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 Laser yielded a rising surface roughness, similar to ground HM

 Laser induced damage only exists in a very shallow sublayer

 Sandblasting before coating treatment can effectively eliminate the sublayer

 Coating implies a relevant hardness increase

 Hardness increase is more pronounced in the previously laser treated HM
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Abstract. Cemented carbides, referred to as hardmetals, are forefront 

engineering materials widely implemented in industry for chip-removal cutting 

tools and supporting parts. As a newly developed technology for surface 

modification with high precision, the application of short pulse laser may 

extend the utilization of cemented carbides. However, surface integrity of 

laser-treated materials may be affected during the ablation phenomena. These 

potential changes may also be relevant for subsequent coating deposition, a 

surface modification stage usually invoked in many cutting and forming tools. 

It is the objective of this work to study the influence of a previous laser 

treatment on the surface integrity of a cemented carbide grade, finally coated 

by a ceramic layer introduced by physical vapor deposition. In doing so, a 

nanosecond laser has been employed. Surface integrity is assessed in terms of 

roughness, hardness, and microstructural changes induced at the subsurface 

level. It is found that pulse laser can effectively remove the target material, 

resulting roughness being similar to that attained by abrasive grinding. 

Although some subsurface damage is observed, it is limited to a very shallow 

layer, this being thoroughly eliminated during sandblasting implemented 

before coating deposition. Relative hardness increase is larger for laser treated 



substrate than for just polished one, reason behind it being speculated to come 

from the sandblasting stage used for removing damaged layer. 

Keywords: Cemented Carbides; Laser; Coating; Surface Integrity; Roughness; 

Hardness.

1. Introduction

Laser ablation, as an advanced surface treatment approach, is emerging in industry 

with the benefits to process materials hard to be machined using conventional 

approaches. Especially, the development of pulse laser boosts its applications as 

surface damage induced by traditional mechanical cutting processes or other non-

traditional electrical thermal removal processes can be effectively reduced or avoided 

[1-2]. Laser has also been implemented for surface treatment of cutting tools. 

Classical tribological microstructures, such as dimples and grooves, have been 

produced on surfaces of cutting tools, yielding beneficial effects regarding lubrication 

distribution and heat transmission [3,4]. Current investigation mostly focuses on the 

influences of the geometrical features of the laser produced textures on the cutting 

tool performance [5,6]. Meanwhile, there are also studies addressing possible laser-

induced damage on tool materials, such as cemented carbides. For example, surface 

damage, introduced during different ablation regimes (femto-, pico- and nanosecond) 

and parameters have been inspected and compared in recent investigations [7-9]. 

However, information about this subject is quite limited, particularly regarding 

development of texture geometry and its influence on functionality of the surface 



treated hardmetals.

Coating, as an extensively used surface treatment for cutting tools, is an effective 

approach to improve their mechanical and tribological properties, especially hardness 

and wear resistance [10,11]. Considering that coating is an almost compulsory final 

surface treatment for hardmetal tools, it seems clear that further knowledge about 

synergy between laser treatment and subsequent layer deposition is required [12-14]. 

Surface integrity, describing the surface condition of the workpiece after being 

modified by a manufacturing process, then becomes a vital issue, under the 

consideration of combining both surface treatment methods, i.e. laser and coating 

[15,16]. Within the context, it is the objective of this study to assess the surface 

integrity of a first laser-ablated cemented carbide substrate, followed by a physical 

vapor deposited (PVD) layer. In doing so, surface topographical features, hardness, as 

well as morphological and structural changes will be studied for different surface 

finish conditions.

2. Experiments

2.1 Materials and sample preparation

A plain WC-Co cemented tungsten carbide, here referred to as 10CoC, was studied. 

Microstructural characteristics and basic mechanical properties are listed in Table 1. 

Table 1. Microstructural characteristics and properties of the studied cemented 

carbide.



