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Table 1 Nominal chemical composition of Ni-based P/M superalloy FGH96 (/% )
C Co Cr Mo w Al Ti Nb Zr B Ni
0.045-0.06 12.50-13.50 15.50-16.50 3.80-4.20 3.80-4.20 1.95-2.30 3.55-3.90 0.60-0.80 0.03-0.06 0.012-0.02 Bal.

E

E
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P[] BB A v RS A o RO 0 Az
Fig.1 Grain size measurement locations of the forged medium-

sized plate after solution heat treatment

#2 REPRIBHEELERFHRMRT

Table 2 Average grain size of forged medium-sized disk (um)

Location HI H2 H3 HI0O H9 H4 HS5 H6 H7 HS

F2
F3

6.8 74 83 87 52 87 9.7 86 87 8.6
75 83 92 91 60 7.5 85 87 89 86

B2 F3MBAFEs H3 A0 B B E A S RMA R
Fig.2 Microstructures at H3 position of F3 forging core after

forging (a) and supersolvus heat treatment (b)
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F3 FREHMEHTHIRERME RS (ASTM)
Table 3 Grain size of tensile specimens under different

tensile conditions

Cooling rate/"C -min”' 55 72 81 110 146
7.43 7.51 7.51 8.67 7.88

¢ 7.84 815 827 8.62 8125

. 747 844 865 875 858
630 € 8.01 7.98 856 8.67 8.13
750 C 924 9.03 925 8.62 9.54

822 7.87 943 885 438
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Fig.3 Tensile properties of FGH96 medium-sized plate at different temperatures: (al-a3) 25 °C, (b1-b3) 650 °C, and (c1-c3) 750 C
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B4 b Rk bl (187 1T 35

Fig.4 Fracture morphologies of tensile specimens with unsatisfactory tensile properties: (a, b) 650 C, 55 ‘C/min; (c) 650 C, 72 ‘C/min;

(d) 750 C, 55 ‘C/min; (e) 750 C, 72 ‘C/min

B5s B 4bh 1, 10 D007 B Ao T 5t
Fig.5 Morphologies of position I (a), II (b) and III (c) marked in Fig.4b
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Table 4 Solid solution strengthening coefficients (4;) of different

elements in y phase'™

Element C Co Cr Mo W Al Ti Nb Zr

£ /MPa-at%"? 1061 39.4 337 1015 977 225 775 1183 2359

x5 yHPRTESE

Table 5 Content of different elements in y phase

Element C Co Cr Mo W Al Ti Nb Zr

Content/at% 19.05 11.01 14.70 1.92 1.00 3.37 3.82 0.35 0.02

R 6 MAIEMXIERE B B STRK
Table 6 Contribution of grain boundary to yield strength

ASTM Average grain size/um g,/MPa
7.5 23.8 154
8 22.10 168
8.5 18.58 183
9 15.63 200
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Fig.7 9 distribution images of FGH96 alloy under different cooling rates: (al, a2) 55 C/min; (b1, b2) 72 ‘C/min; (c1, c2) 81 C/min;

(d1, d2) 110 C/min; (el, €2) 146 C/min
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Table 7 Size and volume fraction of ' in FGH96 alloy under different cooling rates

Cooling rate/ Primary y’ Secondary y’ Tertiary y’
Comin!  Size/nm Volume Size/nm Volume Size/nm YoM giemm Y olme
fraction/% fraction/% fraction/% fraction/%

55 651+85 1.59+0.13 174+34 21.25+2.30 20+3 12.16+£2.18  61£20 1
72 557+58 2.18+0.85 162+30 21.59+1.73 20+4 11.23+1.87  62£16 1
81 518+85 1.88+0.12 14724 19.33£3.25 1943 13.79+2.54  58+11 1
110 485+84 1.26+0.33 127+20 24.15+0.75 19+4 9.59+1.07 45+8 1
146 396+39 1.52+0.19 115+17 21.77+£3.12 18+3 11.71+£1.92 3247 1

d,. =1028.6-85216P+1.7691P° (9 FHLEL. 2012(7): 24
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Study on Heat-Treatment Cooling Rate of FGH96 Alloy with Different Grain Sizes

Cui Jinyan', Yao Jian', He Yingjie', Ma Xiangdong', Xiao Lei', Guo Jianzheng'*, Feng Ganjiang'~
(1. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)
(2. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: On the premise of performance satisfaction, to acquire the boundary of the heat treatment parameters is significant for property
optimization of FGH96 turbine disks, especially the boundary of the minimum cooling of FGH96 alloy with certain grain size on the
premise of performance satisfaction. The tensile behavior at 25, 650 and 750 °C of FGH96 specimens with different grain sizes was
investigated during the cooling process from solution temperature at different cooling rates, and the microstructures were observed. The
results show that the results obtained by the multi-mechanistic strengthening model including the effect of chemical composition, grain size,
size and volume fraction of y" agree well with the experimental measurements. Through the strengthening model, the relationship between
minimum cooling rate and grain size was studied: the grain size should be smaller than 14 pm if the cooling rate is 55 °C/min, the grain
size should be smaller than 16.8 um if the cooling rates is 72 °C/min, and the grain size should be smaller than 20 pum if the cooling rates is
81 °C/min. The relationship between minimum cooling rate and grain size can be used as a criterion for the guidance of parameter design of
heat treatment process through simulation.
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