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 1  IN718!"#�$%& GH4169�'()�*� 

Table 1  Main composition of IN718 superalloy powder and 

GH4169 substrate (ω/%) 

Element IN718 powder GH4169 substrate 

C 0.026 0.043 

Ni 53.07 52.73 

Nb 4.86 5.11 

Mo 3.01 3.10 

Al 0.33 0.57 

Ti 0.92 0.92 

Cr 18.48 19.75 

Fe Bal. Bal. 
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Fig.1  Optical microstructures of LDF IN718 alloy: (a) as-deposited, (b) 17K, and (c) 17K+1100STA 
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 SEM¯°  

Fig.2  SEM images of LDF IN718 alloy: (a) as-deposited; (b) 17K; (c) 17K+1100STA; (d) high magnification of the region E marked in 

Fig.2c 
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Fig.3  Microhardness curves of LDF IN718 alloy under different  

conditions 
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Table 2  Results of microhardness measurements for LDF 

IN718 alloy under different conditions (average of 72 

measurements) 

Material condition As-deposited 17K 17K+1100STA 

Microhardness, 

HV

0.2

/MPa 

3110 3270 4800 

Ã

�\ÄÅ��%(9��,_*:Æ{�Ç#�Þ

6.1%%2.7%, 10.6%]ÈÉ Hall-PetchÊË
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Table 3  Room-temperature tensile properties of LDF IN718 alloy parts under different material conditions 

Condition σ

s 

/MPa σ

b 

/MPa δ/% ψ/% 

As-deposited 641 954 30.0 40.7 

17K 680 980 29.2 45.0 

17K+1100STA 1217 1418 19.0 27.0 

Wrought standard (Q/3B 548-1996) 1100 1340 12 15 
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Fig.4  Tensile fracture morphologies of LDF IN718 alloy under different conditions: (a, d, g) as-deposited; (b, e, h)17K;            

(c, f, i) 17K+1100STA 
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Effect of Ultrasonic Vibration and Heat Treatment on Microstructure and Mechanical 

Properties of IN718 Superalloy by Laser Direct Forming 

 

Wang Tan, Zhang Anfeng, Liang Shaoduan, Zhang Xiao, Yan Shenping, Zhang Lianzhong, Li Dichen  

(State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China) 

 

Abstract: The effects of ultrasonic vibration and heat treatment on the microstructure and tensile properties of IN718 superalloy by laser 

direct forming (LDF) were investigated. The results show that microstructure of IN718 superalloy with ultrasonic vibration is refined 

compared with that of the as-deposited alloy. In addition, the microhardness and tensile properties of the parts fabricated by LDF with 

ultrasonic vibration are improved compared with that of the ones fabricated by LDF without ultrasonic vibration, and the tensile strength, 

yield strength and area reduction are increased by 2.7%, 6.1% and 10.6%, respectively. With the heat treatment of homogenization, 

solution and double aging, the columnar dendrites change to equiaxed grains due to recrystallization. Laves phase dissolves, and there are 

grainy and acicular δ phase distributed in and along boundaries of the grains. Besides, a large number of strengthening phase γ″ and γ′ are 

precipitated on the matrixes. After heat treatment, the tensile strength, yield strength and elongation are 1418 MPa, 1217 MPa and 19%, 

respectively, which conform to the wrought standard of Q/3B 548-1996. 

Key words: laser technique; laser direct forming; ultrasonic vibration; IN718 superalloy; microstructure; tensile property 
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