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ABSTRACT

Recently-derived high-temperature thermochemical data of uranyl/uranium phosphates
and arsenates are used to discuss phase relations. Their interstabilities are shown in diagrams
as function of the pressures of oxygen and of phosphorus oxide or arsenic oxide, P,O4(g) or
As,0,0(g), respectively. The stabilities of the two systems are compared.

INTRODUCTION

In previous papers [1-3] thermodynamic parameters were obtained to
calculate the high-temperature thermochemistry of uranyl /uranium phos-
phates and arsenates.

The aim of this paper is to use those data to compare the stabilities of
these compounds using stability diagrams. The diagrams will be expressed in
terms of the pressures of oxygen and of phosphorus oxide or arsenic oxide,
P,0,,(g) or As,O4,(g), respectively.

RESULTS AND DISCUSSION

An overview of the applied thermodynamic data is given in Table 1. This
table also shows the data of As, 0,,(g), which were obtained as a result of
the study of the vapour pressure of As,O; [4].

Uranyl phosphates

Figures 1 and 2 depict the stability diagrams of the uranyl /uranium
phosphates as functions of log pg, and log pp o, , at 900 and 1100 K.

* Present address: KEMA Laboratories, Arnhem, The Netherlands.
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Figs. 1 and 2. Calculated stability diagrams of uranyl /uranium phosphates at 900 (left) and
1100 K.

It is noticed that no (UQO,),P,0, is indicated in either figure. This
indicates a metastable state for this compound. Furthermore the tendency is
demonstrated in these figures for UPOg to become relatively less stable at
increasing temperatures.

Additional calculations have been performed to find out the effects on
these findings of uncertainties in the thermodynamic data, however, the
above findings do not change even in the case of relative high uncertainties
in the entropy values seen in some cases. A main conclusion must be that
(U0O,),P,0; is metastable.

Uranyl arsenates

Similarly, the stabilities of the uranyl/uranium arsenates have been
compared using calculated phase diagrams, as functions of log p, and
log pas,0,- In this way, Figs. 3 and 4 have been constructed, giving the
stability ranges at 850 and 950 K.

The diagrams indicate that the three uranyl arsenates are stable, whereas
UAsO; is present at lower oxygen pressures. This appears to be the general
picture at other temperatures. Notable differences between the arsenate and
phosphate systems are the stable state of the pyroarsenate and the absence
of tetravalent uranium arsenates, both in contrast to the phosphates.

Extension of the diagrams

The above diagrams do not depict all known uranium phosphates and
arsenates. It would be of interest to extend the studies to the thermochem-
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Figs. 3 and 4. Calculated stability diagrams of uranyl /uranium arsenates at 850 (left) and 950
K.

istry of the missing compounds, in order to complete the description of the
thermochemistry of both systems.

To be of use for possible future studies, it was decided to indicate these
compounds (assumed stable) in two additional diagrams. The relevant
phosphates and arsenates are given in Table 2.

Of these compounds, three phosphates and two arsenates were not taken
into account in the previous calculations of the stability diagrams; neither
thermodynamic data nor useful estimation parameters were available to
obtain thermodynamic data of any quality.

The existence of the compounds is a qualitative datum which may be used
to insert these compounds into the diagrams. If possible metastable condi-
tions are neglected, their places in the stability diagrams can be indicated on
the basis of their composition and considerations of their decomposition. It

TABLE 2

Tabulation of the uranium phosphates and arsenaies containing uranium with a valency
lower than six. The reported compounds (UO);(PO,), and U;(PO,), [6] have not been
included as these has been rejected later [7,8]

Phosphates Arsenates [3]
U;05P,0; (U;P,04) U;As,0,, (possibly)
unknown U;As,0,5 (possibly)
UPO; [6] ( = :U,0;P,0,) UAsO;,

U(PO;), [6] not observed

UP,0, not observed

(U0O),P,0, [6] not observed
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Figs. 5 and 6. Extended stability diagrams of uranyl /uranium phosphates (left) and arsenates.
Compounds of assumed stabilities have been projected (broken lines) onto earlier diagrams.

is stressed that the actual proportion of the indicated area has to be found
from additional thermochemical studies. The results of these considerations
are projected onto earlier diagrams to give the hypothetical stability di-
agrams, Figs. 5 and 6.

It is interesting to note in Fig. 5 that, even at oxygen pressures sufficient
for the uranyl metaphosphate, the tetravalent metaphosphate is more stable,
when more phosphorus oxide is absorbed at high P,0,, pressures. This
conclusion agrees with the observations of Baskin [5], who prepared U(PO,),
by solid-state reactions in air, regardless of the initial oxidation state of the
uranium oxide, and an excess of P,O;(s). This phenomenon may be of
importance if uranyl phosphates are prepared by a solid-state reaction, in
which one of the components is P,O;(s). Since local reduction may occur,
and generally the reoxidation kinetics are poor, then the product may
contain an amount of uranium with a valency lower than six. Figure 5 also
shows the path of thermal decomposition under inert conditions of U(PO,),
via UP,0O, into (UO),P,0, and eventually into UO, [5-7].

The uranyl /uranium arsenate system is extended by only two compounds
for which no further experimental data are available. Nevertheless, it is
clearly demonstrated that this system does not contain the same series of
tetravalent uranium compounds as met in the phosphate system.
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