commonly subjected to heavy normal loads and low-

to-medium sliding speed. Surface texturing is one of the viable 

methods for enhancing tribological properties of mechanical 

components. Amongst different processes used, laser surface 

texturing (LST) is an established method, which is utilized to generate 

micro pockets, commonly in form of micro dimples, on the surface 

of the mechanical component that mainly act as lubricant 

reservoirs during the sliding contact [2]. In addition to providing the 

necessary lubricant release during contact they can also entrap 

the worn particle and debris to reduce wear provided by third body 

effect. The overall effect is the reduction of the friction and wear, 

resulting in lower energy consumption and increased lifetime of the 

component. Apart from tribological applications, wetting [3] and 

optical [4] properties of the textured surfaces, nanostructure 

formation inside dimples formed by ablation [5] are other points of 

interest in laser surface texturing research. Compared to other 

methods to texture surfaces, laser process provides high flexibility 

of the obtainable geometries with elevated precision, and excellent 

control of the shape and size. Furthermore, it allows short 

preliminary preparation and post processing, as it does not require 

adapted dies or tools and it is environmental friendly. 
 
Laser texturing has been applied to various tribological systems based 

on metallic materials, including the ring/liner assembly of engines, 

mechanical seals and bearings. LST has been shown to reduce friction 

coefficient by 30% in piston ring applications [6,7]. A similar positive 

effect of laser surface texturing on frictional performance of face seal 

was also demonstrated [8]. Under boundary lubrication regime LST 

was observed to expand the range of the hydrodynamic lubrication 

regime in terms of load and sliding speed for both high- and low 

viscosity oil lubricants [9]. Promising results have been also reported in 

the field of WC/C turning cutting tools recently [10]. Besides the 

traditional applications on metallic materials, the use of LST was also 

expanded to ceramic surfaces where tribological behaviour was 

improved compared to un-textured polished surfaces [11]. From the 

point of view of the used laser source several types differing in 

wavelength and pulse width 
 
 

 



 
 
 
 

 
have been used for laser surface. In particular, CO2, Nd:YAG, excimer 

lasers, operating in fundamental wavelengths or other harmonics, with 

ms to ns pulse widths have been employed [12-17]. More recently, the 

research in the field has been guided towards new trends of reducing 

the dimension of textured features, application of solid lubricant 

inserted into laser formed micro-reservoirs and moreover to the use of 

ultra fast lasers operating with ps and fs pulses. It was reported that the 

wear life of burnished MoS2 film in laser textured nickel-based 

composite surfaces was found to be significantly higher than that for 

the same film on plain surfaces 
 
[18]. Laser surface textured TiCN coatings with 10-20 µm dimples 

were also reported to be filled with solid lubricants using burnishing 

and sputtering, being such practise capable to highly improve the 

wear properties compared to the monolithic TiCN [19]. In such 

studies the tribological properties of LST coatings were studied in 

point contact configuration. It is known that due to their relatively 

shorter pulses, ps and fs lasers reduce thermal damage compared 

to nanosecond lasers [20]. Furthermore, fs laser ablation has been 

studied for the crater formation and hydrostatic properties of single 

craters [21]. 

Despite of the extensive research, laser surface texturing has not been 

widely applied in industry. As a process which consists of generating 

some thousands of micro craters on relatively large surfaces, LST 

requires a stable and robust production tool, giving high productivity, 

flexibility, reduced capital and maintenance costs so as to meet the 

economy of scale required by industrial use. Pulsed fiber laser systems 

operating with nanosecond pulses are a promising new option for LST, 

as they can provide high productivity along with sufficient quality. Fiber 

lasers are characterized by high brilliance and high focusability, 

resulting in beams of high quality and very small diameter; high pulse 

energies and repetition rates allow higher productivity. Due to their 

simplicity, robustness and reduced cost, they are appealing for 

industrial applications. 

