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Abstract: Industrial applications require parts of components with specific surface 
properties such are good corrosion resistance, wear resistance and hardness. Alloys with 
those properties are usually very expensive and there is a great interest in reducing the cost 
of components for fulfilling these requirements. In this sense, laser surface processing has 
been used as a cost-effective technique to improve the surface properties of materials, by 
use of the laser beam heat for modification of its structure and physical characteristics. La-
ser surface treatments can be divided into direct processes, which only need the generated 
heat, such are hardening and melting, and processes which need filler material as alloying 
and cladding. Therefore, the aim of this paper is to summarize the results of several works 
based on laser surface treatments, in particular, hardening and melting of hot and cold work 
steels, and laser cladding of forming tools with nanoparticles. The microstructural characte-
rization and mechanical properties (microhardness, wear resistance) will be described in 
each case. 
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1. INTRODUCTION 
 
There is a need in different industry sectors to 

improve the performance of material surface under 
wear and corrosion environments, which cannot be 
fulfilled by the conventional surface modifications 
and coatings. 

One example is tool steels, which are com-
monly used for manufacturing moulds, dies and ot-
her components that are subjected to extremely high 
load in almost all industry sectors. These tools steels 
require high wear and corrosion resistance, either for 
cold work or hot work applications.  

Another different case is the ultra high 
strength steels used in automotive industry for body-
in-white applications [1]. They allow increasing the 
car passenger safety, while reducing the vehicle we-
ight and, subsequently, resulting in a fuel consump-
tion and CO2 emission reduction. Nevertheless, they 
sometime present a formability problem, which co-
uld be solved by local softening or hardening of so-
me parts of the formed steel sheet. 

One way to improve the surface properties of 
materials is the laser surface engineering [2, 3]. La-
ser surface engineering encompasses several applic-
ations that are mainly related to enhancing one of the 
surface dependent properties, like hardness, friction, 
fatigue and resistance to wear, corrosion, etc. The 

steady development of high power lasers and their 
suitability to be introduced in production lines has 
encouraged the industrial application of laser sur- 
face treatments. 

The methods of laser surface treatment of ma-
terials have been classified in to two types [2, 3]: 
 Thermal process: with no change of surface com-

position (no material addition), like laser cutting, 
welding, tempering, annealing, melting, and 
transformation hardening.  

 Thermo-chemical process: with change in co-
mposition of surface (material addition), like 
laser cladding, alloying, where the process differ 
in the metallurgical structure. 

Furthermore, the advantages of these surface 
treatments include flexibility and the possibility of 
treating small areas, leaving the others parts unaffe-
cted [2, 3]. 

Laser surface hardening is a promising pro-
cess for enhancing the surface properties of a com-
ponent. It has been shown to improve tribological 
properties of the metal alloys and ceramics 4-9, or 
their corrosion behaviour 10, 11. Under laser irra-
diation, the surface temperature is increased above 
the steel austinizing temperature and, by heat con-
duction to the bulk material, a thin steel layer is fast 
cooled down by a self-quenching process. The rese-
arch on laser surface hardening includes the use of 
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different high power lasers: CO2, Nd:YAG or diode 
lasers. 

Another way to improve the surface properties 
of the material is laser surface melting. Laser surface 
melting produces an increase of the hardness, toug-
hness and wear resistance of the material surface in a 
very short time [12-14]. This process has been inve-
stigated by different authors by use of  high power 
lasers. CO2 or Nd:YAG lasers have been the most 
used [12-14]. The rapid melting of the surface layer 
induced by irradiating with a laser beam, and its ra-
pid solidification in contact with the cold substrate, 
are the main characteristics of this treatment. At the 
melted surface, this process produces a high homo-
genous and very fine dendritic microstructure, wit-
hout the large typical carbides of tool steels [14]. 

