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ABSTRACT 
 
The design and fabrication of Inconel 718 open-pore lattice 

structures via Laser Powder Bed Fusion (LPBF) has been 
investigated in this research, focusing on applications such as 
catalyst supports in jet fuel production. The study explores the 
impact of laser power and scanning speed on the geometrical 
resolution of these structures aiming to achieve high porosity 
(porosity > 60%) and specific pore sizes ranging from 500-1000 
µm, intending to serve as catalyst supports, replacing 
conventionally manufactured foams to reduce costs. Results 
demonstrate the significant influence of processing parameters 
on the geometrical aspects of printed lattice structures, with laser 
power having a more pronounced effect on geometrical accuracy 
than scanning speed. Additionally, the mechanical properties of 
the printed lattice structures showed a correlation with the lattice 
strut sizes, as lattices with less porosity and thicker struts resulted 
in higher maximum shear stress. 

 
Keywords: Additive manufacturing; Laser powder bed 

fusion; Lattice structure; Surface morphology; Microstructural 
characterization 
 
1. INTRODUCTION 

 
 The rapid increase in greenhouse gas emissions, 

particularly nitrous oxide, carbon dioxide, and methane from 
fossil fuel combustion and anthropogenic activities, threatens 
global ecological balance [1]. This rising environmental concern 
has heightened the need for renewable fuels to reduce reliance 
on exhaustible energy sources like coal, oil, and natural gas [2]. 
In aviation, where petroleum-based fuels predominate, adopting 
alternatives is crucial for reducing carbon emissions [3]. 
Alternative fuels are advantageous for their reduced emissions, 
renewable properties, and decreased dependence on fossil fuels. 

They must possess high energy density, typically found in C8-16 
liquid iso-hydrocarbons, and have low freezing points, efficient 
cold flow properties, and thermal stability to ensure 
compatibility with existing engines [4]. 

Biomass and petroleum differ in chemical composition, 
necessitating distinct fuel production approaches [5]. While 
deoxygenated petroleum hydrocarbons require high-temperature 
gas-phase processing, the oxygen-rich biomass calls for lower-
temperature treatments to eliminate oxygen and modify 
molecular structures. Biomass conversion to jet fuel includes 
dehydration, hydrogenation, and decarboxylation, followed by 
catalytic reactions to enhance molecular weight, and remove 
oxygen. Alumina-based catalysts are essential for converting 
alcohols to hydrocarbons in bio-jet fuel synthesis [6,7]. The 
catalytic oligomerization process efficiently transforms 
dehydrated ethylene to linear α-olefins, crucial for renewable jet 
fuels. Additionally, the γ-alumina catalytic conversion of n-
butanol to 1-butene with high bio-butene selectivity highlights 
the adaptability of alumina catalysts in renewable fuel 
production [8]. 
For selecting materials to be used as catalytic scaffolds in jet fuel 
lines, commercial superalloys like Inconel 718 have been 
popular due to their excellent corrosion resistance and 
mechanical properties at high temperatures, up to 600 °C [9]. 
Performance enhancements of these catalytic scaffolds can be 
achieved through coatings of various surfactants, including Si𝑂! 
[10], silicosteel [11], chromium plating [12], or Ti𝑂! [13], to 
increase the scaffold porosity. However, economic challenges 
have restricted the commercialization of high-porosity structures 
due to the costs associated with traditional open-cell fabrication 
methods [14]. Additive manufacturing (AM) offers a cost-
effective solution, particularly for producing highly porous 
structures [15]. LPBF is suitable for lattice fabrication among 
other AM methods due to its high precision allowing complex 
lattice structures to be built with excellent geometric accuracy 
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and mechanical integrity resulting in cost savings compared to 
conventional methods [16,17]. 