Cemented Carbide 

Grade

Grain Size 

(µm)

Co 

(wt%)

HV 

(GPa)

KIc 

(MPam1/2)

10CoC 0.31 10 11.4 15.8

2.2 Laser ablation and coating deposition

Ablation on the cemented carbide surface was carried out using a nanosecond set-up, 

combined with a 2 directional reflecting unit. The Nd:YLF laser source can emit the 

laser beam with the wavelength of 349 nm, the pulse duration of 5 ns and the 

frequency of 1000 Hz. A layer with the thickness of 10 µm was removed by the laser 

beams on the cemented carbide grade, using an average power level of 0.01W. 

Following laser ablation, an AlTiN layer was deposited on the cemented carbide 

surfaces using an industrial PVD installation. Prior to coating deposition, sandblasting 

was applied to clean the target surface. Coating layer had a thickness of 4 µm and 

hardness of 37 GPa. 

Three different surface finish conditions, including a polished (and thus, non-laser 

treated) reference case, were achieved for the studied cemented carbide grade, 

namely:

 Polished cemented carbide surface (P)

 Polished surface being coated (P+C),

 Polished surface being machined by laser (P+L),



 Polished surface being first machined by laser, and then coated (P+L+C).

2.3 Surface integrity assessment

Surface integrity assessment mainly includes topographical, mechanical, 

morphological and cross-sectional characterization of the cemented carbide under 

different surface finish conditions. Topographical modification induced by each 

surface finish condition was evaluated by means of surface roughness. Three 

roughness parameters, i.e. arithmetical mean roughness Ra, ten-point mean roughness 

Rz and maximum roughness depth Rmax, were determined using roughness tester 

Mahrsurf XR20 (Mahr GmbH). Mechanical properties were assessed by hardness 

measurement using a Vickers indenter and three different normal loads, i.e., 0.2942N, 

2.942N and 29.42N. Morphological features of the surfaces were inspected using 

scanning electron microscopy (SEM). Cross-sectional observation was carried out 

using a focused ion beam (FIB) unit couple to SEM. It allowed to characterize the 

microstructural modification induced by laser and coating treatments. 

3. Results and discussion

3.1 Roughness tests

Results of roughness tests obtained for the four surface finish conditions are 

summarized in Table 2 and compared in Figure 1. In general, as expected, laser-



ablation is found to increase roughness values in about one order of magnitude, as 

compared to mirror-polished surface condition. Nevertheless, values attained are 

similar to those usually found in mechanically ground cemented carbides. On the 

other hand, coating stage is not significantly affecting surface topography exhibited 

by substrates before being coated. 
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Figure 1. Surface roughness of cemented carbide with surfaces finished with 

different conditions: (a) details (b) change.

Table 2. Measurement of surface roughness with different surface finish conditions 

Conditions Ra (µm) Rz (µm) Rmax (µm)

P 0.02 0.20 0.25

P+C 0.03 0.28 0.38

P+L 0.30 2.17 3.16

P+L+C 0.41 2.70 3.05



3.2 Hardness measurement by Vickers hardness tests

The results of hardness measurement are summarized in Table 3 and Figure 2. As it is 

shown in Figure 2(a), surface treatments increased hardness baseline measured for the 

reference polished cemented carbide. Very interesting, laser-treated material exhibits 

a larger improvement. However, relative changes are variable depending on the 

magnitude of applied load for L+C condition. Considering that such variable 

response, as a function of applied load, is not discerned for the just coated one, it 

would imply that changes are associated with the existence of a narrow subsurface 

layer with compressive residual stresses, speculated to come from the sandblasting 

stage required for removing the region affected by previous laser ablation.
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Figure 2. Comparison of the Vickers hardness of the cemented carbide surfaces 

finished with different laser conditions: (a) details and (b) change.

Table 3. Measurement of Vickers hardness on the cemented carbide surfaces finished 

with different conditions.



Conditions HV0.3 HV1 HV3

P 1140(nominal value)

P+C 1532.0 1517.0 1463.0

P+L+C 3249.4 2261.4 1702.2

3.3 Characterization of surface morphology

Surfaces finished with different conditions exhibited different morphological features. 

