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Abstract 

In this study, the effects of the process parameter of the Metal Inert Gas welding on the 

microstructural evolution, grain size variation of different zones, impact energy, 

microhardness and depth of penetration in IS 2062 Grade B mild steel have been 

inspected. The welding was carried out manually using different welding current and 

different sheet thickness values. Increase in the current value resulted in increase of the 

grain size and maximum value of 15.93 μm was observed in the metal coarsening zone. 

The lowest grain size was found to be 7.82 μm in the grain refinement zone and all were 

calculated by the help of ImageJ software, by using the intercept method. Microscopic 

analysis of the weld cross-sections, were also conducted to observe and distinguish the 

microstructure of fusion zone and heat affected zones. Maximum and minimum 

hardness values were found as 327.4 Hv and 237.5 Hv, in the grain refinement and fusion 

zone, respectively. Impact energy was calculated and showed a variation from 

178.4J/cm2 to 66.81J/cm2, as the highest and lowest value, for different samples. Depth 

of penetration for each of the weld cross-section was measured and co-related with 

welding current and sheet thickness. 
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1. Introduction 

Increase in the demands for production, construction and several engineering applications, the 

development in the field of materials joining is highly crucial. Structural materials like steel are used as 

the base material for ship building, power plant, oil and gas platforms, cranes, trailers, etc. Mild steel 

of various grades has been already studied for their weldment properties, but very few on the IS 2062 

Grade B steel[1–4].  As gas metal arc welding or metal inert gas (MIG) welding process is generally 

known for producing most accurate and defect-free welded joints[5], it is one of the most common 

methods that are used to join mild steel structures. Welding parameters have a great impact on the 

microstructural and mechanical properties of the joints. The use of filler material and electrode type 

and shielding gases may also affect the quality of the weld. Some of these parameters include the 

welding current, voltage, and arc length, arc force, arc travel rate, number of passes, polarity of the 

electrode, etc. influence greatly the application-based properties. Rakesh Kumar and Satish Kumar 

discussed the influence of various welding parameters like welding current, arc voltage and root gap on 

the mechanical properties during the MIG welding of mild steel 1018 grade[6]. Sapakal and M.T. 

Telsang investigated the influence of welding parameters like welding current, welding voltage, 

welding speed on the penetration depth of mild steel during welding by using Taguchi design 

method[7]. Abbasi et al. investigated the effect of process parameters like welding speed and heat input 

on the penetration depth, which increased with an increase in heat input up to an optimum value and 



 ICPCM–2018                                                6 – 8th December, 2018 

then decreased with a further increase in heat input[8]. Different types of phases were observed for low 

carbon steel joints in different region due to the variation in the heat energy input, and cooling rate[4,9]. 

Eroglu et al. observed the presence of harder phases like martensite and bainite in lower heat input 

joints of 0.5 kJ/mm, and these changed into softer ferrites and pearlites when the heat inputs increased 

to 1-2 kJ/mm. Resulting variation in the microhardness and impact toughness was also observed in this 

case. The role of depth of penetration was modelled using artificial neural networks in order to examine 

the mechanical properties[10].  

The major objective of this study was to vary the thickness of the sheet as 5mm, 6mm and 8 mm and 

weld them at three different welding currents of 120 A, 140 A and 160 A. L9 orthogonal array consisting 

of two factors and three levels of design, was considered for these experiments. The two factors are 

current and material thickness which was considered for the welding operation. Extensive 

microstructural study was performed using the optical and electron microscopy and processing the 

images with the help of ImageJ software. Microhardness, impact energy, depth of penetration of the 

welding portion have also been calculated in order to correlate the phase changes in different zones of 

welding to the mechanical properties of the welded joints. 