The surface properties can also be improved 
by deposit a protective layer. Laser cladding process 
can produce a 0.3-1 mm thick coating onto a work 
piece, joining both materials by a fusion bond [2, 3]. 
A clad track is obtained by injecting powder partic-
les into the molten pool produced by a moving laser 
beam. In order to cover the areas considerably larger 
than the diameter of the laser beam, successive parti-
ally overlapping tracks are deposited. The powder 
injected can be either the same material as the work 
piece, or powder which could improve the surface 
properties. When the powder material presents poor 
flow behaviour, it is pre-placed on the component 
surface. This is the case of nanoparticles addition to 
the powders in order to obtain a nanocomposite or 
nano-reinforced coating [16-18].  

In the present paper, we provide an overview 
of the application of lasers for surface engineering, 
hardening, melting, and cladding. 

 
 
2. EXPERIMENTAL PROCEDURE 
 
2.1. Laser surface hardening 
 
Laser hardening treatment was performed in 

two different steels, a dual phase steel (DP 600) and 
a hot work tool steel, AISI H13 (DIN 1.3344). 

DP steels are dual phase, ultra high strength 
cold forming steels with a microstructure that conta-
ins ferrite, which is a soft phase, and contributes to 
good formability, and martensite, which is a hard 
phase, and contributes to the strength of the material. 
These steels are established according to their lowest 
tensile strength. The selected DP steel for this study 
was a DP 600 1mm thick sheet with 11x7mm di-
mensions. Its chemical composition is provided in 
Table 1. 

The H13 hot-work tool steel specimens of 
130x210x20 mm were quenched and tempered to 
Rockwell hardness of 49 HRC (about 500 HV). Its 
chemical composition is given in the 0. 

 
Table 1. Chemical composition of DP600 (wt%). 

C Si Mn P S Nb Al 

0.11 0.40 0.90 0.015 0.006 - 0.04 

 
Table 2. Chemical Composition of H13 (wt%). 

C Si Mn P S Ni Cr Mo V 

0.40 0.80 0.40 0.009 0.004 0.16 4.50 1.13 0.71

 
Experiments were performed by using two 

different lasers, a direct high power diode laser and 
diode pumped Nd:YAG one.  

The 3.3kW direct diode laser (Laserline, mo-
del LDL 160-3300) was mounted on a 6 axes robot 
system (ABB, model IRB4400). The square shape of 
the delivering beam was focused to the15x15 mm2  

size spot on the work piece 
The Nd:YAG-laser was a Rofin DY044, with 

4.4 kW maximum power. The laser beam was gui-
ded by a fiber optic to the focusing optics, moved by 
an IRB6600 ABB robot. The unfocused laser beam 
on the material surface was 4 mm in diameter, being 
moved over the surface to obtain 4 mm wide tracks. 
In order to treat wider zones, different tracks were 
overlapped with an overlapping percentage of 25%. 

The process temperature was controlled using 
a LASCOM system, acting on the power from the 
diode laser to maintain the temperature set value. 0 
shows the process graph, where the temperature cur-
ve is kept constant while there are little changes in 
the power curve. 

 

 
Figure 1. Temperature and laser power graph. 
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2.2. Laser surface melting 
 
Specimens of high speed steel AISI M2 (DIN 

1.3343), the steel widely used in tooling industry, 
were subjected to a standard heat treatment for this 
type of steel (quenched and three tempered) to achi-
eve the Rockwell hardness of 60 HRc. Its chemical 
composition is shown in the Table 3. 

 

Table 3. Chemical Composition of H13 (wt%). 

C Si Cr W Mo V 

0.85 0.25 4.15 6.30 5.00 1.85 
 
Surface melting was performed with the diode 

pumped Nd: YAG, which ensures the melting of an 
adequate thickness of material due to its Gaussian 
beam power profile. The parameters used in the laser 
melting are shown in 0. Four treatments were perfor-
med at the same power, by varying the processing 
speed and the beam diameter. As a result, the energi-
es per unit area provided by the laser beam were 
23.66, 13.33, 11.11 and 5.55 J/mm2 for the M21, 
M22, M23 and M24 laser tracks, respectively.  

