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Abstract. Welding using gas tungsten arc (GTAW) is a common method for combining metals that are different or similar in 

composition. In terms of sound welds, the technique has various benefits. However, the heat input and pro ces s  s p eed are  s til l  

major problems that may be compensated for by sound quality of the resultant welding. The GTAW technique is emp lo y ed  in  a  

variety of industrial applications because of the above-mentioned benefits, including overlay welding, root joint welding, and f ill  

pass welding. It has been discussed in this article how the GTAW technique may be used to fuse dissimilar metals,  r o o t jo in ts ,  

and fill pass welding, among other things. The GTAW procedure is used to create dissimilar welds from 15CDV6 stainless s teel 

and SS321 for the study's buttering deposits. Welding chemistry and microstructure are affected by the GTAW process's 

metallurgical variables. The tensile strength of the GTAW weldment joint is 620, according to the findings of the study. The 

fractography showed that the GTA weldment had a greater ductility, with an elongation of 26%. 

Keywords: 15CDV6, SS321, GTAW, Tensile Strength .  

INTRODUCTION 

Austenitic stainless steel (15CDV6) and low alloy steel (SS321) have high mechanical, formability, weldability, and 
corrosion resistance [1,2]. These metal combinations are commonly used in power generation due to their h igh  
temperature characteristics [3]. A nuclear water reactor's pressure vessel is joined to stainless steel pipe systems v ia 

dissimilar metal welding. It is one of the most sophisticated setups in the recirculation system [4]. Using an 
austenitic stainless steel filler metal to link two metals with higher carbon content causes carb ide to  f orm during 
welding [5]. Dissimilar weldments [6,7] often fail at the weld due to their inferior structural integrity. Breakdowns 

in the ferritic-austenitic stainless steel transition zone are typical in fossil-fired steam facilities. Low a lloy  steel to  
austenitic stainless welds are less susceptible to stress corrosion cracking. Raman et al. [10] claim that  chromium–

molybdenum ferritic steel welds may fail in service. Studies are required to prevent similar failures in power p la nt  
steam generation/handling systems and petroleum/petrochemical components. Most difficult ies a rise in  the h eat  
affected zone (HAZ) [11–13]. 

Austenitic steel joints are prone to phase propagation that isn't predicted. Delta ferrite, grain boundary corrosion, and 
sigma phase are some of the metallurgical changes that occur as a result of this. So welders need to be more 
efficient. A good illustration of the attention and precautions required is the use of pre - a nd post-heat t reatment  

methods [14]. There is a micro segregation of Fe, Cr, and C in the interdimeric regions o f the weld  f usion  zone, 
which results in richer patches. As a result of this segregation, the joints in the dendritic structure lose m echanical 

properties and corrosion resistance. These difficulties may be avoided or lessened if the welding process and 
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parameters are appropriately selected. As a result of the above reasons, EBW solidification is less likely to resu lt  in  
the precipitation of undesirable intermetallic components. In the last several years, GTAW ha s go t ten a  lo t  o f  

attention as a way to link metals that otherwise couldn't be joined. According to prior studies, the microstructure o f 
the joints has a significant impact on the mechanical properties of various metals. The study of microstructure and  
mechanical properties is thus necessary [17]. Roberto [18], Anawa [19], and Olabi [20] studied  la ser weld ing of  

15CDV6–AISI 420 stainless. It's hard to discover research on GTAW welding austenitic stainless to low-alloy steel. 
The effects of welding processes on different metals have been neglected in the past. This paper describes GTAW 

welding of different metals. SEM and X-ray diffraction are used to evaluate each weldment's phase composit ion, 
microstructure, and mechanical properties (SEM). 

EXPERIMENTAL PROCEDURES 
 

With GTAW Welding Equipment Poared by Inverters Features like pre-setting Amp. metre, soft start, peak and base 
time for pulse current, pre and post flow of gas, hot start and up and down slope are included in  GTAW Weld ing 

Machines' features. In order to perform testing, a DCEN GTAW machine is used. All of the parent metals employed 
in this study, 15CDV6 stainless steel and SS 321 low alloy steel, have been listed in Table.1. 

