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Table 1 Nominal composition of substrate and cladding layer (w/%0)

Alloys C Mn S+P Cr Ni Co Al W Fe B
304 stainless steel 0.08 15 0.06 17.3 8.1 - - - Bal. -
Co0-8.8A1-9.8W-0.2B - - - - - 70.060 3.493 26.247 - 0.2
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Table 2  Process parameters of TIG welding

Current  Voltage Welding speed Heat input Tungsten diameter Arc length Argon flow rate
I/A uv vimm s E/kJem? D/mm I/mm g/L min!
120 12 1.67 12.34 2.4 3.5 8
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Table 3 Composition in different position of the cladding layer
(/%)

Position  Fe Cr Ni Mn Co Al w
1# 46.34 9.79 0.85 6.37 24.02 173 10.90
2# 4181 866 082 572 2836 201 12.63
3# 40.79 840 0.65 556 29.44 204 1312
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Fig.1 Relationship between precipitated phase and temperature of cladding layer: (a) 1#, (b) 2#, and (c) 3#
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Table 4 Liquidus temperature and precipitated phase temperature of cladding layer

Liquidus temperature Precipitation temperature (initial)/'C

Positions

region/C Austenite Laves Ferrite M2 (C,N)
1# 1317.73~1356.44 1356.44 1117.33 755.2 497.34
2# 1306.20~1347.58 1347.58 1126.21 778.56 503.96
3t 1304.03~1346.10 1346.10 1129.52 784.36 506.30
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Table 5 Equilibrium precipitation phase contents of the
cladding layer (at%o)
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Position ~ Austenite Laves  Ferrite  My(C,N)
1# 209 1059 7325  14.07 3 S5
24 2.08 1243 7421 11.28
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Fig.2 Microstructures of cladding layer: (a) 1#, (b) 2#, and (c) 3#
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Fig.3 Surface crack morphology of cladding layer
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Fig.4 Surface crack microstructure of the cladding layer
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Table 6 Calculation and experimental results of phase composition in different positions of the cladding layer

Element content/at%

Position Phase composition -
Fe Cr Ni Mn Co Al
F 62.05 0 0 0.0454 32.96 4.94 0
Calc. Mz(C,N) 0.00706 58.93 0 40.2 0.85 0 0
18 Laves 37.29 27.51 0 1.83 0.0376 0 33.33
A 49.8 9.0 0.7 6.3 27.4 3.9 29
Exp. B 373 26.6 0 9.0 15.4 1.0 10.8
C 35.8 18.4 0 7.1 18.0 1.2 19.5
F 55.42 0 0 0.084 38.74 5.76 0
Calc. Mz(C,N) 0.00423 55.4 0 42.23 2.36 0 0
” Laves 32.39 30.55 0 3.56 0.17 0 33.33
A 53.4 9.4 0.7 6.1 24.4 3.4 2.5
Exp. B - - - - - - -
C 32.4 25.3 0.8 7.5 13.1 0 21.0
F 53.9 0 0 0.1 40.1 5.9 0
Calc. M2(C,N) 0.0039 53.81 0 43.2 2.98 0 0
» Laves 31.17 30.79 0 4.47 0.24 0 33.33
A 52.1 9.0 0.9 5.6 25.7 4.0 2.6
Exp. B 32.2 38.4 0 8.8 11.3 0 9.2
C 26.9 16.4 0 5.6 22.6 1.4 26.9
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Phase Composition and Cracking Behavior on TIG Cladding Layer of
Co0-8.8Al1-9.8W-0.2B Superalloy Based on JMatPro Software

Xu Yangtao'?, Xia Rongli*?, Sha Qizhen?, Xia Tiandong™?
(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)
(2. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Co-Al-W superalloy is a novel cobalt-based superalloy with the precipitation strengthening phase of ternary compound
y’-Cos(Al,W). In order to study the cracking behavior of Co-8.8Al-9.8W-0.2B cladding layer on 304 stainless steel with TIG welding, the
phase composition and relative contents at different positions of the cladding layer were investigated by thermodynamic simulation
calculation of JMatPro software and experimental verification. The results show that the phase composition is the same at dif ferent
positions of the cladding layer, but the content of those phases are not alike. Combining phase composition and contents of the cladding
layer, the surface cracks of cladding layer are mainly hot cracks, which come from the integrated effect of the thermal stress, the phase
transformation stress and the Laves phase.

Key words: Co-Al-W superalloy; hot cracks; JMatPro software; Laves phase
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