 
Table 4. Nd:YAG laser parameters 

Laser 
treatment 

Laser 
Power 
(kW) 

Beam 
scanning 

speed, mm/s 

Beam 
diameter, 

mm 
M21 2 25 3 
M22 2 25 6 
M23 2 60 3 

M24 2 60 6 

 
2.3. Laser cladding 
 
Specimens of structural steel S235, the low al-

loyed steel, were used as substrate. A mixture of Co 
alloy (Stellite 6, 45-90 μm) and 0.5% ceramic nano-
powders (Y2O3, 30-50 nm;) was used as the coating 
material to improve . Mixing was performed in a ro-
tary ball mill Simoloyer CM01 (Zoz) to achieve an 
intimate mixture between the alloy and the ceramic. 
Mixtures were carried out for1200 s at 900 RPM. 

Experiments were performed by using a direct 
diode laser. The square shape of the delivered beam 
was focused to a 3×3 mm2 size spot on the work pie-
ce. The blended powder mixtures of Stellite 6 and 
ceramic nanoparticles were placed in the powder fe-
eder from Medicoat. The powder was transported by 
an argon stream to the powder coaxial nozzle COAX 
8 (Fraunhofer IWS), and blown on the substrate at 
the same laser beam incidence point. 

The coating samples were produced by using 
the powder feed rate between 6-12 g/min, the traverse 

speed between 8-10 mm/min, the protection argon flow 
of 10-13 l/min and the laser power of 1.1-1.4 kW.  

 
2.4. Microstructural and Mechanical 

Characterization 
 
Microstructural characterization was perfor-

med by the conventional metallographic techniques. 
A HITACHI FE-4500 Field Emission Scanning 
Electron Microscope (FEGSEM) coupled with an 
energy dispersive X-ray spectroscopy (EDS) micro-
probe and a OLYMPUS metallographic optical mic-
roscope (OM) were used. The composition of the 
different observed phases was analyzed by an energy 
dispersive spectrometer (EDS) attached to the SEM. 
The samples were polished to a near mirror finish, 
by using abrasive papers followed by a final dia-
mond polishing. Afterwards, they were etched with 
either vilella or nital solution in order to reveal the 
microstructure under the OM.  

Mechanical behaviour of the new surfaces 
was assessed in terms of microhardness and wear 
properties. Microhardness measurements were per-
formed on the polished cross section of the samples 
by using a EMCOTEST M1C 010 automatic digital 
microhardness tester, by using a Vickers indenter 
under the test load of 50 kgf and 15-seconds dwell 
time. 

Tribological tests were performed in a high 
temperature pin-on-disk tribometer by Micro-
test2/60/SCM. Test conditions are indicated in the 0. 
All tests were repeated three times under the same 
conditions.  

 

Table 5. Friction-wear test conditions  
Wear track diameter (mm): 8 

Pin 4mm diameter alumina ball 
Normal load (N): 10 

Sliding speed 300 rpm (rotate); 0.25 ms−1 (linear) 
Sliding distance (m) 450 

Test temperature (◦C) 250ºC 
 
The specific wear rate coefficients, K-values, 

were calculated using the Archard equation [19].  
 
 
3. RESULTS AND DISCUSSION 
 
3.1. Laser hardening 
 
Figure 2 shows a photograph of the DP600 

surface with different laser tracks. They were produ-
ced at a 10mm/s of processing speed and a surface 
temperature of 850 ºC. 
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Figure 2. DP 600 steel plate of 1 mm thickness with 

several laser tracks. 
 
Figure 3 shows a macrograph of the cross 

section of one of the treated areas. The laser-treated 
area can be seen in the darker shade and, in the light-
er tones, the area that corresponds to the heat-
affected zone. As shown, the complete thickness of 
the sheet has been affected by the treatment. The 
width of treated area practically matches that of the 
beam spot (15x 15mm), 4 mm of which approxi-
mately correspond to the transition zone and the -
other to the hardened one. 

 

 
 Figure 3. Optical macrographt showing the cross section 

of one laser track. 
 

 

 

150

200

250

300

350

400

450

500

0 3 6 9 12 15 18 21 24

H
v

 0
,5

Number of identation
 

Figure 4. Macrograph and hardness curve. 
 
