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ABSTRACT 
One of the key advantages of Additive Manufacturing is the versatility in working with 

a wide range of materials. Among these materials, Nickel-based superalloys have 

drawn great attention of specialists.  This study investigates the behavior of Inconel 

625 and Inconel 718 during selective laser melting. While these alloys have many 

similarities, thus their distinct chemical compositions determine different responses 

to this new process, which the authors aimed to elucidate in this study. Numerical 

simulations using ANSYS Additive® software were conducted to compare the melt 

pool dimensions (depth and width) of Inconel 625 and Inconel 718. The results reveal 

that the material's thermal properties play a significant role in determining the melt 

pool geometry. The Inconel 718 consistently exhibited larger melt pool dimensions 

than Inconel 625. The findings highlight the importance of understanding the 

connection between the material properties and process parameters. 
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1. INTRODUCTION 
 

Additive Manufacturing (AM) is a revolutionary 

technology that creates a 3D product from a CAD file 

with no specific tooling. This layer-by-layer process 

allows the manufacturing of highly complex designs that 

could not be produced by conventional manufacturing 

methods [1]. Its advantages have widened the 

application of this technology in diversified fields, such 

as automotive, aerospace, tooling, medical and dental, 

etc. Hence, AM is not restricted to a unique material, but 

it covers a wide range of metallic and non-metallic 

materials [2].  

 Across the last two decades, there have been notable 

investigations on steels [3], Ti- [4], Mg- and Nickel [5]- 

based alloys [6]. Among this large selection of materials 

that could be processed by AM, specifically Selective 

Laser Melting (SLM), Nickel-based superalloys are the 

most extensively investigated superalloys in the field of 

AM [7].  

 Nickel-based superalloys have gained widespread 

popularity in various industries due to their exceptional 

properties, including excellent refractoriness and 

remarkable resistance to corrosion at both low and high 

temperatures [8]. For instance, Inconel 625 (IN625) has 

interesting properties, ideal fatigue, and creep strengths 

in addition to a high resistance to corrosion and 

oxidation. This alloy disposes remarkable weldability 

that encourages its application in several fields like 

aerospace, petrochemical, and marine industries.  

 As for the Inconel 718 (IN718) alloy, it is known for 

its high strength, creep resistance, and good fatigue life 

at elevated temperatures (higher than 700 °C). Thanks to 

its good weldability, high wear, and hot corrosion 

resistance, this alloy is used in several applications, such 

as aircraft engines, gas turbines, nuclear reactors, and 

turbocharger rotors [9]. However, manufacturing these 

alloys are challenging through conventional machining 

methods [10]. This is mainly attributed to the refractory 

element segregation at high temperatures [11]. This fact 

raised the need for advanced manufacturing techniques, 

mainly AM, for such superalloys [12]. 

 Although these two alloys share common aspects 

and characteristics, they do have some differences in 

their chemical composition as presented in Table 1. 

Hence, they could display contrasting responses to the 

SLM process, which is yet explicitly uncovered. 

 

https://doi.org/10.35219/awet.2023.10
mailto:sami.chatti@udo.edu


ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI  FASCICLE XII 

 

120 VOLUME 34     (YEAR XXXIV)     2023 

 

Table 1. Chemical composition of Inconel 625 and Inconel 718 

 

Alloys/ 

Elements 

Cr 

[%] 

Mo 

[%] 

Nb 

[%] 

Fe 

[%] 

Al 

[%] 

Ti 

[%] 

C 

[%] 

Mn 

[%] 

Ni 

[%] 

Co 

[%] 

Inconel 

625 
20-23 8-10 

3.15-

4.15 
≤5 ≤0.4 ≤0.4 ≤0.1 ≤0.5 Bal. 1 

Inconel 

718 
17-21 2.8-3 4.8-5.5 Balance 0.2-0.8 

0.65-

1.15 
≤0.1 0.35 50-55 1 

 This paper presents an investigation on the 

evolution of both IN625 and IN718 during selective 

laser melting. This comparison covers the relationship 

between the distinct responses of the two alloys and 

their characteristics and points to an easier selection of 

the appropriate material.  

 

2. METHODS 
 

The two Inconel alloys are compared using the 

dimensions (depth and width) of the melt pool created 

during SLM. These dimensions are obtained from 

numerical simulations performed on ANSYS additive 

® software.  

