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Tablel Chemical compositionsof YT-304H welding wire and Super304H austenitic stainless steel base metal (/%)

Material Nb C Si Mn Ni Cr Mo N P S
Welding wire 1.0 0.10 0.19 3.04 16.6 18.28 0.98 0.20 0.002 0.0005
Base metal 0.45 0.10 0.27 0.81 9.08 17.68 0.36 0.10 0.003 0.0007

*k2 BEIZSH
Table2 Welding process parameters

Current/A Voltage/V  Welding feed speed/mm-min’

Welding speed/mm-min™

Gas flow rate/L-min”  Interpass temperature/°C

160 14 600 60 15 100
7 b
a
Weld metal
80—
150 < 8 y 150

Base metal

Backing plate /E)q Weld metal

e

Base metal

B RSk CT bR iR = R 4 T2 /O B3 T8

Fig.1 Schematics of the weld joint size (a) and CT specimen (b); site photo of the pre-compression process (c)
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Fig.2  Tensile stress-strain curves of Super304H austenitic

stainless steel base metal and YT-304H deposited metal

at room temperature
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Fig.3  Statistics of cracking results of CT specimens under
different pre-compression forces after high-temperature

thermal exposure at 600 and 650 C
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600 C 650 C
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Fig.4 Crack generation results on the middle-thickness surface of CT specimens under different pre-compression forces after

high-temperature thermal exposure at 600 an 650 C observed by OM

L

50 um

K5 7£ 600 fl 650 CRilM 2L 10 h 5, T 25 kN R 48 E A 19 CT il RF ok AR B0 40 (¥ 187 11 SEM T 51
Fig.5 SEM morphologies of the fracture surfaces of CT specimens under 25 kN pre-compression force after thermal exposure at 600 C (a) and
650 ‘C (b) for 10 h; the enlarged SEM morphologies of the red circle wrapped area (¢) and the area outside the red circle (d) in
Fig.3a
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Fig.6 Microhardness of CT specimens near the U-shaped notch

under different pre-compression forces after thermal

exposure at 600 and 650 C
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Fig.7 SEM characterization of the crack tip of CT specimen under 25 kN pre-compression force after thermal exposure at 600 C for 10 h:

(a) the crack and Nb(C, N) phase, (b) EDS analysis result of Nb(C, N) phase, (c1-c3) EDS element mappings at the crack tip, and

(d) Solved Kikuchi pattern of Nb(C, N) phase
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Fig.8 SEM characterization of the crack tip of CT specimen under 20 kN pre-compression force after thermal exposure at 600 C for

2000 h: the crack (al) and EDS mappings at the crack tip (a2-a4); (b) BSE image of Nb(C, N) phase and M,3Cs phase; EDS

analysis results of M»3C¢ (c1) and Nb(C, N) (c2) phase; Solved Kikuchi patterns of M>3Cs (d1) and Nb(C, N) (d2) phase
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Fig.9 SEM images of precipitates on grain boundaries with different misorientation angles of CT specimens under 25 kN

pre-compression force after high-temperature thermal exposure at 600 “C (a-d) and 650 °C (e-h) for 10 h
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Fig.10 BSE images of precipitates on grain boundaries with different misorientation angles of CT specimens under 20 kN

pre-compression force after high-temperature thermal exposure at 600 C (a-d) and 650 ‘C (e-h) for 2000 h
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Fig.11 Schematic of the competition mechanism derived from
residual stress relaxation and grain boundary (GB)

strength degradation with time
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Effect of Temperature on Reheat Cracking Susceptibility of Super 304H Austenitic
Stainless Steel Weld M etal

Xiao Xiaopeng'?, Dong Wenchao', Li Dianzhong', Li Yiyi', Lu Shanping'
(1. Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China)
(2. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)
(3. Key Laboratory of Nuclear Materials and Safety Assessment, Institute of Metal Research, Chinese Academy of Sciences,

Shenyang 110016, China)

Abstract: Super304H austenitic stainless steel has been widely used in superheater and reheater pipes of the ultra-supercritical thermal
power unit boilers. During long-term thermal exposure, reheat cracking is prone to occur at the assembly sites of the pipeline weld joint.
This study systematically studied the effect of temperature on the reheat cracking susceptibility of Super304H austenitic stainless steel
weld metal by a pre-compressed CT specimen method. The results show that the time required for the weld metal to generate cracks at
650 °C is shorter than that of the weld metal at 600 °C, leading to a higher reheat cracking susceptibility. The main reason for this
phenomenon is that the grain boundary strength decays faster with time and the stress relaxation rate is higher at 650 °C, while the effect
of intragranular strengthening difference at different temperatures is negligible.

Key words: reheat cracking; temperature; austenitic stainless steel; weld metal; grain boundary strength
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