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Fig.1 OM images of Ni42W10Col1Mo alloy in cold rolled state
under different heat treatment conditions: (a) cold rolled
state, (b) 700 ‘C, (c) 800 C, (d) 900 C, (e) 993 C,
(f) 1000 C, (g) 1100 C, and (h) 1200 C
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Fig.2 SEM images of Ni42W10Co1Mo alloy in cold rolled state
under different heat treatment conditions: (a) cold rolled
state, (b) 700 C, (c) 800 C, (d) 900 C, (e) 993 TC,
(f) 1000 C, (g) 1100 C, and (h) 1200 C
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Fig.3 EDS element mappings of Ni42W10Co1Mo alloy before and after heat treatment at temperatures: (a) as-rolled, (b) 900 C, and
(c) 1100 C
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Fig.4 Room temperature tensile stress-strain curves of Ni42W10-
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ColMo alloy after heat treatment at different temperatures
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Tablel Room temperature tensile properties of as-rolled Ni42-

W10ColMo alloy before and after heat treatment at

% Tn/m}##"ifgilm?i

different temperatures

State Yield strength,  Ultimate tensile ~ Elongation,

oy/MPa strength, ows/MPa ef/%
As-rolled 1564 1589 6.3
700 C 1357 1387 10.8
800 C 1219 1258 9.2
900 C 900 972 7.1
993 C 557 1074 55.3
1000 C 557 1016 52.2
1100 C 557 1029 45.6
1200 C 479 1011 72.4
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Fig.5 Tensile fracture morphologies of as-rolled Ni42W10Co1Mo alloy under different heat treatment temperature: (a) as-rolled,
(b) 700 °C, (c) 800 °C, (d) 900°C, (e) 993 C, (f) 1000 C, (g) 1100 C, and (h) 1200 C
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Table2 Elemental content of different precipitation phases of
Ni42W10ColMo alloy (w/%)

Primary Gray Gray 900 ‘C/white 1200 C/white

Element

phase  block needle particles particles
Ni 43.9 52.8 532 51.97 45.32
W 435 335 331 35.13 443
Co 12.2 134 132 12.2 10.28
Mo 0.4 0.3 0.5 0.7 0.27
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Fig.6 TEM analysis of as-rolled Ni42W10ColMo alloy after heat treatment at 900 C: (a) TEM bright-field image and STEM-EDS

mappings of nanoprecipitates; (b) TEM dark-field image and STEM-EDS mappings of nanoprecipitates; (c) TEM bright-field

image; (d-g) SAED patterns of precipitates and matrix organization as pointed in Fig.6a-6¢
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Fig.7  Cross-sectional microstructures of as-rolled Ni42W10ColMo alloy before and after heat treatment at different temperatures:

(a) as-rolled, (b) 900 C, and (¢) 1200 C
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Effect of Heat Treatment on the Microstructural Evolution and M echanical Properties of
NiW Medium/Heavy Alloys

Wang Wannian!, Cao Guoxin?, Zhu Xu', Chen Zhanxing', Wang Xiaohong?, Xing Qiuwei', Ma Tengfei®, Fu Baoquan?
(1. School of Materials Science and Engineering, Zhengzhou University of Aeronautics, Zhengzhou 450046, China)
(2. Xi’an superalloy Technology Co., Ltd, Xi’an 710299, China)
(3. Key Laboratory of Air-Driven Equipment Technology of Zhejiang Province, Quzhou University, Quzhou 324000, China)

Abstract: The influence of various heat treatment temperatures on the microstructural evolution and mechanical properties of the cold-rolled
Ni42W10ColMo alloy was studied. The results indicate that the tcp phases are transformed from ¢ phase to u phase with the increase in heat
treatment temperatures, and then transformed from u phase to ¢ phase finally. The microstructure evolves from deformed dendrites to a uniform
equiaxed grains. After heat treatment at 900 °C, the precipitation phases are predominantly needle-like and blocky u phases with a small quantity
of granular u phases. Recrystallization is also evident. After heat treatment at 1200 °C, a substantial amount of granular ¢ phases is precipitated
accompanying the completion of recrystallization. The extensive precipitation of tcp phases consumes a large number of W atoms, leading to a
decrease in solid solution strengthening. The room temperature yield strength is decreased from 1564 MPa to 479 MPa after heat treatment at
1200 °C, while the elongation is enhanced to 72.4%. The precipitation of larger-sized u phases is adverse to ductility. The elongation of the alloy is
only 7.1% after heat treatment at 900 °C.

Key words: nickel-based alloys; MHA; heat treatment; tcp phase; mechanical properties
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