 

2.1. Model Description 
 

The numerical model simulates the SLM of a single 

track with a length of 3 mm (Fig. 1). The heat equation 

(Equation 1) is solved through Ansys thermal solver 

using the Finite Element Method (FEM). 

 

𝜌𝐶 (
𝜕𝑇

𝜕𝑡
+ {𝑣}𝑇{𝐿} 𝑇) + {𝐿}𝑇{𝑞} = �̈�        (1)  

 

where ρ is the material density 

C - specific heat  

T - temperature  

{q} - heat flux vector 

�̈� - heat generation rate per unit volume  

{L} - operator vector, 

{v} - the velocity vector for the mass transport of heat. 
 The laser beam has a Gaussian distribution and a 

diameter of 100 µm. The powder layer is modeled as a 

continuous medium with an assumed factor of 0.6 for 

the material properties. These latter properties are 

temperature-dependent. The mechanical and thermal 

material properties, for both Inconel alloys, are 

presented in Table 2, and the boundary conditions are 

summarized in Table 3. 

 

2.2. Model Validation 
 

To validate the numerical model, a series of numerical 

simulations, using combinations of laser power and 

scan speed, detailed in Table 4, was conducted. For this 

purpose, the experimental conditions reported by 

Andreotta in. [13] were used for this simulation. The 

experimental work, using IN718, was made at an 

ambient temperature (25 °C) and using a layer 

thickness of 40 µm. 

 

  
 

Fig 1. Schematic illustration of the numerical model 
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Table 2. Fixed material properties of Inconel 625 and Inconel 718 

 

Alloys Property Inconel 625 Inconel 718 

Mechanical 

properties 

Elastic Modulus [GPa] 208 211 

Poisson ratio 0.33 0.3 

Material Yield strength [MPa] 480 1040 

Hardening factor 0.0041 0.0048 

Thermal 

properties 

Solid thermal conductivity at room 

temperature [W/ m °K] 
9.8 11.4 

Solid density at room temperature 

[kg/m3] 
8440 8200 

Solid specific heat at room temperature 

[J/ kg K] 
429 435 

Solidus temperature [°C] 1290 1260 

Liquidus temperature [°C] 1350 1340 

Thermal expansion coefficient [K-1] 0.00001358 0.0000128 

 

Table 3. Boundary conditions 

 

 

Location Boundary condition 

Base plate Fixed temperature 

Top face Uniform convection 

Lateral faces Adiabatic 

 

Results in Table 4 reveal a good accuracy 

between experimental and numerical results, 

specifically at low scan speed. A deviation between the 

real and predicted values is expected and is mainly 

attributed to both numerical assumptions and 

experimental measurements.  

As the scan speed rises, the difference between 

the calculated melt pool size and the reported melt pool 

size by Andretto et al. [13] rises. This could be 

attributed to the complicated physical phenomena 

(related to the fluid dynamics) that are not considered 

in our thermal model. 

 

Table 4. Numerical and experimental results 

 

Laser power 

[W] 

Scan speed 

[mm/s] 

Width [µm] 

Experimental Numerical Error 

150 
700 118 ± 5.1 113 0.04 

1200 97 ± 8.1 64 0.34 

200 
700 144.5 ± 9.2 136 0.06 

1200 113.6 ± 11.9 92 0.19 

300 

700 185 ± 1.21 166 0.10 

1200 132 ± 10.6 124 0.06 

2200 104 ± 9 73 0.30 

2500 94 ± 16.9 58 0.38 

Laser power 

[W] 

Scan speed 

[mm/s] 

Depth [µm] 

Experimental Numerical Error 

150 
700 48.2 ± 11.3 45 0.07 

1200 34 ± 14.2 13 0.62 

200 
700 64.4 ± 18.2 71 0.10 

1200 41.5 ± 9.8 29 0.30 

300 

700 96.5 ± 24.7 119 0.23 

1200 101.1 ± 37.2 92 0.09 

2200 42 ± 8.8 18 0.57 

2500 39.9 ± 14.8 12 0.70 
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3. RESULTS AND DISCUSSION 
 

After validating the model, the melt pool size (depth 

and width) of both IN718 and IN625 were predicted 

using different combinations of parameters from Table 

5. Here, the base plate temperature is fixed at 80 °C to 

minimize the resulting residual stresses that could be 

generated during SLM. 

