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 Geometrical dimensions could play a potential role in the function of laser 
cladding of nickel-base powder on the cold-rolled carbon steel substrate. 
The geometrical dimensions and their impact on the efficiency of the 
process of laser cladding of nickel-base powder (Ni -10wt% Al) on cold 
rolled 0.2% carbon steel substrate was investigated. This work focused on 
the effect of laser-specific energy input of CO2laser. The geometrical 
dimensions of cladding regions are including cladding width, cladding 
height, depth of dilution, contact angle, dilution area, cladding area, and 
heat-affected zone dimensions determinations. The laser power (1.8 kW) 
was used at different traverse speeds (1.5, 3.6, 5, 7.1, 8.6, 12.5 mm/s) with 
(3mm) laser beam diameter. The feed rate was kept constant after many 
preliminary claddings at approximately 11 g/min. Fluence values ranged 
from (48-400J/mm2), and the power density value was (255W/mm2). A 
minimum dilution percentage (25%) was obtained at the highest fluence 
value (400 J/mm2). Observations were measured using an optical 
microscope, scanning electron microscopy, and Image software. Obtained 
results indicated that the increase in the fluence leads to an increase in 
height of cladding, HAZ region but lower depth of dilution. 
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1.  INTRODUCTION 
  Laser cladding can be characterized as a melting procedure in which the laser beam prompt to 

fuse an alloy addition onto a substrate (base material) producing a homogeneous surface with solid 
metallurgical bonding on the substrate with very low dilution [1]. Today, in the manufacturing 
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business, the importance of CO2 laser cladding process is represented by its efficiency to increase the 
resistance of surfaces with saving cost, time, and effort by the deposition of a powder on the substrate 
[2]. This leads to many fields that go to increase the utilization, this process with diversity materials 
parts is used according to the required properties. 

Amongst the laser technology applications, cladding laser received significant concern in the 
latest years because of its various material processing potentials, such as metals coating, repairing 
high-value components, prototyping, and manufacturing low-volume [3]. The cladding laser process 
can produce a much better covering and better surface quality with less distortion and minimum 
dilution [4]. Also, there are many benefits to using this process as a swift prototyping mechanism. 
Fast prototyping can be used for producing mechanical parts in a layered pattern, which allows the 
part fabrication with distinctive features to prototyping laser cladding, producing a homogeneous 
structure and enhance mechanical characteristics and produce multiplex geometries [5]. 

   The most significant structural alloys widely used for many applications which require medium 
mechanical properties and chemical stability are low carbon steels [6]. These materials may be 
considered as important cheap substrates for the deposition of clad coatings for many high corrosion 
and oxidation resistance alloys such as Ni-Al alloys [7]. 

   P. Chiu [8] studied the 50 W CO2 laser cladding with powders of 304L coating on the substrate 
of stainless steel. At cladding vertically from the stainless steel (substrate), the heat of the following 
layer is transferred to the sample. A high amount of powder was deposited when the speed of 
cladding was less than 20 mm/min which formed 2 mm of cladding width. The speed changing from 
20-30 mm/min enhances the avoidance of the insufficient adhesion for powder. Tuncay Simsek [9] 
investigated nanoparticles of titanium carbide (TiC) covering the substrate of X40CrMoV51 (H13) 
hot work tool steel with 2000 W by CO2 laser cladding process. The most successful covering was 
obtained at a thickness of cladding 130 μm. The hardness enhancements are nearly three times higher 
than the substrate. Also, the wear resistance increased when the cladding surface was exposed to 
scratching. 

    This research using a cheap substrate of cold-rolled 0.2 wt% carbon steel and cladding it with 
Ni- 10 wt% Al powder by using a high-power carbon dioxide laser process to study how the 
dimensional geometries of clad regions can be affected according to different values of specific 
energies. Higher cladding area with lower dilution percentage obtained when the influence was 
400J/mm2without defects.   