 

2. Experimental procedure 

IS 2062 grade B mild steel sheets were procured in three different dimensions of 10 cm×5cm×0.5cm, 

10cm×5cm×0.6 and 10cm×5cm×0.8cm. For each of the three dimensional measurements, six of these 

sheets were taken together in a set for welding. These were then taken for MIG welding where the 

shielding gas used was CO2. Double pass welds were performed on the specimens, i.e. the wire 

electrode was passed across the joint twice, in the same direction, from one end to the other. All the 

mild steel samples were joined in the manner of butt joints, by keeping the electrode at an optimum 

distance above the joint. Weld zone cross-sections were then ground and polished using emery paper, 

cloth polish using corundum and diamond paste to obtain a mirror-like surface finish. The polished 

samples were etched in 2% Nital for five seconds and then were taken for microstructural observation 

under optical microscope. ImageJ software was used to measure the grain size from the micrographs 

obtained. For measuring the grain size of ferrite, the area considered in the microstructure was where 

the concentration of ferrite grains was higher. The number of intercepts (intersection of line with grain 

boundaries) is calculated and the following formula in Eq. 1 was used for calculating the value of grain 

size.  

𝑑 =
𝑙

𝑛+1
                                                                       (1) 

where, d is the grain size, l is the length of line and n is the number of intercepts[11,12].  

Microscopic studies in order to examine the morphology and microstructure were conducted using 

scanning electron microscopy (SEM). The Vickers micro-hardness test for the MIG welded samples 

were performed using LECO LM 248 AT hardness tester. During the test, a load of 100 gf and dwell 

time of 10 seconds were considered. The indentations were taken at various places of the polished 

surface starting from the fusion zone to across the weld in such a way that they were adequately spaced 

in order to avoid any potential effect of strain field. Charpy V-notch impact test was carried out on the 

welded specimens with dimensions of the specimens being 10 cm in length and 1 cm in width and 

varying thicknesses. The depth of penetration was measured for all welding commenced at different 

welding current and sheet thickness. Starting from the planar top surface of the weld sheet, till the point 

where the weld metal bead ended, was considered as the depth of penetration.  
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3. Results and discussion 

3.1 Microstructural evolution 

The results of microstructure analysis of the MIG welded samples by optical microscope have been 

classified into the fusion zone (FZ) or metal deposition zone, HAZ, subdivided into grain coarsening 

zone, transition zone and grain refinement zone. All nine of the samples were observed under the 

microscope, but the current analysis displays the major microstructural changes in two of the selected 

joints, i.e. welding done on 8 mm thick sheets at 120 A and 140 A welding current values. Fig. 1(a)-

(d), display the optical micrographs and the ImageJ processed images for FZ and HAZ in case of 120 

A, 8 mm thick sheet joints. The contours formed by the ImageJ process, clearly depict the different 

morphology of the phases formed. Corresponding analysis were also conducted for the 8 mm thick weld 

samples joined at 140 A, and are represented in Fig. 2(a)-(d). Before the beginning of the welding 

process, the initial microstructure of the mild steel contains ferrite and pearlite, with larger ferrite 

content. Due to the high temperatures achieved during MIG welding process, austenitization of the base 

metals, takes place. The cooling medium after the welding process was air and hence the rate of cooling 

was fast[13]. The resulting phases formed due to the air cooling of austenite had a wider variety. In Fig. 

1(a), several type of phases like martensite, bainite, pearlite, and some specific morphologies of ferrite 

like the polygonal or quasi-polygonal ferrite were observed. Moving on to the HAZ, the region closer 

to the weld metal consisted of the coarser grains and then further moving in the base metal direction 

the transition and grain refined zones were found. Fig. 1(b), represent the grain coarsened HAZ 

(GCHAZ), where bigger patches of broken pearlitic grains are present in a ferritic matrix. 

      

   
    

Figure. 1: Optical micrographs and corresponding ImageJ processed image of sample welded at 120 A 

current in 8 mm thickness material, (a), (c) Metal deposition (Weld metal) zone; (b), (d) Metal 

Coarsening zone. 

 

Similar microstructures were obtained for rest of the weld samples, joined at 120 A welding current. 

There was no significant variation of the microstructures due to the variation of the sheet thickness. The 

heat input, or the welding current value, hence majorly affects the microstructures of the FZ and HAZ. 

