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Effect of graphene oxide reinforcement on the ballistic properties of Al6061-GO
nanocomposites
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Keywords Abstract

Graphene oxide (GO) In this paper, the effect of graphene oxide (GO) nanoplates on the ballistic properties and energy absorption of
Nanocomposites AIl6061 aluminum matrix composites produced by stir casting and hot rolling was investigated. The Al6061-GO
Al6061 nanocomposites were fabricated by mixing GO nanoplates with weight percentages of 0.0, 0.2, 0.5 and 0.8, in the
Ballistic limit . molten aluminum. Then, hot rolling was carried out at 530 °C on the cast samples. Mechanical behavior of
Energy absorption nanocomposites was investigated by performing quasi-static tensile tests. The perforation tests on the Al6061-GO

plates of 60x60x4.2 mm, was carried out using flat head projectiles, at the speeds of 100-300 m/s. The initial and
residual velocity of projectiles measured through 24 experiments, and the ballistic limit velocity was calculated for
the fabricated nanocomposites. The toughness, fracture mode and energy absorption of the samples, were evaluated
through the tensile and perforation tests, respectively. The results showed that by adding GO nanoplates, the ballistic
limit velocity of the composites specimens improves by 24 % with respect to the base alloy. Also, the energy
absorption of composites specimens in quasi static and impact loading was ameliorated by 116 % and 107 %
respectively. These results indicated that GO nanoplates are very effective on the energy absorption of 6061
aluminum alloy.
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Table 2 Physical properties of graphene oxide nanoplates

Parameter Value

Thickness 3.4 (nm)

Layers 6-8

Ph 7.7

Volume Resistivity 4x10™* (ohm.cm)
Diameter 1-8 (micron)
Specific Surface Area 750 (m?/g)
Density 1 (gr/cm?®)

Intensity (a.u.)

10 20 30 40 50 60 70
20 degree

Fig. 1 (a) SEM micrograph and (b) XRD pattern of the graphene oxide
nanoplates used in this research.
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Table 1 Chemical composition of Al6061 ingot (wt. %)
Al Mg Si Fe Cu Cr Ti Mn  Zn

Rem. 079 051 039 019 0.9 004 001 001

1 US research nanomaterials company
2XRD
3 Wrinkled
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Fig. 4 Gas gun machine used for ballistic testing
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Fig. 2 preparation steps of graphene oxide powder: a) sonication of GO

in aceton with ultrasonic probe and b) mixture sprayed on aluminum
foil
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Fig. 7 Engineering stress-strain curves of the fabricated samples
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Fig. 5 Geometry of the projectile and the sabot used in the ballistic tests
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Fig. 6 Functional diagram of the initial velocity of projectile versus the
air pressure of gas gun
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Table 5 Coefficients Vy, a and p in equation (7)

wt. % a p Vi (M/s)
0.0 2.85 127
0.2 2.60 138
0.5 0.95 2.32 145
0.8 213 158
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Table 3 Yield strength, ultimate tensile strength, breaking strain and
tensile toughness of aluminum nanocomposites

Sample (Mslga) (l\i E‘a) £f (%) -I-(OMu?miis
c?cl)so/ooec-;% 129 182 106 17.87
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c?slzso/ooec-;% 185 251 167 38.6
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Table 4 Impact test experimental data for Al alloys
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Fig. 9 Energy absorption of aluminum alloy targets versus the initial
velocity of the projectile
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Fig. 8 Residual velocity (V) versus the initial velocity (Vi) of the
projectile for different aluminum samples
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Fig. 12 Comparison of toughness and absorbed energy between the
composite and the base samples
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Fig. 10 Front and rear view of the aluminum target and the enlarged view
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Fig. 11 Global deformation of aluminum alloy samples from the side
view of the impact test
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