 
 
 
 

 

Application of pulsed fiber lasers to LST is a very recent 

subject, it has been rarely reported on metallic materials 

[22], and the tribological performance of generated 

surfaces is so far inexistent in the literature.  
In this paper a study on potentials of applying laser surface 

texturing on hard coatings was given. The final intended 

application for this material design is the cold forming of stainless 

steels sheets. In this case heavy loads, low sliding speeds and the 

chemistry of the workpiece material favour severe adhesive wear. 

Lubricant oil is typically used, but under heavy load conditions 

adhesion can occur anyway especially in very complex die profiles. 

Additionally the needs to reduce the use of lubricants is pushing to 

work in poorly lubricated working conditions, thus favouring the 

microscopic contacts between surfaces. 

 
MATERIALS AND METHODS  
Substrate material used for all the characterization was cold 

work tool steel n. 1.2379 (AISI D2). Vacuum heat treatment 

was applied: austenitizing at 1070°C, 30 minutes; quenching 

in nitrogen flux at 9 bar; first annealing at 520°C, 90 minutes; 

second annealing at 470°C, 90 minutes. Surface hardness in 

quenched and tempered state was 746 HV.  
This material was used to fabricate wear test samples in the shape 

of disks (diam. 30 mm, height 10 mm) for standard pin on disk test. 

The same type of samples was used also to investigate coatings 

structural features and to perform Laser Surface Texturing trials. 

Before coatings deposition was applied grinding and polishing of 

steel samples was performed so as to achieve a fine finishing level 

(Ra=0.02 ± 0.01) on substrate surfaces. 

Four different coating grades were then applied through Cathodic 

Arc Evaporation Physical Vapour Deposition (CAE-PVD) process. 

Nominal features of these coatings are reported in Table 1. 

 

 

 

 Tab. 1 - Coating grades and key features  

   

Coating grade Nominal Microhardness [HV 0.05] Coefficient of Friction (dry) 

AlCroNa (AlCrN) - BAP 3,200 0.35 
   

Lumena (TiAlN) - BL 3,400 0.30-0.35 
   

Futura (TiAlN) - BFN 3,300 0.30-0.35 
   

Futura Advanced (TiAlN) - BFN Ad 3,300 0.25 
   

 
 

 
Coatings morphology was evaluated on some samples through 

Scanning Electron Microscopy (SEM) in top and transversal view, in 

order to assess for each grade the level of defects present in different 

coatings, the rough chemical analysis (through Electron Dispersive 

Spectroscopy) and the thickness. Nanohardness and reduced Young 

modulus were measured using a Hysitron Nanoindenter 950T. For 

nanohardness study 16 indentations were performed on each coating 

grade setting increasing indentation load from 1000 µN to 10000 µN in 

steps of 600 µN. The maximum level of indentation load was 

maintained for 2 seconds. The indentations were made at 
 

 
 
 
5 µm distance one from each other and for every indentation a 

load application speed of 200 µN/s was adopted.  
Further to this structural verification a set of coated samples was 

subjected to laser surface texturing (LST). An IPG Photonics 

1/100/50/50 active fibre laser machine and a Century Sunny TSH 

8310 scanner with 100 mm focal lens were used. The laser system 

was set up to the following values: 1) pulse duration: 250 ns (100 

ns FWHM); 2) Maximum energy: 1 mJ; 3) Beam diameter at focal 

point 39 µm. LST processing was carried out according to the 

parameters reported in Table 2. 

 
 
 



 
 
 
 

 

Tab. 2 - Laser surface texturing parameters belonging to the different surface coatings. 

 

Coating PI% PRR Tmod [µs] hf [mm] Thickness [µm] * Dimple Depth [µm] 

BAP 100 50 65 1.1 3.0 2.37±0.05 
       

BFN Ad 100 50 65 0.7 9.0 4.67±0.15 
       

BFN 100 50 65 1.3 3.5 1.56±0.11 
       

BL 100 50 65 0.5 10.0 7.29±0.14 
       

 

*Estimated via machining trials. 
 
