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Abstract

Aluminum-lithium (Al-Li) alloys are promising to replace traditional high-strength 
aluminum alloys in aerospace and military industries due to their low density, high specific strength, 
and excellent corrosion resistance. However, there is little research focused on the laser powder 
bed fusion (LPBF) of Al-Li alloys due to their poor weldability and high crack susceptibility. In 
this study, the feasibility of the Al-Li alloy fabricated by LPBF was investigated. The effect of the 
processing parameters on the densification and crack formation behavior was studied. Finally, after
optimizing the processing parameters, crack-free and nearly fully dense 2195 Al-Li alloy 3D-
printed samples were obtained. A relative density of 99.92% and a microhardness of 89.1 HV were 
achieved. 

Introduction

Aluminum-lithium (Al-Li) alloys are of great interest to the aerospace and military 
industries because they offer many advantages over conventional aluminum alloys [1]. Their low 
density, high specific strength, and excellent corrosion resistance can bring significant weight 
savings [2], leading to Al-Li alloys being increasingly substituted for conventional 2xxx and 7xxx 
series high-strength aluminum alloys [3]. The 2195 Al-Cu-Li-Mg-Ag alloy, one of the 
representative latest generation of aluminum-lithium alloys, has been used in the production of the 
lightweight parts in aerospace [4], due to its excellent strength at room temperature [5] and high 
performance even at cryogenic atmosphere [6].

However, the traditional manufacturing methods of Al-Li alloys, including casting,
pressing, and extrusion are complex, time-consuming and unable to produce complex structures 
[7]. The laser powder bed fusion (LPBF), also known as selective laser melting, is an additive 
manufacturing technology with design freedom and manufacturing flexibility. The LPBF has the 
advantages of short cycle times, low tooling costs, and eliminating consumption-of-scale 
constraints [8][9]. Nowadays, the printable materials of the LPBF are focused on the steel [10][11],
nickel-based superalloy [12][13], titanium alloy [14][15], and aluminum-silicon alloy [16][17]. 
The 2xxx and 7xxx series high-strength aluminum alloys with poor weldability have also been 
reported to be successfully fabricated by the LPBF [18][19][20][21][22]. Little research is focused 
on the LPBF of Al-Li alloys till now. Al-Li alloys are susceptible to hot cracking during laser 
processing due to their high coefficient of thermal expansion and eutectics formation during 
solidification [23].

This work investigated the feasibility of the 2195 Al-Li alloy fabricated by LPBF. The 
effect of the scanning velocity, hatch spacing, and the volumetric energy density on the 
densification and crack formation behavior was studied.
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Materials and methods

Gas-atomized 2195 Al-Li powders supplied by Intelligence Manufacturing Technology 
were used in this study. The chemical composition listed in Table 1 was analyzed by Inductively 
Coupled Plasma Optical Emission Spectrometry (ICP-OES). The powder morphology was 
observed by an FEI Nova Nano SEM 450 scanning electron microscope (SEM) as shown in Fig. 
1a. The raw powder consists of many spherical powder particles and some small aggregated 
satellite particles attached to the big particles. The powder particle size distribution shown in Fig. 
1b was measured by Malvern UK Mastersizer 3000.

Table 1. Chemical composition (wt.%) of the powder used in this study
Element Cu Li Mg Ag Zr Si Al
Powder 3.95 1.08 0.68 0.40 0.11 0.05 Bal.

Fig. 1. (a) SEM image showing the morphology of the raw powder. (b) Powder particle size 
distribution.

The LPBF experiment was carried out at room temperature on a self-developed LPBF 
machine (LSNF-I). The LPBF machine consists of a continuous wave IPG YLR-200 fiber laser 
with a maximum laser power of 200W, and other details have been given elsewhere [24][25]. All 
samples were fabricated under a protective argon atmosphere with the concentrations of H2O and 
O2 controlled below 100 ppm. To investigate the feasibility of the Al-Li alloy fabricated by LPBF, 
8 mm (length) × 8 mm (width) × 4 mm (height) cubic samples were built with different processing 
parameters. The laser power, layer thickness, and the layer-to-layer rotation angle were fixed at 
200 W, 30 μm, and 90°, respectively. Other processing parameters are shown in Table 2.

