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Study on Improvement of Surface propertIeS of SKd61 powder  
on S45c uSIng LaSer cLaddIng

in this study, we investigated the effect of cladding on structural carbon steel (S45C) using 5%Cr-1.5%mo-Fe powder (SKD61), 
which is expected to show economically efficient production of die-casting parts. The process conditions were performed under 
argon atmosphere using a diode laser source with specialized wavelength of 900-1070 nm, and the output conditions were 3, 4, 
and 5 kW, respectively. after the cladding was completed, the surface coating layer’s shape and the microstructure were analyzed. 
The hardness test was carried out with micro Vickers hardness tester under 500 gram-force along the normal line at the interval 
of 0.2 mm from the surface to core direction on the cross-sectional area. in addition, polarization curve test of the surface coating 
layer was performed to investigate the corrosion resistance characteristics.
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1. Introduction

laser cladding method is a direct energy deposition tech-
nique that depositing a cladding layer on the base material while 
melting powder using laser power. This laser cladding method 
has been utilized as a method to improve the quality and prolong 
the life time of mold in the mold industry, which is essential to 
the basic industries. it is applied to repair the damaged part or 
surface of the mold, and it can be cost-effective than the total 
replacement cost of the damaged mold [1-4]. Recently, research 
is being conducted to minimize repair costs by forming an alloy 
layer on the surface of a specific part of the mold to improve 
the performance, and by reprocessing the alloy layer after using 
the mold for a certain period of time [5]. however, in the case 
of laser cladding, since the substrate material and the cladding 
powder are melted and then solidified rapidly, there may be a 
tensile residual stress that causes fatigue cracking and stress 
corrosion cracking in the cladding layer. These residual stress 
cause cracks between the deposit and base material, result-
ing in unexpected fracture and deterioration of the material’s 
mechanical properties. Therefore, many researchers are trying 
various approaches to prevent delamination and cracking at 
the deposition base substrate interface through laser power 
conditions [6-8].

in this study, we investigated the effect of cladding on 
structural carbon steel (S45C) using 5%Cr-1.5%mo-Fe powder 
(SKD61), which is expected to show economically efficient 
production of die-casting parts. metallurgical bonding, Chemical 
composition between the clad layer and substrate, and the clad 
layer’s hardness are presented.

2. experimental 

S45C base material specimen with 100×100×25 mm di-
mensions were prepared by grinding the surface with sandpaper 
from #320 to #2000, followed by acetone rinsing for degreasing 
the specimen and improvement of laser absorptivity on the sur-
face. The alloy powder used in this study is the SKD61 powder 
(5%Cr-1.5%Mo-Fe) with an average diameter of 106 μm and 
size distribution in spherical shape. The chemical composition 
of substrate steel (S45C) and powder (SKD61) and are presented 
in TaBle 1.

laser cladding(laSeRline_lDF10000-100) was per-
formed using a solid laser system (laserline  lDF10000-100) 
10 kW powered by a diode laser in the wavelength of 
 900-1070 nm equipped with fiber delivery. The laser spot size 
was 8.3 mm with 72 mm collimation lenses, 1500 μm laser 
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fiber core, and 400 mm focusing lenses. The distance between 
the substrate surface and the coaxial powder feeding head was 
20 mm. The ar was used as the supply gas, and the gas supply 
rate was 15 l/min. The powder feeding rate was 30 g/min, and 
the laser power applied to the cladding process was 3, 4 and 5 kW.

in order to observe their microstructures, all of the speci-
mens were longitudinally cross-sectioned, ground by sandpaper, 
and the specimens were polished using a diamond suspension of 
3 μm and 1 μm with a silica was then used for the final polish-
ing. SKD61 and S45C steel were etched with natal 5% solution 
to observe the interdiffusion zone and heat-affected zone. The 
hardness test was measured under the conditions of the micro 
Vickers hardness tester (FuTuRe TeCh_FlV-10aRS-F) hv0.5 
at the interval of 0.2 mm from the surface to the core direction of 
the substrate. The macromorphology, composition, and micro-
structure of each clad layer and bonding area were investigated 
using optical microscopy (olymPuS_gX51-n212D). The 
corrosion behavior was studied by potentiodynamic polarization 
tests (ZiVe laP_ZiVe SP2). Potentiodynamic polarization 
measurements were performed in 3.5 wt.% naCl solution at 
25°C, it was analyzed at a rate of 5 mV/sec. a saturated calome 
electrode was used as the reference electrode, and a high-density 
carbon rod was used as the auxiliary electrode.

3. results and discussion

Fig. 1 shows the clad height, internal diffusion region, and 
heat-affected region of a laser clad specimen. Fig. 1(b) shows 
the height of the clad height, internal diffusion zone, and heat-
affected zone. as the laser power increased by 3, 4, and 5 kW, 
the heights of the clad zone and the heat affected zone showed 
similar values. however, as the laser power increased, the inner 
diffusion area increased to 0.12, 0.26, and 0.82 mm, respectively, 

because the molten pool in the matrix increased. in general, it was 
reported that the melt depth and width increase almost linearly 
as the laser power increases [8].

