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Introduction
Due to the demand of fuel savings and energy efficiency, 

lightweight magnesium alloys were investigated widely due to their 
high specific properties and potential applications in transportation 
systems. Mg-Li alloys, the lightest nontoxic metallic material up to 
date, recently have captured extensive attention [1-6]. Due to bad 
mechanical properties of binary Mg-Li alloy, aluminum (Al) element 
is usually added to the binary alloy to strengthen the alloy. In the 
meantime, Yttrium (Y) with a high melting point can also be added 
to the binary alloy to refine its microstructure and improve its 
mechanical properties. Therefore, a novel dual-phase-dominated 
Mg-7Li-2Y-1Y (wt. %) alloy is designed. Laser surface treatment 
(LST) is a rapid solidification process and consists of laser surface 
remelting or melting (LSR or LSM), laser shock peening (LSP), and 
laser ablation. The grain refinement and corrosion resistance of 
metallic materials can be improved greatly via LST. Zhang, et al. [7] 
investigated the microstructures of Mg-3Nd-1Gd-0.5Zr alloy via 
LSR and found significant grain refinement. Liu, et al. [8] reported 
that LSP improved the electrochemical corrosion resistance of 
AZ31 magnesium alloy. The pioneering work of Schemme, et al. 
[9] reported the rapid solidification microstructure of Mg-Li alloy 
via LST and found remarkable grain refinement. Zhang, et al. [10] 
recently have reported the improvement of corrosion resistance in  

 
Mg-10Li-3Al-3Zn alloy due to LST. However, it is regretful that they 
did not report the mechanical properties of Mg-Li alloys. To the 
authors’ knowledge, there appears to be no information available 
investigating the mechanical properties and microstructure 
evolution in novel Mg-7Li-2Y-1Y alloy fabricated by rolling and 
annealing. Thus, in this work, a superlight Mg-7Li-2Y-1Y alloy was 
fabricated by rolling and annealing. Its microstructure evolution 
and mechanical properties following LSM were investigated. 

Experimental Procedure
The purities of raw materials Mg, Al, and Li were more than 

99.9 wt. %. Mg, Al, and Al-30 wt. % Y master alloy were melted in an 
electric furnace with a flux of LiCl and LiF (3:1) under the protection 
of argon (Ar) atmosphere. After they melted, Li blocks wrapped by 
aluminum foil were pressed into the melt under the protection of 
argon atmosphere. The melt was cast in a water circulated copper 
mold to obtain an Mg-7Li-2Al-1Y alloy (wt. %) ingot. The analyzed 
chemical composition of the ingot was Mg-7.28Li-2.19Al-0.1Y. 
After homogenization at 200 ˚C for 20 h, the ingot was hot rolled 
at 300 ˚C to a plate 5 mm in thickness with a percent reduction of 
77.3% and cold rolled to a sheet 2 mm in thickness with a percent 
reduction of 60%. The annealing system was 350 ˚C for 3 h. Dog 

Abstract
A new Mg-7.28Li-2.19Al-0.1Y alloy has been fabricated by rolling, and the rolled and annealed sheets were subjected to laser 

surface treatment. The microstructure and mechanical properties were investigated. The rolled alloy demonstrates ultimate tensile 
strength (UTS) of 299.48 MPa and elongation-to-failure (EL) of 15.71%; the annealed alloy demonstrates the UTS of 211 MPa and 
EL of 26.5%; laser treated rolled sample exhibits the UTS of 215 MPa and EL of 21.96%, and laser treated annealed sample exhibits 
the UTS of 205 MPa and EL of 19.15%. Laser treatment refines significantly the grains of Mg-7.28Li-2.19Al-0.1Y alloy, but laser 
treatment does not improve its mechanical properties due to its role of softening in the present alloy. The laser treatment softening 
phenomenon in this alloy is the first report of laser treated Mg-Li alloy.

Keyword: Mg-Li alloy; laser surface melting; microstructure; mechanical property

https://www.lupinepublishers.com/index.php
http://www.lupinepublishers.com/material-science-journal/
https://dx.doi.org/10.32474/MAMS.2021.03.000175


Citation: Furong Cao*, Bijin Zhou, Renjie Liu. Laser-Treated Microstructure and Mechanical Properties in Ultralight Rolled and Annealed Mg-
7.28Li-2.19Al-0.1Y Alloy Sheets. Mod App Matrl Sci 3(5)- 2021. MAMS.MS.ID.000175. DOI: 10.32474/MAMS.2021.03.000175

                                                                                                                                                                              Volume 3 - Issue 5Mod App Matrl Sci. Copyrights @ Furong Cao, et al.

452

bone specimens with dimensions of 10 mm in gauge length, 6 
mm in width, and 2 mm in thickness whose direction was parallel 
to rolling direction were stamped on a hydraulic press. Tensile 
tests were conducted at a crosshead velocity of 3 mm/min on 
CMT5105 microcomputer controlled electronic universal tester. 
Specimens for optical microstructure observation were polished 
by conventional metallographic methods and etched in a solution 
of 10%HCl+90%EtOH. The etched specimens were observed on 
Olympus DSX500 microscope. Laser surface treated position of the 

samples is shown in (Figure 1). The model of laser apparatus was 
JHM-1GY-400. The scanning velocity was 5 mm/s. The pulse width 
was 4 ms. The pulse frequency was 30 Hz. Average power was 250 
W. The duty cycle (CT) was 16%, and the defocusing amount (△) 
was +3 mm. The protective gas was Ar, and the blowing flux was 25 
L/min; the side protective gas flux was 15 L/min, and took on 45 
degree with top blowing gas flow and was in parallel to the welding 
direction. 