2. EXPERIMENTAL PROCEDURES 

Flat plates of cold-rolled 0.2 wt% carbon steel of thickness 6 mm, width 30 mm, and length 60 
mm were used as a substrate for laser cladding.  To achieve high absorption of the substrate to CO2 
laser beam, critical preparations were made to the substrate before laser cladding. The substrates 
were sandblasted to produce a relatively rough surface of approximately 10 µm CLA roughness to 
enhance the absorption.  The sample was then thoroughly cleaned with alcohol and acetone and 
coated with a thin layer of carbon dag to increase higher the absorptivity  .  The clad powder used is a 
thorough mixture of 90wt% Ni and 10 wt% Al.  The average particle size of Ni and Al powders are 
106 and 250 µm, respectively. 

The samples to be cladded a1.8 kW continuous, fast axial, shock stabilized, gas discharged CO2 
laser model BOC 901 which was designed by British Oxygen Company and manufactured by 
Control Laser Ltd.  The laser beam of 10.6 µm wavelength is produced from the mixture of CO2, He, 
and N2 gases entered the four tubes.  These gases moved inside the tubes transferred to the plasma by 
using a Root Blower to produce the laser beam.  These gases are drawn at a high speed of 
approximately 500 m/s, and high pressure of approximately 35tor.  These conditions are sufficient to 
generate a stable discharge and shock wave to the gases in the state of plasma to produce a field of 
power supply to the tubes.  The gases inside the tubes are excited electrically at 30 kV and a total 
current for all tubes of 600 mA.  More details regarding the laser formation are out of this thesis. The 
mixture of gases is 5-10% CO2, 10-15 N2, and 75-85% He.  The pumping of the gas mixture is taken 
place at 1 atmospheric pressure.  The approximate laser beam diameter excited from the partially 
reflected ZnSe mirror is 20 mm (approximately 35% for the CO2 wavelength, 10.6 µm).  This laser 
beam was reflected from the 45o stationary inclined gold-coated copper mirror through the laser head 
(Figure 1). The reflected beam is entered the laser head vertically to focus near the nozzle to 
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approximately 0.4 mm.  The laser beam was focused using 150 mm bi-convex KCl lens using 
suitable spacers to achieve the focused beam near the outer surface of the copper nozzle. The main 
reason for using KCl lens is the transmission of 10.6 µm CO2 wavelength laser beam.  

The feed rate was kept constant after many preliminary claddings at approximately 11 g/min.  To 
produce clads with different specific energies and interaction times, different traverse speeds were 
used in the range of 1.5 to 12.5 mm/s (TABLE I). The laser power used to produce a high-power 
density suitable for laser cladding (power/laser beam area) and different specific energies is 1.8 kW. 
The laser mode tuned is near TEM00. 

The clad samples were cut by wire cutting transversally and then grinding with 220,500 and1000 
SiC grid emery papers respectively and then polished with 1µm diamond paste and dried. Two 
etching solutions were used to evaluate the microstructure of (i) substrate and heat-affected zones; 
Nital (98% Alcohol +2%HNO3) and (ii) the cladding area with 3ml HCl, 2mlHNO3, and 0.1 ml 
glycerin.  

It is very important to determine the % area dilution [10] which is equal to the melted area 
beneath the substrate to the total area of cladding. The area dilution was determined using Image J 
software. The dimensions such as laser cladding width, laser cladding height, depth of dilution, total 
clad thickness, HAZ, and contact angles were measured from the transverse sections. The prepared 
laser clads were inspected metal graphically utilizing standard metallography strategies for optical 
and SEM type vega3 test scan (Figure 1). 

 
Figure 1: Some laser cladding system components. 

TABLE I: The most important parameters of cladding process. 

