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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 soundwelds, the technique has various benefits. However, the heatinputand process speed are still
major problems that may be compensated for by sound quality of the resultant welding. The GTAW technique isemployed in a
variety of industrial applications because of the above-mentioned benefits, including overlay welding, root joint welding, and fill
pass welding. It has been discussed in this article how the GTAW technique may be used to fuse dissimilar metals, root joints,
and fill pass welding, amongother things. The GTAW procedure is used to create dissimilar welds from 15CDV6 stainless steel
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 thatthe GTA weldmenthad 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 high
temperature characteristics [3]. Anuclearwater reactor's pressure vessel is joined to stainless steel pipe systems via
dissimilar metal welding. It is one of the most sophisticated setups in the recirculation system [4]. Usingan
austenitic stainless steel filler metal to link two metals with higher carbon contentcauses carbide to form 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 transitionzone aretypical in fossil-fired steam facilities. Low alloy steel to
austenitic stainless welds are less susceptible to stress corrosion cracking. Raman etal. [10] claim that chromium—
molybdenum ferritic steelwelds may fail in service. Studies are required to prevent similar failuresin power plant
steam generation/handling systems and petroleum/petrochemical components. Most difficulties arise in the heat
affectedzone (HAZ)[11-13].

Austenitic steel joints are proneto 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. Agood illustration of theattentionand precautions required is the use of pre - and post-heat treatment
methods [14]. There isa micro segregation of Fe, Cr,and C in the interdimeric regions of the weld fusion zone,
which resultsin richer patches. As a result of this segregation, the joints in the dendritic structurelose mechanical
properties and corrosion resistance. These difficulties may be avoided or lessened if the welding process and

Contemporary Innovations in Engineering and Management
AIP Conf. Proc. 2821, 050008-1-050008-8; https://doi.org/10.1063/5.0158641
Published by AIP Publishing. 978-0-7354-4735-6/$30.00

050008-1

1SSt L €202 JQWBAON ZZ



parameters areappropriately selected. As a result of the above reasons, EBW solidification is less likely toresult in
the precipitation of undesirable intermetallic components. Inthe lastseveral years, GTAW has gotten a lot of
attention asa wayto link metals that otherwise couldn't be joined. Accordingto prior studies, the microstructure of
the joints has a significant impact onthe mechanical properties of various metals. The study of microstructure and
mechanical properties isthus necessary [17]. Roberto [18], Anawa [19],and Olabi [20] studied laser welding 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 paperdescribes GTAW
welding of different metals. SEM and X-ray diffractionare used toevaluate eachweldmentsphase composition,
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 postflow of gas, hot start and upand down slope areincluded in GTAW Welding
Machines'features. Inorderto performtesting,a DCEN GTAW machine isused. All of the parent metals employed
in this study, 15CDV6 stainless steeland SS 321 lowalloy steel, have been listed in Table.1.

Figurel. GTAW Machine

Table 1. Chemical Composition of SS321

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 Strength2 Ulg:::rtlgt}-]ens”e Elongation (%) Ultimate/ Plgilé
(MPa) or (N/mm?) (MPa) or
(N/mm?) (kN)
1165.3 1278.9 19.2 38.24
15CDV6 1031.3 1149.9 20.6 34.60
1130.2 1253.4 21.7 37.24
336.9 590.6 52.8 17.72
SS321 335.8 584.3 54.4 17.64
341.7 589.3 55.2 17.68
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Figure 2. Weld Specimen
Forautogenous weldments, the following parameters are used: Table 2. GTAW specimens are sliced to the
desired length. These weld specimens, aswellas the metals from which they are made, are sourced from hot forged
6 mm pipe thathad beenbutt-joined forthepurposes 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 Ipm 20
Accelerating Voltage kV 55
Shielding gas (argon) flow rate Ipm 15

Beam Current

(Beam Focus slightly above the Surface) mA 35-40
Travel Speed m/min 1
Vacuum_Level mbar 104

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. Analysis of
the phase composition of the joints is done usingan XRD equipment [23].

Figure 3.Tensile Specimen
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EXPERIMENTAL RESULTS

Scanning Electron Microscopy with EDAX attachment is used to examine the shattered morphology of the
specimens. A Philips X-ray diffractometer (XRD) is used to examine the phase composition of the joints under
investigation [24].