Figure 1: Schematics of laser surface treatment.

Results and Discussion
Microstructural Evolution of Mg-7.28Li-2.19Al-0.1Y Alloy

Figure 2: Microstructures of Mg-7.28Li-2.19Al-0.1Y alloy fabricated by (a) cast, (b) homogenization, (c) rolling, (d) 
laser treatment following rolling, (e) annealing, and (f) laser treatment following annealing.
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(Figure 2) presents the microstructures of Mg-7.28Li-2.19Al-
0.1Y alloy in different processing states. As shown in (Figure 2a), 
the as-cast microstructure is a dual phase microstructure and 
consists of acicular dendrites formed by rapid water cooling. HCP 
(hexagonal closed packed)-structured white α-Mg phase and BCC 
(body centered cubic)-structured gray β-Li phase are visible. As 
shown in (Figure 2b), the homogenized microstructure becomes 
rounded and acicular dendrites disappear. As shown in (Figure 2c), 

fine and banded grains appear due to the action of rolling force. As 
shown in (Figure 2d), significant grain refinement occurs due to 
laser treatment following rolling or LSM. As shown in (Figure 2e), 
the static recrystallization occurs due to annealing, and equiaxed 
grains appear. As shown in (Figure 2f), significant grain refinement 
occurs due to laser treatment following annealing. These evidence 
demonstrate that LSM results in significant grain refinement in the 
Mg-7.28Li-2.19Al-0.1Y alloy fabricated by rolling and annealing. 

Figure 3: Engineering stress-engineering strain curves of Mg-7.28Li-2.19Al-0.1Y alloy in different states.

Table 1: Mechanical property data of Mg-7.28Li-2.19Al-0.1Y in different states.

Processing States Ultimate Tensile Strength, MPa Elongation, %

As rolled 299.48 15.71

As annealed 211 26.5

Annealing +LSM 205 19.15

Rolling + LSM 215 21.96

(Figure 3) shows the engineering stress-engineering strain 
curves of Mg-7.28Li-2.19Al-0.1Y alloy in different states. Table 1 
shows the data of mechanical properties of Mg-7.28Li-2.19Al-0.1Y 
alloy. The as-rolled samples exhibit the highest ultimate tensile 
strength (UTS) of 299.48 MPa and the lowest elongation to failure 
(EL) of 15.71%o The as-annealed samples exhibit the highest EL 
of 26.5% with the UTS of 211 MPa. Laser treated rolled sample 
exhibits the UTS of 215 MPa and EL of 21.96%, and laser treated 
annealed sample exhibits the UTS of 205 MPa and EL of 19.15%. 
LSM treatment does not improve the mechanical properties of this 
alloy although significant grain refinement occurs. Possible causes 
of decrease in mechanical properties in this alloy are analyzed as 
follows. Firstly, LSM leads to the decrease in dislocation density 
and number of dislocations inside a grain due to laser-treated 
rapid melting and solidification. Thus, dislocation strengthening 
due to rolling is lessened after LSM. Secondly, although significant 

grain refinement occurs in this laser-treated alloy, solidified 
defects or the existence of pores result in the weakening of stress 
concentration and the heterogeneity of stress distribution in 
the microstructures. As a result, the LSM samples are prone to 
earlier failure at the defects and are difficult to accumulate enough 
strength. Thus, solidified defects result in the invalidity of Hall-
Petch strengthening. Thirdly, due to high density heat input of laser, 
the LSM samples are softened instead of being hardened, and their 
UTS data are equivalent to those of the annealed samples in terms 
of the comparison of properties. Liu, et al. [11] investigated the 
effect of laser parameters on the mechanical properties of AZ61 
alloy, and they found that the mechanical properties of laser-treated 
AZ61 alloy are superior to those of as-cast AZ61 alloy, and the UTS 
of laser-treated AZ61 alloy is 93% higher than that of as-cast AZ61 
alloy. Also, Ballokova, et al. [12] reported that LSR improves the 
tribological performance of AZ61 alloy and AZ61/Al2O3 composite, 
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and the wear rate is decreased by 48%. These reported results in 
laser-treated AZ61 alloys are contrary to our property results of Mg-
7.28Li-2.19Al-0.1Y alloy. This indicates laser-treated parameters 
have an important influence on the mechanical properties. Further 
investigation is required to solve this issue. After all, the laser 
treatment softening phenomenon in the present alloy is the first 
report of laser treated Mg-Li alloy. 

Conclusion
The rolled alloy demonstrates ultimate tensile strength (UTS) 

of 299.48 MPa and elongation-to-failure (EL) of 15.71%; the 
annealed alloy demonstrates the UTS of 211 MPa and EL of 26.5%; 
laser treated rolled sample exhibits the UTS of 215 MPa and EL of 
21.96%, and laser treated annealed sample exhibits the UTS of 205 
MPa and EL of 19.15%. Laser treatment significantly refines the 
grains of Mg-7.28Li-2.19Al-0.1Y alloy, but laser treatment does not 
improve its mechanical properties due to its role of softening in the 
present alloy. 
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