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Table 1 Chemical composition of DZ125 alloy («/%)

C Cr Co Mo w Al Ti Ta Hf B Ni
0.07~0.12 8.4~9.4 9.5~10.5 1.5~2.5 6.5~7.5 4.8~5.4 0.7~1.2 3.5~4.1 1.2~1.8 0.01~0.02 Bal.
R2 MRHUFEHS
Table 2 Chemical composition of alloy powder (w/%)
Cr Co Mo w Al Ti Ta Hf Ni
4.0~15.0 3.0~13.0 1.0~2.0 3.0~11.0 2.0~5.0 0.5~2.5 1.8~6.1 0.5~1.0 Bal.
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Fig.1 Schematic of high temperature tensile test specimen size

K2 BOLUiBMER DZI125 B L1
Fig.2 Laser deposition repaired DZ125 repair parts
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Fig.3 Macroscopic appearance of matrix and repair area (a), OM

image of macroscopic appearance (b), top of repair area (c),
edge of repair area (d), and base and repair area junction

of matrix (e)
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Fig.4 Sedimentary carbide morphology: (a) top of repair area, (b) bottom of the repair area, (c) heat affected zone, (d) matrix, (e) carburization

at the top of the repair area, and (f) carbide enlargement at the bottom of the repair area

&3 DZ125 R XEAEE S
Table 3 Energy spectrum analysis of different regions of DZ125 (w/%)

Element C Al Ti Cr Ni Mo Hf Ta w
MC 19.47 1.64 37.43 2.59 15.96 2.98 6.36 5.74 5.69
MCs 6.38 2.78 1.16 9.40 62.7 4.46 1.05 4.41 4.84
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Fig.5 Sedimentary y' morphologies: (a, b) repair area, (c) heat affected zone, and (d) matrix
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Fig.6 Carbide morphology after heat treatment: (a) repair area, (b) repair zone, (c) heat affected zone, and (d) matrix
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Table 4 Energy spectrum analysis of carbides in different areas of DZ125 repair area (w/%)

Element C Al Ti Cr Co Ni Mo Hf Ta w
MC 15.81 2.01 3.80 3.63 4.50 27.55 4.66 4.71 22.13 11.20
M Cs 6.21 1.67 1.08 9.60 6.21 58.48 4.89 1.69 4.53 5.64

MC 31.45 1.78 12.23 4.13 1.95 23.31 1.98 12.40 2.56 8.21
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Fig.7 Morphologies of y' phase after heat treatment: (a) repair area, (b) heat affected zone, and (c) matrix
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Table 5 Tensile properties of laser deposition repaired DZ125 superalloy at 1000 °C high temperature

Sample op/MPa 002/MPa /%

1# 516 386 13.6

24 494 372 13.3

3# 486 364 13.1
Casting standard 575 395 31.0
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Fig.8 Microhardness curves of samples two-stage aging and

as-deposited
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Microstructure and Properties of Two-stage Aging Heat Treated Single Multilayer
DZ125 After Laser Deposition Repair

Bian Hongyou'”, Zhai Xingyue', Wang Shijie®, Li Ying’, Wang Wei', Wang Wei'
(1. Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process,
Shenyang Aerospace University, Shenyang 110136, China)
(2. School of Mechanical Engineering, Shenyang University of Technology, Shenyang 110870, China)
(3. Welding Technology Room, AECC Shenyang Liming Aero Engine Co., Ltd, Shenyang 110043, China)

Abstract: The microstructure and properties of DZ125 samples (as-deposited and two-stage aging heat treated) were analyzed by laser
deposition single multi-layer experiments on the casting substrate along the longitudinal direction of DZ125. The results show that the
microstructure of the sedimentary repair area is planar crystal, columnar crystal and equiaxed crystal structure from the bottom to the top. The
repaired area is mainly MC carbide. The heat affected zone will be decomposed into M>3Cs by MC due to the input of heat. Compared with the
as-deposited microstructure, after the two-stage aging heat treatment, a new grain boundary is formed in the repaired area, and some MC
carbides are decomposed into MC and M»;Ce, and the y' phase size is slightly increased, about 600~800 nm, and the distribution is uniform. The
size of the carbides in the heat-affected area is slightly reduced, the size of the y' phase is increased, and it is cubic. The tensile strength of the
two-stage aging heat treatment specimen is 516 MPa at 1000 °C, and the yield strength is 386 MPa, which is 89.7% and 97.7% of that of the
casting, respectively. The elongation rate is 13.6%, reaching 43.9% of that of the casting; the average hardness of the repaired sample after heat
treatment is 4730 MPa (HVO0.3), which is higher than the average hardness of the as-deposited sample 4330 MPa (HV0.3). The hardness of the
heat-treated and the deposited samples along the repair zone and the heat-affected areas to the matrix tends to be decreased.

Key word: laser deposition repair; DZ125 superalloy; two-stage aging heat treatment; microstructure; mechanical property
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