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ABSTRACT 

This work aimed to study the effect of pulse fibre laser surface treatment to modify the microstructure and wear 
characteristics of gray cast iron ASTM A48 class 30, which is the most widely used in automotive manufacturing 
parts. Pulse fibre laser treatment is advanced processes that have short pulses and high pulse repetition rates and this 
can be achieved without compromising average power to any great extent.  Pulse fibre laser energy are 3.2kW,  4 kW, 
and 5 kW,  pulse repetition  is 0.75 ns, 1 ns, and 1.5 ns,  spot diameter  is 0.81mm, 0.72mm and 0.63 mm and with  
fix wavelength of 1064 nm.  The gray cast iron type A48 was investigated, while Fibre laser was applied to modify 
the microstructure, wear resistance and micro- hardness.  Laser surface hardening process was involved in heating 
and rapid cooling stages in the air medium. Scanning electron microscope (SEM) and optical microscopy (OM) has 
been used to study the microstructure cross-sectional of spot molted and heat- affected zones. X-ray diffraction (XRD) 
technique has been used to estimate the metallurgical phases. The results were noted that increasing laser energy and 
pulsed duration led to an increase in the area and depth of laser melted zone (LMZ).  Also, it’s found increased in 
values of wear resistance and micro hardness after laser treated. 
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INTRODUCTION 

Gray cat iron ASTM A48 class 30 (according to standards –DIN GG 20) is a gray cast iron which is the formation of 
graphite flakes in the metallic matrix. The low cost of production and desirable properties make gray iron one of the 
most commonly used ferrous alloys.  Therefore cast iron is used in automotive manufacturing as cylinder line, brake 
drums, clutch plats and pistons. Many conventional hardening heat treatments can be applied on the surface of ferrous 
materials such as case hardening, flame, thermochemical (carbonizing, nitriding, and carbonitriding) to improve the 
cast surface properties. The requirement of refinishing surface was difficult- because of the significant thermal 
distortion of the parts hardening [1]. Anew techniques Applied Light Amplification by Stimulated Emission of 
Radiation (LASER) is important techniques used in several engineering parts to modify the surface properties of 
machines aerospace, internal combustion engine parts, ships parts and spherical pressure parts. The laser beam used 
as a heat generation source for modification of the structure and physical characteristics of the material and the wear 
resistance of the metal surface after laser applied can be improved through an increased hardness of the surface texture 
[2]. Fibre lasers were used for most surface engineering applications- because it has a significant advantage are short 
pulses and high pulse repetition rates can be achieved without compromising average power to any great extent [3].  
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Shahad et al. [4] studied the effect of different Nd:-YAG laser parameters on the wear and micro hardness of surface 
gray cast iron. 

The results show that an increase in laser energy led to an increase in the area of the melted and heat - affected zones, 
because of the formation of irregular graphite.  Also shows increase the micro hardness value. Decrease the wear rate 
of the sample after laser treatment about (78%) and roughness decreased about (27%). Xiaoyan et al. [5] studied with 
the effect of   Nd: YAG pulsed laser radiation on micro structural and mechanical properties of gray cast iron. The 
results showed an improvement in micro hardness and wear characteristics of a perlite gray cast iron that is used in 
the auto mobile industry.  Abbas alwan et al. [6] studied the effect of pulsed laser surface melting (LSM) on the 
corrosion behavior and wear characteristic of metal type AISI 304 stainless steel.  Laser  parameters were  0.8 mm 
spot size, 10 mm/sec., travel speed,  2 ms pulse duration, 1-3 Hz pulse repetition rates (frequencies ), 1064 nm 
wavelengths and 4J fixed energy. The microstructures of samples were performed by using the optical microscope 
and X-ray diffraction analysis to identify the phase’s transformation after laser treatment. The surface morphology 
before and after laser treatment using Scan electron microscopy was considered in investigated.  MicroVicker test was 
depending to evaluation the surface hardening values.   

