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Abstract 

 In this study, Inconel 718 superalloy was fabricated by selective laser melting 
(SLM) and solution treated at 980-1230 ℃ subsequently. The process window was firstly set up 
based on the density of the samples. Samples were fabricated using various parameters within the 
process window to investigate the effects of process parameters on microstructure and mechanical 
properties. The average dendrite arm spacing and the volume fraction of Laves phase raise along 
with the increasing energy input. However, no distinct difference of tensile properties was found 
under parameters in the process window. Interdendritic Laves phase decreases with the solution 
temperature, while the grain size has the opposite trend. Finally, the solution temperature was fixed 
at 1080 ℃ to dissolve Laves phases and obtain fine grains. After solution + aging heat treatment, 
the tensile strengths and ductility all exceed the wrought Inconel 718. 

Keywords: Selective laser melting; Process parameters; Heat treatment; Microstructure; 
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Introduction 

Selective laser melting (SLM) is a rapidly developing advanced manufacturing technique which 
melts the metal powders with the laser beam to build parts layer by layer directly from CAD model 
[1, 2]. Compared with conventional manufacturing processes, SLM offers its unique advantages, 
such as high dimension accuracy and geometrical complexity, material saving and reduction of 
product cycles [3, 4]. Therefore, the technique has gained widespread interest recently. 

 
Inconel 718 (IN718) superalloy is widely applied in aerospace and energy industries due to its 

excellent strength at elevated temperatures, good corrosion resistance and favorable weldability [5-
7]. Extensive work has been conducted on selective laser melted IN718 at present [1, 2, 4, 8-15]. 
The microstructure, mechanical properties, heat treatment and residual stress of SLMed IN718 has 
been studied. However, most of research adopted the optimal process parameters to produce the 
samples aimed at the minimisation of porosity, and only limited work has focused on the correlation 
between process parameters, microstructure and properties [11]. Therefore, in this work, effects 
of process parameters on microstructure and mechanical properties of SLMed IN718 have been 
studied and the effects of heat treatment were also evaluated. 

Materials and Methods 
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Gas atomized IN718 powders with an average diameter of 31 μm were chosen as the starting 
materials in this work and the chemical composition is shown in Table 1. All the samples were 
fabricated by a self-developed SLM machine equipped with an IPG YLR-500 fiber 
laser (maximum output power of 500 W) . 

Table1 Chemical composition of IN718 powder 
Element Ni Cr Fe Nb Mo Ti Al Co Mn C 

wt.% Balance 18.46 18.45 5.1 3.04 0.9 0.66 0.16 0.17 0.054 

Two kinds of samples were produced: cubic samples (10×10×8 mm3) and tensile test 
samples. Cubic samples were fabricated using various process parameters shown in Table 2 to 
optimize the parameters based on the relative density of the samples. Tensile test samples designed 
according to ISO 6892-1-2009 were built horizontally using the optimal parameters. 

Table 2 SLM process parameters applied in this study. 
Process parameter Value 
Laser power P (W) 150-500 
Scanning velocity v (mm/s) 400-1400 
Hatch spacing h (mm) 0.08, 0.10, 0.12 
Layer thickness t (μm) 20, 40, 60 

In order to investigate the effects of heat treatment on microstructure and mechanical properties, 
the as-fabricated samples were solution treated at different temperatures (980-1230 ℃) for 1 h 
followed by air cooling and conventional double aging treatment (720 °C/8 h + 620 °C/8 h, AC) 
was adopted. All the heat treatments were carried out using a KSL-1400X-A2 muffle furnace with 
a heating rate of 10 ºC/min.  

 
The relative density of the samples were measured using the Image-Pro Plus 6.0 software. For 

microstructure research, the samples were etched by a solvent consisting of 30 ml HCl + 10 ml 
HNO3 after grinding and mechanical polishing. The microstructure was characterized using a 
Nikon Epiphot-300 optical microscope (OM), a FEI Sirion 200 scanning electron microscopy 
(SEM) and a FEI Quanta 200 scanning electron microscopy. Tensile test were conducted at room 
temperature using a Shimadzu AG-100 kN tester. 

