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Table 1 Chemical composition of the substrate and powder (w/%)
Material Ni Al Co Cr Mo w Ti Ta C B Hf
Substrate Base 4.8~5.4  9.5~10.5 84~94 15~25 6.5~75 0.7~1.2 3.5~4.1 0.07~0.12 0.01~0.02 1.2~1.8
Powder Base 2.0~5.0 3.0~13 4.0~15 1.0~2.0 3.0~11.0 0.5~2.5 1.8~6.1 0.07~0.12 0.01~0.02 0.5~1.0
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Table 2 Heat treatment for DZ125 alloy of laser deposition

Sample Heat treatment
1# As-deposited
2# 870 ‘C/20 h, AC
3# 1100 ‘C/4 h, AC + 850 “C/20 h, AC
4# 1100 ‘C/4 h, AC + 870 ‘C/20 h, AC
S# 1100 'C/4 h, AC + 890 ‘C/20 h, AC
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Fig.1 Macroscopic morphologies of different samples: (a) 1#, (b) 2#, and (c) 4#
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Fig.2 y'phase morphologies of different samples: (a) 1#, (b) 2#, (c) 3#, (d) 4#, and (e) 5#
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Table 3 ' phase content and average size of different samples

Sample 1# 2# 3# 4# S#
Content of y"/% 28.6 38.9 46.7 53.5 51.9
Size/pum 0.07 0.12 0.37 0.42 0.39
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Fig.3 MC carbide morphologies of different samples: (a) 1#, (b) 2#, (c) 3#, (d) 4#, and (e) 5#
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Table 4 EDS results of carbides in Fig.3 (at%)

Point Composition C Al Co Cr Mo W Ti Ta Ni Hf
A MC 35.06 2.75 8.72 3.35 1.73 2.53 12.93 9.02 20.78 3.12
B MC 43.19 2.83 8.83 3.67 1.54 2.62 4.02 7.64 21.03 4.63
C MC 38.29 2.83 7.26 4.30 13.32 14.37 2.03 0 22.03 3.57
D M>3Cs 30.38 2.69 20.31 18.68 2.15 6.74 2.82 0 19.72 2.36
E MC 49.57 3.31 5.34 6.53 15.78 15.36 0.15 0 23.34 1.89
F M>3Cs 40.59 1.56 15.29 17.31 3.45 5.67 0.25 0 19.67 2.21
G MC 31.28 3.21 9.25 8.65 15.87 15.64 2.31 0 18.21 1.29
H M>3Cs 30.72 4.52 18.34 13.34 4.56 3.64 1.97 0 17.54 0.61
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Fig.4 Microhardness of different samples
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Fig.5 Friction coefficient curves of different samples
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Fig.6 Wear profiles of different samples: (a) 1#, (b) 2#, and (c) 4#
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Effect of Heat Treatment on Microstructure and Friction
and Wear Properties of Laser Deposited DZ125 Alloy

Bian Hongyou'?, Di Tengda', Wang Shijie?, Qu Shen®, Wang Wei', Yang Guang'
(1. Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process,
Shenyang Aerospace University, Shenyang 110136, China)
(2. Shenyang University of Technology, Shenyang 110870, China)
(3. AECC Shenyang Liming Aero-Engine Corporation Co. Ltd, Shenyang 110043, China)

Abstract: The effects of different heat treatment regimes on the microstructure, hardness and friction and wear properties of laser
deposited DZ125 superalloys were investigated. The results show that the dendritic morphology of the depositional area is columnar
dendrite growing on the outer edge, and the average primary dendrite spacing is about 10.8 pm. After single-stage aging (870 °C/20 h, AC)
and two-stage aging (1100 °C/4 h, AC+870 °C/20 h, AC), the dendritic morphology and sedimentary state of the sample are not much
different. The y’ coarsening phenomenon occurs in each sample; the y’ phase coarsening degree is higher and the size distribution is more
uniform after the two-stage aging heat treatment. Under the two-stage aging heat treatment system, the average size and content of
different aging temperature y’ phases are different; under 1100 °C/4 h, AC+870 °C/20 h, AC system, the average size and content of y’
phase are the largest. After single-stage aging and two-stage aging heat treatment, the content of Ti in the carbides shows a downward
trend. After two-stage aging heat treatment, two kinds of irregularly shaped MC carbides are precipitated, which are M»;Cqtype carbides
rich in Cr and Co elements and MsC type carbides rich in W and Mo elements. The wear mechanism of specimens with the single-stage
aging or two-stage aging heat treatment is abrasive wear. The microhardness and wear resistance of the two-stage aging heat treated
samples are better than those of the single-stage aged sample.

Key words: DZ125 superalloy; heat treatment; laser deposition; microstructure; friction and wear
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