Hardness was evaluated parallel to the surface 

from the treated area to the base material, through 
the transition and heat affected zones. Figure 4 is 
showing the graph with the hardness values obtained 
in a cross section along the laser-treated zone. The 

hardness values increases over 100% relative to the 
non-laser hardened material.   

The hardness of the laser-treated part of the 
sheet changes depending on the laser beam traveling 
speed. When the speed is low, the heat input is high 
at each point; and the surface temperature is high 
enough to reach the austenizing region, and even to 
increase the austenite grain size. 

The details of the observed microstructures 
are shown in the next figures, where it is possible to 
observe the microstructure evolution from the recei-
ved material to the laser-heated zone. Figure 5 
shows the micrograph of as received condition, a 
typical ferritic matrix with some amount of marten-
site, typical of these DP steels. Transition zone expe-
riments show an increase of the hardness values, from 
180Hv in the as received condition to 340-380 HV in 
the laser-hardening zone. Microstructure of this zone 
(Figure 6) shows an increase of the martensite struc-
ture inside of the ferrite matrix. Figure 7 shows the 
central zone of the laser track. This zone reveals a 
complete austenization transformation resulting in a 
martensite microstructure in this area. Hardness va-
lues are higher than 400Hv in this hardened region. 
It should be pointed out that austenite and martensite 
cannot be clearly distinguished from each other in 
the micrograph. 

The main conclusions that can be drawn from 
this study on laser heat treatment of DP600 steel are:  
 From the test, it is possible to confirm that this 

material is susceptible to the laser hardening tre-
atment. It is possible to harden the complete thic-
kness of the sample. The hardened width matches 
the laser beam dimensions. 

 After the laser heat treatment, the hardness incre-
ases more than 100%, relative to the material in 
as received condition. 

Tool steel 13 specimens were treated with two 
different sets of parameters, identified by T1 and T2 
in Table 6. The heat input is approximately the same 
for both set of parameters, 3.5 kJ/cm2. 
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Figure 5. Microstructure in as received condition of 

DP600. 

 
Figure 6. Fig. Microstructure in transition zone between 

as received condition and laser treated zone.  
 

 
Figure 7. Microstructure of laser treated zone. 
 

Table 6. H13 tool steel processing parameters. 
Track PL (kW) v (mm/s) 

T1 1.4 30 
T2 3.5 85 

 
Figure 8 and 9 show the microstructure of the 

laser track cross sections for T1 and T2 conditions. 
The treated area depth is around 400 m for T1 and 

350 m for T2. In T2 there is a re-melted layer in 
the outermost region, with a fine grain martensitic 
microstructure, formed by the dendritic structure 
growth. In both of the treatment conditions, there is 
a smooth dark transition zone between the treated 
zone and base material. 

Values of microhardness Vickers were measu-
red in the cross sections at different depths: near sur-
face, in the middle of the treated zone, and in the 
dark transition to the base material. For the speci-
mens with laser treatment T1, the Vickers hardness 
measurements in each zone give values of 802, 766 
and 777 HV, respectively. Compared to the base me-
tal, with 500 HV, all the treated layer has increased 
its hardness for over 50%. Concerning the speci-
mens with laser treatment T2, the hardness values 
were 770, 760 and 690 HV, respectively.  

 

  
Figure 8. Optical micrograph showing cross section of 

single track with laser treatment T1. 
 

 
 Figure 9. Optical micrograph showing cross sections of 

single track with laser treatment T2. 
 

When a wide region of the component is to be 
treated by laser, different adjacent tracks have to be 
performed. In order to obtain a layer with the same 
thickness over the whole laser-treated region, a 25% 
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overlapping between adjacent tracks has to be car-
ried out (Figure 10).  

 

 
Figure 10. Optical micrograph showing overlapped laser 

tracks in T2 conditions. 
 

In the overlapping region, there is a decrease 
in hardness down to 650 HV for T1 and 700 HV for 
T2 (Figure 10), where the microstructure is still 
martensitic, although it has been heat-affected 
(tempering).  
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 Figure 11. Variations of hardness values in overlapped 
laser tracks. Shaded zone corresponds to overlapping. 