 
 

 
The laser systems used in this work operated in the nanosecond pulse 

regime. During the LST process it was very important to avoid the 

complete penetration of the coating and the consequent mixing 

between coating and substrate. This limitation of dimple’s deepness 

resulted also in a limitation to the dimple’s diameter because an 

adequate aspect ratio value must be respected. 
 
Samples simply coated with the different coating grades and further 

laser surface textured was subjected to wear test. Lubricated pin on 

disk tests were applied using an AISI 304 stainless steel pin with an 

hemispherical end cup of 3 mm radius and a central blind hole on the 

opposite side used as thermocouple’s location so as to monitor the pin 

temperature along the wear test. Before to perform the tests the 

samples were covered with oil (Multidraw KTL N 16 LM) through a 

brush. Sliding speed was 0.5 m/s and normal contact load 20 N. The 

total sliding distance was 2000 m, but the coefficient of friction was 

evaluated only during the first 1000 m. This method was adopted since 

in the major part of the tests the pin wear was so high that the contact 

condition between pin and disc changes. This is of course due to the 

fact that the hardness of coated surfaces and counterpart pins were 

very different, thus resulting in rapid wear of the soft pin. Nevertheless 

this configuration was selected to better resemble the final application 

service condition: cold forming of stainless steel sheets, where plastic 

deformation of the metallic sheet is locally imposed, thus generating 

potential adhesion onto the die surface. To tackle this aspect, apart 

from friction coefficient and weight losses, the tendency of counterpart 

material to transfer on coated and LST coated surface was measured 

through SEM investigations and image analysis treatments. 

 
 
 
 
 

RESULTS AND DISCUSSION  
The morphology of the four type of coatings used in this study 

is shown in Figures 1 as top view and transverse section mode. 

Every coating has local defects, such as porosity and droplets, 

that are typical features of the CAE-PVD process.  
The analysis in terms of number and dimension of pin-

holes defects was realized through the use of an image 

analysis software, Gwyddion 2.30. In Figure 2 the number 

of defects recorded per each coating grade is reported.  
Defects detection was performed through SEM images 

(2,500x) captured in 10 random locations on top view 

coated surfaces. Every coating has a typical columnar 

structure and different thickness. Thickness’ values of 

the four coating grade are reported in table 3. 

 

Tab. 3 - Thickness’ values of each coating grade  
(estimated by transverse section SEM images) 

 

BAP [µm] BL [µm] BFN [µm] BFN Ad [µm] 

2 13 4 8 
    

 
The chemical compositions of the four types of coating as 

measured by EDS analysis are reported in Table 4. The 

average values of the roughness parameters Ra and Rz of 

the steel substrate and of the four types of coatings are 

reported in Table 5 with their relative standard deviations. 

 

 
 

 

Tab. 4 - Chemical composition of each kind of coating gained by EDS (W = weight, A = atomic) 

 

Sample 
Nitrogen (N) Aluminum (Al) Chromium (Cr) Titanium (Ti) 

 

W (%) A (%) W (%) A (%) W (%) A (%) W (%) A (%) 
 

 
 

BAP 23.27 45.56 23.68 24.06 53.01 30.35 - - 
 

         
 

BL 25.96 47.48 35.18 33.41 - - 37.90 18.68 
 

         
 

BFN 22.50 44.56 23.56 24.22 - - 53.69 31.09 
 

         
 

BFN Ad 21.68 43.27 24.41 25.28 - - 53.59 31.28 
 

         
  

 
 

 



 
 
 
 

 
Tab. 5 - Average values of Ra and Rz and their relative standard deviations recorded on substrate and on each coating type. 