As a result, the deposited TiAlN coatings showed also different morphological aspect 

on these surfaces. For the non-laser machined cases as shown in Figure 3(a,b), the 

coating layer grew regularly on the target surface. As a consequence of the laser 

ablation, the obtained surface morphology changes significantly. It was covered by a 

layer of molten and redeposited material (Figure 3(c)). This modified layer was 

completely removed because of sandblasting, prior to coating deposition. However, 

this mechanical treatment did not yield similar roughness, and this is reflected at both 

surface (top view) and subsurface (interface in cross-section view) levels. As a result, 

coating in previously laser ablated (and sandblasted) material, exhibits a bubble 

pattern, as shown in Figure 3(d). This is clearly different from the aspect exhibited by 

the layer in the reference condition, and should be related to nucleation and growth 

issues, whose investigation was out of the scope of this study.



Figure 3. SEM-FIB micrographs showing surface topography and cross-section of 

the studied cemented carbide grade with different surface finish conditions, i.e., (a) 

polishing, (b,e) polishing and coating, (c,f) polishing and laser ablation, and (d,g) 

polishing, laser ablation and coating.

According to the cross-sectional analysis, it is remarkable that coating layers are 

deposited with a high parallelism on the non-laser machined surface. Between the 

coating layer and the cemented carbide surfaces, no obvious damage, such as cracks 

and pores, is observed for the non-laser ablation cases (Figure 3(e)). However, 

relevant surface damage has been induced after the laser ablation beneath the laser 

machined surface (Figure 3(f)). Ablation action seems to be heterogeneous, and then 

possibly different for each of the constitutive phases. Re-deposition layer of the 

molten material is clearly identified, and relatively thin, i.e. of less than 0.5 µm. In 

general, laser-induced thermal damages such as cracks and pores are found within this 

very shallow surface layer. Looking at Figure 3(g), it is clear that sandblasting results 

to be an effective route for removing such thin and undesirable laser affected zone. 



Furthermore, in such figure it can be observed that coating layer grew along with the 

surface topography from the bottom to the top. The top surface topography of the 

coating layer in general maintains that of the cemented carbide grade, this being 

reflected in roughness values measured for both coated conditions. 

4. Conclusion

In this work, surface integrity of a cemented carbide grade, finished by laser ablation 

and sequential coating deposition, was assessed in terms of surface roughness, 

hardness, morphological changes and microstructural modification. The following 

conclusions may be drawn:

 Laser ablation induced a rising surface roughness, as a consequence of the 

molten and redeposited layer. However, roughness level attained is similar to 

that usually found in ground cemented carbides. 

 Damage induced by laser ablation exists in the form of cracks and pores, but it 

is localized in a very shallow subsurface layer. 

 Final coating implies a relevant hardness increase, this being more pronounced 

in the previously laser treated material. The fact that hardness rise varies as a 

function of applied indentation load, would point out residual stress effects 

concentrated in a tiny subsurface layer. Possible reason for this behavior may 

be linked to the sandblasting stage, conducted for removing undesirable laser 

affected zone.



Acknowledgement

The work received funds from the P.R.I.M.E. project of the German Academic Exchange 

Service (DAAD) and the Spanish Grant MAT2015-70780-C4-3P (MINECO/FEDER). 

Sandvik Hyperion supplied the test samples. 

References

[1] I. Etsion, State of the Art in Laser Surface Texturing, J. Tribol. 127 (2005) 

248. doi:10.1115/1.1828070.

[2] K.-H. Leitz, B. Redlingshöfer, Y. Reg, A. Otto, M. Schmidt, Metal Ablation 

with Short and Ultrashort Laser Pulses, Phys. Procedia. 12 (2011) 230–238. 

doi:10.1016/j.phpro.2011.03.128.

[3] B. Breidenstein, B. Denkena, B. Bergmann, A. Krödel, Laser material removal 

on cutting tools from different materials and its effect on wear behavior, Met. 

Powder Rep. 73 (2018) 26–31. doi:10.1016/j.mprp.2016.06.001.

[4] H.N. Li, D. Axinte, Textured grinding wheels: A review, Int. J. Mach. Tools 

Manuf. 109 (2016) 8–35. doi:10.1016/j.ijmachtools.2016.07.001.

[5] A. Ronen, I. Etsion, Y. Kligerman, Friction-reducing surface-texturing in 

reciprocating automotive components, Tribol. Trans. 44 (2001) 359–366. 

doi:10.1080/10402000108982468.