Electrochemical corrosion cell applied to the evaluation of corrosion of 304 stainless steel in a chloride acid (HCl) 
solution at 37 0C.  Results shows the laser surface melting was improved the hardness and wear resistance of treated 
sample. Also found the corrosion result was indicated that the treated samples were having a higher pitting corrosion 
resistance than untreated samples. Aziz et al. [7] studied the effect of Nd-Yag laser surface treatment on   the 
mechanical properties of carburized steel type AISI1006 such as microstructure, hardness and wear resistance after 
changing the laser parameters (energies and pulses duration). The experimental of laser parameters were energy 0.89 
J, 3.6 J, 4 J and 6.3 J, spot diameter as 1.006 mm, 0.649 mm, 0.613 mm and 0.536 mm, and  pulses duration 1.00, 
4.00, 4.47 and 7.05 ms with fixed wavelength of 1064 nm.  The results showed that pulses duration increases with 
increases the area of the melted zone. An increase in Pulses duration leads to increasing peak power, power density 
and depth and size of the melted zone, leading to an increase in the micro hardness.  

The micro hardness was higher in the melted area at the center of the laser spot, the highest record of micro hardness 
value was (2520.1 HV) at spot diameter 0.539 and energy 9 J with a reduced wear rate for the laser- treated sample of 
about 67%. Dalya et al. [8] studied the effect of CO2 laser on corrosion resistance of low carbon steel in sulfuric acid 
solution. The parameters of CO2 laser was 10.6 μm wavelengths, 3.5, 4 and 4.5 Kw power, and 3m / min scan speed 
with 4 mm laser beam diameter. Results show that the CO2  laser surface hardening was effect to improves the 
structures of low carbon steel by formation of martensitic a hard lath phase and has a higher hardness than untreated 
sample. Also corrosion results refer to obtained a better corrosion resistances by decreasing of corrosion current (Icorr) 
after laser surface hardening. The worked aimed to improve the surface properties as wear resistance, microstructure 
and hardness of the cast iron type ASTM A48 used in automotive manufacturing parts after laser pulse using fiber 
laser surface treatment. 

MATERIALS AND METHODS 

Materials 

The material was used in our study- is the gray iron type (ASTM A48- Class 30) which used in automotive 
manufacturing as cylinder line, brake drums, clutch plats and pistons  as shown in  Table 1,  and the mechanical 
properties were shown in Table 2. 
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Table 1. Chemical Composition of Cast Iron   ASTM A48. 

 
 
 
 
 
 

 

 

Table2. Properties of Cast Iron ASTM A48. 

Micro hardness  BHN 174-210 
Density g/cm3 

UTS(ultimate tensile strength) MPa 
7.15 
207 

Melting Temperature F 2050-2120 
Latent heat KJ/Kg 0.290 
Specific heat J/Kg k 586 
Thermal conductivity W/m.K 
Compressive strength MPa 

53 
752 

Preparation of specimens 

The specimen’s preparation started by machine cutting of specimens according to the desired test dimensions. The 
samples preparation by used stander guide (ASTME3-11) for preparation of metallographic specimens  test with 
dimensions  10mm ×10mm with 10mm, and  grind by using silicon carbide paper with different grids 120, 220,400,600 
and 1200 after that the samples polishing by using special cloth and polishing paste Al2O3 solution. The samples 
were then etched using the nital solution which is formed of 2% HNO3 and 98% alcohol and then washed with distilled   
water and wash the samples to remove oils from the surface before laser treatment. While the dimensions were the 
diameter of 10 mm and 5 mm height samples for micro hardness test. And the sample dimensions for wear tests were 
the diameter of 10mm with 10mm height. 

Laser system specifications 

Fiber laser was used in most of the technology applications because it has a considerable advantage such as, low and 
high pulse repetition rates can be achieved without compromising average power. Pulse fiber laser module (LiDAR) 
was carried out in this study. Table 3 showing the specification of the fiber laser device, and Table 4 shown the 
experimentally of fiber laser parameters in this study. 

Table 3: The specifications of the pulse fiber laser device. 

 
 
 
 
 
 
 
 
 

Actual test Standard  
elements Value wt% Value wt% 
C 3.20 3.1-3.3 
Si 2.1 2.1-2.3 
P 0.05 0.02-0.1 
S 0.06 0.05-0.12 
Mn 0.52 0.5-0.9 
Fe Bal Bal 

Laser type Techwin (LiDAR) module 
Wavelength 1064 nm 
Mode of operation CW/Pulse 
Output Power 10 kW 
    Pulse energy 100 µJ 
Repetition rate  3- 500 kHz 
Output fibre length 15 m 
Output fibre radius 200 mm 
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Table 4: Fiber laser parameters 