 
Table 7. Depth of wear tracks, wear volume and  specific 

wear ratio. 
 Depth (m) Volume 

(mm3) 
K (mm3/N.m)

Base 23 0.27 5.9×10-5 
T1 30 0.39 8.7×10-5 
T2 20 0.2 4.5×10-5 
 
The values of the dimensional measurements 

of the depth of wear tracks, wear volume and speci-
fic wear ratio for both T1 and T2 laser treatment 
conditions are shown in Table 7. For the laser treat-
ment T1, the wear depth is higher than for the base 

metal, as well as the friction coefficient and the total 
wear volume. On the contrary, the laser treatment T2 
presents a higher wear resistance. The friction coef-
ficient is also the lowest for T2 (Figure 12), which 
can promote sliding and, therefore, the wear sliding 
resistance. The friction coefficient is also almost 
constant during entire sliding distance, while for T1 
conditions it continuously increases. This fact could 
denote an abrasive mechanism due to wear debris.  

Concluding, laser treatment T1 presents poo-
rer wear behaviour than base material, while condi-
tions T2 shows a better behaviour. This fact could be 
explained by the different microstructure of both 
surfaces (Figure 13). Treatment T2 gives place to a 

20 m deep fine dentritic structure, followed by a 15 

m thick coarse dentritic one. Whithin this dentrites 
the martensite grains are much finer than in the mic-
rostructure shown by the T1 laser track. Moreover, 
the interdendritic space is filled by a carbide (Cr, V, 
Mo) enriched microstructure. 

The main conclusion derived from this study 
is that it has been found that the most appropriate la-
ser treatment should be the one with a 3500 W laser 
power and 8 mm/s processing velocity. It has given 
place to an improvement in wear behaviour of the 
material surface, due to the formation of a thin fine 
dendritic structure, with an increasing concentration 
of Cr, V and Mo carbides at the interdendritic space. 
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Figure 12. Friction coefficients vs. sliding distance during 
pin on disc tests for each laser treatment To conclude, the 
laser treatment T1 presents poorer wear behaviour than 

the base material, while conditions T2 shows a better 
behaviour. This fact could be explained by the different 
microstructure of both surfaces (Figure 13). Treatment 
T2 gives place to a 20 m deep fine dentritic structure, 
followed by a 15 m thick coarse dentritic one. Within 

these dentrites the martensite grains are much finer than 
in the microstructure shown by the T1 laser track. 

Moreover, the interdendritic space is filled by a carbide 
(Cr, V, Mo) enriched microstructure. 
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Figure 13. SEM micrographs showing microstructure 

near surface for laser treatment T1. 
 

 
 Figure 14. SEM micrographs showing microstructure 

near the surface for laser T2. 
 
3.2. Laser surface melting 
 
Laser melting produces microstructural chan-

ges on the steel surface. The optical micrograph pre-
sented in the 0, shows a cross section (M21) of the 
laser melted surface layer. From the top of the surfa-
ce, four different zones are observed: the laser mel-
ted zone (LMZ) where complete melting occurred, 
the partial melted zone (PMZ) where the materials 
were partially molten, the heat- affected zone (HAZ) 
where the temperature was not high enough for mel-
ting, and the unaffected base material (BM). The tre-
atment temperature and the cooling rate are respon-
sible for the microstructural differences. 

Figure 16 shows the microstructure of distinct 
zones. It was etched with Gröesbeck reagent, which 
figures out different types of carbides. 

The first thing to point out is the presence of 
the MC carbide, similar in size to the grains that 
surround it in the MPZ, which was not affected by 
melting. Its large size, together with its high melting 
temperature [4], justify its presence. 

The incipient melting of the matrix occurred 
around these primary carbides, leading to the 
formation of eutectic carbide in feathery form 
(Figure 16) in this zone. The eutectic colonies appe-

ar distributed in the parallel bands according to the 
initial structure of steel. The temperature achieved in 
this area and the time spent were not sufficient for 
the diffusion of alloying elements during the treat-
ment. 