Among various techniques for creating highly porous 
structures with LPBF, lattice structure printing using 3D CAD 
modeling has been widely adopted [18]. Different lattice 
structures have been tested to fabricate high-porosity structures, 
aiming to improve performance in target applications while 
ensuring good porosity, mechanical properties, specific surface 
area, and other essential parameters. Among the various lattice 
designs available, the dode-medium lattice has shown significant 
potential for maximizing porosity in high-porous structures 
manufactured via LPBF [19]. For a favorable performance of the 
Inconel 718 catalytic scaffold fabricated by LPBF, a larger 
surface area is required [20]. In the Dode-medium lattice 
structure, the surface area is directly related to the strut size, pore 
size, and overall porosity. Thicker strut sizes create more surface 
area per unit volume. Similarly, smaller pore sizes increase the 
surface area since the lattice structure becomes denser, and more 
struts are required to form these smaller pores. However, higher 
porosity generally means fewer solid struts and larger pores, 
reducing the overall surface area. Thus, the surface area 
increases with thicker struts and smaller pores, while higher 
porosity reduces it by minimizing the amount of solid material 
available for surface exposure. 

In the present study, our primary objective is to develop a 
process strategy to achieve the desired geometrical requirements 
i.e, pore size, strut size and porosity, for LPBF-printed dode-
medium lattice Inconel 718 coupons. The effects of laser 

parameter control and its resulting heat input is investigated 
using microstructure characterization to determine the 
relationship between the heat input and geometrical parameters 
including porosity, pore size, and strut size. Particularly, 
Volumetric Energy Density (VED) which is calculated by 
considering factors such as laser power, scanning speed, layer 
thickness, and spot size, is used in this study as an indicator of 
heat input, demonstrating the amount of energy delivered to a 
specific volume of material. 

In addition to that, mechanical properties of those printed 
lattice structures were evaluated using a shear test [21]. 

This study contributes to advancing the fabrication of metal 
lattice structures, impacting on the production industry and 
beyond, encouraging more investigation and progress in this 
field. 

 
2. MATERIALS AND METHODS 

 
The powder feedstock was gas-atomized Inconel 718 supplied 
from Carpenter additive (Pennsylvania, USA) with mostly 
spherical particle shape (Figure 1a) and chemical composition as 
listed in table 1. A Malvern Panalytical Mastersizer 3000 particle 
size analyzer (Malvern, United Kingdom) was employed to 
measure the powder size. The D10, D50, and D90 of the powder 
particle are 15 μm, 26.5 μm, and 44.9 μm, respectively. The 
measured powder particles size distribution is presented in 
Figure 1b.

 

Table 1. The chemical compositions of the Inconel 718 powder (wt%). 

Element Ni Cr Fe Nb+Ta Mo Co Ti C N O Al Si 
wt.% 54.22 18.5 17.46 4.86 3.09 0.2 1.03 0.04 0.01 0.02 0.52 0.05 

 

 
Figure 1. (a) SEM image of powder morphology and (b) powder particle size distribution. 
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The modeling of the dode-medium lattice structure was 
conducted using the Ntopology software (New York, USA) [22], 
provided by Dr. Hazeli’s research group at the University of 
Arizona [23]. The dode-medium lattice structure consists of a 
unit cell size of 2 mm, pore size of 1.13 mm and strut thickness 
of 0.26 mm with all the struts oriented at 45◦ with respect to the 
building direction resulting in the target 80% porosity in the 
design. 

A 2oneLab LPBF 3D printer (Darmstadt, Germany) 
equipped with a continuous wave fiber laser of Yb:YAG with a 
1070 nm infrared laser (IR) was utilized to fabricate high-porous 
dode-medium lattice structure. 

Dode-medium lattice structure-samples with dimensions of 
7 × 7 × 7 mm were fabricated with the layer thickness, hatch 
spacing, and the laser spot size of 25 μm, 40 μm and 40 μm 
respectively. Laser powers of 50 W, and 100 W were selected to 
examine the effect of laser power on the characteristics of the 
lattice structure. The laser scanning speed was ranging from 200 
– 1200 mm/s. Commercially-pure nitrogen was continuously 
supplied into the LPBF chamber to avoid unfavorable oxide 
formation during the LPBF printing. The oxygen level in the 
sealed build chamber was kept (<0.08 vol%) throughout the 
printing sequence. 

