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Aluminum (Al) alloys are widely used in many applications, ranging 
from transportation to manufacturing and consumer products. While 
specific alloys vary slightly in properties, all are typically lightweight 
and strong load-bearing materials that are ductile and corrosion resistant, 
which enables their use in everything from complex aerospace 
applications to simple soda cans. Despite advantages, some alloys are 
particularly vulnerable to a phenomenon known as liquid metal 
embrittlement (LME), where a solid metal exposed to a liquid metal 
develops an increased susceptibility to cracking and brittle failure (Liu, 
1992). LME can significantly degrade alloys, resulting in failures caused 
by weakening upon exposure to gallium (Ga) liquid-metal alloys. 

This study’s purpose was to quantify the differences in the severity of 
LME of various Al-Ga embrittlement pairs. It was predicted that the type 
of Al alloy would have an effect on the degree of LME, while the type of 
Ga alloy utilized was predicted to have a minimal effect on the severity 
of embrittlement of Al alloys. 

The mean percent strength decreases between the Al alloys were 
notably different. In particular, the mean percent strength decrease of Al 
1100 was considerably lower than the other Al alloys, and the 
distribution was less variable. For Al alloys other than Al 1100, the 
distribution of data was more variable. In Al 1100, Al 5052, Al 5456, 
and Al 6061, treatments with a higher Ga composition had a higher 
percent strength decrease. 

Aluminum alloy susceptibility to gallium degradation was explored 
by testing six types of Al alloys and four types of Ga alloys against each 
other. Six Al alloys were used: Al 1100 (H14), Al 2024 (T351), Al 5052 
(H32), Al 5456 (H116), Al 6061 (T651), and Al 7075 (T651). Ten bars 
of each Al alloy were used for testing and had dimensions of 0.25″ high 
by 0.5″ wide by 6″ long. The four Ga alloys evaluated were Ga (61%) / 
In (25%) / Sn (13%) / Zn (1%), Ga (75.5%) / In (24.5%), Ga (92%) / Sn 
(8%), and Ga (100%), named “46L,” “new,” “maj,” and “pure Ga,” 
respectively. Two untreated bars from each Al alloy formed the baseline, 
while the rest of the bars were tested against the four Ga alloys. Two 
identical trials were performed to test each Al alloy and Ga alloy pair, 
resulting in 24 pair combinations. A Series 910 Universal Test Machine 
(UTM) from Applied Test Systems Incorporated was used to collect 
data, as shown in Figure 1. The UTM was configured to use a modified 
three-point flexural test, as shown in Figure 2. 

For a treated Al bar, the center of the bar was sanded with 100-grit 
sandpaper for 30 seconds in a 1-inch square area to remove the 
aluminum oxide on the surface. After sanding, a containment ring for the 
Ga alloy was fixed directly onto the freshly sanded surface (see Figure 
3), and 1 mL of the Ga alloy was pipetted into the containment ring 
(Collins, 2019). Then, a steel pick was used to scratch the surface of the 
Al bar directly beneath the Ga alloy for approximately 30 seconds. 
Baseline bars did not undergo any sanding or scratching. After 
preparation, specimens were carefully loaded into the UTM, and time-
dependent data on load and displacement were collected until specimen 
failure was reached. The data was then plotted into load-displacement 
curves, as shown in Graph 1. After testing, treated bars were laid onto a 
workbench for observation, as shown in Figure 3.

This study quantified differences in the severity of LME between 
various Al-Ga embrittlement pairs. Based on the results, the hypothesis 
that Al alloy composition does affect the severity of LME was supported. 
Al 1100 was particularly resistant to LME, likely due to its high 
ductility. Further exploration must be done to confirm the hypothesis that 
Ga liquid-metal alloy composition does not affect the severity of LME, 
as there was a limited number of trials for each embrittlement pair.

Commercially, LME has limited applications, but it has been 
proposed to use this mechanism as an alternative to explosive bolts, 
which are fasteners that break in case of an emergency in a machine or 
structure. An embrittlement mechanism would be safer and be less likely 
to cause injury compared to explosive bolts. This study just scratches the 
surface of the research that could be done on the material degradation of 
Al. Future studies could explore additional variables such as 
temperature, humidity, and duration of treatment that may affect LME. 
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There were 48 total trials completed, two trials for each of the 24 pair 
combinations. To quantify the degree of LME, percent strength decrease 
for each bar was calculated by dividing a treated bar’s fracture point by 
the yield point of the baseline bar and 
subtracting that value from 100%. 
Table 1 shows the mean percent 
strength decreases for each Al alloy. 
Graph 2 displays the average percent 
strength decreases of each of the Al-Ga 
embrittlement pairs.

Graph 2 (above): average percent strength decreases of Al-Ga embrittlement pairs. The 
bars in the graph represent the average of two trials for each pair combination.

Figure 1 (right): 
bar loaded 
horizontally into 
the UTM outfitted 
with a modified 
three-point flexural 
test. The UTM 
operated at a 
crosshead rate of 
0.025 in./min.
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Figure 2 (above): configuration of the 
modified three-point flexural test.

Graph 1 (above): load-displacement curves of two 
untreated Al 6061 bars and two Al 6061 bars 
treated with 46L.

Width

Height

Length

Force/Load

Applied 
treatment

Table 1 (right): mean percent strength decreases 
of the six treated Al alloys against four Ga 
treatments. Higher percent strength decrease 
indicates higher susceptibility to LME.
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Al Alloy Mean percent
strength decrease

Al 1100 11.3

Al 2024 52.4

Al 5052 42.5

Al 5456 30.2

Al 6061 75.1

Al 7075 66.1

Figure 3 (above): two baseline Al 
6061 bars and two Al 6061 bars 
treated with 46L, 4 hours after 
testing. These bars correspond 
with Graph 1.
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