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Abstract: This study highlights the weldability of austempered ductile iron 

(ADI) using laser welding. SEM, EDS and XRD analysis were performed on fusion 
lines, heat affected zone (HAZ) and melted zone (MZ). Welding speed (Ws) and 
laser power (P) were varied. The heat affected zone is composed of graphite, 
perlite and martensite; the melted and solidified zone contains graphite, 
ferrite and cementite. XRD results are in accordance with SEM micrographs. 
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1. Introduction 
 
Austempered ductile iron (ADI) is an alternative material for traditional forging and 

casting steel, due to the good mechanical properties [1-3] and applicability in 
manufacturing of engine valves, gears, crankshaft etc. [15]. Meneghetti, G. et al. [4] 
analyzed from metallographic and microhardness point of view the fatigue strength of 
EN-JS-1050 ADI to S355J2 steel dissimilar arc-welded joints. The tests showed the 
superior performance of ADI to steel than those suggested by International Standards 
and Recommendation for the welded joints and recommend to develop this subject for 
future research. Soriano, C. et al. [12] have shown the efficiency of laser surface 
hardening in improving the mechanical properties of ADI. X-ray diffraction scan reveal 
the values of residual stresses in agreement with microhardness (650-800 HV) and 
microstructural variation (coarse martensite with retained austenite in the treated 
area). Similar results of surface hardening (770 HV) using low laser power intensity were 
obtained on ADI by Zammit et al. [13]. SEM and XRD analysis showed a structure 
composed of martensite with unaltered graphite nodules. Research has also shown that 
for ADI, laser surface hardening parameters must be carefully controlled. Also according 
to Zammit et al [14] laser hardening improves the rolling contact fatigue resistance of 
ADI samples, according to SEM micrographs. 

The goal of the present paper is the testing of laser beam weldability of austempered 
ductile iron without preheating, using SEM, EDS and XRD tests. This paper is a 
continuation of Mon et al. [5-8] research, especially the previous paper [9]. 
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2. Materials and Methods 
 

The material used in the experimental research to perform laser beam welding tests 
without additive material was ADI, Grade 1050/750/07 (ASTM A897M-03), provided by 
the Central Metallurgical Research and Development Institute Egypt. Mechanical 
properties, the technology of application the laser welding regimes and optical 
microscopy results were presented in the previous paper [9]. Chemical composition of 
the samples was performed using the JOEL scanning electron microscope (SEM), JSM-
6610LA model, with EDS spectrometer, from the Bourgogne University, Carnot 
Interdisciplinary Laboratory - Laser and Materials Processing. The identification of the 
various crystalline compounds was performed using a PANALYTICAL X-ray diffractometer 
(XRD), X 'PERT PRO model, with Bragg-Bretano geometry (2θ), from the same university.  
 
3. Results and Discussions 

 
Figure 1 presents the SEM micrographs of the melted zone (MZ) and heat affected 

zone (HAZ) after obtaining the fusion lines on the ADI samples, without preheating, 
following the parameters P = 5 [kW] and Ws = 0.6 [m / min].  

 

  
Fig. 1. SEM micrograph of HAZ (002 area) and MZ (003 area), magnification 85X 

 

 
Fig. 2. Energy dispersive spectroscopy (EDS) of HAZ (002 specific area from Figure 1) 
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The distributions of the main alloying elements in specific areas 002 and 003 are 
presented in Figures 2 and 3. In the heat affected zone the carbon content is higher 
(Figure 2). 

 

 
Fig. 3. Energy dispersive spectroscopy (EDS) of MZ (003 specific area from Figure 1) 

 
Figure 4 presents the SEM micrographs of the melted zone (MZ) and heat affected 

zone (HAZ) after obtaining the fusion lines on the ADI samples, without preheating, 
following the parameters P = 4.5 [kW] and Ws = 0.5 [m / min].  
 

