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Abstract

The design and optimization of large-scale systems for electrochemical dissolution of
PuO, in the presence of Ag®* ions acting as mediators require a knowledge of true
dissolution kinetics, usually obscured by limiting capacities of the electrolytic cells.
Analysis conducted in this study identified the PuQ, surface reaction with silver(Il) as
the rate-controlling step and led to a mathematical model of the process based on first-
order heterogeneous kinetics. By applying the model for simulation of a large-scale PuQO,
dissolution experiment reported by Bourges et al., a first-order rate constant k=0.0004
cm min~! for electrochemical dissolution of PuQ, at 25 °C has been determined. The
model was then used to demonstrate the strong effects of the PuQ, size distribution,
the silver(I) concentration, the anodic current and some other operational parameters
on the dissolution time and the current efficiency. The results of this investigation provide
a means for rational design and operation of plutonium-processing systems and stress
the importance of operation at the limiting current.

1. Introduction

The dissolution of PuO, in aqueous solutions of HNO; by means of
Ag®* ions electrochemically generated at the anode of the electrolytic cell
is becoming a method of choice in the plutonium-processing industry, replacing
a much slower process involving a mixture of nitric and hydrofluoric acids.
The speed of the new process is such that, virtually all observed trends
reported so far [1-4] — linearity in time, apparent independence of solids’
surface area and proportionality (up to a limit) to the anodic current —
point to Ag®* generation as the only rate-limiting step of the entire process.

If the high rate of dissolution itself is taken for granted, as the above
references seem to imply, then the dissolution step ought to be looked upon
merely as a sink for Ag®* ions, whatever its true kinetics may be. However,
the same data [1-4] which support the notion of an extremely high dissolution
rate contain evidence that this rate is in fact far from infinite. Even for the
highly reactive submicron PuO, particles used in these experiments, the
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quasi-linear plots of dissolution vs. time exhibit pronounced curvature toward
the end of the run, demonstrating that, despite the increased silver(ll)
concentration at that stage, the reduction in the solid surface area does
eventually slow the dissolution rate. This clearly would not be observed if
the dissolution process were instantaneous.

Fine submicron powders usually present handling problems and, if feasible,
are turned into coarser materials with sizes ranging from a few microns to
tens of microns. For these less reactive materials there is even less reason
for taking for granted their high electrochemical dissolution rate. Their
optimum processing (minimum dissolution time at maximum current efficiency)
may involve, for example, consideration of a feedback between the rate of
generation and the rate of consumption of Ag®* ions and would not be
possible without prior knowledge of the dissolution kinetics. Finally, neither
modeling nor process optimization, involving mixed materials, in which PuO,
needs to be leached from inert matrices, can be accomplished meaningfully
without understanding first the mechanism of electrochemical dissolution of
pure PuO,.

These are but a few examples demonstrating the need for understanding
the mechanism(s) of electrochemical dissolution of plutonium oxide as well
as the oxides of some other actinides. Following the usual practice, our
description of the dissolution process — be it the reaction or diffusion
kinetics, taking place at the surface or away from it — will be regarded as
adequate, once a given combination of steps leads to the results consistent
with available data. In particular, the dissolution rates obtained on a basis
of any of the above assumptions will be checked against the data. Unavoidably,
some important but unnecessary modeling details will be ignored in the
process.

2. Mechanism of electrochemical dissolution of plutonium oxide
The electrochemical dissolution of PuQ; resulting in the formation of

solvable plutonyl(VI) ion PuO,?* proceeds through electron transfer reactions
between PuO, and Ag®*:

PuO,+Ag?* —> PuO2* +Ag* " (D)
PuO,* +Ag?* — Pu0,®* +Ag™ 2
with the overall result

PuO, + 2Ag?* — Pu0,?* +2Ag* 3)

It has been argued [1-4], that the monoelectronic redox reaction is much
more probable than a redox reaction involving the simultaneous exchange
of two electrons. Consequently, the dissolution proceeds through the reaction
(1) producing an unstable plutonium(V) ion. The latter immediately reacts
with a next available Ag(I) ion to form a stable plutonyl(VI) ion according
to reaction (2). As it takes place in the solution, the second reaction is fast.
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The key question is where reaction (1) takes place. If it occurs on the surface
of PuQ,, then the rate-limiting step must be associated either with the reaction
itself or with the diffusion of reactants or products between the bulk and
the surface. if reaction (1) takes place in the liquid phase, then the dissolution
of PuO, in HNOj; could be the rate-limiting step.

