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e is used as a component of high-temperature 
, composite refractory ceramic materials and 
s on steels. New applications for VB2 include 
 of novel battery electrodes, catalysts for 
ells and other catalytic processes.1–8 As a 

6–VB2 ceramics (where Ln = La, Ce and other 
s) or directionally-crystallized composites, 
ide provides thermionic current density 
 which is much higher than that in traditional 
= 4.9 A cm−2).9 To create materials based on 
etallurgy, a highly dispersed powder of high 

 Traditional high-temperature methods of VB2 
ect interaction of elements,10 as well as 
rothermal and boron carbide reduction of 
e,11,12 lead to the formation of highly pure, but 

cles (d > 10 μm), sintered into high-strength 
e recently developed low-temperature methods 
l, synthesis in salt melts, etc.) make it possible 
 a highly dispersed state,5,15–19 but complex 
e product from impurities is required. High-
ods are still used for large-scale production and 
t allows one to obtain a highly dispersed 

B2 with a particle size of 100–800 nm was 
ing V2O3 with a mixture of B4C and C in an 

0 °C.20

s mentioned above the syntheses of VB2 have 
y reduction of V2O3, though V2O5 is the most 

ilable among vanadium oxides, its cost for 1 kg 
rity being 8–10 times lower. Difficulty of the 
 VB2 from V2O5 is due to the two main factors. 
tial decomposition of V2O5 into V2O3, VO2, and 
 in vacuum.21,22 However, V2O9 molecules were 
e  vapor.23,24 In this case, the large release of 
ds to the destruction of the compacted V2O5–B 
 most important issue rather than the specific 

stoichiometry of the oxides.21,22 The second factor is the low 
melting point of V2O5 (Tm = 670 °C). The melting of vanadium(v) 
oxide, which has not decomposed to vanadium(iii) oxide, is 
accompanied by intense evaporation, which also leads to the 
destruction of the green body. This is usually avoided by carrying 
out a two-step synthesis with preliminary reduction of V2O5 to 
V2O3, which significantly complicates the VB2 technology.

In this work, the direct one-step synthesis† of vanadium 
diboride by reduction of V2O5 and method for suppression of the 

†	 The preparation of VB2 was carried out using powders of V2O5  
(³ 99.4 wt%) and amorphous boron (³ 99 wt%) with the addition of 
epoxy resin ED-20 (mass fraction of epoxy groups ³ 20.0–22.5%) as a 
carbon source and binder.
	 The decomposition of V2O5 under 0.1–10 Pa was studied with the 
addition of 0–10 wt% epoxy resin. The theoretical concentration of 
epoxy groups was determined as 8% by calculating the amount of carbon 
residue after the pyrolysis of epoxy resin, which can react with V2O5 
reducing it to VO2 (as an average of the sum of lower oxides). Pure V2O5 
powder and mixture of V2O5 with epoxy resin were compacted into 
briquettes, placed in a graphite crucible and heated in a vacuum electric 
furnace to 750 °C at a rate of 100 °C h−1, then cooled to room temperature 
at a rate of 400 °C h−1. 
	 For the one-step preparation of VB2 the initial components were 
weighted in stoichiometric quantities according to the reaction:
	 2V2O5 + 18B → 4VB2 + 5B2O3.	 (1)
	 The components were mixed in isopropanol media using a vibratory 
ball-mill with ZrO2 balls for 24 h, vacuum dried at 50 °C and the 
compacted green bodies were obtained by uniaxial pressing. Heat 
treatment of the green bodies was carried out in graphite crucibles in a 
vacuum electric resistance furnace at 1000 °C and 1500 °C under residual 
gas pressure of 0.10–10 Pa with a holding time of 1 h.
	 The structure, phase and elemental composition of the thermally treated 
vanadium oxide briquettes and synthesized VB2 powders were studied by 
X-ray diffraction (XRD) analysis using a Rigaku Smartlab 3 diffractometer 
with Cu(Kα) radiation, scanning electron microscopy (SEM) using  
a Tescan Vega 3SBH apparatus and X-ray microspectral analysis with  
an Aztec X-Act energy dispersive microanalyzer (Oxford Instruments).
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negative effect of the vanadium(v) oxide decomposition under 
vacuum are described. The heat treatment of V2O5 mixed with 
0–10 wt% of epoxy resin at 750 °C under 0.1–10 Pa led to the 
disintegration of V2O5 compacts, contained less than 8 wt% of 
epoxy resin. An intensive increase in gas pressure was observed at 
~670–700 °C (0–4 wt% of epoxy resin). The evolution of gas from 
mixtures with an epoxy resin content of 5–8 wt% began at 150 °C 
and increased quite sharply at temperatures up to 670–700 °C. 
Briquettes of V2O5 with the addition of 8–10 wt% of epoxy resin 
cracked, but retained their shape after heat treatment under the 
same conditions. No rapid increase in gas pressure was observed 
in this case. The gradual deterioration of vacuum began at ~100–
120 °C. XRD pattern (Figure 1, curve 2) of the heat-treated 
‘V2O5 + 8% of epoxy groups’ powder contained reflections of the 
only two new phases: tetragonal VO2 and monoclinic V6O13, 
which indicates complete decomposition of V2O5.