In case of the sample joined at 140 A current for 8 mm thick sheets, the FZ consists mostly of 

allotriomorphic grain boundary ferrite, martensite and bainite. Even if the harder phases are present 

(b) 

(d) 

(a) 

(c) 
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there is no significant increase in the hardness, due to the relative coarsening of the grains, with rise in 

the current value from 120 A to 140 A. Increase in the heat input also increases the cooling rate for the 

samples from the austenitization temperature[13]. As a result of which the amount of austenite 

transformed to martensite or bainite would be lesser than the lower current joints. Fig. 2(a) and (c), 

depicts the FZ microstructure, where the columnar dendritic structure of the martensite and bainite 

along with the ferrite present in the grain boundaries can be easily observed. Fig. 2(b) and (d), show the 

GCHAZ, where the pearlitic grains are present in a much coarser condition than in case of Fig. 1(b). 

The pattern of microstructures formed throughout other samples obey the basic principles of cooling 

down from the higher temperatures and forming similar kind of phases in the samples. But the variations 

taking place in these phases is solely due to the change in the values of welding current.   

      

    
 

Figure 2: Optical micrographs and corresponding ImageJ processed image of sample welded at 140 A 

current in 8 mm thickness material, (a), (c) Metal deposition (Weld metal) zone; (b), (d) Metal 

Coarsening zone. 

 

Table 1: Average Grain size measured in different parts of HAZ, by Intercept method.  

Material thickness 

(mm) 

Current 

(A) 

Metal coarsening 

zone (μm) 

Transition Zone 

(μm) 

Grain refinement zone 

(μm) 

5 120 13.51 11.63 7.82 

6 120 13.44 11.77 9.63 

8 120 12.97 8.53 8.23 

5 140 13.91 11.73 8.01 

6 140 15.25 15.02 9.71 

8 140 13.09 11.36 8.69 

5 160 14.15 11.69 8.97 

6 160 15.93 15.28 10.72 

8 160 15.57 11.41 8.76 

The average grain size values calculated from the Intercept method for different zones in all the 

specimen, are presented in Table 1. Increase in the average grain size values with increase in current 

for similar thickness sheets, is the most observable inference. The metallurgical reason can be attributed 

to the increase in heat, with increase in current value, as a result of which the phases in the HAZ got 

(b) 

(d) (c) 

(a) 
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mostly affected[14,15]. Observing the phases under SEM essentially distinguishes them. Fig. 3(a)-(d), 

display the electron micrographs of two of the specimen welded at different welding currents (120 A 

and 160 A) for 8mm thick joints. In case of 120 A welded joint, the fusion zone comprises of various 

type of microstructures present such as quasi-polygonal ferrite, bainite and martensite. The region of 

HAZ that has been observed consists, coarser grains of pearlite, along with several morphologies of 

ferrite like acicular, polygonal, and blocky grain boundary ferrites. In case of the joint welded at 160 

A, metal deposition zone consists prominent amount of allotriomorphic grain boundary ferrite, and 

some amount of bainite and pearlite. The GCHAZ of the specimen mostly consists of the coarser 

pearlitic grains along with polygonal ferrites with distinctive grain boundaries. 

   

   
 

Figure 3: SEM micrographs in secondary electron imaging mode for (a) Metal deposition zone and (b) 

GCHAZ region of the welding at 120 A welding current for the 8 mm thick sheet, and (c) Metal 

deposition zone and (d) GCHAZ region of the welding at 160 A welding current for the 8 mm thick 

sheet. 

 

3.2 Vickers microhardness 

Indents were made in such a manner that the hardness values of the fusion zone, grain coarsening zone 

and grain refinement zone, could be calculated separately. Keeping the sheet thicknesses constant, and 

varying the current, the hardness values decreased for each of the zones. This is attributed due to the 

microstructural changes in different zones due to varying thermal energy and different cooling rates. 

Formation of martensite or bainite ensure the factors for increasing the hardness values. Some 

morphologies like ferrite (acicular, polygonal, grain boundary, etc.) have lower hardness values and 

their presence do not increase the hardness in the particular region. After tallying the data from all the 

nine samples, the microstructures have shown the higher hardness in joints welded at lower welding 

current values.  In case of the lower welding current values, the rate of cooling was much faster than 

the higher welding current values. As a result, the formation of martensite and bainite dominate the 

microstructure of these samples thereby increasing their hardness. In other cases, where the various 

morphologies of ferrite were present, the zones become softer and less hardenable. Fig. 4(a)–(c), shows 

the variation of hardness with the welding current for different zones and sheet thicknesses. From Fig. 