 

Table 5. Process parameters used in the simulation 

 

Parameter Value 

Layer thickness [µm] 50 

Base plate temperature 

[°C] 
80 

Laser power [W] 50-100-150-200 

Scan speed [mm/s] 500-1000-1500-2000 

 

 The melt pool depth and width evolutions for both 

Inconel alloys IN718 and IN625 are presented in 

figures 2, respectively 3. The continuous line refers to 

the IN718 and the discontinuous one refers to the 

IN625. In Figure 2, the continuous and discontinuous 

lines belonging to the lowest power (50 W) are 

superposed and have a horizontal evolution at a 

constant value of zero. This is attributed to the small 

melt pool created at this power that did not reach the 

substrate, in this case, the predicted depth equals zero. 

For the higher powers, the melt pool depth decreases 

as the scan speed increases, and at a fixed scan speed 

the depth increases as the power increases for both 

Inconel alloys. 

 These observations can also be noticed in the melt 

pool width evolution presented in figure 3. In fact, at a 

higher power more energy is absorbed by the material 

which generates a deeper and wider melt pool. On the 

other hand, at a fixed laser power, when the scan is 

accelerated, the interaction time is reduced. This means 

that at high scan speed, there is not enough time for the 

powder bed to absorb enough energy, therefore a small 

melt pool is created. These findings correlate well with 

the results reported by Khorasani et al. [14] and Kumar 

et al. [15]. 

 The comparison between the evolution of the two 

Inconel alloys reveals that the melt pool depth of the 

IN718 is more important for all values of laser power 

and it decreases with an almost constant deviation. As 

for the melt pool width (figure 3), the same behavior is 

observed. This is mainly attributed to the difference in 

thermal properties of both alloys (summarized in Table 

2). In fact, thermal properties play a crucial role in how 

materials melt and in the shape of their melt pool. It 

influences how heat propagates within a material and 

how the material reacts to heat. The primary thermal 

properties to consider is the thermal conductivity. The 

alloy with higher thermal conductivity, the IN718, 

transmits heat more efficiently than the IN625 with 

lower conductivity. Indeed, heat will propagate more 

rapidly within the material, potentially resulting in a 

more uniform melting. 

 It can also be depicted from figures 2 and 3 that the 

deviation in both width and depth between the IN718 

and the IN625 is more important at higher powers. This 

observation is more meaningful and clearer in figure 4. 

The difference in dimensions between the two alloys is 

more important as the laser power increases. It 

increases from 6 to 12 µm, and from 4 to 16 µm for the 

melt pool depth, and respectively width. This is 

attributed to the input energy which is conspired as a 

determinant factor when comparing two materials. In 

fact, the amount of heat energy applied to the material 

determines how much it will melt and the depth of the 

melted pool. More heat input will result in a deeper 

melted pool.  

 

 

 
 

Fig 2. Melt pool depth evolution for Inconel 625 and Inconel 18 alloys  
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Fig 3. Melt pool width evolution for Inconel 625 and Inconel 718  

 

 
 

Fig 4. Deviations in the melt pool dimensions of the 

Inconel 625 and Inconel 718  

 

4. CONCLUSIONS 
 

This study was focused on the behavior of two 

prominent Nickel-based superalloys, IN625 and 

IN718, during the Selective Laser Melting (SLM) 

process. These alloys, known for their exceptional 

properties, find applications across various industries 

and their compatibility with AM technologies like 

SLM is of great interest.  

 The investigation focused on the melt pool 

dimensions (depth and width) of both alloys under 

different laser power and scan speed combinations. 

The results revealed notable differences in the melt 

pool characteristics between IN625 and IN718. IN718 

consistently exhibited larger melt pools compared to 

IN625, irrespective of the parameter variations. The 

observed differences in melt pool dimensions can be 

attributed to the distinct thermal properties of the two 

alloys, particularly their thermal conductivity. IN718, 

with higher thermal conductivity, exhibited more 

efficient heat transfer, resulting in deeper and wider 

melt pools. Furthermore, the deviation between the two 

alloys' melt pool dimensions increased with higher 

laser powers, emphasizing the significance of input 

energy in the SLM process.  

 This study contributes valuable insights into the 

behavior of IN625 and IN718 during SLM, aiding in 

material selection for specific applications in additive 

manufacturing. It highlights the importance of 

considering material properties, laser parameters, and 

their impact on melt pool characteristics when 

employing AM techniques with Nickel-based 

superalloys. 
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