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The ceramic boron carbide (B4C) is known for its exceptional refractory properties, hardness, 

strength, and impact resistance. Interesting properties of boron carbide include its polymorphism and 

susceptibility to amorphization, a solid-state phase transformation induced by high pressures. The 

present study is a coordinated experimental and modeling effort on the behavior of this unique 

material with the goal of optimizing its crystal structures for enhanced performance. First, the rate-

dependent response of the amorphized zone and the evolution of its structure beneath indented 

surfaces in micro-grained and nano-grained boron carbide were investigated. Using Raman 

spectroscopy, the consequences of amorphization are addressed with regard to volumetric changes in 

the amorphized material and the stress state in surrounding regions. To determine the origin of the 

amorphization process, numerous density functional theory (DFT) simulations were performed to 

comprehensively identify and quantify the structures formed in boron carbide specimens fabricated 

by hot pressing and spark-plasma sintering. To offer insight on the kinetics of amorphization, 

simulated deformations were performed on representative polymorphs using DFT. Analysis of their 

response to hydrostatic compression (up to 50 GPa) and homogeneous shear has provided new 

insight into their bonding behavior and Raman spectral shifts at the atomic level. These studies have 

enabled excellent comparisons with experimental data from high-pressure environments, especially 

those of Hugoniot response. We have demonstrated that increases in hydrostatic pressure cause high-

wavenumber Raman peaks to shift higher while low-wave number peaks shift lower, as observed in 

prior experimental investigations reported in literature. Finally, this study reveals that introducing 

dopants into the large volume of “cage space” in the virgin B4C structure may improve the stability, 

amorphization resistance, and therefore mechanical performance of boron carbide. Overall, these 

results provide new insight into the links between polymorph crystal structure, deformation response, 

and Raman spectra while simultaneously laying the foundation for polymorph-level design of boron 

carbide. 
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