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Table 1 Heat treatment scheme of grain growth

No. Heat treatment scheme
1-1 980 C/10 min/WC
1-2 980 C/30 min/WC
1-3 980 C/60 min/WC
1-4 980 C/120 min/WC
1-5 980 C/180 min/WC
2-1 1000 *C/30 min/WC
2-2 1000 *C/60 min/WC
2-3 1000 C/120 min/WC
3-1 1010 *C/30 min/WC
3-2 1010 ‘C/60 min/WC
3-3 1010 C/120 min/WC
4-1 1020 ‘C/30 min/WC
4-2 1020 *C/60 min/WC
4-3 1020 C/120 min/WC
5-1 1040 ‘C/30 min/WC
5-2 1040 *C/60 min/WC

*2 HEHERMBRRKAEZMOALELR
Table 2 Heat treatment scheme of precipitation and its

effect on grain growth

No. Heat treatment scheme

6-1 980 C/60 min/WC+1000 C/30 min/WC
6-2 980 C/60 min/WC+1000 C/60 min/WC
6-3 980 C/60 min/WC+1000 C/120 min/WC
7-1 980 C/60 min/WC+1010 C/30 min/WC
7-2 980 C/60 min/WC+1010 ‘C/60 min/WC
7-3 980 ‘C/60 min/WC+1010 ‘C/120 min/WC
8-1 980 C/60 min/WC+1020 ‘C/30 min/WC
8-2 980 C/60 min/WC+1020 C/60 min/WC
8-3 980 C/60 min/WC+1020 C/120 min/WC
9-1 980 C/60 min/WC+1040 C/30 min/WC
9-2 980 C/60 min/WC+1040 C/60 min/WC
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Fig.1 Metallographic microstructures of forging sample
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Fig.2 Metallographic microstructures of sample at 980 ‘C for different time: (a) 0 min, (b) 10 min, (c) 30 min, (d) 60 min, (e) 120 min,
and (f) 180 min

B3 BREFTE 980 CARIRA I A 47 Hi 47 g
Fig.3 Precipitation behavior of sample at 980 ‘C for different time: (a) 0 min, (b) 10 min, (c) 30 min, (d) 60 min, (¢) 120 min, and

(f) 180 min
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Fig.4 SEM morphologies (a-c) of Laves phase on grain boundary and EDS element line scanning along line marked in Fig.4b (d)
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Table 3 Composition analysis of precipitation of zones A-C

marked in Fig.4c

Zone C Si Ti Fe Nb
content  content  content  content  content
A o/%  11.45 0.68 1.27 33.64 7.12
at%  38.41 0.97 1.06 24.27 3.09
B ol/%  10.61 3.11 1.35 27.89 11.33
at%  36.29 4.55 1.16 20.51 5.01
c ol% 1173 1.42 119 22.67 16.57

at% 39.80 2.06 1.01 16.54 7.27
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Fig.5 Microstructures of samples at different temperatures for 1 h: (a) raw sample, (b) 980 C, (c) 1000 °C, (d) 1010 °C, (e) 1020 C,

and (f) 1040 C
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Fig.6 Comparison of precipitation of sample at 1000 ‘C (a-c) and 1010 C (d-f) for different time: (a, d) 30 min, (b, e) 60 min, and
(c, f) 120 min
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Fig.7 Comparison of Laves phase solubilization of samples under different heat treatment schemes
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Fig.8 Grain growth of samples under different heat treatment schemes
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Fig.9 Precipitation behavior and solubilization of Laves phase of samples under different heat treatment schemes
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Fig.10 Comparison of grain size and Laves phase precipitation content at different positions of bar sample: (a, d) edge, (b, €) R/2,

and (c, f) core
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Table 4  Comparison of tensile properties at different
positions of bar sample

N Tetgfri]lse?;t[jorc;m Tensile at high temperature
Position™ ™ol of  ul o ood oyl
MPa MPa % % MPa MPa % %

Edge 1166 858 16 26 966 711 155 42
Edge 1168 873 16 21 992 627 175 38
R/2 1124 912 13 19 941 743 175 46
R/2 1142 921 12 17 942 753 165 42
Core 1135 907 105 20 941 808 155 39
Core 1127 902 11 18 943 778 165 43

K11 R A R AR 5 25 B i R

Fig.11 Microstructures of samples after different heat treatment schemes
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Table 5 Comparison of tensile properties of samples after different treatment schemes

Tensile at room temperature

Tensile at high temperature

Temperature/ C

on/MPa  ¢0.2/MPa ol% wl% on/MPa  o69/MPa /% wl%
980 1153 938 12 15 961 783 21 42
990 1153 923 115 16 964 753 20.5 34
1000 1196 867 10 14 1015 687 19 31
1010 1189 832 9.5 15 1010 629 17 26.8
1020 1175 816 9 14 997 624 19 29.4
1040 1176 831 105 14 993 654 175 23.9
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Grain Growth of Low Expansion Superalloy and Its Effect on Properties

Li Wanli*?, Cao Guoxin®, Liu Xianghong®, Sun Wenru?
(1. Western Superconducting Technologies Co., Ltd, Xi’an 710018, China)
(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: Effects of different heat treatment regimes on the precipitate behavior and grain growth of low expansion superalloy were
studied. The experimental results show that the size of Laves phase increases gradually but the grain size does not grow when under the
Laves phase precipitation peak temperature ranges from 980 °C to 990 °C. After holding at 1000-1040 °C for 1 h, Laves phase begins to
dissolve, and the grain size gradually grow to grade 4, 3.5, 3 and 2. Therefore, in the process of hot working, to avoid the growth of grain
size, the thermal deformation temperature should not exceed 1010 °C, or the deformation at 1000 °C and holding time should not exceed
1 h. Laves phase content at grain boundary has little effect on the properties of the alloy, but the grain size has a great effect on it.
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