 

Sample Ra [μm] Standard deviation [μm] Rz [μm] Standard deviation [μm] 

Substrate 0.02 0.01 0.18 0.06 
     

BL 0.15 0.02 1.53 0.32 
     

BAP 0.05 0.01 0.46 0.05 
     

BFN 0.07 0.02 0.52 0.13 
     

BFN Ad 0.15 0.02 1.34 0.26 
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Fig. 1 - SEM images in Top View configuration of each coating at magnification of 2,500X (marker: 20 µm)  
and of 10,000X (marker: 2 µm)  



 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 - Total number of defects for each coating grade and the relative size distributions of such defects 

 
The reduced Young’s modulus and the Nanohardness of every 

coatings were obtained through Nanoindentation tests, results 

being reported in Table 6. It is worthwhile to note that standard 

 

 
deviations recorded on coated surface are typically much higher than 

those recorded on uncoated samples. Such fluctuations were 

attributed to coating’s in-homogeneities in terms of surface defects. 

  
Tab. 6 - Average values of the reduced Young Modulus and of Nanohardness and related standard 

deviations for substrate and for each kind of coating 

 

Sample 
Reduced Young Standard Nanohardness Standard 

 

modulus [GPa] deviation [GPa] [GPa] deviation [GPa] 
 

 
 

Substrate 216 13 8.43 0.67 
 

BAP 356 61 30.03 8.38 
 

BFN 328 36 27.49 6.09 
 

BFN Ad 305 36 24.99 5.66 
 

BL 333 56 26.25 7.67 
 

 
In the following pictures the results provided by Laser Surface Textured 

samples are reported. Figure 3 reports the results recorded on each coating 

grade. The samples identifying codes refer to the type of coating and the 

conditions of laser texturing applied. Apart from BAP (i.e. Balinit Alcrona) 

and, to some extent, from BFN (i.e. Balinit Futura), the coatings did not react 

positively to laser surface texturing, at least in terms of Coefficient Of Friction 

(COF). Actually in the case of BAP 
 

 
and BF it was actually possible to measure a reliable average value of 

COF. For BAP the COF was lower than 0.2, whereas for BFN was lower 

than 0.3. These values are really similar to those recorded in the same 

wear test on the steel substrate and on the same plain coating grades. 

For the other two coatings the COF fluctuation was so high in some of 

the analysis that COF was meaningless. This will be attributed to the 

excessive pin wear recorded in such tests. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 - Coefficient of friction (COF) vs. sliding distance A) Balinit Alcorna Pro®; B) Balinit Lumena®;  

C) Balinit Futura Nano®; D) Balinit Futura Nano Advance®  

 



 
 
 

 
The mass losses recorded on the pin and on the disk materials 

were measured using an analytic balance with accuracy to 0.001 

g. Figure 4 shows the average mass loss of the pins for test 

performed after a sliding distance of 1.000 m and 2.000 m and the 

average mass loss of disks after a sliding distance of 2.000 m. 

These results show again that BAP was the coating grade which 

achieved the highest benefits from Laser Surface Texturing. This 

is measured by the fact that the pin wear, i.e. the material 

transferred from the pin (that resembles the workpiece) 
 

 
 
 
 

 
to the disk (that resembles the die) was limited. In terms of disc 

wear apart from BL (Balinit Lumena) all coating grades were 

unaffected. On the contrary, the BL was the thickest coating of the 

set and in this case LST introduced embrittlement which causes 

severe coating delamination. This provided either coating heavy 

damages and massive debris formations (weight losses in BL100) 

or steep increase in coating roughness acting as abrasive bits on 

the counterpart pin, thus enhancing material transfer (weight gains 

in BL200). 
 
 

 
 
 
 
 
 
 
 
 
 

 
Fig. 4 - Average mass loss of the pins 

 
Along the test the temperature of the pin tip was monitored (Figure 

5). Although very limited temperature increases were recorded, 

also according to this measurement the LST BAP was 
 

 
 

the coating grade giving the better behaviour in terms 

both of maximum temperature achieved and of 

regularity of the temperature increase.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 - Temperature vs. sliding distance distance for different diameters:  
A) Balinit Alcorna Pro®; B) Balinit Lumena®; C) Balinit Futura Nano®; D) Balinit Futura Nano Advance®. 

