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Table1l Nominal composition of experimental alloys («/%)

Alloy Ta Co Cr Al+W+Mo+Re Ni
5.5Tal0Co 55 10 8-12 14 Bal.
6.0Tal0Co 6.0 10 8-12 14 Bal.
6.5Tal0Co 6.5 10 8-12 14 Bal.
6.5Tal2Co 6.5 12 8-12 14 Bal.
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Table 2 Heat treatment schemes of the four alloys

Scheme

1270 C/1 h+1280 C/1 h+1290 ‘C/
2 h+1300 C/3 h+1310 ‘C/30 h, AC

1100 C/4 h, AC

Heat treatment

Solution
Primary aging

Secondary aging 870 ‘C/32 h, AC

Note: AC-air cooling
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Fig.1 Microstructures of as-cast 6.5Tal0Co alloy: (a) cross section

and (b) longitudinal section
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Fig.2 Area fractions of y/y’ eutectic in the four as-cast alloys
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Fig.3 Element segregation coefficient of the four as-cast alloys
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Table 3 Effects of Ta and Co on dissolution temperature of ' phase in as-cast alloy and y’ phase after heat treatment

Dissolution temperature of

Content of y’ phase by

Alloy e Size of y/um Area fraction of y'/% IMatPro, w/%
5.5Tal0Co 1193 0.385.058 62.30340.643 68.84
6.0Tal0Co 1202 0.408=0.064 64.25940.953 69.77
6.5Tal0Co 1203 0.3830.066 65.37840.967 70.71
6.5Tal2Co 1182 0.3630.065 62.3980.747 64.99
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Fig.4 Microstructures of y’ phase of four alloys after standard heat treatment: (a) 5.5Ta10Co, (b) 6.0Ta10Co, (c) 6.5Ta10Co, and (d) 6.5Tal2Co
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Table 4 Composition of y and y’ phase in the four alloys (at%o)

Alloy Phase Cr Co Al W Ta Re Mo Ni
y 18.10 13.31 9.90 1.84 0.54 1.17 0.84 54.29
5.5Ta10Co
y' 4.69 7.11 18.98 1.23 2.83 0.11 0.23 64.82
y 18.30 13.28 8.87 1.80 0.60 1.18 0.90 55.08
6.0Ta10Co
y 4.16 6.81 18.95 1.02 3.07 0.10 0.18 65.72
y 19.20 14.46 9.80 1.74 0.88 1.08 0.83 56.01
6.5Tal0Co
y' 4.33 6.85 18.50 1.05 3.35 0.09 0.18 65.65
y 18.82 15.64 9.15 1.79 0.77 1.17 0.85 51.80
6.5Tal2Co
y 4.01 8.14 18.78 1.10 3.42 0.05 0.18 64.32
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Fig.5 Morphologies of y’ phase of 5.5Tal0Co (al-a4), 6.0Tal0Co (b1-b4), 6.5Tal0Co (c1l-c4) and 6.5Tal2Co (d1-d4) alloys during long-term
aging at 1000 °C for 100 h (al-d1), 300 h (a2-d2), 500 h (a3-d3) and 1000 h (a4-d4)
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Table 5 Mean sizes and the error of ' phase for the four alloys after long-term aging at 1000 °C for different time

y' size/pm
Alloy
100 h 300 h 500 h 800 h 1000 h
5.5Ta10Co 0.38640.078 0.476+0.093 0.52640.104 0.57240.115 0.61440.127
6.0Ta10Co 0.403+0.072 0.4580.089 0.487+0.087 0.52640.100 0.562+0.105
6.5Ta10Co 0.388+0.068 0.44440.087 0.488+0.094 0.5330.112 0.57740.114
6.5Ta12Co 0.39540.070 0.44440.076 0.4830.096 0.528+0.098 0.55740.109
0.025 ————— 6 HHEBE 4 MEENER BRE(Dern) T HUMERE(Qer)
0.020} :::g:glgiggg Table 6 Calculated effective diffusivity (De) and diffusion
- —v—6.5Tal2Co H :
2 0015} activation energy (Q.f) of the four alloys
S Alloy Der/<10° m? s Qcri/kd mol™
! 0.010}
S 5.5Ta10Co 1.227 363.078
T 0.005¢ 6.0Tal0Co 1.215 363.366
0.000| 6.5Tal0Co 1.187 367.669
0 200 400 600 800 1000 6.5Ta12Co 1.185 370.840

Thermal Exposure Ti

me, t/h

Kl 6 4Fi&47E 1000 CHK AR RO FE P o HH I AR 2R

Fig.6 Coarsening rate of y’ phase of the four alloys during long-term

aging at 1000 'C
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Fig.7 tcp phase precipitates and changes of 5.5Tal0Co (al-a4), 6.0Tal0Co (b1-b4), 6.5Tal0Co (cl-c4) and 6.5Tal2Co (d1-d4) alloys after
long-term aging at 1000 C for 100 h (al-d1), 300 h (a2-d2), 500 h (a3-d3), and 1000 h (a4-d4)
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Fig.9 TEM diffraction spots and SEM-EDS element mappings of rod-tcp (a) and needle-tcp (b) phases
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Table 7 Values of WV E volume fraction (Vi) of tcp phase

calculated by JMatPro and area fraction (Sip) of tcp

phase measured by experiment of four experimental

alloys
Alloy N, M, Viep/VOI% Siepl%
5.5Tal0Co  2.309 0.980 2.04 0
6.0Tal0Co  2.325 0.984 2.38 0.348
6.5Tal0Co 2343 0.987 273 1.793
6.5Tal2Co  2.372 0.988 2.67 1.012

Note: ,\Tvﬁaverage electron vacancy number; M —d-orbital energy

N
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N N
N ()

N
[y

5.5Tal0Co 6.0Tal0Co 6.5Tal0Co 6.5Tal2Co
Alloy

K10 Re. W. Mo. Cr JTETE y A7 HJE-T 40 $ s
Fig.10 Total atomic fractions of Re, W, Mo and Cr elements in the y

phase calculated by JMatPro at 1000 C
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Effects of Ta and Co on Microstructural Stability of Novel High Strength and
Hot-Corrosion Resistant Nickel Based Single Crystal Superalloys

Lai Yongjun®™?, Ning Likui*, Zhao Ling®, Liu Yichuan®?, Liu Enze, Tan Zheng"?, Li Haiying®, Tong Jian}, Zheng Zhi*
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)
(3. Shenyang Research Institute of Foundry Co., Ltd, CAM, Shenyang 110016, China)

Abstract: The microstructure of hot-corrosion resistant single crystal superalloy with different Ta and Co contents and the microstructure stability
during long-term aging at 1000 °C was investigated. The results show that in the single crystal superalloy of the experiment, the dissolution
temperature of y’ phase increases with the increase in Ta content, the size of y’ phase first increases and then decreases after complete heat
treatment. The dissolution temperature of y’ phase decreases and the size of y’ phase and the content of y’ phase reduce with the increase in Co
content. During the long-term aging process at 1000 °C, the coarsening rate of y’ phase first decreases and then increases with the increase in Ta
content, while the coarsening rate of y’ phase decreases with the increase in Co content. The mismatch degree of y/y’ phase and the diffusion of
elements in matrix are the main factors affecting the coarsening rate of y’ phase in the four alloys. In addition, Ta increases the content of y’ phase,
promotes the distribution of Re, W, Mo and Cr toward y matrix, and promotes the precipitation of tcp phase, while Co reduces the distribution of
Re, W, Mo and Cr in y matrix, reduces the supersaturation of matrix and inhibits the precipitation of tcp phase.
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