Based on this result, the borothermal synthesis of VB2 was 
carried out with 8% of epoxy groups at two different temperatures: 
1000 °C and 1500 °C. As expected, no rapid increase in gas 
pressure was observed during the both experiments. After heat 
treatment, the samples appeared as loosely bound porous bodies 
that easily disintegrated in a mortar. XRD patterns of initial and 
synthesized powders are presented in Figure 1. The initial 
powder (Figure 1, curve 3) in addition to the V2O5 and boron 
peaks contains low-intensity reflections of the ZrV2O7 impurity 
phase, which appear as a result of a mechanochemical reaction 
during ball-milling with ZrO2 balls. XRD patterns (Figure 1, 
curves 4, 5) indicates complete synthesis of hexagonal VB2 
phase with sharp and intense peaks at 1500 °C and VB2 with 
wide peaks at 1000 °C. The difference in the shapes of the peaks 
is primarily due to the growth of crystallites with an increase in 
the synthesis temperature (Table 1).

The lattice constants of vanadium boride are slightly increased 
compared to the standard. This is due to the impurity of zirconium 
oxide, which led to the formation of a solid solution. Initial phases 
are not detected in the XRD spectra of synthesized products. 
SEM–EDS analysis (Table 1) confirmed the V : B ratio 
corresponding to VB2 (within the error of the method). The 
concentration of oxygen impurities decreases with an increase in 
the synthesis temperature, which may be associated not only with 
the completion of the chemical reaction, but also with a decrease 
in the specific surface area of particles that absorb air oxygen.

SEM-analysis of VB2 powder [Figure 2(a)] indicates that at 
1000 °C the average particle size did not exceed 200–300 nm. 
Increasing synthesis temperature up to 1500 °C [Figure 2(b)] 
leads to the growth of the average particle size up to ~0.8–1 μm. 
In this case, particles were sintered into low-strength 
agglomerates with a framework structure.

Thus, the direct borothermal epoxy-assisted synthesis of VB2 
from commercially available V2O5 at 1500 °C as well as at a 
relatively low temperature of 1000 °C leads to formation of a 
highly dispersed powder of VB2 with low impurities content.

This work was supported by the Russian Science Foundation 
(grant no. 19-73-10180).
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Table  1  Characteristics of the synthesized VB2.

Characteristics
Synthesis temperature/°C

1000 1500

Lattice constants
a/Å 3.005 ± 0.005 3.005 ± 0.005

c/Å 3.070 ± 0.005 3.075 ± 0.005

Crystallite size d/nm 73 ± 2 131 ± 2

Average particle size D/nm 200–300 800–1000

Element concentration 
(wt%)

V 68.68 ± 0.02 69.68 ± 0.02

B 30 ± 2 30 ± 2

O 1.3 ± 0.5 0.3 ± 0.5

Zr 0.02 ± 0.02 0.02 ± 0.02

Figure  1  XRD patterns of ‘V2O5 + 8% of epoxy groups’ mixture (1) before 
and (2) after the heat treatment at 750 °C; V2O5 + B + epoxy resin mixture  
(3) before and after the heat treatment at (4) 1000 °C and (5) 1500 °C.

Figure  2  SEM images of VB2 synthesized at (a) 1000 °C and (b) 1500 °C. 
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