 
 
To deepen the mechanisms which provided the behaviour for the 

different coatings SEM investigations along the wear track were 

performed. Figures 6 and 7 show some details of the tracks where 

transfer of steel from the counterpart pin to the LST coated disk 

occurred. The transfer was heavily present on BL, BFN and BFN 

Ad. LST samples, whereas it was very limited on BAP LST 

samples. The transferred steel was preferentially located around 

the dimples. In some cases the dimples are 
 

 
 
 
totally covered by steel (Figure 7 B2,C2 and D2). The transfer of 

steel was confirmed through EDS analysis. According to this 

investigation the combination of Balinit AlCRONA coating and of 

Laser Surface texturing was particularly positive in terms of limiting 

material transfer from the counterpart pin to the disk samples. On 

the contrary the other coatings performance in the wear tests were 

not positively influenced by LST. 

 

 

 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6 - SEM images at different magnifications of tracks on the sample after the wear test performed on  

A) BAP 100 B) BAP 200; C) BL 100; D) BL 200.  



 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7 - SEM images at different magnifications of tracks on the samples after the wear test performed on  

A) BFN 100; B) BFN 200; C) BFN Ad 100; D) BFN Ad 200.  



 

 

 
 
 
 

 
The explanation for the benefits achieved in wear tests by using LST 

BAP lie in the capacity of the dimples structure generated on this 

coating to finely distribute and entrap the lubricant film, thus limiting the 

wear actions. The quality of dimples obtained on such coating is indeed 

higher than in other coatings and optimal laser coating interaction 

achieved allowed to obtain very regular dimples. This coating is based 

on AlCrN system which is a very thermally stable and inert material. 

This can be helpful both during dimple formation and during the test 

(service) duration. This promising behaviour of LST BAP was also 

confirmed in an additional although preliminary study on wettability of 

LST coatings, where a clear benefit in wettability towards lubricant oil 

was recorded for this coating in comparison with other LST coatings. 
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CONCLUSIONS  
A study on laser surface texturing of four different coating grades was 

performed. Dimple structures characterised by different geometrical 

features were machined on coated samples through a nanoseconds 

fibre laser system. Structural properties of coatings were assessed. 

Texturing was investigated mainly in terms of wear in a test where a 

stainless steel pin was used. This unusual selection was done to 

resemble the final application of the study, i.e. cold forming of stainless 

steel sheets. In this test plastic deformation of the pin indeed occur, but 

the most interesting information recorded was the tendency of coated 

and LST coated surfaces (i.e. the die material) to give adhesion with 

the counterpart stainless steel (i.e. the workpiece material). Among the 

studied coating grades the AlCrN coating system subjected to Laser 

Surface Texturing was the most promising one. In this case, stainless 

steel transfer was highly limited, regular coefficient of friction and very 

limited surface temperature increases were recorded. As for the other 

coatings, the dimples structure generated on them was not able to give 

any improvement in terms of wear performance, even providing 

massive stainless steel transfer into the generated dimples with a 

consequent difficulty in sliding of the counterpart material on these 

surfaces. 

 
 

REFERENCES  
[1] A. Erdemir: “Review of engineered tribological 

interfaces for improved boundary lubrication”, 

Tribology International 38 (2005) 249-256  
[2] I. Etsion: “State of the Art in Laser Surface Texturing”, 

Journal of Tribology 127 (2005) 248-253 
 
[3] P. Bizi-Bandoki, S. Benayoun et al.: “Modifications 

of roughness and wettability properties of metals 

induced by femtosecond laser treatment”, Applied 

Surface Science 257 (2011) 5213-5218 

[4] Vikram V. Iyengar et al. : “Ultralow reflectance 

metal surfaces by ultrafast laser texturing”, 

Applied Optics Vol 49, No. 31 (2010) 5983-5988  
[5] Barada K. Nayak, Mool C. Gupta, “Self-

organized micro/ nano structures in metal 

surfaces by ultrafast laser irradiation”, Optics 

and Lasers in Engineering 48 (2010) 940-949 

 
 
