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Materials and Methods 

A series of 3-point bend tests to establish stress-strain behavior 

of various aluminum alloys was completed. The instrument used 

in the lab to run 3-point bend tests was the series 910 Universal 

Test Machine (UTM). The aluminum alloys tested include Al 

2024, 6061, 7075, 5052, and 1100, with a thickness ranging from 

0.25″ to 1.5″. The alloy of gallium used was 67.98% Ga, 20.01% 

In, 10.5% Sn, 1.51% Ag. Approximately 2.0 ml of the liquid 

gallium was centered on the aluminum bar to be tested in the 

UTM (4″ span and a 0.025 in/min constant rate of displacement). 

Baseline stress/strain performance was compared to gallium 

assisted failure performance to determine LMA effects (Figure 1).

In total, 124 tests were run utilizing five different aluminum 

alloys in up to six different cross section measurements. Graph 1 

depicts the aluminum 6061 results for increasing the test bar cross 

section versus the liquid gallium influenced bars load to failure 

(Graph 1).

Failure loading for these bars appear to linearly increase as test 

bar cross section rises. Graph 1 strengthens the idea that 

embrittlement efficiency is independent of cross section. If this 

relationship was found to deviate from linearity, trending upward 

with increasing cross section, this would support an expected 

decreasing influence of LME with an increase in the size of the 

aluminum bar. This linear relationship was found for all aluminum 

alloy types tested. For the next graph (Graph 2), the ratio of LME 

assisted load failure to test bar yield strength was plotted versus 

aluminum 6061 test bar cross sections. Plotting these points and 

seeing no increasing trend confirms that the gallium addition has 

the same effect on every bar despite the change in thickness. Yield 

strength is a constant across each aluminum alloy. Therefore, if the 

yield strength of a given test bar was known, the expected LME 

assisted load failure can be predicted by using the alloy unique 

derived ratio. For aluminum 6061, this ratio was 30% ± 10% (this 

observation limited to the tested cross section range of 0.125 to 3.0 

in.2). Similar plots with the other four aluminum alloys also 

displayed constant value ratios, confirming similar behavior 

independent of test bar cross section.

Results (continued) 

Conclusion

Predicted failure loading is a function of a material’s yield 

strength. In this project, each of the six aluminum alloys tested 

supported the conclusion that the LMA affected failure loading 

was still solely determined by each alloy’s baseline yield strength. 

This was a somewhat unexpected conclusion, as a liquid metal 

assisted embrittlement is largely thought to be a process largely 

dominated just by surface interactions, while failure loading 

results are dependent on the three-dimensional cross-section of the 

affected piece. The findings indicated that the liquid metal assisted 

failure efficiency was independent of a target piece thickness, 

within the constraints of 0.25″–1.5″ The LMA phenomena could 

be employed as a safer and more controlled method of achieving 

quick disconnect fastening as compared to current methods where 

explosive bolts or other kinetically severe mechanical means are 

used.
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Graph 2 (above): Trendline of the graph is shown to have no slope or relationship for 

vertical and horizontal bars. This supports the idea that as long as the bar is of the 

same alloy, yield strength will not differ despite a change in cross section. Ratios are 

calculated by dividing LME assisted load failure by test bar yield strength.

Graph 1 (above): Linearly increasing trendline displaying that a change in cross 

section does not influence embrittlement, embrittlement efficiency is independent of 

cross section. Cross section of 6061 bars and their associated load were strongly 

positively correlated for the horizontal orientation, r(27) = .967. Regression test for 

vertical orientation was not possible due to sample size being too small.

Figure 1 (left): Universal test 

machine (UTM) running a 3-

point bend tests on a gallium 

infected bar. A clean fracture can 

be observed down the middle of 

the test sample due to the liquid 

gallium seeping into the grain 

boundaries. The bar has a 

thickness of 1.0″ and a cross 

section of 1.5″ The correct 

marking method and corn pad 

placement is also shown.

Introduction 

The degradation of aluminum alloys in response to exposure to 

some liquid metals is well established already. This project was 

started to specifically explore the effect of increasing the thickness 

of an aluminum alloy test material against the efficiency of liquid 

metal attack (LMA), using a gallium based liquid metal. This 

unique phenomenon is when a liquid metal comes into contact 

with a solid metal and causes unexpected brittle failure, where the 

metal would normally deform elastically. A solid metal is made up 

of grains on the atomic level, when liquid gallium encounters 

these grains, it seeps between them at the grain boundaries. Once 

in between these grains, the gallium loosens their bonds and 

allows the solid metal to break under a much lower load. A 

multitude of alloys and thicknesses were tested in this project. 

Since the effects of liquid metal embrittlement (LME) are 

primarily a surface interface interaction (Nam & Srolovitz, 2009), 

by increasing the thickness of the target aluminum alloy it was 

expected to diminish the embrittlement effects after adding the 

gallium alloy. 
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