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Abstract: For the research of heat treatment technology of aero-engine turbine discs with dual-performance, the
experimental methods are mostly used to establish the database of heat treatment technology of turbine disk al-
loys. However. the experimental methods have a long research period and high cost. A phase field model that
can be used to predict the grain evolution during heat treatment process with variable temperature is proposed.
To simulate the grain evolution of superalloy at different heat treatment temperatures, the phase field model is
improved by introducing the Arrhenius relationship, which describes the quantitative relationship between the
grain boundary movement and temperature. Based on the improved phase field model and fitted model parame-
ters, the grain average size and morphology evolution of superalloy FGH96 during the longer heat treatment
process are simulated, and the simulated results are compared with the experimental results. The results show
that the calculated data coincide with the experiment data, the evolution law of grain is consistent with the ex-
perimental observation and theoretical analysis. These results prove that the grain boundary mobility M in the
Arrhenius relationship is suitable for simulating the heat treatment process at the corresponding temperature.
At the same time, the feasibility of the improved method and accuracy of the fitted parameters of the phase-field
model are verified.
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Fig. 1 Schematic diagram of the relationship between

phase field variable and grain position
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Fig. 2 The heat treatment process simulated by

phase field method
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Table 1 Heat treatment process parameters

BRI T/C

PRI ¢/min RHIBE/CC + 57D

1 000 5 200
1 050 5 200
1100 5~25 200
1135 5~25 200
1150 5~25 200
1170 5~25 200
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Table 2 The fitted and experimental results of
average grain size after holding 5 min at

different heat treatment temperatures
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1000 5 12.27 11. 88
1050 5 15.27 14.42
1100 5 16. 86 15. 84
1135 5 19. 67 19.93
1150 5 21.42 20. 94
1170 5 37.92 38. 10
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Fig. 3 The fitted and experimental curves after holding

5 min at different heat treatment temperatures
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Table 3 Pre-Factor M, at different temperatures

g/ C FRETE T Mo/(m* « ] 157 )
1000~1 110 1.0X10 2
1135~1 150 2.1X102

1170 6.5X10 2
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Fig. 4 The curve of grain boundary mobility M of

FGHY96 alloy with temperature
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Table 4 Average grain size of superalloy FGH96 at

different temperatures and holding times

BUCEE AL BRI P RRS/pm
BE/C i8] / min ok SR 4k
1100 15 18. 87 18.03
1100 25 20.58 18. 86
1135 15 22.57 21.97
1135 25 28.54 27.14
1150 15 25.02 24. 85
1150 25 31.12 28.41
1170 15 61.98 58. 94
1170 25 78.32 79.77

90
—o— it HHiEE-1100°C
80 H —¥— itigehEg-1100°C
—o— itHhEE-1135°C
70 L| Y B350
—o— it HhiE-1150°C
= —v— IRigAEL-1150°C
X 60[| e itmis-uTC
oz —w— fiSahEE-1170°C
50
i
= 40
30
20
10 = 1 1 1 1 I
0 5 10 15 20 25
I8 8] /min
&1 5 oL 8 Y 38 RUST B A A 380 ek ] g 738 A £
Fig.5 The average grain size varying with the

heat treatment time
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Table 5 Grain growth indexes of superalloy
FGHY6 at different temperatures
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1150 0. 36 0.32
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