Wear test 

The wear test was used according to specification (ASTM-F732-82) to compute the wear rate. The advice is consists 
of a rotary electric motor with a speed of  490 r. p. m  which attached to a gearbox and shaft were the sample is  
mounted, pin -on-disk principles were satisfied to measure the wear rate.  Applied load 1000gm and a sensitive 
electronic balance were used for measuring the weight of sample before and after the test. The distance of sliding wear 
was equal to 82mm and the speed of sliding was equal to 3.5 mm/min. The weight losses at times are 15 min, 20 min, 
35 min, 50 min and 65 min. The samples were weighed before and after the test. The wear rate was calculated from 
the following equation: 

W.R.=(W2-W1)/S×t                                                                                                                                                      (1) 

S.D.=S×t(mm)                                                                                                                                                                   (2) 

Where: 

W.R: is the wear rate (gm/mm), W1: is the sample mass before wear test (gm), W2: is the sample mass after wear test 
(gm), S.D: is the distance of sliding wear (mm), S: is the speed of sliding (mm/min) and t: is the time of sliding (min). 

RESULTS AND DISCUSSIONS 

Effect of laser parameters on microstructure  

The microstructure of gray iron- type ASTM A48 class 30 was investigated; Figure 1 shows the formation of graphite 
flakes in the metallic matrix. Table 4 shows the fiber laser parameters with three different energies that were 3.2 kW, 
4 kW and 5 kW.  An increase in energies led to increasing in molted spot size, as shown in Table 5. The molten area 
was affected by the laser parameters such as energy values, increasing laser energy led to increase in the laser beam 
divergence led to increase in the laser molten zone (LMZ) and heat –affected zone (HAZ) as shown in Figure 2.  In 
view of the initial results of the laser reaction, the energy of 5 kW was adopted for this work. As illustrated in Figure 
2 C, the large size of the molten spot size associated with high energy is clear.  The energies 3.2 kW and 4 kW were 
found to be insufficient to perform laser treatment as illustrated in Fig. 2 A and B. These results with high matching 
with researchers [7] and [8]. 

Table 5: Effect of energy in melted spot size 

 
 

  
 
 
 
 
 
 

Sample Laser power (kW)  Pulse duration 
(ns) 

Laser beam Diameter                    
(mm) 

A 3.2 0.75 2.7 
B 4 1 3 
C 5 1.5 4.3 

Energy (kW) Melted spot size (mm) 
3.2 0.375 
4 0.625 
5 0.747 
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Figure 1. Microstructure of base metal (untreated by laser), 100 X 

 

Figure 2. Fiber laser spot area for the different laser energies, (A: 3.2 Kw), (B: 4Kw), and (C: 5 Kw), 100 X. 

Effect of laser parameters on the microhardness  

Laser energy is one of the most important laser parameters that affect laser surface treatment. The effect of changing 
the pulse width and power density on the laser surface hardening effect is reported in this work.  The results of the 
samples after treatment with different pulse durations were calculated and correlated with the obtained surface 
hardness and are shown in Tables 6, 7 and 8.  It is shown that the increase in pulse duration causes a decrease in the 
peak power, power density and an increase in the laser molten zone (LMZ). Accordingly, the heat generated from the 
laser was affected as shown in Fig. 3, Fig. 4 and Fig. 5. The depth of the molten layer was measured from the average 
of five values and was found to be (0.3456 mm,0.462 mm and 0.5728 mm), for the different pulse durations ( 0.75 ns 
,1 ns and 1.5 ns); respectively. The microhardness was found to decrease with increasing  pulse duration, these results 
due to the increase in heating rate generation leading to rapid cooling the result with an agreement with researcher 
[9]. 
 
Table 6. Sample results with pulse duration 0.75 ns, spot diameter 0.72 mm and pulse repetition rate 1-3 pulse/ sec. 

 
 
 

laser energy 
(kW) 

Spot area 
(cm2) 

Power density 
(W/cm2) 

Energy 
density 

(𝐤𝐤 𝐉𝐉 𝐜𝐜𝐜𝐜𝟐𝟐⁄ ) 
Medium 

Average 
microhardness 

(HV) 
5 0.00321 1.60×106 1.25 Air 1025 
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Table 7. Sample results with pulse duration 1 ns, spot diameter 0.72 mm and pulse repetition rate 1-3 pulse/ sec 

 

 

Figure 3. Spot area of the sample treated by pulse duration (0.75 ns) and spot diameter (0.72mm). at (100X). 