An FEI Quanta 600 scanning electron microscope (SEM) 
were utilized for characterizing the lattice structures and the 
density of the lattice structures was measured using a four-digit 
resolution Ohaus Archimedes density measurement (New 
Jersey, USA). Other geometrical characteristics of the lattices 
such as, strut size, and pore size were quantified by averaging 
measurements from five cross-sectional images per each lattice 
structure, using ImageJ software for analysis. The closeness of 
the geometrical parameters of the printed parts to the solid model 
from the CAD file was also evaluated to derive optimal 
parameters for the dode-medium lattice LPBF printing. 

In addition to the geometrical characteristics of the printed 
lattices, their mechanical property is also one other important 
factor to assess their functionality as the chemical catalyst 
scaffold. For this purpose, cylindrical lattice structures with 
dimensions of ϕ 5 mm × 10 mm were fabricated using the same 

processing parameters mentioned above, to investigate the 
mechanical properties of the printed lattice structure using a 
universal tester to investigate the effect of geometrical aspects of 
the lattice structure on its mechanical performance. A shear test 
was performed to obtain mechanical strength and ductility of 
those lattice samples at room temperature at a strain rate of 2 
mm/mm to investigate the effect of geometrical aspects of the 
lattice structure on its mechanical performance. 

 
3. RESULTS AND DISCUSSION 

 
The surfaces morphologies of lattices fabricated using 

different processing parameters, specifically varying laser power 
(W) and scanning speed (mm/s) is illustrated in Figure 2. The 
Figure shows that reducing laser power or increasing the 
scanning speed significantly affects the geometry of the 
fabricated structures. Specifically, the resulting lattices exhibit 
larger pore sizes and progressively thinner struts, which 
potentially leads to higher porosity. These trends can be 
attributed to reduced melting caused by lower energy input under 
these conditions [24,25]. When the laser power is reduced or the 
scanning speed is increased, insufficient energy will be delivered 
to the powder bed, resulting in incomplete material fusion and 
consolidation. This leads to larger pore spaces, thinner struts, or 
even partial disconnection between struts. Additionally, the 
surface roughness of the lattices tends to increase by lowering 
the energy input as observed in the SEM images [26,27]. This is 
due to inadequate energy input preventing the proper fusion of 
powder particles, resulting in a rougher surface texture as un-
melted particles adhere to the lattice structure. 

In contrast, increasing the laser power or decreasing the 
scanning speed (i.e., high energy input), results in lattice 
structures with higher density, smaller pore sizes and thicker 
struts. This phenomenon can be understood through the 
dynamics of laser-material interaction occurring during LPBF 
fabrication. At higher laser powers, more energy is delivered to 
the powder bed, promoting wider and deeper melt pool 
formation and a subsequent faster cooling [28,29].  

 
Figure 2. SEM images of the top surface morphologies of the Inconel 718 lattices fabricated with different processing parameters. 
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Therefore, a general conclusion can be made: a denser lattice 
structure is fabricated by applying higher energy input through 
increased laser power or reduced scanning speed. 

Additionally, the prolonged laser-powder interaction due to 
slower scanning speeds allows for more extensive material 
melting, leading to a denser packing of particles. This, in turn, 
creates smaller pores than originally intended in the CAD design, 
or in some cases, causes pore blockage, as observed in lattices 
fabricated with power 100 W and speed 200 mm/s (Figure 2).  

 
 

 

 

 

 

 
 

Figure 3. Variation of the porosity of the lattices as a function of laser 
power (W) and scanning speed (mm/s). 

