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Influence of heat treatment on organization and properties of a novel
selective zone laser melting nickel-based high-temperature alloy
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2 Shi Changxu Advanced Materials Innovation Center, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The study focuses on the nickel-based superalloy ZGH451 manufactured by additive
manufacturing, conducting heat treatment experiments with different processes. By analyzing the
microstructure and mechanical properties, an optimized heat treatment regime suitable for this alloy has
been developed, which consists of short-time high-temperature solution treatment followed by two-stage
aging. The results indicate that the optimal heat treatment process is as follows: 1250 °C for 15 min (air
cooling) + 1100 °C for 4 h (air cooling) + 850 “C for 24 h (air cooling). After complete heat treatment,
the element segregation within the alloy is eliminated, resulting in a ¥ phase microstructure with favorable
size (436 nm) , area fraction (63.74%) , and cubic morphology. Additionally, the tensile properties at
760 °C are significantly improved, with a tensile strength of 1142 MPa and an elongation of 22.8%.
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Table 1  Chemical composition of ZGH451 alloy

(mass fraction/ %)

Ta+Mo+W Al+Ti Cr C Co B Ni
15.8 6.0 8.0 0.05 8.0 0.015  Bal.

*2 SLM EESH
Table 2 SLM process parameters

Laser Speed/ Spot size/  Initial angle/  Rotation angle/
power/W  (mm/s)  pm ) )
240 680 180 67 67
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Fig.1 DSC curves of as-deposited alloy ~ (a)heating curve; (b)cooling curve
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Table 3 Heat treatment processes

Process Solution
SA1

SA2

Annealing Firstaging  Secondary aging
650 °C/10h 1250 °C/3h 1100 °C/4h 850 °C/24 h
650 °C/10h 1250 °C/15min 1100°C/4h 850 °C/24h
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Fig.3 OM images and SEM images of deposited alloy

(a)OM image of side surface of as-built sample ; (b)OM image of top surface of as-built sample; (c) SEM image of side surface;

(d), (e)locally enlarged SEM images in Fig.(c) ; ({)locally enlarged SEM image in Fig.(d)
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Fig.7 EBSD analysis of alloy
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Fig.8 Tensile properties of alloy at medium temperature under different processing conditions

(a)stress-strain curves; (b)tensile strength and elongation after fracture
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Fig.10 TEM images of tensile fracture morphologies of alloy at 760 “C under different processes
(a)SLM; (b)SAT; (c)SA2
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