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The ternary Talr,B, boride was prepared by the reaction between iridium and TaB, powders.
It was shown that a choice in favor of any crystal structure of Talr,B, boride using only X-ray
powder diffraction analysis and single-crystal XRD is rather difficult to make. The DFT calcu-
lations were carried out to predict the energetically preferred crystal structure of Talr,B,. The
"B solid-state NMR spectrum of Talr,B, was recorded for the first time. A combination of dif-
fraction and spectroscopic methods, as well as theoretical calculations, allowed us to make
clear choice in favor of the triclinic space group P1 for the crystal structure of Talr,B,. The
Vickers microhardness value for Talr,B, was found to be 17.942.3 GPa, and the ternary
Talr,B, boride can be considered a hard material. Therefore, the family of hard ternary boride
phases got a new member. The coefficients of thermal expansion of Talr,B, measured by in
situ high-temperature XRD analysis are independent of temperature along the @ and b axes, but
the CTE along the ¢ axis deviates noticeably at elevated temperatures. The findings for the new
ternary Talr,B, boride are of interest for the rational design of complex structural materials
containing Ta—Ir—B-based components and prediction of their high-temperature behavior.
Further research into this ternary boride as well as other iridium-containing ternary borides
will provide a tool to solve the problems faced by high-temperature materials science.
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INTRODUCTION

Transition metal borides have a rather wide range of applications resulting from their refractori-
ness, hardness, superconductivity, as well as mechanical, magnetic, and optical properties [1]. A vari-
ety of properties inherent to transition metal borides are related to the fact that they have a rich crystal
chemistry and can form crystal structures ranging from 1D to 3D networks.

The family of ternary borides are characterized by an even greater diversity of «structural-che-
mical-physical» relations. Among ternary borides, those simultaneously containing early and late tran-
sition metals (in particular, platinum-group metals) are of special interest.
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CONCLUSIONS

The ternary Talr,B, boride was prepared by the reaction between iridium and tantalum diboride
powders at elevated temperatures. The products were comprehensively characterized by a set of mo-
dern analytical techniques, including X-ray powder diffraction and single-crystal XRD, SEM/EDX at
different accelerating voltages, DFT calculations, and ''B solid-state MAS NMR spectroscopy. It was
shown that a clear choice in favor of the Cc, C2/c or Pl crystal structure of ternary Talr,B, boride
using only the common diffraction methods, including X-ray powder diffraction and single-crystal
XRD, is rather difficult to make. The DFT calculations showed that the P1 and C2/c crystal structures
for Talr,B, compound are energetically more preferred (~10 eV) than the Cc crystal structure, but
poorly distinguishable from each other (AE ~ 0.02 eV). Additional solid-state NMR studies were con-
ducted to solve this problem. The ''B solid-state NMR spectrum of ternary Talr,B, boride was re-
corded for the first time. The combination of diffraction, theoretical and spectroscopic methods al-
lowed us to make a clear choice in favor of the triclinic space group P1 for the crystal structure of the
ternary Talr,B, phase.

The Vickers microhardness value for the Talr,B, ternary phase was measured to be 17.9+2.3 GPa.
Based on this result, ternary Talr,B, boride can be considered a hard material. This value is also com-
parable to those previously reported for the ternary Hf—Ir—B phases. Therefore, a new member has
been added to the family of hard ternary boride phases. The coefficients of thermal expansion were
measured for Talr,B, immediately by in situ high-temperature XRD analysis. The CTEs of Talr,B,
along the a and b axes are independent of temperature and equal to 7.3-10° K" and 7.2-10 ° K", re-
spectively. The temperature dependence of the CTE along the ¢ axis noticeably deviates at elevated
temperatures. The CTE of the new Talr,B, ternary boride is close to the values determined by us for
hafnium—iridium ternary boride.

Therefore, the findings on the crystal structure, microhardness and thermal expansion of new ter-
nary Talr,B, boride are of interest for rational design of the complex structural materials containing
Ta—Ir—B-based components and prediction of their high-temperature behavior. There are grounds for
hope that further research into this ternary boride and other ternary borides containing iridium will
provide a tool to solve problems faced by the high-temperature materials science.
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