 

 
 Figure 15. M21 treatment.Vilella reagent. 

 
At the laser melted zone (LMZ) and the par-

tial melted zone (PMZ), the only formed carbide af-
ter laser melting was M2C, with diverse morphology. 
This is illustrated by the Figure 17, which shows the 
cross section of the laser melted surface layer. No 
carbide is observed in the solidified microstructure 
after etching with alkaline sodium, reagent that reve-
als the M6C carbides but leaves unaffected the M2C 
ones. The high cooling rate from the melting point is 
responsible for the absence of M6C carbide.  

 

 
Figure 16. Detail of M21 treatment. Groesbeck reagent. 

a) MZ; b) HAZ; c) PMZ. 
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  Figure 17. SEM micrographic M21 treatment. 

Gröesbeck reagent. PMZ zone. 
 

 

500µ
 

 Figure 18. M21 treatment. Alkaline sodium picrate 
reagent. 

 
The surface layer obtained after the laser sur-

face melting was homogeneous and very refined, 
with no cracks, discontinuities or porosity. 

Figure 18 shows the typical microstructure of 
the laser melted zone (LSM): fine dendrites (1-2 
µm) surrounded by a eutectic. The axes of the 
dendrites seem oriented to the heat transport 
direction. 

Below the laser melting zone, the temperature 
was between liquidus and solidus temperatures, and 
a partial melting occurred. This zone, namely the 
partial melting zone, is not homogeneus. Figure 19 
20 shows two different microstructures: The A zones 
are characterized by the presence of partially large 
dissolved carbides, MC (about 10 µm), and the B 
zones which have a cell microstructure. These diffe-
rences are related to the different quantity of the car-
bides. 

Although the heat flown in the two micro-
structures of ZPF is the same, the appearance of one 
or another will depend on the amount of carbides 
that are in the area where laser melted treatment ta-
kes place. 

 

 

 
 Figure 19. M22 treatment the in MZ. Beraha Reagent. 

 

 
 Figure 20. M22 treatment in the MZ. Beraha reagent. 

 
In all cases, a significant increase in surfaced 

hardness compared to base metal takes place, as 
shown in the microhardness profiles (Figure 21), 
carried out on the four treatments, which may be as-
sociated with an improvement on wear and fatigue 
behaviour. 

It can be observed the fall of hardness betwe-
en the HAZ and the base material, due to the low co-
oling rate in this zone, which generated an overtem-
pered microstructure. 

The highest hardness values are recorded in 
the treatment obtained by high beam scanning speed, 
which also has the smallest depth. The material has 
reached a lower temperature because the energy in 
this treatments was the lowest of all, therefore, aus-
tenite shrinks getting a higher amount of martensite 
during cooling. 
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 Figure 21. M22 microhardness profile. 

 
Figure 22 shows the wear results. It can be 

pointed out the existence of decrease in wear 
coefficient in all cases, compared to the untreated 
material, and this decline is particularly important in 
the treatment M2.3.  

 

 
Figure 22.  Wear results. 

 
The above presented results of laser melting 

treatments of M2 tool steel at different laser scan-
ning speed and focal distance can be summarized as 
follows: 
 The cross- sections of the surface layers obtained 

after different laser melting treatments have four 
zones: LMZ, PMA, HAZ and BM. They have 
different microstructure and depth, what is de-
pending on the employed laser parameters. 

 M2C type is the only re-solidified carbide at the 
modified layer. Its diverse morphology depends 
on the solidification cooling speed on the laser 
melted layer.  

 The microstructure of the ZPF is heterogeneous. 
It has two kinds of microstructures. Their relative 
quantities do not depend on the laser parameters 
but on the carbide distribution at the base M2 
tool steel. 

 Surface hardness increases in all cases, being hig-
her when the lower energy per unit area is provi-
ded to steel. 

 All treatments have a better wear behaviour than 
the base material. 

 
3.2. Laser Cladding 
 
Figure 23 shows an optical micrograph of the 

cross section of the Stellite 6 coating. The laser 
processing conditions were 1500 W laser power, 8 
mm/s traverse speed, 9.2 g/min powder flow, 10 
l/min gas protection, and with an overlapping of 
55%. 

