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Abstract—Close to spherical nanosized niobium diboride particles with an average diameter of 65 nm were syn-
thesized by the reaction of amorphous boron with niobium powder at 1073 K in an argon atmosphere in KCl1 and
Na,B,0; ionic melts (autoclave, argon pressure of 4 MPa, 32 h).
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Niobium diboride NbB, has a high melting point,
thermodynamic stability, high values of hardness,
strength, wear resistance, thermal and electrical
conductivity, chemical and corrosion inertia, and hence
it is used in various areas of modern industry [1, 2].

To synthesize NbB, nanoparticles, methods developed
for the production of transition metal diborides of groups
IV—VI are usually applied: high-temperature solid-phase
synthesis from elements, borothermal reduction of
various niobium oxides and salts, carbothermal reduction
of niobium and boron oxides, or reduction of niobium
and boron oxides with magnesium, reactions of niobium
chlorides with alkali metal borohydrides at elevated
temperatures and pressures, mechanochemical synthesis,
and chemical vapor-phase deposition [3—10].

As an alternative method for the production of NbB,
nanoparticles we consider in this work the so-called
current-free method [11], which is based on the current-
free transfer of boron to a metal in ionic melts of various
chemical compositions and structures according to the
procedures previously developed for the production of
TiB, and VB, nanoparticles [12, 13]. The use of ionic
melts as a reaction medium, due to the special features of
their structure and properties, makes it possible to obtain
metal borides in the form of highly dispersed powders.
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We synthesized NbB, nanoparticles by the reaction
of amorphous boron with niobium powder in ionic
KCl and Na,B,0;, melts in atmosphere of argon with a
pressure of 4 MPa at 1073 K and the reaction duration
of 32 h. The resulting niobium diboride, according to
the results of chemical and energy dispersion analyses,
has the composition NbB 75 9;O¢ 01_0 03 Without traces
of hydrogen and chloride ions. According to the XRD
data, niobium diboride crystallizes in the hexagonal
syngony (space group P6/mmm, structural type AlB,,
a = 0.3100-0.3104, ¢ = 0.3278-0.3280 nm), the lattice
parameters are consistent with published data.

The average diameters (d, nm) obtained for melts of
NbB, particles (according to electron microscopic and
X-ray studies, and also by measuring specific surface
area) and areas of coherent scattering (D,,;, nm) are
shown below:

NbB, from Na,B,0,d~65 (electron microscopy),
~67 (Sgp = 13.0 m?/g), Dy ~60;
NbB, from KCl d ~64 (electron microscopy),
~67 (S, = 13.0 m%/g), D) ~59.
Regardless of the chemical composition and the nature
of the ionic melt, the average diameter of the NbB,
powder particles is close to 65 nm.
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The transfer of B to Nb observed in a Na,B,0; or
KCI ionic melt, according to [11], can be explained by
the formation of lower valence B> ions by reaction (1)
and their interaction with niobium to form NbB, by
reaction (2).

B+ 2B =B M

3B%, + Nbe—=B>"

melt melt

+NbB,. ()

To refine the qualitative composition of the surface of
NbB, nanoparticles, their X-ray photoelectron spectra
were recorded, according to which the main component
of the powders is NbB,, the electron binding energy at
the Nb 3ds,, level is 203.4 eV and at the B 1s level is
188.4 eV, which is consistent with the published data.
Along with the lines characteristic of niobium diboride,
weak lines corresponding to boron oxide and niobium
oxide Nb,Os were observed.

Prior to the reaction of amorphous boron with
niobium powder in an ionic melt, a niobium powder
with a particle size of 10—15 pm was prepared by heating
a commercial niobium powder with a particle size of
~45 pum at 1173 K in a vacuum of 1.3x10"!' Pa and
subjected to five hydrogenation—dehydrogenation cycles
[14]. Then the resulting niobium powder and amorphous
boron in stoichiometric amounts (1 : 2, g-at) were
mixed and activated in a Pulverisette 6 ball planetary
mill (niobium balls, ball loading 1 : 10, rotation speed
400 rpm, processing time 40 min) in an argon atmosphere
at room temperature.

The activated mixture of powdered Nb (9.21 g) and
B (2.16 g) together with Na,B,0 or KCI (14.0 g each) in
a quartz ampoule was placed in a stainless steel autoclave
reactor in a high—purity argon atmosphere. The reactor
was evacuated to a residual pressure of 1.3x107! Pa, filled
with argon at a pressure of 4 MPa, and heated for 32 h at
1073 K. The reactor was then cooled to room temperature,
and the reaction mixture was discharged. The speck was
crushed and successively treated with distilled water,
ethyl alcohol, and acetone, and evacuated to a residual
pressure of 1.3x107! Pa. The resulting powder was again
placed in the reactor, treated with hydrogen in the flow
mode at a pressure of 5 MPa at 373 K, evacuated at room
temperature up to a residual vacuum of 1.3x107! Pa, and
discharged from the reactor in an argon atmosphere. All
subsequent work with the niobium diboride obtained in
this way, including sampling for analysis, was carried out
in an argon atmosphere.

The X-ray phase analysis (XRD) of the obtained
NbB, nanoparticles was performed on an ADP-2
diffractometer (monochromatic CukK-radiation). The
error in determining the periods of the NbB, crystal
lattice did not exceed 0.0003 nm. The areas of coherent
scattering of D), in the direction perpendicular to the Akl
plane were estimated from powder diffractograms using
Scherer formula (3).

Dy = kM B8 0. 3)

Here £ is the anisotropy coefficient, which was assumed
to be 0.9; A is the X-ray wavelength (Ac,x, 1.54178 A),
0 is the diffraction angle, B is the width of the diffraction
peak at half its height (in radians).

Electron microscopic studies and X-ray energy-
dispersion analysis were carried out on a set of
instruments consisting of a Zeiss Supra 25 scanning
autoemission electron microscope and an INCA X-sight
X-ray spectral installation. The X-ray photoelectron
(XPE) spectra were recorded on a PHOIBOS 150 MCD
electronic spectrometer for chemical analysis. The
specific surface area of the samples (S) was determined
using a Quadrasorb SI analyzer. The source of hydrogen
with a purity of at least 99.999% was an autonomous
laboratory hydrogen generator containing hydride phases
based on LaNis and TiFe intermetallides as the working
material. Its operation principle is described in detail [15].

The chemical composition of NbB, nanoparticles was
determined by standard analytical methods, and also by
the results of X-ray energy dispersion analysis.
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