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µ 1  �¦rs¶·µ (mm) 

Fig.1  Dimensions of tensile test sample (BD: building direction) 

 

 1  !"# Inconel 718$�%&'#()� 

Table 1  Chemical composition of the gas atomized Inconel 718 powder (ω/%) 

Cr Fe Nb Mo Ti Al Co Cu C Si Mn P Ni 

18.36 18.51 4.85 3.10 0.94 0.52 0.096 0.037 0.046 0.15 0.036 

0.0094 

Bal. 

 

 2  Inconel 718$�*+',-./0 

Table 2  Designations of samples and corresponding heat treatment processes 

Samples Heat treatment process 

H1 980 �/1.5 h (AC) 

H2 1080 �/1.5 h (AC) 

H3 H IP /2 h (AC) 

SA 980 �/1.5 h (AC)+720 �¸8 h/(FC, 50 �/h) +620 �/9 h (AC) 

H+SA 1080 �/1.5 h (AC)+ 980 �/1.5 h (AC)+720 �/8 h/(FC, 50 �/h) +620 �/9 h(AC) 

HIP+SA HIP/2 h (FC) +980 �/1.5 h (AC)+720 �/8 h/(FC, 50 �/h) +620 �/9 h (AC) 

Note: H: homogenization, SA: solution-ageing, AC: air cooling, FC: furnace cooling  
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µ 2  Inconel 718OopqrsaJ�[\]^¼½ 

Fig.2  OM images of Inconel 718 samples formed by SLM: (a) the cross section and (b) the longitudinal section 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µ 3  Inconel 718Oopqa[\/¾ 

Fig.3  SEM images of Inconel 718 samples fabricated by SLM: (a, c, d) the cross section and (b) the longitudinal section 
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µ 4  Inconel 718Oopq¿À©<Y'Za XRDµÁ 

Fig.4  XRD patterns of SLMed Inconel 718 alloy samples under 

different heat treatments (the cross section) 

 3  � 3c1� 5a2� 7a�345' EDS67�8 

Table 3  EDS analysis of different precipitated phases in Fig.3c,  

Fig.5a, and Fig.7a (ω/%) 

Point EDS0 EDS1 EDS2 EDS3 EDS4 EDS5 EDS6 

Ni 51.2 50.1 53.7 42.7 45.8 43.9 43.3 

Cr 18.9 18.1 11.2 20.0 13.7 16.5 20.3 

Fe 17.2 16.8 9.8 17.3 10.9 13.8 17.4 

Nb 7.0 8.5 15.2 10.4 21.1 17.8 10.6 

Mo 3.9 4.4 5.7 6.9 5.4 5.0 5.9 

Ti 1.1 1.1 1.8 1.2 2.3 1.8 1.5 

Al 0.7 1.0 0.8 1.5 0.8 1.2 1.1 
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µ 5  À©VWNY'Z Inconel 718Oa[\/¾ 

Fig.5  Microstructures of SLMed Inconel 718 samples in the homogenized conditions: (a) H1, (b) H2, and (c) H3  
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Table 4  Vickers hardness values, elongation (δ), yield strength 

(YS) and tensile strength (UTS) of as-built and 

post-treated specimens 

Sample HV

0.2

/MPa δ/% YS/MPa UTS/MPa 

As-built 3040±30 20.37±1.06 700±9 993±6 

H1 2910±20 - - 

- 

H2 2610±60 - - 

- 

H3 2660±30 - - 

- 

SA 5040±40 10.35±1.12 1243±13 1375±5 

H+SA 5040±40 8.62±0.26 1224±9 1354±10 

HIP+SA 4900±30 13.30±0.58 1191±6 1361±4 

 

 

 

 

 

 

 

 

 

 

$ 6  %&'()*�	+ Inconel 718�� ������  

Fig.6  Optical metallographs of SLMed Inconel 718 samples under different solution and aging treatments: (a) SA, (b) H+SA, and  

(c) HIP+SA 

 

 

 

 

 

 

 

 

 

 

$ 7  %&'()*�	+ Inconel 718�� ���,  

Fig.7  Microstructures of SLMed Inconel 718 samples after different solution and aging treatments: (a) SA, (b) H+SA, and (c) HIP+SA 
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$ 8  %&��	678 Inconel 718��9:��;< 

Fig.8  Fractured surfaces of SLMed Inconel 718 samples under different heat-treated conditions: (a) as-built, (b) SA, (c) H+SA, and 

(d) HIP+SA 
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Effect of Heat Treatment on Microstructure and Mechanical Properties of 

Inconel 718 Alloy Fabricated by Selective Laser Melting 
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Abstract: The effect of three different heat treatments, solution-aging (SA), homogenization+solution-aging (H+SA), and hot isostatic 

pressing+solution-aging (HIP + SA), on the microstructure and mechanical properties of selective laser melting (SLM) formed Inconel 718 

alloy. The as-built Inconel 718 has a large number of dendritic structures, and there are many brittle laves phases precipitating among the 

interdendritic region. The δ phase is prone to precipitate when the alloy is treated by proper homogenization, but the material can not be 

strengthened without γ" and γ' phases. Hot isostatic pressing (1080 S, 148 MPa, 2 h) can considerably remove laves phases and micro 

pores of the as-fabricated samples, and combine with the solution aging treatment subsequently. It’s conductive to refine the grain size of 

the as-built samples, flat the grain boundaries, and promote the precipitation of γ" and γ' phases, so HIP+SA treatment significantly 

increases the strength of Inconel 718 alloy. The mechanical properties of Inconel 718 alloy reach the optimum combination at UTS=1361 

MPa, 0.2% YS=1191 MPa, and HV

0.2

=4900 MPa, and the elongation after breaking is 13.30%. 

Key words: Inconel 718 alloy; selective laser melting; heat treatment; microstructure; mechanical properties  
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