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Borides and their composites have been attracting great interest for years due to their excellent properties 

such as high melting temperature, high strength, high thermal and electrical conductivity and high 

chemical stability. They have been used as high temperature materials, surface protection materials, 

wear-resistant materials, superconductors, etc. Niobium boride and its composites have promising 

applications in many areas which require high temperature strength under severe conditions.  

In this study, synthesis of niobium boride-niobium carbide powders was carried out via mechanical milling 

and annealing processes using Nb2O5-B2O3-C system. Stoichiometric and excess amounts of graphite 

were used to indicate the effects of reducing agent on the microstructure of niobium boride-niobium 

carbides. Powder blends were mechanically milled for 1, 3 and 5 h with a BPR of 10:1, using a milling 

rate of 1200 rpm. After milling of Nb2O5-B2O3-C blends, they were subjected to an annealing process in a 

tube furnace at 1300 and 1400°C under flowing Ar atmosphere. Effects of graphite amount, mechanical 

milling and annealing temperature on the microstructure, thermal stability, particle size and production 

efficiency of the powders were investigated. The results of the reactions have been compared with 

equilibrium predictions performed using the FactSage 6.2 thermochemical software. Phase and 

microstructural characterizations of the as-blended, milled and annealed powders were conducted using 

a X-ray diffractometer (XRD), differential scanning calorimeter (DSC), particle size analyzer (PSA), gas 

pycnometer, scanning electron microscope (SEM) and transmission electron microscope (TEM).  
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