 

Figure 4. Spot area of the sample treated by pulse duration (1 ns) and spot diameter (0.72 mm), at (100X). 

 

Figure 5. Spot area of the sample treated by pulse duration (1.5 ns) and spot diameter (0.72mm), at (100X) 

Figure 6, shows the cross-section of the laser surface melting with different laser parameters.  Two zones appear in 
the cross-section after etching, these zones are the lase molting zone (LMZ) with different pool sizes and consisting 
of martensitic structure and the unaffected base metal (BM).  Figure 7 A, shows low magnification SEM images of 

laser energy 
( kW) 

Spot area 
(cm2) 

Power density 
(W/cm2) 

Energy 
density 

(𝐤𝐤 𝐉𝐉 𝐜𝐜𝐜𝐜𝟐𝟐⁄ ) 
 

Medium 
Average 

microhardness 
(HV) 

5 0.00321 9.8×105 1.25 Air 565 
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the microstructure of the untreated sample (base metal) which consists of graphite flakes in a ferrite matrix as C, and 
Fe(α ) phases according to X-ray results as shown in Table 9.  Figure 7 B and Figure 7 C, shows the zone adjacent to 
the molten zone which contains irregular graphite. Irregular graphite is found in hypoeutectic or eutectic irons during 
re-solidified at a rather high cooling rate, therefor the carbon dissolved in the iron at high temperatures is deposited 
as graphite on the existing flakes during cooling, was the formation of chain node distribution from Fe3C phase as  
shown in  the result of XRD ( Table 10). The results with an agreement with researchers [10] and [11]. 

 

Figure 6. Cross – Section of fusion zone depth of sample treated by pulse duration (A: 0.75 ns, B: 1 ns and C: 1.5 
ns), 100X 

 

Figure 7. SEM image for samples, B: treated with pulse duration 0.75 ns and C: treated with pulse duration 1 ns. 

Table 9. X- ray diffraction result before laser- treated (base metal) 

 
  

 
 
 
 
 

Table 10. X- ray diffraction result after laser treated 

 
 
 

  
 
 

2θ D measure D stander I/IO Phases 
38 2.360 2.38 3137 Fe3C 
43.9 2.059 2.06 5372 C 
64.4 1.444 1.43 3843 Fe (α ) 
81.9 1.174 1.17 4549 Fe (α ) 
87.5 1.112 1.113 4352 Fe (α ) 

2θ D measure D stander I/IO Phases 
38 2.360 2.38 3137 Fe3C 
43.9 2.059 2.06 5372 Fe3C 
64.4 1.444 1.43 3843 Fe C 
81.9 1.174 1.17 4549 Fe  
87.5 1.112 1.113 4352 Fe3C 
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Effect of - laser parameters on wear resistance 

Significant causes of improvement in wear resistance the increase in hardness due to the increase in heating rate 
generated  from the laser and followed by rapid cooling. An decrease in pulse duration led to a decrease in mass loss 
as shown in Fig. 8, due to the increase in surface hardness. Increase in hardness values which effect to decreases in 
weight losses test and led to decrease in wear rate. These results are agreements with researcher [12]and [13]. The 
least loss appeared in the mass of the samples hardened was when using ( 1ns)  pulse width  the reduction in wear rate 
was about (38-78)%. Wear resistance increased twice after laser treatment. These results are agreements with 
researcher [14] and [15]. 

 

Figure 8. The relationship between the mass loss and the period time of the sample before and after laser treatment 

CONCLUSIONS 

A fiber laser technique is quite a technological leap from laser surface treatment, the main conclusions were obtained 
from this study are: 

1- Increasing in area and depth of laser molten and heat - affected zones with  increases laser energy and pulse duration.  
2- Decreases in peak power, power density, and increases depth and of molten spot size with an increase in laser pulse 
duration. 
3- An increase in pulse duration with fixed energy leads to a decrease in Micro - hardness. 
4- Decrease in wear resistance with decreasing pulse duration and an increase in laser energy. 
5- Increasing in carbon deposited during re-solidified with an increase in laser energy. 
 
The recommendation for future studies was to study done the CO2, and Nd-YAG laser with different laser parameters 
applied on austenitic cast iron which used in different engineering applications. 
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