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Study on Improvement of Surface propertIeS of Low carbon SteeL  
uSIng LaSer cLaddIng

Laser cladding is a method that can be applied to repair the crack and break on the mold and die surfaces, as well as generate 
new attributes on the surface to improve toughness, hardness, and corrosion resistance. it is used to extend the life of the mold. 
it also has the advantages of superior bonding strength and precision coating on a local area compared with the conventional thermal 
spraying technology. in this study, we investigated the effect of cladding on low carbon alloy steel using 18%Cr-2.5%Ni-Fe powder 
(Rockit404), which showed high hardness on the die surface. The process conditions were performed in an argon atmosphere using 
a diode laser source specialized for 900-1070 nm, and the output conditions were 5, 6, and 10 kW, respectively. After the cladding 
was completed, the surface coating layer’s shape, the hardness according to the cross-section’s thickness, and the microstructure 
were analyzed.
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1. Introduction

TP23P40 is the low carbon steel with a slight modification 
of the chemical elements of AiSi P20 and ASTm A681 P20. it 
is a commonly used die material for plastic injection molding 
applications because of its excellent mirror polishing, wear 
resistance, and corrosion resistance.

The main causes of damage or breakdown of this material 
under actual service conditions are wear, erosion, and thermo-
mechanical fatigue, which may require immediate repair or 
replacement of the entire part [1-4]. The laser cladding method 
has recently been applied to repair damaged parts or surfaces to 
accurately improve these disadvantages. Precise repair of dam-
aged areas or surfaces is much more cost-effective than a full 
replacement. Laser cladding can be applied to a remanufactur-
ing process, especially for repairing cracks in the mold and 
dies surface [5-7]. it increases the mold’s life by creating new 
properties on the substrate surface to improve toughness and 
hardness. This study investigates the effect of laser parameter 
on 18%Cr-2.5%Ni-Fe powder (Rockit404) cladding onto plastic 
die steel to exhibit high surface hardness properties. Chemical 
composition, metallurgical bonding between the clad layer and 
substrate, and the clad layer’s hardness are presented. 

2. experimental 

The Rockit401(18%Cr-2.5%Ni-Fe powder) cladding 
samples were fabricated on low carbon steels TP23P40 with 
200×100×10 mm dimensions. Substrates were ground with 
a scouring wheel and degreased with acetone before the clad-
ding process to improve the surface’s laser absorptivity. Typical 
chemical composition of Rockit401 (Fe-0.5wt.%C-18wt.%Cr-
0.5wt.%mo-2.5wt.%Ni) and TP23P40 (Fe-0.42wt.%C-
1.0wt.%mn-0.3wt.%Si-1.0wt.%Cr-0.23wt.%mo) steel are 
presented in Table 1. The alloy powder used in laser cladding 
was Rockit401 powder with spherical morphology having an 
average particle size of 135 μm. Fig. 1 shows the morphology 
and size distribution of the powder used in the present study.

TABLe 1
Details of the experimental settings

Laser power
p(Kw)

cladding 
Speed

V(m∙min–1)

Heat Input
Q(KJ/min)

overlap ratio  
for multiple beads 

(%)
5 0.42 12 63.9
6 0.42 14 63.9
10 0.42 24 63.9
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Laser cladding was carried out using a solid laser system 
(Laserline LDF10000-100). A 10 kW diode laser was coupled 
with fiber delivery, and the optical head system mounted 
on a 7-axis robot. The laser source was characterized by 
 900-1070 nm. The laser spot size was 8.3 mm with 1500 μm 
laser fiber core, 72 mm collimation lenses, and 400 mm focus-
ing lenses. The experiment was performed in an argon (Ar) 
atmosphere. The distance between the coaxial powder feeding 
head and the surface of the substrate was 20 mm. The powder 
feeding gas (Ar) was 15 L/min, and all the powder feeding rate 
was 30.4 g/min. in order to exclude the facility variables, heat 
input value was chosen and calculated by using the cladding 
parameters. With the hatch spacing of 3 mm, overlap ratio 
at multiple beads was 63.9%. The laser cladding conditions 
and geometrical parameters of the resulting single beads are 
summarized in Table 1.

The heat inputs for each set of parameters were also com-
pared according to the following equation. 

 
 

 
W

m/min
P

Q
V

   (1)

Where Q is the heat input; P is the laser power; V is the scan-
ning speed.

All of the specimens were longitudinally cross-sectioned, 
ground by sandpaper, and polished with a diamond suspension 
of 3 μm and 1 μm. Silica suspension was used for fine polish-
ing. Later, Rockit401 stainless steel was etched with aqua regia 
(nitric acid + hydrochloric acid) to observe the interdiffusion 
zone, and TP23P40 low carbon steel was etched with natal 5% 
solution (nitric acid + ethanol) to observe the heat-affected zone. 
The hardness test was carried out under the conditions of the 
micro Vickers hardness tester hv0.1, according to the thickness 
(0.1 mm intervals) of the cross-section.