Figure 4. Macrostructure of 15CDV6 to SS321 using SS-347 SSfiller wire
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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 the8CDV12 filler wire utilized.
By usingthis filler wire, the weld's Micro-Hardness may be enhanced. If you lookatthe XRD data for GTAwelded
specimens, you'll see that FeNiand Ni3C have high intensity peaks whereasthe peaks for Cr—Ni—Mo, CrNiFe,
Ni3C, and othermetals arelow 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
hasbeen discovered. Duringthe fusion boundary area, local fluctuations in solidification mode and growth velocity
might occur. GTAAW and EBW joints are shownto fuse properly in metallography [26].
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(c).Fine Heat Affected Zone of SS321
Figure 6. Microstructures of SS321 to 15CDV6 using SS-347 SSfiller wire

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

o atie v Peakload Failure location
with filler wire (MPa) (kN)
15CDV6-SS321 _
(ER-34755) 520 39 HAZ (SS side)

Table.3 shows the tensile strength ofall joints created by the procedures listed above. The average tensile strength of
three specimens in each condition has been calculated to assure reproducibility. GTAW hasa 620tensile strength.
SEM is used to examine the shattered surface of tensile specimens. Threedifferent welding methods reveal different
fracture patterns in joints. GTAW joints are particularly vulnerable to pure-shear fractures, which are the
consequence of dislocationslide. The many microzones shownin Fig. 6 are the subject ofthisresearch. Low-alloy
steel softens due to decarburization, whereas stainless steel softens due to softening of the substance. As the
material's thermal conductivity decreases, heatis trapped. The research foundthat theincrease in hardness at the
contactis responsible for both theoverall hardness andthesoftzone hardnesson the low alloy steel side of the
interface. Carbon migration fromthelowalloy steelside to the stainless-steel side isthought tobe the cause of this
behavior. The hardness of the GTAW weld area ranges from 453 Hv (minimum) to 522 Hv (max).

DISCUSSIONS

SS321and15CDVé6dissimilar 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, perhapsasa result
of increased carbon migration from lowalloy steel to stainlesssteel. Increasing the breadth ofa 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 research
[27].

Carbondepletion may be attributed to thesoftzone in lowalloy steel, instead of the hard and brittle carbide phases
that enrichmentin stainless steel creates as has beenshown [26]. An intermetallic FeNi/CrNiFe phase formed as a
result of the presence of Fe, Ni, and Crin the weld zone may explainthe increased hardness atthe interface. This
interdiffusion-induced low ductility quassia cleavage fracture is thought to have been caused by the element
distribution across the interfaceand a predominance of fracture characteristics thatare mostly cleavage in nature.
Accordingto their findings Chengand Wang founda 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 providingforgreater time for
precipitation of carbide and intermetallic compounds, the breadth of the welding process and the welding duration
increase. Asmay be seenin Fig. 5, the microhardness curvesimply.

The GTAW connectionproduced a HAZ dueto slow weldingand high heat input. Theoutcome isa slower cooling
rate anda prolonged hot zonetime. Despite its modestsize, the fusion pool cools quickly. The decreased mechanical
characteristics ofthe GTAW jointmay be due to micro-segregation ofalloyingelementsand the creation of Cr-
depleted zones. To increasea material's mechanical qualities, GTAW exposes it to temperatures between 773 and
1073 K.

CONCLUSION

The following findings may be made as a result of this inquiry. Welding procedures are able to produce good
welds between 15CDV6 austenitic stainless steeland SS321 low alloy steel. Filler wires ER-347SS are used to weld
15CDV6 and SS321togetherusingthe TIG method. It is necessary todeterminethe joint's hardness, microstructure,
and tensile preparation. With no faults in the weld zone detected by radiography and Dye penetration testing, the
weld is confirmedas successful. In theend, it is determined:

In GTAW weldments, it is foundthatincreasing the width at high-intensity carbideand intermetallic compound
current caused brittle fractures. The SEM fractographic of a different GTAW weldmentthat isimpact tested shows
fracturing. When different metals are welded together using GTAW, the weld ismore durable. The breakdown
occurred onthe HAZ 0f SS321, as opposed to the SS321 side weldment,where a GTAW failure is noted. The
dissimilarweldment, chromiumand nickel diffuse toward SS 321 from 15CDV6 and iron from 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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