 
 

 

[6] G. Ryk, I. Etsion: “Testing piston rings with 

partial laser surface texturing for friction 

reduction.”, Wear 261 (2006) 792-796.  
[7] Izhak Etsion: “Improving tribological performance of 

mechanical components by laser surface texturing.”, 

Tribology Letters 17 (2004) 733-737. 

[8] Wan Yi, Xiong Dang-Sheng: “The effect of laser surface 

texturing on frictional performance of face seal.”, Journal 

of Materials Processing Technology 197 (2008) 96-100. 

[9] A. Kovalchenko, O. Ajayi et al.: “The effect of laser 

surface texturing on transitions in lubrication 

regimes during unidirectional sliding contact.”, 

Tribology International 38 (2005) 219-225. 

[10] Deng Jianxin, Wu Zea, Lian Yunsonga, Qi Tinga, Cheng 

Jiea, “Performance of carbide tools with textured rake-face 

filled with solid lubricants in dry cutting processes”, Int. 

Journal of Refr. Metals and Hard Mat., Volume 30, Issue 

1, January 2012, Pages 164-172. 

[11] S. Schreck, K.-H. Zum Gahr: “Laser-assisted 

structuring of ceramic and steel surfaces for 

improving tribological properties.”, Applied 

Surface Science 247 (2005) 616-622.  
[12] T.V. Kononenko, S.V. Garnov et al.: “Laser ablation 

and micropatterning of thin TiN coatings.”, Applied 

Physics A 71 (2000) 627-631. 

[13] M. S. Trtica, V. F. Tarasenko et al: “Surface modifications 

of TiN coating by pulsed TEA CO2 and XeCl lasers, 

Applied Surface Science 252 (2005) 474-482 

[14] U. Popp and U. Engel, “Microtexturing of cold-forging tools 

- influence on tool life”, Proc. IMechE Vol. 220 Part 

B: J. Engineering Manufacture (2006) 27-33  
[15] C. Vincent, G. Monteil, T. Barriere, J. C. Gelin, 

“Control of the quality of laser surface texturing”, 

Microsyst Technol (2008) 14:1553-1557  
[16] M. Vilhena, M.Sedlacek, B.Podgorni et al.:, 

“Surface texturing by pulsed Nd:YAG laser”, 

Tribology International 42 (2009) 1496-1504  
[17] P. Andersson, J. Koskinen, S. Varjus et al. : 

“Microlubrication effect by laser-textured steel 

surfaces”, Wear 262 (2007) 369-379  
[18] L.Rapoport, A. Moshkovich et al.: “Friction and wear of 

MoS2 films on laser textured steel surface”, Surface 

Coating Technology 202 (2008) 3332-3340. 
 
[19] A.A. Voevodin, J.S. Zabinski: “Laser surface 

texturing for adaptive solid lubrication.”, Wear 

261 (2006) 1285-1292.  
[20] BN. Chicbkov, C. Momma et al.: “Femtosecond, 

Picosecond and Nanosecond Laser Ablation of 

Solids”, Applied Physics A: Material Science & 

Processing, 63 (1996) 109-115  
[21] L. Mourier, D. Mazuyer et al.: “Action of a femtosecond 

laser generated micro-cavity passing through a circular 

EHL contact”, Wear 264 (2008) 450-456 

[22] Yibo Gao, Benxin Wu, Yun Zhou, Sha Tao, “A 

two-step nanosecond laser surface texturing 

process with smooth surface finish”, Applied 

Surface Science 257 (2011) 9960- 9967.  

 

 

   


	00Frontespizio DMEC - Open Acces - Author’s Accepted Manuscript_V00
	LST_PVD_pp