The macromorphology, composition, and microstructure of 
each clad layer and bonding area were investigated using optical 
microscopy (om), field emission scanning electron microscopy 
(FeSem), and electron probe micro analyzer (ePmA).

3. results and discussion

3.1. macroscopic morphology

The cross-sectional image of laser cladded specimen show-
ing distinct three areas corresponding to distinct area is shown in 
Fig. 1. The coating schematic shown in Fig. 1(a) indicates all the 
measurements for analysis. The laser cladding shape is formed 
mainly by clad height, interdiffusion zone, and heat-affected 
zone. As shown in Fig. 1(b), there was no significant difference 
in the heat-affected zone’s height according to the laser power. 
however, as the laser power increased to 5 kW, 6 kW, and 10 kW, 
the amount of melted powder increased, so the interdiffusion 
zone increased to 0.43, 1.00, and 2.10 mm, respectively. in gen-
eral, as the laser power increases, the coating height, width, and 
melt depth increase almost linearly [8]. 

According to the following equation, the geometric defini-
tion of the dilution is shown in Fig. 3(d). 

   % 100Idilution
C I

 


  (2)

Where I is interdiffusion zone height (mm); C is clad height (mm).
Dilution can be defined as the percentage of the surface 

layer’s total volume contributed by its melting substrate. it is 
desirable to minimize the dilution rate with the substrate as much 
as possible in order not to degrade the characteristics of the abra-
sion and corrosion resistance on clad material [9-11]. Fig. 1(c) 
shows the dilution rate by laser power, and it can be seen that 
the dilution rate increases as the power increases.

3.2. microscopic morphology

Fig. 2 shows the heat-affected zone and substrate’s micro-
structure formed at the heat inputs of 5 kW, 6 kW, and 10 kW 
laser power. The heat-affected zones of the specimens with the 
heat inputs of 5 kW and 6 kW are composed of a mixture of up-
per bainite and lower bainite. The specimen with the heat input 
of 10 kW has a different structure divided into three areas. it is 

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, 5, 6, 10 kW
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composed of a mixture of martensite and lower bainite under 
the interdiffusion zone. Due to the high laser power, the melting 
temperature was very high, so that the austenite temperature 
was increased and then cooled, and martensite was present [12]. 

3.3. micro-hardness distribution of the cladding layer

Fig. 3(a) shows the micro-hardness distributions along 
with the thickness in the cross-section of the cladding layers. 
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 increased with increasing at the laser power. 

it is considered to be due to the relatively high mo content of 
10 kW compared to 5 kW and 6 kW, as shown in the Sem/eDX 
results in Fig. 4.

in the heat-affected zone, the specimens with the heat in-
puts of 5 kW and 6 kW show no hardness changes according to 
cross-section depth and showed similar micro-hardness values 
to each other. on the other hand, the specimen with the heat 
input of 10 kW showed a high micro-hardness value at 0.4 mm 
distant from the interdiffusion zone. The hardness value of 10 kW 
decreased sharply as it closed to the substrate. The above results 
well corresponded to microstructure changes shown in Fig. 2. 
Fig. 3(b) shows the ePmA result of concentration distribution 
in the heat-affected zone. in the case of 5 kW, the concentration 

Fig. 2. om images of heat affected zone (hAZ) and Substrate material: (a) 5 kW, (b) 6 kW, and (c) 10 kW

Fig. 3. Variations of micro-hardness with different laser powers and ePmA analysis of heat affected zone (hAZ): (a) micro-hardness as a func-
tion of distance from top surface toward core matrix and (b) ePmA analysis results of hAZ on 5 kW and 10 kW



1036

of Cr + mn was constant regardless of the thickness of the heat-
affected zone, while the concentration of 10 kW was higher than 
that of 5 kW. however, the closer to the substrate, the sharper 
the concentration of Cr + mn decreased and was less than 5 kW 
in the 1.6 mm area. This result also explains the difference in 
hardness distribution according to laser power.

4. conclusions

in this study, we investigated the effect of cladding on low 
carbon alloy steel using 18%Cr-2.5%Ni-Fe powder (Rockit404), 
which showed high hardness on the die surface. obtained results 
are summarized as follows:
1. As a result of laser cladding with the heat inputs of 5 kW, 

6 kW, and 10 kW, a sound clad layer was formed regardless 
of the laser power condition.

2. As the laser power increased from the heat input of 5 kW 
to 10 kW, the dilution rate of the cladding layer increased 
from 26.4 to 57.9%.

3. The microhardness distribution of the heat-affected zone of 
0 ~ 0.5 mm in the depth direction just below the interdif-
fusion zone was higher in the case of 10 kW than that of 5 
and 6 kW. This result was because of the higher the laser 
power, the higher the Cr + mn concentration.
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Fig. 4. Sem/eDX results of interdiffusion zone with different laser powers: (a) 5 kW, (b) 6 kW, (c) 10 kW
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