[6] Z. Wu, J. Deng, Y. Xing, H. Cheng, J. Zhao, Effect of surface texturing on 

friction properties of WC/Co cemented carbide, Mater. Des. 41 (2012) 142–

149. doi:10.1016/j.matdes.2012.05.012.

[7] Y.L. Yao, H. Chen, W. Zhang, Time scale effects in laser material removal: a 

review, Int. J. Adv. Manuf. Technol. 26 (2005) 598–608. doi:10.1007/s00170-

003-2026-y.



[8] A. Fatima, D.J. Whitehead, P.T. Mativenga, Femtosecond laser surface 

structuring of carbide tooling for modifying contact phenomena, Proc. Inst. 

Mech. Eng. Part B J. Eng. Manuf. 228 (2014) 1325–1337. 

doi:10.1177/0954405413518516.

[9] S. Fang, C.-J. Hsu, S. Klein, L. Llanes, D. Bähre, F. Mücklich, Influence of 

laser pulse number on the ablation of cemented tungsten carbides (WC-CoNi) 

with different grain size, Lubricants. 6 (2018) 11. 

doi:10.3390/lubricants6010011.

[10] J. Kopac, Influence of cutting material and coating on tool quality and tool 

life, J. Mater. Process. Technol. 78 (1998) 95–103. doi:10.1016/S0924-

0136(97)00469-X.

[11] G. Byrne, D. Dornfeld, B. Denkena, Advancing cutting technology, CIRP 

Ann. - Manuf. Technol. 52 (2003) 483–507. doi:10.1016/S0007-

8506(07)60200-5.

[12] T. Obikawa, A. Kamio, H. Takaoka, A. Osada, Micro-texture at the coated 

tool face for high performance cutting, Int. J. Mach. Tools Manuf. 51 (2011) 

966–972. doi:10.1016/j.ijmachtools.2011.08.013.

[13] R. Viana, M.S.F. de Lima, W.F. Sales, W.M. da Silva, Á.R. Machado, Laser 

texturing of substrate of coated tools - Performance during machining and in 

adhesion tests, Surf. Coatings Technol. 276 (2015) 485–501. 

doi:10.1016/j.surfcoat.2015.06.025.

[14] K. Zhang, J. Deng, J. Sun, C. Jiang, Y. Liu, S. Chen, Effect of micro/nano-

scale textures on anti-adhesive wear properties of WC/Co-based TiAlN coated 

tools in AISI 316 austenitic stainless steel cutting, Appl. Surf. Sci. 355 (2015) 

602–614. doi:10.1016/j.apsusc.2015.07.132.

[15] B. Casas, A. Lousa, J. Calderón, M. Anglada, J. Esteve, L. Llanes, Mechanical 

strength improvement of electrical discharge machined cemented carbides 

through PVD (TiN, TiAlN) coatings, Thin Solid Films. 447–448 (2004) 258–

263. doi:10.1016/S0040-6090(03)01062-9.



[16] I.S. Jawahir, E. Brinksmeier, R. M’Saoubi, D.K. Aspinwall, J.C. Outeiro, D. 

Meyer, D. Umbrello, A.D. Jayal, Surface integrity in material removal 

processes: Recent advances, CIRP Ann. - Manuf. Technol. 60 (2011) 603–

626. doi:10.1016/j.cirp.2011.05.002.



List of Figures

P P+C P+L P+L+C
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5
10CoC

R
 (µ

m
)

Ra
Rz
Rmax

P P+C P+L P+L+C
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5
10CoC

R
 (µ

m
)

Ra
Rz
Rmax

(a) (b)

Figure 1. Surface roughness of cemented carbide with surfaces finished with 

different conditions: (a) details (b) change.
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Figure 2. Comparison of the Vickers hardness of the cemented carbide surfaces 

finished with different laser conditions: (a) details and (b) change.



Figure 3. SEM-FIB micrographs showing surface topography and cross-section of 

the studied cemented carbide grade with different surface finish conditions, i.e., (a) 

polishing, (b,e) polishing and coating, (c,f) polishing and laser ablation, and (d,g) 

polishing, laser ablation and coating.
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