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Table 1 Nominal chemical composition of low-cobalt superalloy (w/%)
C Cr Co w Mo Ta Al Ti Hf B Ni
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Fig.1 Equilibrium phase diagram (a) and partial magnification (b) of the new low-cobalt alloy
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Table 2 Composition of the main equilibrium phase of the new low-cobalt alloy at the peak precipitation temperature (w/%)
Phase T/IC Ni Al Co Cr Hf Mo Ta Ti w B C
y 1300 65.92 6.15 2.05 8.71 0.25 1.02 5.25 0.47 10.17 Trace Trace
p’' 462.1 71.72 7.22 0.99 2.25 0.2 0.19 7.22 0.6 9.6 - -
MC 1148.4 - - - 0.15 55.62 0.17 33.89 0.81 3.2 - 6.16
MeC 988.4 18.02 - 0.73 11.79 - 4.93 - - 62.66 - 1.88
M23Cq 688.96 1.9 - 0.52 73.85 - 9.5 Trace Trace 9.19 0.023 5.02
MB, 1264.08 - Trace - 0.054 29.98 0.035 Trace 45.6 - 24.48 -
M3B, 1150 0.84 - 0.12 19.21 - 39.67 0.17 - 32.92 7.06 -
o 430 10.44 Trace 19.23 67.36 - 0.99 - - 1.98 - -
I 200 11.29 - 23.78 2.63 - 3.71 Trace - 58.59 - -
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a: y'solvus temperature (1272.1 'C)

b Incipicent melting temperature (1300.1 C)

c: Final melting temperature (1349.6 'C)
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Fig.2 DSC curve of low-cobalt superalloy
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Fig.3 SEM microstructures of as-cast low-cobalt superalloy: (a) dendrite microstructure, (b) interdendritic y+y’ eutectic structure and

carbides, (c~e) typical precipitation microstructure
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Table 3 EDS analysis at different positions for the as-cast microstructure in Fig.3 (w/%)

Precipitation Position Al Mo Ti Cr Co Hf Ta W Ni
MC ® 1.64 3.64 0.36 4.72 1.18 1.12 11.84 60.62 15.23
® 1.81 5.07 0.52 5.39 1.27 3.02 12.98 52.81 15.51
y+y’ ® 6.85 0.82 0.74 3.82 1.89 3.88 11.62 6.28 64.45
MC @ 0.78 0.84 4.81 1.25 - 13.13 70.63 2.18 6.39

® 1.06 1.35 4.62 1.05 0.63 13.48 67.93 6.90 2.99
Interdendritic ® 6.11 - 0.52 8.75 2.29 2.18 9.02 7.15 63.99
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Fig.5 XRD pattern of the new low-cobalt alloy
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Fig.8 Effect of alloy composition on the solidification temperature range: (a) Al, Ta and (b) Ti, Co
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Table 4 Effect of essential alloy elements on the precipitation behavior of y’ phase

Influence of 1% element content on the precipitation behavior of y’ phase

Composition range, o/%

Mass fraction variation of y’at 1000 ‘C, w/%

Dissolution temperature variation of y/°C

Al (4%~8%) 15.12
W (8%~12%) 0.79
Ti (0.5%~4.5%) 5.2
Ta (4%~8%) 25
Co (2%~6%) -0.6

354
-1.3
-10.8
54
-3.3

Ti &7 B7E 0.1%~1.0% B}, yAHFE 1000 °C B 47
HETEEA 54.2%~72.5%. 5484 B W R4 4
B, FEGRIEG & VERERTHE T, AT AUTI 4
b, PR Co &, SRiAZMRE LT H .
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Table 5 Comparison of main components between the new

low-cobalt alloy and typical commercial superalloys

(/%)
Alloy Cr Co W Mo Ta Al Ti Hf
K418 125 - - 4.3 - 59 0.7 -
K419 6 12 10 2 - 54 12 -

Mar-M246 9 10 10 25 26 55 15 -

Mar-M247 8.4 10 10 0.7 3 5.5 1 1.5

New

8.5 2 10 1 6 6 05 15
low-cobalt
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Phase Precipitation Behavior of New Low-Co Casting Nickel-Based Superalloy

Hu Liang®, Wang Jue'?, Ju Jia'?, Wang Zhangzhong?, Pan Bin®
(1. School of Materials Science and Engineering, Nanjing Institute of Technology, Nanjing 211167, China)
(2. Jiangsu Key Laboratory of Advanced Structural Materials and Application Technology, Nanjing 211167, China)
(3. Jiangyin Uni-Pol Co., Ltd, Wuxi 214426, China)

Abstract: The phase precipitation behavior of a new low-cobalt casting nickel-based superalloy was studied by thermodynamic calculation
software JMatPro and differential scanning calorimetry (DSC), and the microstructure and composition of the superalloy were compared
with the actual ingot. The results show that the as-cast microstructure of low-cobalt alloy mainly includes y (matrix), y’, carbides (MC,
MsC) and y+y’ eutectic structure (volume fraction about 13.9%). Positive segregation of Ta and Hf occurs during solidification. The DSC
test shows that the initial melting point, final melting point and y’ phase remelting temperature of the alloy are 1300.1, 1349.6 and
1272.1 °C, respectively. Theoretical calculations are basically consistent with the experimental results. Thermodynamic calculation s hows
that the increase of Al and W content can increase the precipitation amount and resolubilization temperature of y’ and M¢C carbides,
respectively. Hf and Ta elements may increase the liquid-precipitation tendency of MC carbides. The expected stress rupture property of
the new low-cobalt alloys is better than that of existing commercial nickel-based polycrystalline casting superalloys.

Key words: thermodynamic calculation; low-cobalt superalloy; phase precipitation behavior; stress rupture property
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