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Abstract - In this research work, AISI 304H was welded with Metal inert gas (MIG) welding process and the effect of different 

welding process parameters on microstructural properties and mechanical quality of weldment samples was examined. Wire 

feed speed, shielding gas flow rate and welding current were considered as welding parameters. Pure Argon (Ar) was 

considered as shielding gas due to its excellent arc stability. Cooling of weldment samples was carried out at room temperature. 

The major or key finding of this experimental work clarified that welding voltage has a significant effect on the breaking of the 

dendrite arms during the Gas Metal Arc welding (GMAW) operation and also influences the mechanical properties of the 

weldment. The results presented in this study can be used as a guideline to get the better microstructure of AISI 304H steel 

weldment at different gas flow rate.. 
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I. INTRODUCTION 

 

Welding is a manufacturing or a fabrication process, 

which is used to weld two or more similar or dissimilar 

materials which may be either ferrous or non-ferrous 

metals. Most of the welding processes utilize heat, 

pressure or both. Gas Metal Arc welding (GMAW) 

process is one of the most widely used arc welding 

process [1]. Welding process can be performed in a 

shielding gas medium or mixture of two different 

gases. AISI 304H is widely used in various industries 

such as petrochemical, automobile, thermal  power 

plant, Chemical reactor, aerospace, Heat exchanger, 

food process industries, kitchen application due to its 

corrosion resistance, and superior tensile strength at 

elevated temperature [2]. On joining AISI 304 by laser 

smallest size of dendrite form whereas the biggest size 

of the dendrite is formed in weldment prepared by TIG 

welding [3]. Under the condition of solidification, it is 

clearly known that the microstructure of Austenitic 

stainless steel AISI 304 is chiefly composed of 

austenite (γ-Fe). However, during the non-equilibrium 

speedy solidification condition, the high cooling rate 

will result in incomplete δ-γ transformation and some 

metastable δ-Fe is retained unavoidably [4]. It is also 

observed that the HSLA weldment microstructure 

constituent such as GF, AF, and FS are too, affected by 

the presence of CO2 and O2 in shielding gas [5]. Byju 

John et al. [6] determined the effect of two different 

mixtures of shielding gases on the microstructure of 

parent metal and mentioned in their result that Acicular 

Ferrite gives the steel strength, toughness and 

corrosion resistance, whereas Polygonal Ferrite, Grain 

boundary Ferrite, other micro-phases, and micro 

segregations reduce the strength. Shielding gas is used 

to determine the shape and penetration as well as it 

affects the microstructural and mechanical properties 

of the weldment. It also affects the residual contents of 

N2,O2, and H2 dissolved in the weldment [7]. 

 

II. EXPERIMENTAL WORK 

 

In this experimental work, AISI 304H (Austenitic 

Stainless Steel) was selected as workpiece material 

having the dimensions of 150 mm x 50 mm x 5 mm. 

These workpieces were welded by 2.0 mm wire 

diameter. Workpieces were welded by an automatic 

gas metal arc welding machine (Lincoln brand the 

USA) as shown in Fig.1. and Fig.2. shows the power 

source used during experimentation. Test specimens 

for microstructure examination and hardness were 

fabricated out of welded workpieces.  

 

 
Fig.1. Experimental set up 

 

 
Fig.2. Power source 
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Test specimens were tested for hardness. 

Microstructure examination of test specimens was also 

carried out as per the ASTM E3 standard. Fig.6 (i) to 

(x) shows the greater skeletal and vermicular δ-ferrite 

with larger grain size at different welding current and 

different shielding gas flow rate for samples S-1, S-2 

and S-3. For each sample three readings were taken. 

 

III. RESULT AND DISCUSSION 

 

3.1 Mechanical properties 

3.1.1Hardness Test 

The hardness tests were conducted using standard 

specimens as shown in fig.4. The tests were carried out 

at room temperature. Micro-hardness (VHN) was 

measured in the longitudinal direction. Micro-hardness 

of different zones i.e. weld zone (WZ), Heat affected 

zone (HAZ),and Base metal (BM) zone of the was 

measured by using the Vickers’s micro-hardness 

testing machine as per ASTM E384-17 [9]. Fig.3 

reveals the Vickers hardness distribution of the weld 

zone(WZ) and heat affected zone(HAZ). Fig.3 depicts 

the hardness distribution of samples welded under 

different welding current, different shielding gas flow 

rate and wire feed speed. From fig.3 it is clear that the 

top of the weld bead hardness value of weld zone and 

heat affected zone is higher. It is possible only by rapid 

cooling rate. Hardness in HAZ is still higher than the 

parent metal (PM) due to deformation of the grains. 