To visualize this effect, Figure 3 displays the measured 
porosity values with the Archimedes method for those lattices 
fabricated under laser power settings of 50 W and 100 W. In 
general, the porosity level tends to increase by lowering the 
scanning speed at the two laser powers, showing the minimum 
of 48 % and the maximum of 84 %. As predicted from the 
observation of Figure 2, the porosity values at 100 W exhibit 
smaller magnitudes compared to those at 50 W due to the thicker 
struts and excessive consolidation around the struts at 100 W.  

Despite the intended porosity of 80% in the dode-medium 
lattice, the structures fabricated using low heat input parameters 
i.e., 50 W laser power and 1000-1200 mm/s scanning speed 
achieved porosity of > 80% which is higher than the intended 
design. While increased porosity is typically advantageous for 
lattice structures with providing lighter weight and enhanced 
catalytic performance [30], this higher porosity level sometimes 
causes unexpected consequences. Specifically, in lower energy 
input conditions of higher porosities, the lower heat input led to 
incomplete melting, resulting in thinner struts than originally 
designed or even disconnected struts in the lattice. While higher 
porosity can enhance features like light weighting and material 
permeability, a balance should exist between porosity control 
and the structural integrity of printed part.  

Therefore, the optimal printing parameter for this lattice 
structure requires more characterization other than the porosity.  
The average strut sizes of the LPBF-printed lattice structures at 
different laser parameters are shown in Figure 4.  

Figure 4. Variation of the top surface strut size of the lattices as a 
function of laser power (W) and scanning speed (mm/s). 

Consistent with the previous discussion on Figure 2, as 
scanning speed increases from 200 to 1200 mm/s, strut thickness 
of lattice structures gradually decrease in both 50 W and 100 W. 
In the 100 W condition, the strut size reduction by lowering 
scanning speed is more significant at the slow scan speed regime 
of 200 – 600 mm/s. Beyond that regime, the slope for the strut 
size reduction with respect to increasing scanning speed at 100 
W becomes comparable with that of the 50 W condition. 

SEM images of the side surface of the lattices highlight 
distinct differences between the top and side surfaces of the 
fabricated lattice structures. As can be seen in Figure 5, side 
surfaces exhibit smaller pores and thicker struts with more 
pronounced powder attachment compared to the top surface. 

During the printing process, molten material is affected by 
gravitational forces, which cause it to flow downward and settle 
more readily into the existing structure. This gravitational 
settling encourages the material to fill gaps, particularly along 
the side surfaces that are already partially enclosed by previous 
layers [31]. Meanwhile, un-melted powder particles tend to 
accumulate and adhere more strongly to the side surfaces, further 
reinforcing these regions and reducing the likelihood of the 
intended pore structure generation. In addition to the influence 
of gravity on the pore characteristics of the side surface, these 
variations can be attributed to several other factors. The surface 
morphology of lattice structures, particularly on the side surface, 
is heavily affected by the "staircase effect" [32,33]. This 
phenomenon results from the geometrical steps inherent between 
consecutive layers during the printing process, leading to 
irregular surface morphology transitions along the struts. 
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Figure 5. SEM images of the side surface morphologies of the Inconel 718 lattices fabricated with different processing parameters.

Furthermore, the side surfaces have increased exposure to 
the laser beam during layer-by-layer fabrication, resulting in 
higher localized temperatures [34,35]. Heat accumulation within 
the molten pool, due to the low thermal conductivity of the 
powder bed, intensifies this effect. Additionally, the high 
temperatures and recoil pressure generate capillary forces within 
the melt pool, causing the molten material to flow into the 
adjacent powder. 

