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Abstract: In order to develop a new nickel-based cast superalloy with excellent comprehensive performance, the candidate
alloys with multi-objective characteristics such as high " phase volume fraction, high ' phase solid solution temperature,
low TCP phase content, high liquidus temperature and wide heat treatment window were designed by using machine
learning and multi-objective optimization strategy. The results show that the volume fraction of y" phase tends to 65%, the
solution temperature of y" phase tends to 1 210 ‘C, the content of TCP phase tends to 0.01%, and the liquidus temperature
is higher than 1 300 ‘C and the heat treatment interval is greater than 40 ‘C by regulating the solution temperature and time
in the solution and aging heat treatment, and the multiple objectives and constraints of the expected design can be met at
the same time. The prediction accuracy of the model is high. Compared with the typical brand K438 with excellent
mechanical properties at high temperature, it has higher volume fraction of y’ phase, solution temperature of y’ phase and
good application potential at high temperature.
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Tab.1 Alloy composition
Element Al Ti Ta Nb Cr Co w Mo C Ni
Content /% 4~7 1~4 0~2 0~2 0~2 6~18 6~14 0~12 0~8 0.1 The rest

2

Tab.2 Candidate alloy composition and microcosmic parameters predicted by the model

Candidate% Al Ti Ta Nb Hf Cr Co

Mo C Ni Ty'I'C Vy' /% TCP/% TVUC Ts-Ty'/C

Cl 55 365 055 015 015 108 755
C2 55 250 1.15 140 0 6.5 705

485 0.1
285 0.1

Therest 1206 65 0 1336 64
Therest 1230 64 0 1355 79
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Tab.3 Heat treatment parameters 1273°C 1307 °C, , Cl1 2
Heat treatment Solution Aging ( TS'T7/ ) s 68 C
Temperature/'C  Time/h Temperature/ C  Time/h 85 °C 40 °C
HT1 1220 4 900 4 ’ ’
HT2 1220 6 900 4 ’
HT3 1240 4 900 4 o 2 ’
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vy ° 1]
2 1(c) cl1 2
2.1 ’
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) ,y/ , y!
1 DSC
Fig.1 DSC heating curve
2 C1 SEM

Fig.2 SEM images of C1 alloy treated at different solution temperature and time
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Fig.3 SEM images of C2 alloy treated at different solution temperature and time
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Fig.4 Effect of heat treatment on y’ phase
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Fig.5 Radar diagram of C1, C2 and K438
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