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The oxidative dissolution of UO2 (s) has been 
important in the past to understand uranium mobility 
from uranium ores. Nowadays, due to the fact that 
uranium dioxide represents around the 98% of the 
spent nuclear fuel an increasing amount of experi- 
mental and modelling effort is being devoted to this 
type of studies. 

The dissolution of this solid is largely affected by 
variables like pc, pH and carbonate concentration. 
Recently [1], we have studied the kinetics of the 
dissolution of UO2 as a function of pH and oxygen 
partial pressure. The experimental dissolution rates 
obtained are shown in Fig. 1, from which the 
following empirical rate equation is derived: 

r (mol m -2 s -1) = 3.5 (+  0.8)10 -8 [H+]~ 0"31 

The fractional order in both, the proton and the 
oxygen concentration is an indication of the 
dissolution occurring via a surface mediated 
mechanism. On the other hand, it is important to 
notice the decrease of the dissolution rate with the 
proton activity up to pH ~ 8, and the fact that the 
rate is approximately independent of pH for more 
alkaline solutions. 

Dissolution mechanism 

The proposed oxidative dissolution mechanism can 
be illustrated by the following processes taking place 
in the system: 
Step 1: Oxidation of the solid surface: 

kl 
> U O  2 q- 0 2 ~-- ;>UO2,O 2 ~ > U O  3 

k-1 

After the initial oxidation of the surface, two 
parallel processes may occur: Step 2, favoured at 
acidic pH, which implies the coordination of one 
proton to the surface and the subsequent fast 
dissolution of the surface complex. Step 3, favoured 
at neutral-alkaline pH, where the hydroxyl groups of 
water attach to the surface and the intermediate 

surface complex is rapidly released to the solution: 
Step 2: Surface coordination of H+: 

k2 fast 
>UO3 + H + "-+ >UO3-H + --+ UO2(OH) + {aq) 

Step 3: Surface coordination of H20: 

k 3 fast 
>UO3 + H20 -+ >WO3- H20 -'+ UO2(OH)2 (aq) 

From this mechanism, and after applying the 
stationary state approach to the reaction intermedi- 
ates, >UO3-H + and >UO3-H20, the following rate 
equation is obtained 

kl [02] [> UO2]tot (k3 + k2 [H+]) 
r -- (1) 

k_~ +k3 + k:III +1 +/q [Q] 

w h e r e  [>UO2]to t = [>UO2]  Jr- [>UO3]  Jr- [>UO3-H +] + 

[>UO3- H20]. 
We adjusted equation (1) to the experimental data 

by fitting the parameters kl, k -b  k2 and k3. According 
to the average site density proposed by Davis and 
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Flo. 1. Experimental dissolution rates (oxygen partial 
pressure: O 100%; [] 21% and O 5%) vs pH. Dashed 
lines were calculated by using the rate law expressed by 

equation 1 (see text for explanation). 
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TABLE 1. Comparison between experimental and calculated dissolution rates 

Reference pH [O2(aq)] rexp. rcalc. 
(mol/dm ~) (mol/m2s) (mol/m2s) 

UO216] 9.5 2.64x10 4 10 11 7.3x10 12 
Spent Nuclear Fuel [7] 7 10 -5 5 x 10 12 9.74 x 10 13 

Kent [2] the value of [>UOz]tot was fixed at 10 -6 
moles m 2. The best fit to the experimentally 
determined UO2 dissolution rates for the pH range 
(3-12) and for the three oxygen partial pressures (5, 
21 and 100%) was obtained by using the following 
values: kl = 1.13, k-1 = 10 -4, k2 = 5 and k3 = 10 -s. 

The results obtained by substituting these values of 
the rate constants into equation (1) are plotted with 
dashed lines in Fig. 1, from where we can observe the 
good correlation between the calculated and the 
measured dissolution rates. 

Discussion 

According to equation (1), it is possible to obtain 
different fractional empirical reaction orders of the 
proton and the oxygen concentrations. The depen- 
dence of the rate of dissolution on the oxygen 
concentration for the oxidation/dissolution of UO2(s) 
has been a subject of many discussions in the literature 
[3] due to its importance on the safety assessment of a 
repository of high level nuclear waste. The same type 
of discussion is permanently held in the literature on 
the oxygen dependence on the pyrite dissolution rate 
[4]. Under low oxygen content, the term k1[O2] in the 
denominator of equation (1) will be negligible, 
implying an apparent linear dependence of the 
dissolution rate on the oxygen concentration, what 
has been observed in previous published work on the 
dissolution of similar solid phases [5]. On the other 
hand, under alkaline conditions the term k2[H +] will 
be negligible both, in the denominator and in the 
numerator of equation (1), indicating a dissolution rate 
independent on the proton activity at high pH values, 

which in turn, can be observed from the experimental 
data shown in Fig. 1. 

In table I, some values of the dissolution rate of 
similar material obtained by different authors are 
compared with the values calculated after the 
application of equation (1) to the experimental 
conditions reported in the references indicated. 

As we can see, the calculated values are in good 
agreement with the dissolution rates obtained from 
the experiments. 
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