With lower energy input resulting from the reduced laser 
power and faster scanning speed material melting and remelting 
of the previous layers is minimized leading to reduction of 
capillary forces and recoil pressure [36,37]. Consequently, there 
is fewer excessive material to be drawn into the gaps between 
powder particles, thus reducing the flow of molten material into 
the surrounding powder and the accumulation of powder on the 
side surfaces. In other words, the pore closure is less evident in 
the lower energy input conditions when it is compared with the 
higher energy input conditions. 
Figure 6 shows the difference in pore sizes between the two 
surfaces. In all LPBF conditions, the side surface exhibits 
smaller pore sizes than the top surface due to increased powder 
consolidation around the build area during the LPBF process. 
One consistent observation between the top and side views is that 
pore size increases at higher scanning speeds while maintaining 
the same laser power. For lattice structures fabricated at 50 W, 
increasing the scanning speed from 200 mm/s to 1200 mm/s 
resulted in a 20% increase in pore size on the top surface and a 
29% increase on the side surface. Similarly, for lattice structures 
fabricated at 100 W laser power, the pore size increased by 18% 
on the top surface and 29% on the side surface when the scanning 
speed was increased.  

This more pronounced increase in pore size on the side 
surface compared to the top surface highlights that the side 
surfaces of lattice structures are subject to different thermal and 
fluid dynamic conditions than the top surface when subjected to 
similar changes in processing parameters as the low heat input 
minimizes the melting and remelting of the previously fabricated 
layer and introduces lower levels of heat accumulation. 

Moreover, it can be observed that the size difference 
between the top and side pores decreases with decreasing the 
heat input. This suggests that with lower heat input the effect of 
recoil pressure and capillary forces is minimized on the side 
surfaces resulting in more consistency in pore size throughout 
the structure.  

Consistent with the observed increase of pore size, the strut 
thickness of the side surfaces follows a similar trend as top 
surface as demonstrated in Figure 7. 

 
Figure 6. Variation of the top and side surface pore size of the lattices 

as a function of laser power (w) and scanning speed (mm/s). 
 

Table 2 presents an overview of the various processing 
conditions tested, i.e., laser powers of 50 W and 100 W, along 
with scanning speeds ranging from 200 to 1200 mm/s. Each 
condition is evaluated based on parameters such as the heat input 
(VED), porosity and the pore sizes. Among the tested conditions, 
the lattice fabricated with 50 W laser power and a scanning speed 
of 800 mm/s exhibited the least deviation from the designed 
dode-medium lattice. The porosity of this lattice closely matched 
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the design specifications, showing the effectiveness of this 
specific processing parameter combination in achieving the 
desired structural characteristics. 

While VED has been accepted as an integrated processing 
parameter to predict micro/macro structure of the printed part in 
LPBF [38], this general concept is observed to be an improper 
indicator in this study. For example, the lattices fabricated with 
50 W laser power and 400 mm/s scanning speed, and 100 W laser 
power and 800 mm/s scanning speed have the same VED of 125 
J/𝑚𝑚". Despite both structures having the same VED, the lattice 
fabricated under 50 W laser power and 400 mm/s scanning speed 
exhibits a higher porosity of 79%, larger pore size and thinner 
struts, while the lattice fabricated under 100 W laser power and 
800 mm/s scanning speed has a lower porosity of 63%, smaller 
pores and thicker struts (Figure 8). 

The differences in those geometrical properties such as 
porosity and structural characteristics with different laser power 
and scanning speed are due to different thermal dynamics, 
cooling rates, the distribution and dissipation of heat within the 
powder bed between the two cases. In particular, the melt pool 
dynamics including peak temperature and cooling rate are more 

sensitive to the variation in the laser power than the change in 
the scanning speed [39,40]. 

 

 

 

 
 

Figure 7. Variation of the side surface strut size of the lattices as a 
function of laser power (w) and scanning speed (mm/s .)

