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Abstract

The dissolution of uranium dioxide, triuranium octaoxide and uranium trioxide was
studied in nitric acid solutions of various concentrations at various temperatures. The
dissolution rate, in general, increased in magnitude by the sequence of UO,<U;03<UQ;.
Uranium dioxide obeyed a linear law in nitric acid of low concentration, while it obeyed
a parabolic law at higher concentrations. If the dissolution occurred at temperatures
higher than 35°C or in a solution of higher concentration than 3N, triuranium octaoxide
invariably obeyed a simple parabolic law. However, at low temperatures or at low con-
centrations, the dissolution proceeded through two distinct stages, which were separated
by an intermediate induction period up to several hours. The first stage, in which the
rate controlling step seemed to be the diffusion of a proton through the surface layer
formed during the dissolution, obeyed a parabolic law. In contrast, the second stage
obeyed a linear law which was interpreted by assuming a electrochemical mechanism.
Finally, the dissolution of uranium trioxide obeyed a linear law, and in this case an

interpretation was given on the basis of a different electrochemical mechanism.
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Fig. 1. Dissolution of uranium dioxide in aerated nitric acid.
Volume of solution, 500 m£.
Temperature, 50°C.
Weight of sample, 500 mg.
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Fig. 2. Dissolution of triuranium octaoxide in aerated nitric acid.
Volume of solution, 500 m&.
Temperature, 30°C.
Weight of sample, 500 mg.
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Fig. 3. Dissolution of triuranium octaoxide in nitrogen-
saturated nitric acid.
Volume of solution, 500 mé.

Temperature, 30°C.
Weight of Sample, 500 mg.
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Fig. 4. Dissolution of uranium trioxide in aerated nitric acid.
Solution, HNO3+1 mol/4 CH;COONa, 500 mé.
Temperature, 30°C.

Weight of sample, 50 mg.
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Fig. 5. Plot of data in Fig. 1 after Eq. (2).
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Fig. 9. Arrhenius plot for various experimental conditions.
Solution, 24N HNO; for U3Og HNO;+1 mol/4
CH3;COONa, pH 4 for UOs.
Atmosphere, A: Air, B: N,, C: Air.
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A-1 UsOsg First 11.0
A-2 UsOg Second 15.7
A-3 U304 Second 6.4
B-1 U304 Second 358
B-2 U;0s Second 6.3
C UO; - 5.3
05 | 1 | l 1
o]
H:25 7
04l p 5 5 o8
5]
& @) o 35 ® o7
T~ 03} e ° o
w 2° ® o6
! ) (] *
: o2k ® 45 —05
I
- ~0.4
01to —10.3
—-10.2
—10.1
0 1 | | 1 | 0
0] 1 2 3 4 5 6

Time (min)

Fig. 10. Plot of data in Fig. 4 after Eq. (2).
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Fig. 11. Dependence of rate constant of uranium trioxide on pH.
' Solution, aerated HNO3+1 mol/¢ CH;COONa, 500 mé.
Temperature, 30°C.
Table 1. Summary of rate law of dissolution of
uranium oxides in nitric acid
Tem- Time expo- Order of | Activation
Sample %t}rlrég(se— perature diSstsafﬁit(i)cfn nent, 7, Rate law ki or ki energy
(°C) in Eq. (3) on pH (kcal/mol)
Linear (low
. . - concentration) . _
U0, Air 30 0.5 ~10 Parabolic (high
concentration)
UsOs | Air | 20~35 | First | 025~045 | Parabolic 057 110
UsOs | Air | 20~35 | Second | 08 ~125| Linear 1 157
UsOg Air 40~50 Second 0.5 | Parabolic — 6.4
U303 } N, 25~35 First 0.25~0.5 Parabolic 0.83 —
U304 5 N, 25~35 ‘ Second 0.95~15 Linear 1 358
U0 | N 35~50 | Second | 05 Parabolic — 6.3
U0, } Air | 20~50 — 0.65~10 | Linear oz 53
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