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Abstract: The gas tungsten arc welding (GTAW) of the precipitation-strengthened Fe-Ni-based superalloy GH2070P in the
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aged condition was investigated, with emphasis on the influence of welding thermal cycling and post-weld heat treatment

(PWHT) on the microstructural evolution and room-temperature mechanical properties of the welded joints. The base metals
on each side of the joint were pre-treated at 800 °C for 20 h and 4 h, respectively, followed by post-weld aging at 800 °C for
4 h. The results reveal that the as-welded joint is free of macroscopic and microscopic defects. The precipitates in the base
metal (BM) and heat-affected zone (HAZ) are identified as MC, M,;Cq, and y’ phases, while the weld metal (WM) contains
M,C, MC, and a trace amount of y'. The welding thermal cycle causes partial dissolution of M,;C4 carbides and substantial
dissolution of y' precipitates in the HAZ, producing a softened zone approximately 1.5 mm in width, where tensile fracture
occurs at room temperature. Following PWHT at 800 °C for 4 h, M,;C, carbides and y’ precipitates re-precipitate in a fine,
dispersed distribution within the HAZ, and a small quantity of ¥’ phase also forms in the WM. The hardness of the softened
zone recovers to the BM level, and the tensile fracture location shifts from the HAZ to the WM center, with the tensile

strength and yield strength increasing by 23.3% and 16.1%, respectively. The study demonstrates that post-weld aging eftec-
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tively eliminates the HAZ softening problem in GH2070P welded joints, providing experimental support for the welding ap-

plication of this alloy in ultra-supercritical boilers operating at 650 °C and above.

Keywords: GH2070P superalloy; gas tungsten arc welding (GTAW); ERNiCrCoMo-1; welding thermal cycle; precipitate

dissolution and softening behavior
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Table 1 The chemical compositions of GH2070P alloy and ErNiCrCoMo-1 welding wires (wt. %)

o C Si Mn P S Cr Mo Co Al Ti Fe Ni
GH2070P 0.05 0.03 0.01 0.004 0.002 15.03 0.44 2.98 1.22 2.17 41.87 Bal.
ERNiCrCoMo-1 0.06 0.03 0.08 0.006 0.001 21.67 8.80 10.78 1.43 0.36 0.96 Bal.
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Fig.1 Microstructure of BM and HAZ in as-welded condition and
EDS spectra
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Fig. 2 SEM images of the intergranular carbides in various regions in

the as-welded condition and EDS spectra
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Fig.3 SEM images showing the Y’ phase in various regions in the as-
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Fig. 4 Microstructure of as-welded weld metal
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Fig. 6 SEM images showing the y’ phase in various regions after
PWHT
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Fig. 7 SEM images of the weld metal after PWHT
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Fig. 8 Vickers hardness of as-welded and heat-treated welded joints
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Table 3 Room-temperature tensile properties
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Fig. 10 Morphology of tensile fracture at room temperature
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