Consider, as a reference, PuO, with a specific surface of 2.2 m? g~ !,
for which electrochemical dissolution rates up to 1.8 X107 mg em™2 min™!
are on record [1]. Assume first that reaction (1) takes place in solution.
This means that PuO, first has to dissolve in HNO;. In pure nitric acid
solutions, PuO, is, for all practical purposes, insoluble. Its thermodynamically
calculated solubility in 4 M HNOg, for instance, is only 0.06 g 17! [5] and
is consistent with the values of 0.03 g 17! to 0.07 g 1! determined
experimentally in the same work. Nevertheless, so long as this (admittedly
low) solubility is finite, there is a corresponding driving force for PuO,
dissolution. Reaction (1) would then be needed only to sustain this small
driving force through scavenging PuO, from solution by forming plutonyl.
However, the published rates of PuO, dissolution in pure 4 M HNO; ranging
from a low of 2.6X10~7 mg cm % min™! [5] to a high of 1.5X107° mg
cm~ 2 min~! [6] are two to four orders of magnitude lower than the above
reference rate. It is clear that this high rate would not be possible if Ag*?
ions had to wait first for PuO, to dissolve before reacting with it. Reaction
(1) therefore must be taking place at the surface.

Suppose now that the diffusion of plutonyl between the bulk and the
surface is the rate-limiting step. For PuO, with a specific surface of about
2.2 m? g~ ! the average particle size d, should be around 0.23 um=2.3x 102
cm, assuming uniform spheres. A conservative estimate of mass transfer
coefficient kp, based on the Sherwood number Sh=kpd,/D=2 for stagnant
media and the above particle size, would give
kp= -Z—D ~0.87 cm™! 57! =50 ¢cm min™!

p

where the typical diffusivity in aqueous solutions D= 102 s~ !. With a mass
transfer coeflicient of such a magnitude, the observed electrochemical dis-
solution rate of 1.8X 1073 mg em™2 min~! is attained easily at a plutonyl
concentration difference of only 3.6 X107 ° g1~ ! or 1.3 10~7 M. This shows
that plutonyl diffusion is, in fact, so intense as virtually to eliminate its
concentration differential between the surface and the bulk. The same reasoning
rules out other possible external diffusion limitations for at least as long as
the particles are small, leaving us just one possibility — that reaction (1)
occurs on the surface of PuO, particles and is rate limiting.

A similar mechanism involving two one-electron-transfer steps was also
confirmed [7] in the case of homogeneous oxidation of formic acid by Ag(II).
Importantly, the formation of the formyl free radical in the first rate-limiting
step was shown to be first order in Ag(Il). This makes a strong case for
the first-order (or pseudo-first-order) kinetics governing the formation of
plutonyl(V). The rate of plutonium oxide dissolution will therefore be described
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by the following equation:

dm

< = ~kSlAg(D] 4
Here m is the mass of the dissolving plutonium oxide, S is its surface area,
[Ag(I)] is the concentration of Ag(Il) and k is the as yet unknown first-
order rate constant.

In the special case of material consisting of uniform spherical particles
their surface would change during dissolution in the following manner:

m 2/3
S=85,{—
(2)
with the initial surface S, given by
6my,
Sp= 6
°= e ()

Here m, and d,, are the initial mass and particle size and p=11.5 g ecm™3
is the PuO, density.

If, in addition, Ag(I) concentration is held constant during dissolution,
eqn. (4) can be integrated:

f m~%3 dm= —Kk[Ag(ID] mi‘;,a f ar ¢
mo [J]

yielding the relationship between the dissolution time ¢ and the fraction of
dissolved material X=1—m/my:

;- 31-d —X)Imo _ [1-(1—X)"pdyo

= 8
KSolAg(D] 2k[AgD] ®
The time 7 required to complete dissolution (X=1) is thus
3
Mo _ pAso ©)

7T kSo[AgD]  2k[Ag(D]

For uniform spherical particles dissolving at a constant Ag(II) concentration,
eqns. (8) and (9) provide a basis for determination of the rate constant k.
In practical applications, however, these conditions are not usually met. The
linear shape of the electrochemical dissolution curves mentioned earlier
indicates that, even though the particle size and Ag(Il) concentration were
changing in the process, the dissolution rates of PuO, remained nearly
constant. Given the structure of the right-hand side of eqn. (4), this is only
possible if the product S[Ag(Il)] itself was constant.

The coupling of the Ag(I) concentration and the surface area S, occurring
along linear parts of the dissolution curves, is caused by a combination of
two factors: the high reactivity of the material and the limited rate of
replenishment of Ag®* ions. This reduces the equilibrium concentration of
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Ag(11) well below the upper limit corresponding to the total Ag concentration
(even after the effect of Ag(Il) reaction with water is taken into account)
and keeps the Ag() concentration near its initial level. The latter explains
the constant electrolytic cell output and the former makes it a controlling
factor. As a result, for example the higher anodic current can increase the
bulk Ag(Il) concentration, leading to a higher dissolution rate, while higher
material reactivity (either through k by, for example, increasing the tem-
perature, or through S by increasing the amount of PuO, or using finer
particles) would only further deplete the solution of Ag(Il) ions, leaving the
dissolution rate unchanged. In other words, whenever Ag(II) generation
controls the electrochemical dissolution rate, Ag(II) concentration acts as a
buffer adjusting to any change in k¥ or S in such a way as to keep the right-
hand side of eqn. (4) approximately constant.

