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Table 1 Main composition of the alloy (w/%0)

Al Co Cr Mo Nb

Ti w Ta Hf Ni

2.8~3.2 18.5~19.5 12.5~135 3.75~4.25 1.1~13

3.5~3.9 3.75~4.25 0.9~1.1 0.17~0.23 Bal.

*2 BHTERARLESH

Table 2 Single sub-solvus heat treatment parameters

Experiment Temperature/'C Soaking time/h Cooling rate/C min™
1040 0 480
® 1070 0 480
1100 0 480
1130 0 480
1100 0 480
® 1100 4 480
1100 8 480
1100 12 480
1120 0 15
® 1120 0 200
1120 0 480
*3 EETEIFHLESH
Table 3 Compound sub-solvus heat treatment parameters
Experiment 1. Temperature/C Time/h 2. Temperature/'C Time/h Cooling rate/°C min™
1200 25 - - -
@®  Super- 1200 2.5 1150 25 100
solvus 1200 25 1140 25 100
1200 25 1130 25 100
@  1stsub- 1070 1120 50
solvus 1140 1120 50
1120 1090 50
1120 1120 50
®  2nd sub- 1120 1140 50
solvus
1120 1120 80
1120 1120 140
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Fig.1 SEM-BSE images of the samples after heating up to the corresponding temperature and then air cooling: (a, b) 1040 C, (c, d) 1070 C,
(e, f) 1100 C, (g, h) 1130 'C
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Fig.2 Volume fraction and mass fraction calculated by thermodynamic
software of y’ phase (volume fraction and mass fraction are

similar in solid compounds, but not equal)
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Table 4 Average sizes of large-size y’ phase after the sub-solvus

temperature heat treatment tests

Temperature/'C Average particle size/nm

1040 1622
1070 1687
1100 1577
1130 1883
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Fig.3 SEM images of the samples at 1100 °C for different soaking time: (a, b) 0 h; (c, d) 4 h; (e, ) 8 h; (g, h) 12 h

g 3.0 £ 900 X 30
= a i b ? 28+ C
~. 2.8t 2800 8 i
b = 6l
52.6- § 700} ol
= 240 S 600} 2l
(%] Y— n
£ 22¢f 2 500+ o2 ™ . "
Y =1 S i
o 20t Y =0.093x+1.641 ‘5 400+ £ 18
% 1.8} R*=0.956 § 300 E 16 F
e Gé I yjzzexp(x/3.89)+z71.es o 141
g 16' g 200_ R°=0.992 5 12_
§ 1.4 L L . 1 < 100~ . . . \ \ \ g 10 . . \ \
s 0 4 8 12 3} 0 2 4 6 8 10 12 14 0 4 8 12
Soaking Time/h = Soaking Time/h Soaking Time/h

B4 e S A A AR DA AR S AR 20 BB DR T N TR PO 324k

Fig.4 Variation of the primary (a) and secondary y' phase size (b) and the y’ phase volume fraction of the test samples with soaking time (c)
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Fig.5 SEM images of the samples at 1120 ‘C cooling tests: (a, b) as-forged, (c, d) 15 ‘C/min, (e, f) 200 ‘C/min, (g, h) 480 ‘C/min
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Fig.6 SEM images of the samples after super-solvus+sub-solvus heat treatments: (a, b) 1200 C, (c, d) 1200 ‘C+1150 °C, (e, f) 1200 C+1140 C,

and (g, h) 1200 ‘C+1130 C
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Fig.7 SEM images of the dual sub-solvus heat treatment samples: (a, b) 1070 ‘C+1120 °C, and (c, d) 1140 ‘C+1120 'C
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of the alloy at 0~1400 C
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Fig.9 SEM images of the dual sub-solvus heat treatment samples: (a, b) 1120 ‘C+1090 C, (c, d) 1120 ‘C+1120 C, and (e, f) 1120 ‘C+1140 'C
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Fig.10 SEM images of the dual sub-solvus heat treatment samples: (a, b) 1120 *C+1120 °C, 80 ‘C/min; (c, d) 1120 ‘C+1120 C, 140 "C/min
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Sub-solvus Heat Treatment Study on the y’ Distribution of Novel Nickel-Based Superalloy

Cheng Junyi®, Xiong Jiangying™?, Liu Chaofeng™?, Zhu Lihua®, Ji Hongjun®, Guo Jianzheng*?
(1. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)
(2. Powder Metallurgy Institute, Central South University, Changsha 410083, China)
(3. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology (Shenzhen), Shenzhen 518055, China)

Abstract: This research investigated the influence of sub-solvus heat treatment processes on the y’ phase microstructure of a novel third-generation
nickel-based powder superalloy FGH4113A(WZ-A3). The temperature, soaking time, cooling rate of sub-solvus heat treatment, and the effects of
super-solvus+sub-solvus, sub-solvus+sub-solvus on y’ phase were mainly explored. The results indicate that: the volume fraction of y’ phase is
inversely proportional to the sub-solvus heat treatment temperature. The tendency of y’ phase dissolving back into y phase is inversely proportional to
the size, and the quantity is inversely proportional to the soaking time. The size of grain boundary y’ phase increases with the increase of soaking time,
and the overall volume fraction of y’ phase does not change significantly with the increase of soaking time. A fast cooling rate can re-precipitate an
intergranular fine unimodal y’ phase structure. A slower cooling rate can re-precipitate intergranular multimodal y’ phase structure. The size of the
reprecipitated y’ phase is inversely proportional to the cooling rate. The microstructure after super-solvus+sub-solvus heat treatment is mainly affected
by the temperature and cooling rate of the sub-solvus heat treatment. The lower the temperature, the more rectangular y’ phases are in the grain. The
small size spherical y’ phase will be coarsened into a rectangle shape at high temperature, which is affected by the absolute value of the mismatch
degree of the y/y’ phase. The y’ phase microstructure of sub-solvus+sub-solvus heat treatment is greatly affected by temperature.

Key words: third-generation nickel-based PM superalloy; sub-solvus heat treatment; microstructure; y’ phase
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