Results and discussions 

Effects of process parameters 
A series of cubic samples were fabricated using the process parameters shown in Table 2 and 

the relative density was measured. Based on the results, certain process parameters which guarantee 
the samples with relative density > 99.9% were selected for further study as shown in Table 3. 
Sample P1, P2 and P3 only differ in layer thickness and hence they were compared to reveal 
the effects of layer thickness. Similarly, Sample P3, P7 and P9 were compared to reveal the effects 
of laser power, Sample P4, P5 and P6 were compared to reveal the effects of scanning velocity, 
Sample P6, P7 and P8 were compared to reveal the effects of hatch spacing. 
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Table 3 The selected process parameters which guarantee the samples with relative density > 
99.9%. 

Sample Layer thickness t 
(μm)   

Laser power P 
(W) 

Scanning 
velocity v 

(mm/s) 

Hatch spacing h 
(mm) 

P1 20 300 1000 0.10 
P2 40 300 1000 0.10 
P3 60 300 1000 0.10 
P4 60 400 600 0.08 
P5 60 400 800 0.08 
P6 60 400 1000 0.08 
P7 60 400 1000 0.10 
P8 60 400 1000 0.12 
P9 60 500 1000 0.10 

 
Fig. 1. Microstructures of samples fabricated with different process parameters : (a) P1; (b) 

P2; (c) P3; (d) P4; (e) P5; (f) P6 (g) P7; (h) P8; (i) P9. 
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Fig. 1 presents the microstructures of IN718 samples produced with different process 
parameters. It shows that due to the high cooling rates during SLM process, the as-fabricated 
samples are characterized with fine cellular dendrites with Laves phase precipitating in the 
interdendritic regions. The formation of Laves phase results from the segregation of alloy elements 
such as Nb and Mo [16]. In addition, the presence of the phase will weaken the precipitation of γ′ 
and γ″ [15]. In order to investigate the effects of process parameters on the microstructure, the 
average dendrite arm spacing and the volume fraction of Laves phase were measured. The binary 
processing of SEM images were conducted to facilitate the measurements of the volume fraction 
as shown in Fig. 2. The black regions are γ matrix, while the white regions are Laves phase. The 
statistic results are shown in Fig.3. As can be seen, the average dendrite arm spacing and the volume 
fraction of Laves phase raise along with increasing laser power and decreasing scanning velocity 
and hatch spacing, while the effect of hatch spacing on the average dendrite arm spacing is not 
distinct. The increasing energy input results in lower cooling rate, which leads to the increase of 
the average dendrite arm spacing. In addition, Nb elements have more time to diffuse due to 
the lower cooing rate [13]. As a result, it will contribute to the formation of Laves phase. 

 
Fig. 2.  Sketch of binary image processing 

 
Fig. 3. Statistic results of (a) the average dendrite arm spacing and (b) the volume fraction of 

Laves phase 

Tensile samples were produced using the parameters shown in Table 3 to investigate the effects 
of process parameters. Results of tensile test are shown in Table 4 and the relationship between 
mechanical properties and the laser energy density is illustrated in Fig. 4. It can be seen from Fig. 
4 that the UTS and YS of different samples do not vary much, while the elongation is 
volatile and the change law is not apparent. 
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The precipitation of the γ′ and γ″ phases is the key to improve the strength of IN718. Although 
the variation of process parameters can change the microstructure and the cooling rate to a certain 
extent, the precipitation of strengthening phase is still inhibited [10]. The mechanical properties 
mainly relates to internal defects in such a situation. Therefore, when the relative density is high 
enough, the mechanical properties are unable to be significantly improved by optimizing the 
parameters. 

