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Table 1  Nominal composition of CSU-A1l alloy(Mass

fraction, %)

Co Cr Ti W Mo Al

26 13 3.7 4 4 32
Nb Hf C B Zr Ni
0.95 0.2 0.05 0.025 0.05 Bal.
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Fig. 1 Thermal calculation equilibrium diagram of experimental

alloy (a) and its magnified figures ((b), (c))
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Fig. 2 Microstructures of hot extruded alloy: (a) Optical

microstructure; (b) SEM image
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Fig. 3 Optical microstructures of annealed alloys under different conditions: (a) 700 C, 1 h; (b) 700 C, 2 h; (¢) 800 C, 1 h;
(d) 800, 2 h; (¢) 900 C, 1 h; (f) 900 °C, 2 h; (g) 1000 C, 1 h; (h) 1000 C, 2 h; (i) 1100 C, 1 h; () 1100 °C, 2 h; (k) 1200 ‘C, 1 h;

(1) 1200 C,2h
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Fig. 4 SEM images of annealed alloys under different conditions: (a) 700 “C, 1 h; (b) 700 C, 2 h; (c) 800 C, 1 h; (d) 800, 2 h;
(€)900 C, 1h; () 900 °C,2 h; (g) 1000 °C, 1 h; (h) 1000 C, 2 h; (i) 1100 “C, I h; (j) 1100 C, 2 h; (k) 1200 C, 1 h; (1) 1200 C,

2h
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Fig. 5 Effect of annealing conditions on grain size of
experimental alloy
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Fig. 6 Effect of annealing conditions on volume fraction (a)

and size (b) of y' particles of experimental alloy
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Fig. 7 Schematic diagram of scale and position distribution of

nanoindentation
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Fig. 8 Nanoindentation load—displacement curves of

experimental alloys before and after annealing
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Fig. 9 Variation of indentation depth increment with indenter

load at different loading rates for experimental alloys
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Effect of annealing treatment on microstructure and
properties of a new Ni-Co-Cr based powder superalloy

TAN Gang', LI Hui-zhong', WANG Yan?, YANG Lei', HUANG Zheng-qin?, LIU Min-xue®, ZOU Tian-qi’

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. School of Aeronautics and Astronautics, Central South University, Changsha 410083, China;
3. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Based on the Thermo-Calc thermodynamic calculation software and the corresponding database of Ni-Co-Cr
based alloy, the possible equilibrium phases in a new nickel-based powder superalloy and its relationship with
temperature were simulated. The evolutions of y grain and y’ phase under various annealing conditions were analyzed by
optical microscopy and scanning electron microscopy (SEM) combining with the quantitative analysis software. At the
same time, the influence of annealing condition on the mechanical properties of the alloy was studied by nanoindentation.
The results show that the dissolution temperature of y’ phase for the alloy is about 1154 °‘C. When the annealing
temperature is lower than 1000 C, the y' phase mainly exhibits spherical morphology. Increasing the annealing
temperature and the holding time lead to limited variation in the size and volume fraction of y' phase. The grains slowly
grow due to the effective pinning of the undissolved y’ phase. When the annealing temperature is higher than 1000 °C, the
morphology of y' phase gradually changes from spherical to cubical or petaloid shape. In the case of longer holding time,
7" phase exhibits a tendency of splitting from a large precipitates to several small ones. The increase of annealing
temperature results in significant decreasing in the size and volume fraction of y’ phase so that the grain size of the alloy
also increases rapidly. The nanoindentation test reveals that, as annealing temperature and holding time increase, the
hardness of the alloy gradually decreases, while the elastic modulus does not change apparently. Comprehensively
considering the microstructure and hardness of the as-annealed alloys, the annealing treatment of the as-extruded alloy is
suggested to be at the temperature of 1000 ‘C and the holding time between 1 and 2 h.

Key words: nickel-based powder superalloy; annealing; grain; y' phase; nanoindentation

Foundation item: Project(2016YFB0700300) supported by the National Basic Research Development Program of China;
Project(XCX20190153) support by the Innovation and Entrepreneurship Project for College Students
of Central South University, China
Received date: 2019-05-28; Accepted date: 2019-12-26
Corresponding author: WANG Yan; Tel: +86-731-88877495; E-mail: wangyan@csu.edu.cn
(RiE )