 
  Figure1. GTAW Machine 

                  Table 1. Chemical Composition of  SS 321  

Grade C Mn Si P S Cr Ni N 

15CDV6 0.12-0.18 0.80-1.10 0.20 0.020  0 .015  1.50 - - 

SS321 0.08 2.00 0.75 0.045 0.030 17.0-19.0 9.0-12.0 0.10 

 

Table 2. Mechanical Properties of 15CDV6 & SS321 Base Material 

S.No. 
Yield Strength  

(MPa) or (N/mm2) 

Ultimate Tensile 

Strength 

(MPa) or 

(N/mm2) 

Elongation (%) 

Ultimate/ Peak

 load 

(kN) 

15CDV6 

1165.3 1278.9 19.2 38.24 

1031.3 1149.9 20.6 34.60 

1130.2 1253.4 21.7 37.24 

SS321 

336.9 590.6 52.8 17.72 

335.8 584.3 54.4 17.64 

341.7 589.3 55.2 17.68 
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Figure 2. Weld Specimen 

For autogenous weldments, the following parameters are used: Table 2. GTAW specimens are sliced to the 
desired length. These weld specimens, as well as the metals from which they are made, are sourced from hot forged 

6 mm pipe that had been butt-joined for the purposes of GTAW [21-22]. 

Table 3.Welding Parameters Used in this Investigation 

Welding Parameters Units Range values 

Work Distance mm 275 

Purging gas (argon) flow rate lpm 20 

Acceleratin g Voltage kV 55 

Shielding gas (argon) flow rate lpm 15 

Beam Current 
(Beam Focus slightly above the Surface) 

mA 35-40 

Travel Speed m/min 1 

Vacuum Level mbar 10-4 

 

The specimens are cut from the welds and treated as usual to examine the microstructure of the weld. The weld joint featured  

a Vickers digital micro-hardness tester. The load is applied in seconds. The welded portions are cut up to assess tensile and 

impact toughness. Wire EDM is utilised to reduce the samples to size while preserving centre weld contact as shown in Figure 3 .  

Scanning Electron Microscopy with EDAX attachment is used to study the shattered morphology of the specimens. Analy s is o f  

the phase composition of the joints is done using an XRD equipment [23]. 

 

. 

       Figure 3.Tensile Specimen 

 

 

050008-3

 22 N
ovem

ber 2023 17:45:57



EXPERIMENTAL RESULTS 

Scanning Electron Microscopy with EDAX attachment is used to examine the shatter ed morphology  of the 
specimens. A Philips X-ray diffractometer (XRD) is used to examine the phase composit ion  o f  the join ts under 
investigation [24]. 

 
Figure 4. Macrostructure of 15CDV6 to SS321 using SS-347 SS filler wire 

Figure 5. Hardness curve welded with SS-347 SS filler wire 

SS-321 and 15CDV6 Micro-Hardness of the weld is particularly steady because to the 8CDV12 filler wire ut ilized . 
By using this filler wire, the weld's Micro-Hardness may be enhanced. If you look at the XRD data for GTA welded  

specimens, you'll see that FeNi and Ni3C have high intensity peaks whereas the peaks f or Cr –Ni–Mo, CrNiFe, 
Ni3C, and other metals are low in intensity [25]. 
Microstructure of GTA-welded austenitic stainless steel (15CDV6) and low-alloy steel (SS 321) dissimilar 

weldment is shown in fig.6. Because of the distorted pearlite lamellae present in the low alloy steel, the 
microstructure of the weld contact has a coarse texture. Around the fusion boundary, some additional directionality  
has been discovered. During the fusion boundary area, local fluctuations in solidification mode and growth velocity 

might occur. GTAAW and EBW joints are shown to fuse properly in metallography [26]. 
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(a). coarse heat affected zone of 15cdv6 

 

 
 

(b).Weld Zone between SS321 to 15CDV6 

   

(c).Fine Heat Affected Zone of SS321 

Figure 6. Microstructures of SS321 to 15CDV6 using SS-347 SS filler wire 

 

 

 
Figure 7. Specimen After DP Test Figure 8. Inspecting of defect after DP test 
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Table 4. Tensile Strength Results 

Specimens welded 

with  filler wire 

UTS 

(MPa) 

Peak load 

(kN) 
Failure location 

15CDV6-SS321  

(ER-347 55 ) 
620 39 HAZ ( SS side) 

 