  
Fig. 4. SEM micrograph of HAZ (002 area) and MZ (001 area), magnification 65X 

 
The distribution of the main alloying elements in the specific area 001 and 002 is 

highlighted in Figures 5 and 6, images obtained in the X-ray dispersive field. In the heat 
affected zone the carbon content is higher (Figure 6), the measuring area containing 
graphite nodules. 
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Fig. 5. Energy dispersive spectroscopy (EDS) of MZ (001 specific area from Figure 4) 

 

 
Fig. 6. Energy dispersive spectroscopy (EDS) of HAZ (002 specific area from Figure 4) 

 

  
Fig. 7. SEM micrograph of HAZ (002 area) and MZ (001 area), magnification 90X 
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Figure 7 presents the SEM micrographs of the melted zone (MZ) and heat affected 
zone (HAZ) after obtaining the fusion lines on the ADI samples, without preheating, 
following the parameters P = 4.5 [kW] and Ws = 0.6 [m / min].  

The distribution of the main alloying elements in specific areas 001 and 002 is 
presented in Figures 8 and 9. 

The specific area 002 of the heat affected zone containing graphite nodules, has a 
higher carbon content than in specific area 001. 
 

 
Fig. 8. Energy dispersive spectroscopy (EDS) of MZ (001 specific area from Figure 7) 

 

 
Fig. 9. Energy dispersive spectroscopy (EDS) of HAZ (002 specific area from Figure 7) 

 
Maintaining a constant welding speed of 0.6 m/min and increasing the laser power 

from 4.5 kW to 5 kW, was found an increasing of the manganese content in both zones 
(from 2.08% to 2.25% in HAZ and from 2.19% to 2.63% in MZ). Increasing the laser 
power silicon content has only a small variation (decreasing from 1.69% to 1.66% in HAZ 
and increasing from 1.6% to 1.77% in MZ). 
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Fig. 10. Variation of chemical composition with power (P) for Ws = 0.6 m/min  

on ADI samples without preheating: a) HAZ, b) MZ 
 

The same trend is highlighted in the case of keeping the power constant at P = 4.5 kW 
and increasing the welding speed from 0.5 m/min to 0.6 m/min. Figure 11 reveals the 
increasing of silicon content from 1.49% to 1.69% in HAZ and from 1.4% to 1.6% in MZ. 
In HAZ manganese increase from 1.99% to 2.08%, but in MZ decrease from 2.43% to 
2.19%. 
 

  
Fig. 11. Variation of the chemical composition with welding speed (Ws) for P = 4.5 kW  

on ADI specimens without preheating: a) HAZ, b) MZ 
 

Figure 12 presents the X-ray diffraction (XRD) diffractogram obtained after the 
comparison between the fusion lines on the ADI samples with and without preheating 
with the parameters: P = 5.5 kW and Ws = 0.8 m / min (without preheating), P = 4.5 kW 
and Ws = 0.6 m / min (with preheating).  

The overlapping of the diagrams with and without preheating are observed. It had to 
remarque the peaks of graphite (Carbon; P63/mmc), ferrite (Iron; Im-3m), cementite 
(Iron Carbon; Fm-3m), martensite (I4/mmm). 
 

https://www.researchgate.net/figure/X-ray-diffraction-XRD-diffractogram-of-copper-nanoparticles_fig6_226247318
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Fig. 12. Comparison between fusion lines on ADI samples with / without preheating 

with parameters: P = 5.5 [kW] and Ws = 0.8 [m / min] (without preheating),  
P = 4.5 [kW] and Ws = 0.6 [m/min] (with preheating) and ADI base material 

 
4. Conclusions 
 

SEM characterisation leads to the same structure find in [9]: the heat affected zone is 
composed of graphite, perlite and martensite; the melted and solidified zone contains 
graphite, ferrite and cementite. There were observed more graphite nodules in HAZ 
than in MZ, where there were replaced by cementite. XRD of fusion lines on ADI samples 
reveals similar results. Due to presence of cementite and martensite in melted zone, the 
laser welding of ADI without preheating is not recommended. 

In all EDS analysed cases the manganese content is greater than silicon content. The 
increasing of the Si content determines the decreasing of the carbon solubility in 
austenite while the high manganese content favours the appearance of martensite in 
heat affected zones as mentioned in [10, 11]. This increasing of Mn content leads the 
hardening of HAZ and MZ, causing to the non-recommendation of laser welding of ADI. 
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