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Abstract; Aiming at the problem that surface cracks occur in the service of 15Cr2Mol heat resistant
steel welds, NiCrFe alloy which was similar to the usage scenarios of this steel was employed to repair
welds with different groove depths simulating crack depths. The feasibility of repair process was
verified by the microstructure and performance characterization of the welds. The results show that
repair welding at different groove depths is well formed and has no obvious defects, the weld metal is
composed of austenitic cell dendrites and second phase precipitates, and there are a small amount of eutectic
ferrite near fusion area, however, there is no ferrite in the bright white strip between the type II boundary and
the melting boundary. The increase of repair welding filler mainly reduces the yield strength of the joint,
especially when the groove depth increases from 6. 5 mm to 13 mm, the yield strength at room and high
temperature is both greatly reduced by about 15% , then the decline trend slows down. With the increase of
filler amount, the impact toughness of the fusion line and the 2 mm area outside the fusion line is
improved,while the hardness of the whole weld decreases first and then increases with the increase of
filler amount, which is related to the restraint of the repairing weld and the increase of precipitates
formed by alloy element segregation.
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Table 1  Chemical compositions of the materials used for experiments (mass fraction/ %)
Material C Si Mn Cr Al Mo Nb Fe Ni
Base metal 0.1-0. 18 0.11-0. 37 0. 5-0. 8 2.2-2.5 <0.02 0.9-1.1 <0. 01 Bal <0. 01
Original weld 0.048 0.226 0. 66 2.46 0. 006 1.073 <0. 01 Bal <0. 01
Fused metal of NiCrFe electrode  0.048 0. 69 7.32 17 <<0.01 <20. 01 2.04 7.5 Bal
F2 THAMBSFEMERE
Table 2 Mechanical properties of the materials used for the experiments
Material Tensile strength/MPa Yield strength/MPa Post-break elongation/%  Section shrinkage rate/ %
Base metal 575 400 27 70
Original weld 610 500 22 61
Fused metal of NiCrFe electrode 560 380 35 65
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Fig. 3 Schematic diagram of filler amounts of repair welding
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Fig. 4 Appearance of repair welds and X-ray flaw detection photo (a) and macromorphology of weld cross-section (b)
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Fig. 6 Micromorphology of RWZ weld metal by SEM (a) and EDS analysis of precipitated phase (b) and spheroid (c)
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Fig. 7 Precipitation distribution near the interface of RWZ
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Fig. 8 Element distribution in RWZ fusion line under different filler amounts
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Fig. 9 Tensile properties of repair welding joints (a)25 “C;(b)550 C
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Fig. 10  Appearance and macro {racture (1) and SEM morphologies of fracture (2) of tensile specimens at 25 ‘C
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Fig. 11  Appearance and macro fracture (1) and fracture morphologies (2) of tensile specimens at 550 ‘C
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Fig. 12 Charpy impact energy at each position of repair

welding joints under different filler amounts
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(a)location of counting precipitates; (b)size distribution of precipitates
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