Parameters  values 
TEMmn   00 

Raw laser beam diameter 20mm 
Focal length 125mm 

Shrouding gas ,Argon 2.2 SLPM 
Laser power (P) 1.8 kW 

Laser beam diameter (d) 3mm 
Traverse speed (V) 1.5-12.5 mm/s 
Interacton time (t) 0.24-2 s 

Power density (4P/πd2) 255W/mm2 
Fluence (P/dv) 48-400 J/mm2 
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2. RESULTS AND DISCUSSION 
After a cold rolled 0.2% carbon steel has been cladded with Ni – 10 wt% Al powder at different 

values of fluence many features are produced at any cladding laser coatings.  No cracking was 
observed at the cladding under all values of fluence used. Carefully measured for the different 
dimensional geometries illustrated by (Figure 2).  The different dimensions of the clad region can be 
expressed as; W: is the width of laser cladding, H: is laser cladding height, D is dilution depth, T: is 
the total thickness of clad (H+D), HAZ: heat-affected zone, and C: is the contact angle (TABLE II). 
The variation of cladding dimension with the flounce is shown in Figure 3. 

TABLE II: The dimensional geometry according to different values of fluence. 

 
This table showed the succeeded laser clad regions that can be gained with increasing fluency to 

400 J/mm2. It was able to produce a thick cladding height of approximately 256 µm with lower 
dilution 63 µmat higher fluence due to low traverse speed and high interaction time with lower 
dilution. It should be mentioned that the relatively small cladding width at the highest fluence 400 
J/mm2 is due to increasing cladding height. Also, the value of depth of dilution was minimum at the 
lowest fluence compared with the highest fluence value is due to cladding height.  

It is possible to notice the increasing the of HAZ regions with increasing the fluence value was 
due to increased height of cladding and lower the depth of dilution with the correlation of the fluence 
(Figure 4). The relationship between contact angle and fluency was found (Figure 5). This is related 
to the flow of cladding alloy as a function of specific energy. The contact angle was increased with 
increasing fluence (correlated with the higher interaction of time and decreasing the scanning speed), 
this expanding of contact angle is due to highly increasing the solid/liquid component of the clad 
region [12].  

It is very important to measure the dilution percentage because of its effect on the strong bonding 
between the substrate and clad powder [13]. Generally, increasing the dilution percentage means that 
the strength bonding increased too. The percentage of dilution increased with the decrease of fluency; 
this is due to the increasing traverse speed of cladding (Figure 6) [14]. On the other hand, the 
percentage of dilution elevated directly with raising the traverse speed of cladding, this can be 
demonstrated,  when the traverse speed of cladding is low the melt penetration is high.  But, due to 
the high thickness of cladding, this leads to a decrease in the melting substrate which results in the 
occurrence of a minimum mixing between clad powder and substrate (Figure7) [15]. Briefly, one can 
link what happened to the height of cladding if the decrease of the melting in the substrate increased, 
that means the mixing between of substrate and the powder of cladding increased, and therefore the 
dilution increased. SEM analysis shows the details of the upper cladding region (Figure 8). EDS 
analysis proved that the center of the substrate region mainly containing from Fe while the region 
near the interface is composed of Fe, Ni, and Al (Figure 9). The fluence can be considered as a 
function of dimensional geometries in the laser cladding process [11].   
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Figure 2: Six dimensions measured in electron microscopy. 

 
Figure 3: Relationships between cladding dimensions and fluence. 

 
Figure 4: Relationship between heat affected zone and  fluence. 

 
Figure 5: The relationship between contact angle and fluence. 
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Figure 6: Relationship between dilution percentage and cladding traverse speed. 

 
Figure 7: Relationship between dilution percentage and fluence. 

 
Figure 8: SEM micrographs of the upper cladding coating. 

 

 

 



Engineering and Technology Journal                   Vol. 39, Part A (2021), No. 05, Pages 703-710 
 

709 
 
 

 
Figure 9: EDS analysis: A- near the interface B- the center of the substrate. 

3. CONCLUSIONS 
1) High power CO2 laser cladding cold rolled 0.2 % carbon steel substrate with 90wt% Ni and 

10 wt% Al powder is feasible to produce a high-quality surface layer. 
2) Laser cladding experiments of single tracks indicate with fluence from 48-400 J/mm2 and 

clad thickness from 41-319 µm can be obtained. 
3) The results showed that the dilution dependent on cladding traverse speed according to the 

constant of other variables of the laser cladding process. 
4) The dimensional geometries of cladding regions depend on the fluence. 
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