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Gas metal arc welding

Microstructure and mechanical 
characterization

Figure 1  a: Schematic of the gas tungsten arc welding setup used in this work; b: synchrotron X-ray diffraction setup (not to scale).
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Figure  2  Light optical microscopy of the gas tungsten arc 
welded CoCrFeMnNi and 316 stainless steel dissimilar welded 
joint. a: overview of the cross section of the welded joint; b), c), 
d), e), f), h) and g): represent the BM, HAZ and HAZ/FZ bound-

ary on the 316 stainless steel side, and the BM, HAZ and HAZ/
FZ boundary on the CoCrFeMnNi side, respectively; d1) and h1): 
detail close-up views of HAZ/FZ boundary on the stainless steel 
and HEA sides, respectively.
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Figure  3  a: Optical micrograph of the CoCrFeMnNi and 316 
stainless steel dissimilar welded joint; b EDS mapping of the dis-
similar welded joint corresponding to Fig. 3 a.
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Figure  4  a: EBSD map across the dissimilar welded joint; b 
and c: IPF and GOS (from left to right) of the CoCrFeMnNi BM, 
HAZ on the CoCrFeMnNi side, FZ, HAZ on the 316SS side and 

316SS BM, respectively. d: Texture map; e: KAM values with 
respect to the different regions of the joint.
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Figure  5  3D plot and phase identification of existing phases 
within the welded joint using high-energy synchrotron X-ray 
diffraction. a Superimposition of diffraction patterns across the 
welded joint; b–h representative diffraction patterns from the 

316 stainless steel BM, HAZ on the same side, bulk weld metal 
region, macrosegregation region of the FZ, partial melted region 
of the FZ, HAZ on the CoCrFeMnNi side and CoCrFeMnNi BM, 
respectively.
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Figure 6  a: evolution of the FWHM for the dissimilar welded joint considering the (311) and (200) diffraction peaks near the 90° azi-
muthal angles. b and c: Evolution of joint microstrain along the longitudinal direction.
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Table 1  The summed 
volume fraction of phases 
exists in each region

FCC BCC σ Cr-Mn oxide

BM: 316 stainless steel ≈95.05% ≈3.44% ≈1.51% –
HAZ: 316 stainless steel side ≈95.95% ≈2.54% ≈1.51% –
FZ: Bulk weld metal ≈93.37% ≈3.94% ≈1.02% ≈1.67%
FZ: Macrosegregation ≈94.33% ≈2.79% ≈1.21% ≈1.67%
FZ: Partial melted zone ≈97.20% ≈1.13% – ≈1.67%
HAZ: CoCrFeMnNi HAZ side ≈98.57% – – ≈1.43%
BM: CoCrFeMnNi HAZ ≈ 98.65% – – ≈ 1.35%
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Figure 7  a1: overview of 
cross section of the welded 
joint; a2: average composi-
tion from EDS analysis of 
regions A, B, and C, as 
marked in a1; b, c and d: 
Scheil calculations performed 
considering the average 
composition from the EDS 
analysis.
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Figure  8  a: Microhardness map across the welded joint; b: 
microhardness profile obtained along the black line of the a.
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Figure  9  a Representative stress–strain curve of the GTAW 
CoCrFeMnNi-316 stainless steel dissimilar joints, the inset detail 
the representative stress–strain curves of the BMs used; b the 
fractured specimen with EBSD Inverse pole figure maps near the 
fracture site.

Table 2  Summary of the base materials and welded joints 
mechanical properties

Ultimate strength Fracture strain

[MPa] [%]
CoCrFeMnNi BM [32] ≈ 948 ≈ 9.5
316 stainless steel BM [32] ≈ 431 ≈ 56.8
Laser-welded joint [32] ≈ 449 ≈ 5.0
GTAW joint (present work) ≈ 493 ≈ 10.7
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Macrosegregation mechanism

Figure  10  a: Overview of the cross section of the dissimilar 
welded joint; b: EDS line scanning across the weld along the 
blue dashed line of a; c: solidus (black line) and liquidus (red 
line) temperature variations.
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Figure 11  Summary of mac-
rosegregation mechanisms 
in dissimilar welding of 316 
stainless steel to CoCrF-
eMnNi HEA, for the forma-
tion of peninsulas under the 
condition of  TL, bulk weld metal 
<  TL, 316 stainless steel, and 
irregular beaches 
under  TL, bulk weld metal > 
 TL, CoCrFeMnNi HEA.
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