 

 
Figure 23. Macrograph showing a cross-section of the 

Stellite 6 coating. 
 
Figure 24 shows SEM micrographs with the 

columnar dendritic microstructure of the Stellite 6. 
Figure 25 shows a detail of this microstructure. 
Table 8 shows the EDS analysis performed in 
different zones of the Figure 24. 

 

 
Figure 24. SEM micrographs of the stellite 6 

microstructure.  
 

 
Figure 25. Detail showing the interdendritic space. 

Results of Table 8 are coincident with the lite-
rature. The microstructure consists of fcc-Co rich so-
lid solution dendrites, surrounded by a lamellar mix-
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ture of the Co-rich phase and carbide phase, resul-
ting from the eutectic reaction whithin inter-dendrite 
spacing during solidification.  

 
Table 8. EDS analysis of the different phases in 0 
Point C Cr Mn Fe Co Ni Mo W 

1 6.2 22.4 0.7 5.1 37.9 1.2 3.8 20.2 
2 8.4 37.5 0.6 5.7 36.9 1.5 0.8 7.1 
3 6.2 24.3 0.4 8.3 52.8 2.1 0.3 4.0 

 
In comparison with the chemical composition 

of the commercial Stellite 6, it can be seen that dilu-
tion of iron in the cladding from the base material is 
produced. However, this is only produced near the 
melting line. In the intermediate and upper zones of 
the Stellite cladding only a little increase of iron was 
observed. 

When producing a Stellite 6 with 0.5% nano-
Y2O3 coating the parameters must be changed, in or-
der to take into account a higher laser absorption by 
powder compared to Stellite 6 alone. The laser pro-
cessing conditions were 1100 W laser power, 10 
mm/s traverse speed, 8.8 g/min powder flow, 10 
l/min gas protection, and 55% overlapping of.  

Figure 26 shows the microstructure in the 
upper part of the Stellite 6 with 0.5% nano-Y2O3 
coating. Figure 27 shows a detail of the dendrites 
and interdendritic space, showing the typical 
structure found in the Stellite coating. Table 9 shows 
the EDS analysis performed in this zone. 

 

 
Figure 26. SEM micrographs of the stellite 6+0.5%Y2O3 

microstructure. 
 
It can be seen in Figures 26 and 27 that the so-

lidification microstructure of the coating has chan-
ged with the addition of nano-Y2O3. Without nano-
Y2O3 the microstructure appears in thin directional 
columnar dendrites, perpendicular to the fusion line. 
With the ceramic nanoparticles, the dendrites signifi-
cantly change from columnar grain to the equiaxed 

and cellular microstructure. The dendrites with na-
no-Y2O3 become thinner and denser.  

 

 
Figure 27. Eutectic microstructure in the interdendritic 

zone. 
 

Table 9. EDS analysis of the different phases in 0. 
Pt. C Y Cr Mn Fe Co Ni Mo W 
1 2.0 0.2 40.4 0.1 9.0 38.8 1.4 0.8 6.5 
2 1.1 0.0 23.6 0.3 11.6 56.2 2.5 0.2 3.4 

 
Nano-Y2O3 added to Stellite 6 causes dendrite 

refinement, promoting heterogeneous nucleation. 
Moreover, the low thermal conductivity of nano-
Y2O3 particles results in lower cooling rate, causing 
more dilution of the iron from the base metal to-
wards the coating than in Stellite 6 without nanopar-
ticles. However, this dilution is not very high, and 
the iron content decreases towards the upper zone of 
the coating. 

Due to the high melting point of yttria, this is 
not dissolved in the melt pool. Therefore, the nano-
particles are segregated to the interdendritic areas, 
where the eutectic microstructure is formed. 