Table 4 Mechanical properties of samples fabricated with different process parameters 
Sample YS (MPa) UTS (MPa) EL (%) 

P1 847 ± 15 1120 ± 11 30.9 ± 0.9 
P2 833 ± 19 1127 ± 9 28.9 ± 0.4 
P3 832 ± 29 1120 ± 3 23.9 ± 2.5 
P4 778 ± 19 1103 ± 14 24.4 ± 2.5 
P5 799 ± 13 1098 ± 8 30.2 ± 0.5 
P6 773 ± 5 1082 ± 9 34.5± 0.8 
P7 815 ± 14 1107 ± 10 28.7 ± 1.2 
P8 816 ± 2 1104 ± 7 26.2 ± 1.7 
P9 760 ± 3 1069 ± 2 31.3 ± 1.0 

 
Fig. 4. Mechanical properties of as-fabricated samples in function of the energy density 

Effects of heat treatment 
Since no distinct difference of tensile properties was found under various parameters, heat 

treatments were conducted subsequently. Microstructures of the as-fabricated sample solution 
treated at different temperatures are shown in Fig. 5. When solution treated below 1080 ℃, the 
dendrites disappear in some regions as shown in Fig. 5a and b, which indicates that partial 
recrystallization occurs. When solution temperature rises to 1130 ℃, complete recrystallization has 
taken place and the grains become coarse and equiaxed. 

 
Fig. 6 shows the microstructures of heat-treated samples at high magnification. It can be seen  

that the microstructures become more homogeneous with temperature increasing. There are still 
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some residual particles of the Laves phase in the interdendritic regions when solution treated at 980 
and 1030 ℃ as shown in Fig. 6a and b, but the Laves phases almost dissolve at higher temperatures. 

 
Fig. 5. Microstructure of as-fabricated samples solution treated at different temperatures for 1 h, 
followed by air cooling. (a) 980 ℃. (b) 1030 ℃. (c) 1080 ℃. (d) 1130 ℃. (e) 1180 ℃. (f) 1230 ℃.  
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Fig. 6. SEM images of as-fabricated samples solution treated at different temperatures for 1 h, 

followed by air cooling at high magnification. (a) 980 ℃. (b) 1030 ℃. (c) 1080 ℃. (d) 1130 ℃. (e) 
1180 ℃. (f) 1230 ℃. 

According to the above results, the solution temperature was fixed at 1080 ℃ to dissolve Laves 
phases and obtain fine grains. Aging treatment was carried out following the solution 
treatment. Tensile properties of heat-treated samples are shown in Table 5 and compared with 
wrought material [15]. The results show that an obvious increase of the tensile strength occurs with 
a decrease in the ductility after heat treatment, but the tensile strengths and ductility all exceed the 
wrought IN718. Therefore, heat treatment is essential to obtain excellent mechanic properties. 
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Table 5 Mechanical properties of as-fabricated and heat-treated samples 
Sample YS (MPa) UTS (MPa) EL (%) 
SLM 847 ± 15 1120 ± 11 30.9 ± 0.9 

SLM + heat treatment 1369 ± 17 1529 ± 19 18.6 ± 0.9 
Wrought 1034 1276 12 

Conclusions 

In this study, effects of process parameters and heat treatment on microstructure and mechanical 
properties of selective laser melted Inconel 718 have been studied.  
(1) The as-fabricated samples are characterized with fine cellular dendrites with Laves phase 

precipitating in the interdendritic regions.The average dendrite arm spacing and the volume 
fraction of Laves phase raise along with the increasing energy input.  

(2) When the relative density is high enough, the mechanical properties are unable to be 
significantly improved by optimizing the parameters. 

(3) Laves phase decreases with the solution temperature, while the grain size has the opposite trend. 
The solution temperature was fixed at 1080 ℃ to dissolve Laves phases and obtain fine grains. 
After solution + aging heat treatment, the tensile strengths and ductility all exceed the wrought 
Inconel 718. 
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