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Abstract

Vaporization processes of the binary phosphate, borate, silicate and zirconate systems, obtained by the Knudsen effusion
mass spectrometric method are summarized according to the position of oxide-modifiers in the periodic table of the atoms.
The polymerization and association processes as a result of vaporization of borate and phosphate systems are predominant.
The association and the dissociation of the oxide components during vaporization are the characteristic of silicate systems. In
the zirconate systems studied mainly the dissociative vaporization processes of oxides at high temperatures were mentioned.
The main factors for the prediction of the relative volatility of the binary systems are considered. © 1997 Elsevier Science

B.V.

1. Introduction

Vaporization processes of oxide systems have an im-
portant role in the various fields of nuclear engineering.
The variety of the vapour species with different volatilities,
identified over oxide systems, is one of the reasons that
narrows their use at high temperatures, especially during
the immobilization of radioactive wastes in matrices. The
advantages of the application of the high temperature mass
spectrometric method to study vaporization processes of
nuclear materials were considered in detail by Gilles [1].
Available information on the vaporization processes and
thermodynamic properties of binary oxide systems, ob-
tained by this method, was summarized recently in [2].

2. Experimental

The main value of the high-temperature mass spectro-
metric Knudsen effusion method is the opportunity to
obtain simultaneously information on the composition of
the vapour and the partial pressures of vapour species over

* Present address: Department of Theoretical Metallurgy, Royal
Institute of Technology, S-10044 Stockholm, Sweden. Tel.: +46-8
790 8366; fax: +46-8 790 0939; e-mail: stolya@met.kth.se.

the system studied as well as the thermodynamic proper-
ties of the system (activities and chemical potentials of
components, the Gibbs energies of the system and the
partial and integral enthalpies of mixing) [1,2]. The vapour
composition over the binary phosphate, borate, silicate and
zirconate systems, identified using this method during last
twenty years [2], are summarized and grouped according to
the number of outer valence electrons of an oxide modi-
fier, Table 1. This consideration was carried out at high
temperatures, when the partial pressures of the vapour
species are in the ranges 107°~10~* bar. A comparison of
the available thermodynamic properties obtained in the
binary oxide systems was made in Ref. [2].

3. Results and discussion

The polymerization and the association are predomi-
nant processes during vaporization of phosphate and borate
systems. Vaporization processes with the association and
the dissociation of oxide components are the character-
istics of silicate systems. In the vapour over all zirconate
systems studied, mainly the dissociative processes of indi-
vidual oxides were identified. The relative volatility and
the character of the vaporization processes of the binary
oxide systems are in agreement with the decrease of the
relative volatility of individual oxides of P,Os, B,0;, SiO,
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and ZrO,. More complicated associated vapour species in
oxide systems are observed as a result of the increase of
the atom masses oxide-modifiers in the rows of the peri-
odic table. This fact is connected with the participation of
d- and f-electrons in the chemical bonds and the penetra-
tion of s-electrons under the cover of the 3d-, 4d-, 4f- and
5d-electrons. The deviations from ideality of the P,O,
B,0,, SiO, and ZrO, chemical potentials as a function of
the content of oxide modifiers in the series of binary
systems are in agreement with the variety of vaporization
processes of their components, such as dissociation, asso-
ciation and polymerization. The following parameters were
taken into account to understand the vaporization character
of the binary oxide systems from the point of view of the
acid—base concept [2]: values of the differences of electron
potentials, forming oxides; enthalpy of formation of the
oxide modifier; the lattice energy of the oxide modifier per
mole of 072 at 298 K; the energies of the M—O—X bond
(X =P, B, Si, Zr). The associated gaseous molecules were
found over binary phosphate, borate and silicate systems
with the same relative volatility of the individual oxides
and the differences of the electron potentials, forming
oxides in the binary systems, more than 0.8 eV /pm.
Taking into consideration the observed regularities of the
vaporization of oxide systems, the existence of the associ-
ated gaseous molecules might be expected and discussed
over the FeO-B,0,, StO-B,0; and BaO-SiO,, FeO-
Si0, systems. The associated vapour species over binary
borate and silicate systems were observed as a result of the
decrease of the lattice energy of the oxides; the increase of
the enthalpy of formation of the individual oxides and the

negligible changes in the values of the M~O-B and
M-0-Si bond energies compared with the same values in
the individual oxides (B,O, and SiO,) in the periods of
the periodic table. In the case of the phosphate systems the
energy of the M—O-P bond is lower than the value of the
energy of the P-O-P bond in phosphorous oxide. This
might be one of the reasons why the quantity of the
associated vapour species over phosphate systems is pre-
dominant compared with the relative quantity of the poly-
merized species over borate systems. The increase of the
volatility in the binary systems in the rows of the system
and the predominance of the dissociative forms in vapour
are connected with the increase of the lattice energy of the
individual oxides, the decrease of the enthalpy of forma-
tion of the individual oxides and the decrease of the
differences of the electron potentials of oxides forming
binary oxide systems.

Despite the complex vapour composition over the oxide
systems, the order of their relative volatility at constant
temperatures is in agreement with the main regularities,
observed earlier for the other types of inorganic com-
pounds: the increase of the relative volatility of the sys-
tems from the first to the sixth period and its decrease
from the first to the sixth group of the periodic table.
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