Wear resistance of the stellite 6 coating is not 
very different of the Stellite 6 with the nano-Y2O3. 
The specific wear ratio, K, is 7.84x10-5 for the first 
one, and 9.20x10-5 for the last one. However, the K 
for the coating with nanoparticles is slightly higher. 
The reason could be a different cooling rate between 
the two coatings. Addition of ceramics to the Stellite 
6 modifies the thermal conductivity of the melt pool, 
promoting that the cooling in the Stellite 6 with na-
noparticles is slower. 

In comparison of the hardness tests (Table 10) 
for the Stellite 6 and Stellite 6 with nanoparticles, si-
milar results are obtained. Hardness of the coating 
with the nano-Y2O3 is slightly lower than for Stellite 
6 as a consequence of the dilution caused by the lo-
wer cooling. The more heat supplied to the substrate 
is reflected in the hardness values of the HAZ. In the 
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Stellite 6 coating the HAZ is narrow and the hard-
ness values descend more abruptly.  

 
Table 10. Hardness values across the coating perpendicu-

lar to the fusion line for the Stellite 6 and Stellite 
6+0.5% Y2O3. 

Point Stellite 6 Stellite 6 +  
0.5% nano-Y2O3 

1 537 Coating 494 Coating 
2 564 Coating 513 Coating 
3 553 Coating 502 Coating 
4 524 Coating 487 Coating 
5 408 melting line 505 Coating 
6 135 HAZ 189 HAZ 
7 136 HAZ 174 HAZ 
8 137 HAZ 130 BM 
9 121 BM 135 BM 
10 125 BM 136 BM 
11 129 BM  

 
The following conclusions can be drawn from 

this study on Stellite 6 nano-Y2O3 coating by laser 
cladding: 
 Laser cladding is an effective method to produce 

microstructure refinement in a Co alloy coating 
when Y2O3 nanoparticles are added. 

 Nano-Y2O3 added to Stellite 6 causes dendrite re-
finement promoting heterogeneous nucleation. 
Microstructure significantly changes from the co-
lumnar grain to an equiaxed and cellular micro-
structure. The dendrites with nano-Y2O3 become 
thinner and denser. 

 Since yttria is not dissolved in the melt pool, na-
noparticles are segregated to the interdendritic 
areas, where the eutectic microstructure is for-
med. 

 Low thermal conductivity of nano-Y2O3 particles 
results in the lower cooling rate causing more di-
lution of iron from the base metal towards the co-
ating than in Stellite 6 without nanoparticles. 
This cause a slightly lower hardness in Stellite+ 
nano-Y2O3. 

 
 
4. CONCLUSIONS 
 
It has been shown the ability of laser techno-

logy to improve the surface wear behaviour and lo-
cal mechanical resistance of different steels used in 
industry by means of several processes: hardening, 
melting and cladding.  
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ОБРАДА ПОВРШИНА ЛАСЕРСКОМ ТЕХНОЛОГИЈОМ 

 
Сажетак: За индустријске примјене потребни су дијелови компоненти са 

специфичним особинама површина као што су добра отпорност на корозију, отпор-
ност на хабање и чврстоћа. Легуре које имају та својства обично су веома скупе, те 
постоји велики интерес за смањењем цијене компоненти како би се испунили ови 
захтјеви. У овом погледу, ласерска обрада површина користи се као економична тех-
ника за побољшање својстава површина материјала, коришћењем топлоте ласерског 
зрака за модификовање њене структуре и физичких карактеристика. Ласерска обрада 
површина може се подијелити у директне процесе, за које је потребно само генериса-
ти топлоту, као што је каљење и поновно топљење, и процесе за које је потребан ма-
теријал за испуну као што је легирање и облагање. Стога је циљ овог рада да се суми-
рају резултати неколико истраживања заснованих на ласерској обради површина. На-
рочито, каљење и поновно топљење хладно ваљаних челика, облагање при изради 
алата и ласерско легирање наночестицама.  

Микроструктурна карактеризација и механичка својства (микрочврстоћа, от-
порност на хабање) биће описани у сваком појединачном случају. Биће анализирана 
побољшања отпорности на корозију.  

Кључне ријечи: ласер, облагање, каљење, наночестице, Nd:YAG, диодни ла-
сер. 

 
 


