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Abstract : To address the compatibility issue between microstructure stability and mechanical property matching during
the welding of high-nitrogen austenitic stainless steel, autogenous TIG butt welding was employed. With welding speed
and shielding gas conditions kept constant, the welding current was used as the primary variable to systematically
investigate its effects on the microstructural zoning characteristics, Cr,N nitride precipitation behavior, and the evolution of
mechanical properties of the welded joints. The results reveal that the welded joints exhibit typical microstructural zones,
including the weld zone, coarse-grained heat-affected zone, and fine-grained heat-affected zone. Welding current
significantly affects the grain characteristics and microstructural uniformity in each zone. XRD analysis indicates that Cr,N is
detectable in the weld metal at currents from 160 to 200 A, whereas when the welding current is increased to 220 A and
above, the diffraction peaks of Cr,N are significantly weakened and eventually disappear. Based on the analysis of welding
thermal cycles, this suggests that higher welding currents kinetically suppress the precipitation process of Cr,N by
reducing the effective residence time of the weld zone within the critical temperature range sensitive to Cr,N precipitation.
Mechanical property tests show that the tensile strength and impact toughness of the welded joints exhibit a nonmonotonic
trend with increasing welding current—initially decreasing, then increasing, and finally decreasing again. Optimal strength-
toughness matching was achieved at 220 A. Overall, welding current plays a critical role in regulating Cr,N precipitation
behavior and microstructural gradient characteristics, thereby substantially affecting the microstructure stability and
mechanical properties of high-nitrogen austenitic stainless steel welded joints.
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Table 1 ~Chemical composition of the base metal used in the tests

w(C)/% w(Mn)/%  w(Cr)/% w(Ni)/% w(N)/%

0.022 18.0 18.0 1.6 0.64

AN T AT B B AR R A LA - 120 mmx30 mmx6 mm, T 60°Y B 11 AR 3 mm, X —%it
FEATEALL T SEBRAE A YRR () ARG L S5, AR AR R DX A Y AL B < 1 SR 2404
2 20006 RSN AOACB AT | W I A A WA 40 7R A T T Ak 3 g J >R T B P PR R 144 788 75 7 BB 15 min,
A DRG0 R Tt L I 77 it ) 3 XoF 2 TR T 4 88 ) 7™ R i TRUAL AL AR 5 A s Y S A A s v v 3R
T Vit 5 2 5 15 G ol ) SR AH — 30, 7T A5 BRI o 5 | AP R R B Sk A 20 Ak K St RE PPN 25 3R 1 T3

S T2 SHOE TR R E T2 M RGN E , 58 B 5 X — O S R
W3 2 PR SEEEHLTE 160~240 A I, DL 20 A 25K B AR, A S B RRE E , DAVERR 8 7R FL T
EAGIL & AR

#£2 TIC ARPHET 2S5

Table 2 Parameters of the autogenous TIG butt welding process

iz R I/ A HREL R U/V JEREHRE o/ (mm - min™')  ARPRTE Q/(L - min')

1-1 160
1-2 180
1-3 200 15 150 12
1-4 220
1-5 240
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Boundaries <none>
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Fig.1 Phase diagram of the base metal
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Fig.2  Microstructural morphologies of the base metal and welded joint
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Fig.3 XRD diffraction patterns of high-nitrogen steel welds at different welding currents
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Fig.6  SEM micrograph ofthe tensile fracture at room temperature
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Fig.7 Tensile fracture morphology and EDS spectra of second-phase particles at the bottom of the dimples
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Fig.8 Tensile strength and elongation of welded joints at different welding currents
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Fig.9 SEM micrograph of the impact fracture microstructure at room temperature
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Fig.10  Impact fracture morphology and EDS spectra of second-phase particles at the bottom of the dimples
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