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Phase diagram of the B-B,0; system
at pressures to 24 GPa

The evolution of topology of the B—B,O; phase diagram has been
studied at pressures up to 24 GPa using models of phenomenological thermodynamics
with interaction parameters derived from experimental data on phase equilibria at high
pressures and high temperatures.
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The B-B,0; system that includes superhard refractory boron
suboxide, B4O [1] (and possibly some novel superhard high-pressure phases [2, 3])
has been previously studied at pressure of 5 GPa [4]. However, very recently
Solozhenko et al. have revised the p-T phase diagram of boron oxide, B,O3 and
refined the location of the a-B,03;—-B,0s—L triple point as 5.4 GPa/ 1550 K [5].
This means that at 5 GPa the melting of a-B,0; takes place, and not of B-B,03, as
previously thought [4, 6]. Also the new equilibrium p-T phase diagram of boron [7]
should be taken into account. In the present study we performed thermodynamic
calculations of high-pressure phase equilibria in the B-B,0; system using the
revised data and constructed phase diagrams at different pressures.

The calculations were carried out using the Thermo-Calc software [8].
Thermodynamic data of phases of the B-B,O; system at ambient pressure were
taken from [4]. The liquid phase was described using the subregular solution model
[9], and solid phases — in the framework of the Compound Energy Formalism
(CEF) [10]. Pressure dependencies of molar volumes were represented using the
Murnaghan approximation [11]. Bulk moduli, their pressure derivatives, and
thermal expansion coefficients for B¢O and B,O; were taken from [1, 5], and the
data on liquid phase, B-Bjgs, Y-Bas, and t'-Bs,, — from [7, 12, 13]. Parameters of the
pressure dependencies of the Gibbs energy of the phases in the B-B,0; system are
listed in the table.
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Parameters of the pressure dependencies of the Gibbs energy

Phase | Vo, m*/mol | B, GPa | B’ | oo | ol
a-B,0; 27.25-107 40 5.5 3.0-107 1.6:1077
B-B,05 22.38-107° 170 5.0 1.5-107 232107
BsO 31.5-10°° 180 6.0 1.5-107° 1.12-10°®
B-Bios 4.737-10°% 210 223 1.57-10°° 2.64-10°°
v-Bos 4.347-10° 237 2.7 1.57-10°° 2.64-107°
t"-Bs, 4.362:107 237 2.7 1.57-10°° 2.64-107°

¥V, is the molar volume; B is the bulk modulus; B’ = dB/dp; a.= oy + o, T is the volume thermal
expansion coefficient.

The molar volume of the liquid phase was described by the equation:
Vi, =Vgxg +Vg,0,Xp,0, -
Gas phase was considered as ideal gas.
The evolution of the phase diagram of the B-B,O; system under pressure is

shown in the figure. In addition to the quantitative changes of the diagram parameters
(equilibria temperatures, limiting solubilities), changes of the diagram topology are

observed i.e., above 8.5 GPa the y-Bog = t-Bs, equilibrium line appears; the
congruent type of B¢O melting changes to the incongruent one at about 16 GPa, and

the L = B-Bjgs + B6O eutectic changes to the L + t'-Bs, = BsO peritectic.
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Phase diagram of the B-B,0j3 system at 0.1 MPa (a), 5 GPa (), 16 GPa (c) and 24 GPa (d); B, v,
t” are boron allotropes (B-Bjos, Y-Bag and t'-Bs,, respectively).
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Busueno esonmoyito mononoeii ¢pazosoeo diacpamu B—B,03 npu muckax 0o
24 I'Tla 3 eukopucmaHusam Mmooenell (HeHOMEHON02IYHOI MepPMOOUHAMIKY 3 napamempamu
63a€MO0Ii, OMPUMAHUMU 3 EKCNEePUMEHMANbHUX OaHUuX npo ¢hazosy pieHO6A2Y NpU GUCOKUX
MUCKAxX i GUCOKUX MeMNepamypax.

Knrouosi cnosa: cucmema B—B,0;, 6ucokuii muck, 6ucoka memnepamypa,
¢azosa diacpama.

H3zyuena seomoyus mononocuu  gazoeoeo ouacpammul  B—-B,0; npu
dasnenusix 0o 24 I'lla ¢ ucnonvzosanuem mooenei HeHOMEHONOSUYECKOU MEPMOOUHAMUKU C
napamempamu 83aumoO0eicmsus, NOLYYeHHLIMU U3 IKCNEPUMEHMANbHLIX OAHHLIX O (pazo8om
PABHOBECUlU NPU BbICOKUX OAGIEHUSIX U BLICOKUX MEeMNEpamypax.

Knrwuesvle cnosa: cucmema B-B;0; ebicokoe Oasnenue, 6blCOKAs
memnepamypa, (hazosas Ouacpamma.
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