Dilution can be defined as the percentage of the total volume 
of the surface layer contributed by the melted substrate. The 
dilution of specimens with different laser powers was calculated 
as follows, and the result was shown in Fig. 1(c).

  dilution % 100I
C I

 


  (1)

Where C is clad height (mm); I is interdiffusion zone height (mm).
From the Fig. 1(c), it was confirmed that the dilution in-

creased as the power increased. 
The microstructure of the heat-affected zone and substrate 

as the laser power increased to 3 kW, 4 kW, and 5 kW is shown 
in the Fig. 4. it is shown that a mixture of pearlite and bainite 
was formed at the heat-affected zones of the specimens at the 
power condition of 3 kW. after 4 kW and 5 kW are applied to 
the substrate, only pearlite microstructure was observed in the 
heat-affected zone. it could be due to the high laser power of 
4 kW or more significantly increases the temperature of the 
specimen and slows down the cooling rate [9]. 

Fig. 3 shows the micro-hardness depth profile perpendicular 
direction to the surface in the cross-section of the cladding lay-
ers. it was measured at 0.1 mm intervals from the interdiffusion 
zone to the heat-affected zone. in the case of the interdiffusion 
zone, the micro-hardness decreased sharply at laser power of 
5 kW compared to 3, 4 kW. it is considered to be due to the 
relatively high dilution rate of 5 kW compared to 3 kW and 
4 kW, as shown in Fig. 1(c).

in the heat-affected zone, the specimens at the condition 
of the heat inputs in all of the 3 kW, 4 kW and 6 kW show little 
hardness variation according to cross-section depth direction 
and show similar micro-hardness values to each other. on the 

TaBle 1

Chemical composition of S45C steel and SKD61 steel powder in wt.%

element c mn Si cr mo ni cu al fe
Substrate 0.472 0.732 0.197 0.029 — 0.009 0.018 0.024 Bal.
Powder 0.35 0.35 1.0 5.0 1.5 — — — Bal.

Fig. 1. The cross-sectional image of laser-cladded specimen (a) showing distinct three areas – (1) clad, (2) interdiffusion, and (3) heat affected 
zone – coating height (b) corresponding to distinct area (a), and dilution rate (c) with various laser powers, 3, 4, 5 kW
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other hand, the specimen at the 3 kW heat input condition shows 
a slightly higher micro-hardness value compared to laser power 
of 4, 5 kW. The above results well corresponded to microstructure 
changes shown in Fig. 2.

To investigate the corrosion behavior of all specimens 
coated with SKD61 powder by laser cladding at various condi-
tion and SKD61 bulk materials, potentiometric polarization 
measurements were carried out in 3.5 wt.% naCl solution at 
25°C. The potentiodynamic polarization curves are shown 
in Fig. 4 and the corrosion parameters such as corrosion po-
tential and current density, showed in TaBle 2. The SKD61 
cladding layer has the same chemical composition as the bulk 
material, but as a result of the potentiometric polarization test, 

it showed stronger corrosion resistance than the SKD61 bulk 
material. Corrosion potentials of the clad SKD61 under 3, 4, 
5 kW conditions and bulk SKD61 specimens confirmed in Fig. 4 
were –0.350 V, –0.413 V, –0.438 V, and –0.516 V, respectively. 
The maximum corrosion current densities of each specimen 
were 1.03e–8 a/cm2, 1.57e–7 a/cm2, 1.88e–8 a/cm2, and 
1.14e–7 a/cm2, respectively.

TaBle 2
electrochemical evaluation results

element E (mv) I (a/cm2)
3 kW SKD61 –350 1.03e–8
4 kW SKD61 –413 1.57e–7
5 kW SKD61 –438 1.88e–8
Bulk SKD61 –516 1.14e–7
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Fig. 4. Polarization curves of specimens after potentiodynamic test in 
naCl solution at 25C°

Fig. 2. om images of heat affected zone (haZ) and Substrate material: (a) 3 kW, (b) 4 kW, and (c) 5 kW

Fig. 3. Variations of micro-hardness with different laser powers: 
micro-hardness as a function of distance from surface in laser clad-
ding specimens
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4. conclusions

in this study, we investigated the effect of cladding on 
structural carbon steel (S45C) using 5%Cr-1.5%mo-Fe powder 
(SKD61), which showed high hardness and corrosion resistance 
on the die surface. obtained results are summarized as follows:
1. in the case of Dilution rate, 3 kW, 4 kW, and 5 kW were 

5.9%, 11%, and 29.1%, respectively. The dilution layer 
was formed more than about three times thicker at 5 kW 
than 3 and 4 kW, and higher input energy at 5 kW could be 
attributable to lower hardness of interdiffusion zone.

2. The hardness distribution of the heat-affected zone from 0 to 
1 mm in interdiffusion zone toward core direction showed a 
higher value for the specimen with 3 kW output condition 
than that for 4, 5 kW specimens. This is deduced that the 
higher hardness of the specimen at 3 kW condition could be 
due to high fraction of Bainite which would be transformed 
by lower heat input and fast cooling rate, compared with 
that of 4, 5 kW.
as a result of analyzing the corrosion characteristics of all 

specimens coated with SKD61 powder by laser cladding at vari-
ous condition, it was found that the lower the output condition, 
the better the corrosion resistance. it is analyzed that the laser 
cladding coating layer has excellent characteristics compared to 
the SKD61 bulk material.
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