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È 1  SLM^_ÉÊËÌÍ´ºÎÏÐÑ 

Fig.1  SLM scanning strategy (a) and size of tensile specimen (b) 
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È 2  §¨�ÍrsvwtuÏÔ\3��¢£ 

Fig.2  Recrystallization distribution of as-SLMed sample (a) and annealed samples at different temperatures: 

(b) 700 Õ, (c) 800 Õ, and (d) 900 Õ 

 

 

 

 

 

 

 

 

 

 

 

 

 

È 3  §¨�ÍrsvwtuÎÏ\3��Ö×Ø� 

Fig.3  Recrystallization ratio of as-SLMed sample and annealed 

samples at different temperatures 
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È 4  §¨�ÍrsvwtuÏÔ\ÙÚ�ÛÐÑ 

Fig.4  Average grain size of as-SLMed sample and annealed 

samples at different temperatures 
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È 5  §¨�Ý���ÞÍ§¨�� 900 ÕtuÏÔ��¢£ 

Fig.5  Subgrain of as-SLMed sample (a); dislocation distribution in the as-SLMed sample (b) and annealed sample at 900 Õ (c) 
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È 6  §¨�ÍtuÏÔ����Ö×Ø� 

Fig.6  Ratio of grain boundary style for as-SLMed and annealed 

samples 
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È 7  §¨�ÍtuÏÔ γ'~_ß 

Fig.7  γ' phase morphologies of as-SLMed sample (a) and annealed samples at different temperatures: (b) 700 Õ, (c) 800 Õ, and (d) 900 Õ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

È 8  §¨�ÍtuÏÔ R¡_ß 

Fig.8  Carbide morphologies of as-SLMed sample (a) and annealed samples at different temperatures: (b) 700 Õ, (c) 800 Õ, and (d) 900 Õ 
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Table 1  EDS analysis results of grain boundary carbide for 

as-SLMed and annealed samples (ω/%) 

Element C Cr Ti Ta Nb Al Ni 

As-SLMed 8.20 14.60 4.60 2.90 2.1 2.9 49.7 

700 Õ 35.12 11.18 2.35 1.28 0.55 1.62 39.64 

800 Õ 13.26 18.54 2.85 2.33 1.04 3.32 45.28 

900 Õ 17.62 21.04 3.04 1.63 1.41 2.56 40.41 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

È 9  §¨�� 800 ÕÓfgtuÎÏ\ XRDÈà 

Fig.9  XRD patterns of as-SLMed sample and annealed sample at 

800 Õ (a) and the corresponding enlarged view of the 

framed area in Fig.9a (b) 
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� 10  �������� !"#$%&� 

Fig.10  Distribution curves of local misorientation of as-SLMed 

and annealed samples 
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Fig.11  Cloud diagrams of θ

KAM

 distribution of as-SLMed sample (a) and annealed samples at different temperatures: 

(b) 700 �, (c) 800 �, and (d) 900 � 
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Fig.12  Diagram (a) and results (b) of residual stress test 
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Fig.13  Microhardness of as-SLMed and annealed samples 
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Fig.14  Tensile strength and elongation of as-SLMed and 

annealed samples 
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Evolution of Microstructure and Properties of SLM Formed 

Inconel 738 Alloy During Stress Relief Annealing 
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Abstract: Due to the characteristics of rapid melting and solidification of selective laser melting (SLM) process in preparing Inconel 738 

alloy, there is residual stress in alloy, so the alloy cannot be directly used. Thus, stress relief annealing is required. The evolution of 

residual stress, precipitation behavior, microstructure and properties of the alloy after annealing at different temperatures (700~900 °C) for 

24 h was studied. The results show that the microstructure evolution mechanism is static recovery, while dislocation migration, 

rearrangement and grain boundary style change occur and a bimodal distribution of spherical γ' phase (50~250 nm) and short rod-shaped γ' 

phase (240~440 nm) are formed. The grain boundary carbides change from a dotted state to a continuous one and the type of carbides 

changes from MC to M

23

C

6

; after annealing at 800 °C, the residual stress decreases from 380.94 MPa (as-SLMed) to –66.7 MPa, indicating 

the residual stress is eliminated. With the annealing temperature increasing, the microhardness and tensile strength first increase and then 

decrease, and the elongation increases gradually. The alloy annealed at 800 °C has the highest microhardness (HV) and tensile strength 

(5812, 1330 MPa), which are 1.42 and 1.41 times of those of as-cast alloy (4100, 945 MPa), respectively. 

Key words: SLM; Inconel 738; residual stress; precipitated phase; mechanical properties 
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