4(a) and (b), the values fall right into this paradigm, except in Fig. 4(c) the hardness of the fusion zone 

is significantly more than the coarsened zone. The reason for this discrepancy was resolved on 

observing the microstructure of the 160 A, 8 mm thick weld in the fusion zone. Presence of bainite and 

(a) 

(d) (c) 

(b) 
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pearlite significantly contributed to increase in the hardness, in this zone, and in the HAZ zone presence 

of finer polygonal ferrite could not exceed that hardness value. 

 

  

 
Figure 4: Variation of microhardness with different microstructural zones, at different current values 

for (a) 5 mm, (b) 6mm, and (c) 8 mm thick sheets. 

 

3.3 Impact energy and depth of penetration 

The impact energy of the welded samples that directly corresponds to the toughness of the joints, 

increases with increase in the thickness of the material. Fig. 5 shows the variation of the impact energy 

values for various welding current values at different sheet thickness. These values follow a decreasing 

order from lower current to the higher current values. A similar trend in the variation of impact energies 

was observed by Talabi et al., when they investigated the effect of welding current on impact energy 

for shielded metal arc welding of low carbon steel[1]. Presence of martensite and other hard phases like 

bainitic ferrite result in decrease of the toughness of the joints, whereas presence of ductile acicular 

ferrite increases the impact energy.  

         
Figure 5: (a)Variation of impact energy vs. welding current for different sheet thicknesses; (b) Depth 

of penetration (in cm) measured vs different welding current values for 5 mm, 6 mm, and 8 mm thick 

sheets. 
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Joints welded at higher currents, reach higher temperatures and hence have faster rate of cooling, so the 

formation of softer and ductile phases like ferrite (acicular, polygonal, grain boundary, etc.) does not 

take place, and hard and brittle phases like martensite are formed. This increased the impact energy 

values and hence the trend in Fig. 5 was observed. When the sheet thickness was considered, then more 

impact energy was observed for 8 mm rather than 5 or 6 mm sheets. Depth of penetration values for all 

the specimen were calculated and depicted in Fig. 6 with respect to the welding current. With increase 

in current, the depth of penetration also increased for same sheet thickness. Increase in the welding 

current results in more concentrated heat in the fusion zone, thereby increasing the depth of the weld 

bead. More availability of material in case of thicker sheets (8 mm) results in greater penetration than 

the thinner ones (5 mm or 6 mm). Several studies have shown the importance of welding current, 

polarity, voltage and arc travel rate. Straight polarity welding results in almost twice the penetration 

than reverse polarity cases. As was observed from this study the effect of current on the penetration was 

easily relatable. As the depth of penetration also depends on the conductivity of the material, as shown 

by some researchers, it will increase if the conductivity is less. 

 

4. Conclusion 

Mild steel samples of three different thicknesses were welded using MIG welding technique with 

different values of welding currents (120 A, 140 A and 160 A) and constant voltage (50V). From 

microstructural analysis, it was observed that the fusion zone consisted of hard and soft phases 

depending upon the welding current values. Lower current led to lower heat generation and then faster 

cooling rate, resulting in the formation of phases like martensite and bainite, whereas the opposite 

conditions led to formation of the softer ferrites and pearlite. The grain sizes of grain refinement zone 

were the least as compared to metal coarsening zone. This resulted in the increase in the hardness of 

the for the refined zones in all the specimen at different welding currents. The microhardness and impact 

energy varied similarly with welding current, as result of the phases formed. Fusion zone of the sample 

welded at 160 A for 8 mm thickness showed some presence of bainitic ferrite and pearlite which uplifted 

its hardness than other zones. More impact energy was obtained for thicker joints due to their ability to 

absorb more energy due to more bulkiness than the thinner joints. Depth of penetration increased with 

increase in welding current and the maximum penetration of 0.65 cm was obtained in case of 160 A, 

8mm thick welded joint.  
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