Table 2. LPBF processing parameters used in this study

Parameters (Unit) Value
Scanning velocity (mm/s) 80, 160, 240, and 320
Hatch spacing (mm) 0.06, 0.08, 0.10, and 0.12

The relative density of every cubic sample was obtained by image processing of six optical 
microscope graphs using Image-Pro Plus 6.0 software. All samples were subjected to a standard 
metallographic procedure.
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Results and discussions 

 
Fig. 2 shows the effect of the scanning velocity on the relative density with a fixed hatch 

spacing of 0.12 mm. The relative density decreases as the scanning velocity increases. For every 
80 mm/s increase in the scanning velocity, the relative density decreases more. The nearly fully 
dense 2195 Al-Li alloy sample is obtained when the scanning velocity is 80 mm/s. 
 

  
Fig. 2. Effect of the scanning velocity on the relative density. 

 
Fig. 3 presents the optical microscope graphs of polished samples fabricated with different 

scanning velocity at a fixed hatch spacing of 0.12 mm. The irregular pores are found to be in all 
the samples, and the size of the irregular pores increases with the increase of the scanning velocity. 
The cracks begin to appear when the scanning velocity is 160 mm/s, and the amount of the cracks 
tends to increase with the increase of the scanning velocity. 
 

 
Fig. 3. Optical microscope graphs of polished samples fabricated at a fixed hatch spacing of 0.12 
mm with different scanning velocity: (a) 80 mm/s, (b) 160 mm/s, (c) 240 mm/s, (d) 320 mm/s. 

 
To further study the effect of the hatch spacing on the relative density and the crack 

formation, Fig. 4 shows the effect of the hatch spacing on the relative density with a scanning 
velocity of 160 mm/s. The relative density of all the samples is above 99.8%, indicating that 
decreasing the hatch spacing has little effect on the relative density. 
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Fig. 4. Effect of the hatch spacing on the relative density. 

 
Fig. 5 presents the optical microscope graphs of polished samples fabricated with different 

hatch spacing at a fixed scanning velocity of 160 mm/s. When the hatch spacing is smaller than 
0.10 mm, the cracks are absent. So decreasing the hatch spacing is beneficial to eliminate cracks. 
 

 
Fig. 5. Optical microscope graphs of polished samples fabricated at a fixed scanning velocity of 
160 mm/s with different hatch spacing: (a) 0.06 mm, (b) 0.08 mm, (c) 0.10 mm, (d) 0.12 mm. 

 
To comprehensively consider the effect of various processing parameters on the 

densification and crack formation behavior, the volumetric energy density (VED) is induced and 
given by: 

 
where  is the laser power,  is the laser scanning velocity (mm/s),  is the hatch spacing (mm), 

 is the layer thickness (μm). 
 

Fig. 6 shows the effect of the volumetric energy density on the relative density and crack 
formation. Processing at similar volumetric energy density leads to variations of the relative density, 
indicating that the volumetric energy density is not a very reliable parameter for predicting the 
relative density, as reported by Prashanth et al. [26]. When the volumetric energy density is larger 
than 520 J/mm3, cracks are difficult to be found in the optical microscope graphs of the samples. 
As the volumetric energy density is positively correlated with the temperature in the molten zone, 
the high volumetric energy density leads to a long lifetime of the molten pool, then reduces the 
crack susceptibility. 
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Fig. 6. Effect of the volumetric energy density on the relative density and the crack formation 

 
Considering the porosity and the fabricating efficiency, the optimized parameters are the 

laser power of 200 W, the layer thickness of 30 μm, the scanning velocity of 80 mm/s, and the 
hatch spacing of 0.1 mm. The relative density and the microhardness of the sample built with the 
optimized parameters are 99.92% and 89.1 HV respectively. 

 
Conclusions 

 
The feasibility of the 2195 Al-Li alloy fabricated by LPBF has been successfully proved. 

The sample fabricated with the optimized parameters is crack-free and nearly fully dense with a 
relative density of 99.92% and a microhardness of 89.1 HV. The volumetric energy density is 
crucial for determining the crack formation. Crack-free samples can be obtained when the 
volumetric energy density is above 520 J/mm3. 
 

Future works 
 
Future works will focus on the tensile performance and the heat treatment of the 2195 Al-

Li alloy fabricated by LPBF. 
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