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Effects of grain size on the spall behaviors of high-purity aluminum plates
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Abstract: High-purity (HP) aluminum plates were cold rolled and heat treated to produce recrystallized samples with average
grain sizes of 60, 100 and 500 pum, respectively. The effects of grain size on the spall response of HP aluminum plates were
investigated by plate impact experiments including real-time measurements of the free surface velocity profiles by a compact
all-fiber displacement interferometer system for any reflector, and post-impact fractography of soft-recovered samples by
optical microscopy and scanning electron microscopy. The effect of grain size on the spall strength depends on the amplitude
of peak stress. At lower peak stress loading, the dependence of the spall strength on the grain size is an inverse Hall-Petch
relationship, but at higher peak stress loading, the spall strength is nearly constant with little effect of grain size. With the
increase of grain size, the distribution range and size of micro-voids in the damaged sample increase, but the number of micro-
voids decreases, and the grain refinement caused by the shock compression process is observed. On the other hand, with the
increase of grain size, the mechanism of spallation changes from ductile intergranular fracture to quasi-brittle intergranular
fracture. Some randomly distributed small metal balls are observed on the fracture surface, which is attributed to the thermal
effect due to the serious plastic deformation during the growth and coalescence of micro-voids.
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Fig. 1 Schematic showing the three principal orthogonal directions of
rolled plate and sample preparation
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Fig.2 Microstructures of high-purity (HP) aluminum by EBSD at different heat-treatment temperatures
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Fig. 3 3D microstructure of HP aluminum by EBSD at the heat-treatment temperature of 300 °C
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Fig. 4 Schematic diagram of spall experiments
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Table 1 Conditions and results of spall experiment for high-purity aluminum plate

No. D/um v/(m-s™) op/GPa Au/(m-s™) os/GPa ity /(m-s~?) &/t it /(m-s?)
1 60 142 1.05 56.8 0.41 1.05x10® 0.98x10* 2.70x107
2 100 139 1.03 58.8 0.42 1.23x10° 1.14x10* 4.16x107
3 500 140 1.04 78.9 0.57 1.30x10® 1.21x10* 7.35%107
4 60 250 1.87 85.1 0.62 2.68%10° 2.49x10* 2.80x107
5 100 246 1.84 86.9 0.63 2.61x10% 2.43x10* 5.16x107
6 500 252 1.89 86.1 0.62 2.58x10° 2.40x10* 7.92x107
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HP aluminum under different impact stress conditions with different grain sizes
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