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Abstract: Zr-based bulk metallic glasses are novel class of functional materials that comprehensively use chemical energy
and kinetic energy to improve the damage effect of warhead. To investigate the mechanism of shock fragmentation reaction
of Zr-based bulk metallic glass fragments, quasi-sealed venting chamber was used to measure the released energy of
Zrg, Nb,Cu,, sNi ,Al, bulk metallic glass fragments under impact conditions. The fragments were driven by a 14.5 mm ballistic
gun, with various levels of velocity, to impact the sealed chamber covered by 0.5 mm thick steel plates. High-speed camera
was used to record the shock-fragmentation-reaction process through an observational window. The pressure in the chamber
was measured by two pressure sensors installed in different positions on the inner wall of the chamber. The particle size of the
fragment debris was measured by laser diffraction method and weighting method. And the debris with different particle sizes
was analyzed by X-ray diffraction. According to one dimensional shock wave theory, the impact temperature of Zr-based bulk
metallic glass was derived. Combined with the impact temperature, the fragment debris distribution model and metal particle
ignition model, the shock-fragmentation-reaction theoretical model was developed to quickly calculate the extent of reaction of
Zr-based bulk metallic glass fragments. The experiments results show that the reaction depth of material under impact loading
increases with the increase of impact velocity. The distribution of debris conforms to the piecewise power law, and the size
distribution of debris was fitted. The main chemical reaction induced by material impacting is the combustion of Zr and O, in
the air, and the main reaction product is ZrO,. Theoretical analysis results show that the shock-fragmentation-reaction

theoretical model based on impact heating, debris distribution and debris combustion can explain the reaction law of Zr-based
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bulk metallic glass under impact loading well. And the theoretical calculation is in good agreement with the experimental
results.

Keywords: Zr-based bulk metallic glass; impact; fragmentation; reaction mechanism
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Fig. 1 Experimental layout of quasi-sealed chamber shock overpressure test
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Fig. 4 Actual pressure and quasi-static pressure curves
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