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Superhard boron carbide (B4C) has important engineering applications in body armor, high 
temperature semiconductors, and more. However, their extensive engineering applications are 
seriously hindered by the intrinsic brittleness originating from the strong chemical bonding. The 
complex structures and chemical bonding pose great challenges to developing accurate inter-
atomic potential for B4C and related icosahedral materials. In this talk, we illustrate the abnormal 
brittle failure of B4C and its shock response from a quantum mechanics (QM) based framework 
integrating density functional theory (DFT) and machine learning force field (ML-FF). Firstly, we 
applied the DFT and ML-FF simulations on single crystal B4C and show that its intrinsic brittle 
failure arises from the formation of higher density amorphous bands due to fracture of the 
icosahedra, a unique feature of B4C. Then we investigate the shock response of nanocrystalline 
boron carbide (n-B4C) using large-scale molecular dynamics simulations with the ML-FF. We 
identify three deformation mechanisms in shocked n-B4C: grain boundary (GB) sliding, 
intergranular amorphization, and intragranular amorphization, indicating the importance of GB in 
the deformation process. The mechanism of stress-induced amorphization suggests that it can 
be mitigated via atomic doping (e.g. P and Al). Particularly, the deformation mechanism 
transforms from amorphization to dislocation nucleation and motion by microalloying Al into B4C. 
Al doping weakens the bonding characteristics of C-B-C chains in B4C, and the chain bonds are 
easily broken, which serves as the main source of dislocation nucleation and drives dislocations 
to glide. 
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