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Chapter 6

Peculiarities of Refractory
Borides Formation during
Mechanical Alloying IV-V Group
Transition Metals with Boron in
Planetary Mill
Maria P. Savyak and Alex B. Melnick

Abstract

Mechanical alloying in the transition IV-V group metal-boron systems runs by the
two following mechanisms: mechanically induced reaction of self-propagating syn-
thesis determined by the enthalpy of refractory compound formation and capability
to form substitutional solid solution through replacement of a metal atom by boron
atoms; and diffusion-controlled process when a supersaturated interstitial solid solu-
tion prevails and its bcclattice gradually transforms to the hexagonal lattice of the
MeB2 phase at a critical boron content. The domination of one of the above mecha-
nisms is determined by capability of boron to form substitutional or interstitial solid
solution. In the case of formation of combined (SSS and ISS) solid solutions, domi-
nation of a mechanism is determined by the interatomic bond strength as well as by
the intensity of mechanical alloying. The method for calculation of the free Gibbs
energy of the interstitial and substitutional solid solutions on the basis of the regular
solution model was developed. It was shown that during milling tantalum and boron
in a planetary mill, at first the formation of a combined solid solution occurs where
two boron atoms replace one tantalum atom. Both the mechanisms of solid solution
formation decrease the solution Gibbs energy. When a SSS dominates over the
formation of an ISS, the Gibbs energy acquires a minimum value at a concentration
of boron in tantalum of 50 at%, which leads to the solution decomposition.

Keywords: transition metals, refractory borides, Gibbs energy, solid solution,
mechanical alloying, modeling

1. Introduction

Refractory metal borides have a high melting point, high thermal and electrical
conductivity, low linear coefficient of thermal expansion, excellent corrosion resis-
tance, and very high microhardness. Therefore, they attract much attention as
promising materials for application. The potential application of such materials
could be jet engine parts, armor plates, cutting tools, dies, etc. [1]. A large number
of studies are devoted to these materials and in particular to methods for their
preparation. As a rule, borides are obtained at high temperature and, therefore, the
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