 

Table 2. Characterizations of the lattices fabricated via LPBF process under various laser power and scanning speeds. 
(CAD-designed values: porosity = 80 % and pore size = 1.13 mm) 

Power 
(W) 

Scanning Speed 
(mm/s) 

VED 
(J/𝒎𝒎𝟑) 

Measured  
Porosity 

Measured top 
surface pore size 

(mm) 

Measured side 
surface pore size 

(mm) 

50 200 250 63% 1±0.068 0.918±0.039 

50 400 125 70% 1.067±0.058 1.003±0.052 

50 600 83.3 73% 1.098±0.056 1.063±0.027                                                                    

50 800 62.5 79% 1.158±0.081 1.118±0.049 

50 1000 50 82% 1.195±0.193 1.171±0.018 

50 1200 41 84% 1.205±0.047 1.19±0.074 

100 200 500 48% 0.889±0.184 0.81±0.156 

100 400 250 57% 0.966±0.155 0.934±0.022 

100 600 166.7 60% 0.994±0.063 0.974±0.032 

100 800 125 63% 1.033±0.186 1.015±0.127 

100 1000 100 65% 1.052±0.049 1.038±00.026 

100 1200 83.3 67% 1.056±0.165 1.045±0.035 
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Figure 8. (a) and (c) top and side surface of lattices fabricated with VED=125 J/mm3 and P=50 W. (b) and (d) top and side surface of lattices 

fabricated with VED=125 J/mm3 and P=100 W.

In addition to geometric parameters, mechanical properties 
are crucial for assessing the durability of catalytic scaffolds in 
their application environments. The shear test results for LPBF-
printed lattice structures are presented in Table 3. An 
investigation of lattices fabricated under varying processing 
parameters reveals distinct trends in ultimate shear stress across 
different combinations of laser power and scanning speed. 

Thinner strut lattices, fabricated with lower heat input 
(indicated by lower laser power and faster scanning speeds), 
showed lower maximum shear stress values. On the other hand, 
thicker strut lattices, fabricated under higher heat input (i.e., high 
laser power and slower scanning speeds), exhibited higher 
maximum shear stress values. 
 

 
Table 3. Summary of the maximum shear stress for each of the fabricated samples. 

Power (W) Speed (mm/s) VED 
(J/mm3) 

Maximum shear stress 
(Mpa) 

100 200 500 122 

100 400 222 64 

100 600 166 55 

100 800 125 48 

100 1000 100 44 

100 1200 83.3 44 

50 200 250 38 

50 400 125 24 

50 600 83 21 

50 800 62.5 15 

50 1000 50 14 

50 1200 41 14 
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The decrease in shear strength with decreasing the heat input 
is not linear and the reduction in maximum shear strength is more 
pronounced between higher VEDs. Meanwhile, differences in 
maximum shear strength among lower VEDs are more subtle. At 
higher energy inputs or VEDs, a relatively more extensive heat 
would be supplied on the powder bed, leading to greater melting 
and fusion of powder particles. This results in lattices with better 
consolidation or reducing cavity formation within the struts, and 
thicker struts, all of which enhance the structural integrity of the 
lattice, allowing it to withstand higher shear stress until rupture. 
As the VED decreases, however, the melting and fusion process 
becomes less extensive, leading to higher overall porosity, 
thinner struts, and defects such as a lack of fusion. This results 
in structures with lower maximum shear stress.  

Furthermore, within the same VED levels, lattices fabricated 
with higher laser power exhibited thicker struts and consequently 
higher maximum shear stress than their lower-power 
counterparts. This suggest that the VED is not an appropriate 
parameter to describe the geometrical aspects in the dode-
medium lattice structure printed by LPBF. 

 
4. CONCLUSION 

This study explored the relationship between processing 
parameters and the quality of lattice structures fabricated via 
LPBF. Through experimentation and analysis, the effects of laser 
power and scanning speed variations on key structural 

characteristics, including porosity, pore size, and strut 
dimensions is investigated. Findings revealed significant 
correlations between processing parameters and structural 
integrity, with higher laser power and lower scanning speeds 
generally resulting in denser structures with smaller pore sizes 
and thicker struts. Conversely, lower laser power and higher 
scanning speeds led to increased porosity and thinner struts due 
to incomplete melting and insufficient material fusion. 

Moreover, our investigation demonstrated the importance of 
balancing porosity control with structural integrity, as excessive 
porosity could compromise the mechanical performance and 
specific surface area of lattice structures which is detrimental to 
catalytic performance. 
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