Table.3 shows the tensile strength of all joints created by the procedures listed above. The average tensile strength of 
three specimens in each condition has been calculated to assure reproducibility. GTAW has a 620 tensile st rength . 
SEM is used to examine the shattered surface of tensile specimens. Three different welding methods reveal different 

fracture patterns in joints. GTAW joints are particularly vulnerable to pure-shear fractures, which are the 
consequence of dislocation slide. The many micro zones shown in Fig. 6 are the subject of this research.  Low-alloy  
steel softens due to decarburization, whereas stainless steel softens due to softening of the substance. As the 

material's thermal conductivity decreases, heat is trapped. The research found that the increase in  ha rdness a t the 
contact is responsible for both the overall hardness and the soft zone hardness on the low a lloy  steel side o f  the 

interface. Carbon migration from the low alloy steel side to the stainless-steel side is thought to be the cause o f th is 
behavior. The hardness of the GTAW weld area ranges from 453 Hv (minimum) to 522 Hv (max).  

 

DISCU SSIONS 

SS321 and 15CDV6 dissimilar welds have extremely low toughness and high hardness, according to a study of their 
mechanical characteristics. When the GTAW increases, toughness decreases and hardness rises, perhaps as a resu lt  
of increased carbon migration from low alloy steel to stainless steel. Increasing the breadth of a contact increases 

friction time, which helps raise the surrounding temperature [22,23]. There is a high correlation between the 
measured hardness and the findings of other studies [24–26]. The weld interface hardness measured in this resea rch 
[27]. 

Carbon depletion may be attributed to the soft zone in low alloy steel, instead of the hard and brittle carbide phases 
that enrichment in stainless steel creates as has been shown [26]. An intermetallic FeNi/CrNiFe phase f ormed as a  

result of the presence of Fe, Ni, and Cr in the weld zone may explain the increased hardness at the in terface. Th is 
interdiffusion-induced low ductility quassia  cleavage fracture is thought to have been caused by the element 
distribution across the interface and a predominance of fracture characteristics that are mostly cleavage in  nature. 

According to their findings Cheng and Wang found a similar observation. Weldments with smaller widths and lower 
currents reach lower interface temperatures, lowering the temperature at which metal begins to be extruded, 
reducing intermetallic formation and carbide precipitation susceptibility. Instead of providing for grea ter t im e f o r 

precipitation of carbide and intermetallic compounds, the breadth of the welding process and the welding durat ion  
increase. As may be seen in Fig. 5, the microhardness curves imply. 

The GTAW connection produced a HAZ due to slow welding and high heat input. The outcome is a slower coo ling 
rate and a prolonged hot zone time. Despite its modest size, the fusion pool cools quickly. The decreased mechanical 
characteristics of the GTAW joint may be due to micro-segregation of alloying elements a nd the creat ion o f Cr-

depleted zones. To increase a material's mechanical qualities, GTAW exposes it to temperatures between 773 a nd 
1073 K. 

CONCLUSION 

The following findings may be made as a result of this inquiry. Welding procedures are able to  p roduce  good 
welds between 15CDV6 austenitic stainless steel and SS321 low alloy steel. Filler wires ER-347SS are used to weld 
15CDV6 and SS321 together using the TIG method. It is necessary to determine the joint's hardness, microstructure, 

and tensile preparation. With no faults in the weld zone detected by radiography and Dye penetration test ing, the 
weld is confirmed as successful. In the end, it is determined:  

In GTAW weldments, it is found that increasing the width at high-intensity carbide and intermetallic compound  
current caused brittle fractures. The SEM fractographic of a different GTAW weldment that is impact tested shows 
fracturing. When different metals are welded together using GTAW, the weld is m ore durab le. The breakdown 

occurred on the HAZ of SS321, as opposed to the SS321 side weldment, where a GTAW f ailu re is no ted. The 
dissimilar weldment, chromium and nickel diffuse toward SS 321 from 15CDV6 and  iron  f rom SS 321  toward 
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15CDV6 is detected. GTAW welding dissimilar metals results in a greater amount of diffusion. The GTAW 
weldment has a discrete weld area with chromium, nickel, iron, and carbon enrichment.  Due to the superior 

mechanical qualities of the welded joint, GTAW is well-suited for use in industrial applications when joining 
15CDV6 to SS321. 
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