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High performance ceramics usually have high hardness and low toughness and plasticity. Besides intrinsic 

brittleness associated with rigid covalent bonding, inclusions/porosity is the foremost characteristics that 

lead to their failure at low stress levels in a brittle manner. Several experimental investigations have been 

attempted for producing ceramics with improved mechanical properties based on grain size reduction and 

interface phases. However, these factors if not controlled properly, toughness and strength for ceramics 

materials are proven to be mutually exclusive. In this backdrop, the present thesis work aim to understand 

the influence of various factors such as grain size, porosity size, interface phases, and atomic defects on 

mechanical properties of light-weight ceramics.  

Boron carbide (B4C) atomic images were obtained using annular bright field scanning transmission electron 

microscopy (ABF-STEM). This image mode enables to understand the location of light elements in B4C. The 

observed atomic images reveal 12-atom boron icosahedra in the form of atomic rings and 3 carbon atom 

chains as the dark lines linking the icosahedra. The atomistic observations on brittle deformed B4C ceramic 

provide direct evidence for the formation of transgranular amorphous shear bands in boron carbide results 

from the disassembly of the icosahedra driven by shear stresses (Figure 1). 
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Figure 1. (a) ABF-STEM image of pristine surface B4C shows the dark spots in linear chains indicates the 

carbon atoms that link the boron atomic rings of icosahedra. (b) ABF-STEM of B4C deformed shows the 

icosahedra distortion at edges of the amorphous shear bands. 

 

To reduce the B4C brittleness, well tailored nanocrystalline B4C microstructure with a homogenous 

distribution of nanosize pores and GB amorphous carbon was synthesized at relatively low temperatures. It 

was found that interplaying between the weak interface phase and nanopores via. GB sliding can produce 

effective room-temperature plasticity, and thereby gives rise to improved fracture toughness and strength 

(Figure 2). 

Figure 2 SEM image of nanocrystalline B4C fabricated micropillar using focused ion beam milling. (b) 

Microcompressed pillar showing detectable plasticity before intergranular fracture. 

(a) (b) 
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Further investigation was carried out on fully dense nanocrystalline silicon carbide ceramics with uniform 

distribution of crystalline carbon phases displayed the overall enhanced mechanical properties (Figure 3). 

This result indicates that nanocrystalline ceramics can be ultrahigh stress with the assistance of carbon 

phases that effectively induce dislocations contributing to detectable plasticity.  

 

 

 

 

 

 

 

 

 

Figure 3 STEM image of as-synthesized nanocrystalline SiC (a) Bright field (b) Dark field showing fully 

dense and uniform distribution of carbon phases.   

Finally, fully dense B6O ceramic with multi-modal grain size (i.e.., nano- and micrograined) improved the 

mechanical properties especially strength and toughness by crack deflection toughening mechanism. The 

microstructures of deformed B6O reveal the formation of nanoscale transgranular shear amorphous bands 

occurs mainly in large grain size.. 

 

 

 

 

 

 

 

 

 

 

Figure 4 A typical engineering stress vs. engineering strain curves for different diameters micropillar size of 

B6O subjected uniaxial compression shows the size dependency and brittle failure. 
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