 
Fig.3. Distribution of hardness (HV) 

 

Cooling rate also influences the hardness of weldment 

as the hardness of weldment is increases as the 

formation of higher residual δ-ferrite contents. It is 

observed that on the higher voltage the Vickers 

hardness (VHN) of weldment increases [8]. An optical 

microscope is used to examine the weld metal structure 

at 100X magnification. A different etching solution is 

used to see the structure for AISI 304H material. 

Etching solution for AISI 304H steels used is 

Glyceregia (15ml HCL+10ml glycerol+5ml nitric 

acid).  

 

3.2 Microstructural properties 

Fig. 4 to Fig.6 show the microstructure of AISI 304H 

weldment under different welding conditions.  

  

  

 
Fig.4. Optical microstructure of the sample S-1 welded under 

the 160A, different shielding flow rate, and different wire feed 

rate. 

 

Fig.4 (a) shows the greater skeletal and vermicular 

δ-ferrite with higher grain size while Fig .6. (g, h, and j) 

shows the finer grain size and a higher concentration of 

total δ-ferrite content. These results are similar to the 

results obtained by E. S. Mosa et al. [11] while welding 

SS 304L under different welding parameters. They 

observed change in solidification structure from ferrite 

to austenite while using 98% Ar and 2% N shielding 

gas mixture and revealed when heat input increased, 

the dendrite size and inter-dendritic spacing in the weld 

metal also increases. 

Fig.4 shows the microstructure of weldment at 160A, 

at different shielding gas flow rate, and different wire 

feed speed and pure Argon as shielding gas. 

Microstructure consists of the delta ferrite and 

austenite. 
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Fig.5. optical microstructure of the sample S-2 welded under 

the 180A, different shielding flow rate, and different wire feed 

rate 

 

Fig.5 shows the microstructure of parent metal (PM), 

fusion zone (FZ), and weld metal (WM) of AISI 304H 

weldments at 180A, at different shielding gas flow 

rates and different wire feed speed with pure Argon as 

shielding gas. fig.4 to fig.5 depicts the completely 

different grains formed due to varying welding current. 

On increasing the welding current grains size of 

weldment changed. This result is consistent with the 

literature review.  Fig.6 shows the microstructure of 

parent metal (PM), fusion zone (FZ), and weld metal 

(WM) of AISI 304H (ASS) weldments at 200A, at 

different shielding gas flow rate, and different wire 

feed speed and pure Argon as shielding gas. 

From figure it is very clear that all microstructure of 

weldments consists of a columnar dendrite structure 

with a vertical fusion line. From figure it is also 

observed that in the HAZ near fusion zone having 

coarse grain and on increasing the welding current the 

grain size of weldment increases. Weld metal grains 

are oriented along the heat flow [10, 11, 12]. 

 

 

 

Fig.6. Optical microstructure of the sample S-3 welded under 

pure argon (Ar) shielding gas, 200A, different shielding flow 

rate, and different wire feed rate 

CONCLUSIONS 

 

The experimental work presents the effect of shielding 

gas flow rate on microstructural characterization and 

mechanical properties of AISI 304H. On the basis of 

experimental results following conclusions are 

derived: 
1. From the microstructure examinations, in the austenite matrix, 

two different kinds of delta-ferrite (δ-ferrite), namely lathy and 

skeletal δ-ferrite are formed. 

2. AISI 304H was successfully welded by GMAW process. No 

spatter problem was found during welding. 

3. Further it is observed that on increasing the welding current and 

shielding gas flow rate coarser grains are obtained. 

4. Maximum hardness is observed in Weld Zone followed by HAZ. 

5. Micro-hardness increases with increasing δ-ferrite contents in 

the weldment. 

6. Fast cooling rate results in skeletal δ-ferrite transforming into 

lathy δ-ferrite. 
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