This has important implications. The linear parts of dissolution curves
are not suitable for the determination of the rate constant because widely
different k& values would fit the same data. The ideal situation for evaluation
of the rate constant experiment would satisfy the conditions that led to eqns.
(8) and (9) but, because in most real experiments [Ag(Il)] varies to some
degree, a numerical simulation is required. To illustrate this, the conditions
of the experiment reported by Bourges et al. [1] were modified in the model
(described in the following section) to reduce the rate of Ag(ll) generation
approximately tenfold. The results of this exercise, which are shown in Fig.
1, confirm that, as long as the product S[Ag(II)] remains constant, the
dissolution kinetics do follow straight lines which are almost indistinguishable
despite the different values of the rate constant k.

In view of what has been said, the experimental plots of dissolution vs.
time exhibiting maximum curvature were sought for numerical simulation.
One such plot with distinctive curvature above about 75% dissolution stands
out among the many reviewed here. It was obtained by Bourges et al. [1]
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Fig. 1. Ambiguity in determination of the rate constant k¥ due to Ag(Il) concentration and
PuO, surface area coupling when Ag(II) generation controls the dissolution rate.
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from the results of a large-scale experiment with a powerful electrolytic cell
and is reasonably well documented by these workers. This plot, shown in
Fig. 2, has been selected and is used throughout the present study.

3. Numerical simulation of the experiment of Bourges et al.

A plot of PuO, dissolution vs. time, which is depicted in Fig. 2, has
been obtained by dissolving 315.2 g of PuO, in 6 1; the apparatus is shown
in Fig. 3. The apparatus consisted of the dissolution compartment and the
electrolytic cell with forced solution circulation between the two within the
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Fig. 2. A Bourges et al. [1] plot of PuO, dissolution vs. time used for the rate constant k
fitting.
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Fig. 3. The apparatus according to Bourges et al. for the PuO, dissolution experiment used
for mathematical simulation.
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same enclosure. It was therefore reasonable to treat the entire apparatus in
the model as a single volume. The reported conditions of the experiment
are summarized in Table 1.

As the earlier discussion made clear, the need to follow the change in
Ag(Il) concentration during dissolution is the prime reason for modeling.
Such information is derived from a solution of the material balance accounting
for all essential sources and sinks of Ag(Il) ions within a system. For the
apparatus used by Bourges et al. [1] the material balance with respect to
silver(Il) takes the following form:

v diaedD]

dt =Iegen _RH20 —RPu02 mol s~ ! (l O)

Here V is the apparatus volume, R, is the rate of Ag(Il) generation by the
electrolytic cell, Ry, is the rate of Ag(II) consumption through the reaction
with water and Rp,o, is the rate of Ag(Il) consumption by the plutonium
oxide.

Oxidation of Ag™ to Ag?* at the anode is a fast process and the rate
of diffusion of Ag™ ions from the bulk to the anode surface determines the
apparent rate of Ag(ll) generation. With adequate agitation, the diffusion
control is largely localized within a narrow zone adjacent to the anode —
the diffusion boundary layer. The conductance of this layer is usually quantified
by means of a mass transfer coeflicient £y, in units of centimeters per second,
leading to the expression below, describing the diffusion flux of silver(l) to
the anode:

Jo=10"kp{[Ag(D] - [Ag(D]}  mols™' em™> (1

The factor 1072 in (11) converts liters to cubic centimeters. Here [Ag(D].
is the Ag(I) concentration at the anode surface at a given current. In the
absence of a current [Ag(I)].=[Ag(D)], and the diffusion flux terminates. At
the other extreme, with too high a current, [Ag(D)],— 0, and the flux reaches
its upper limit determined only by the hydrodynamic conditions in the cell.
However, a fraction of the current in this case is likely to be wasted on
reactions other than Ag(I) oxidation, causing the current efficiency e to fall
below 1. For a given [Ag(I)] there is therefore a current capable of delivering
that maximum flux with the efficiency still close to 1. This limiting current,
which is optimum from the Ag(Il) generation standpoint, is given by

Lim=10"FEpAlAg(D] A (12)

TABLE 1

Reported conditions for the experiment of Bourges et al. [1]

my 14 A I T [Ag(D]o [HNO;)
€9 ® (cm®) a) C) ™M M

315.2 6 1000 60 25+1 0.05 4
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where F'=96 487 C mol~! is the Faraday constant and A is the anode surface
area. At any current I <I;, the cell efficiency e=1. Once the current I exceeds
I, its efficiency drops:

I

e="= <1 (13)
I

With the wire mesh anode surface A =1000 cm? in the pilot-scale apparatus,
Bourges et al. [1] reported I;,, =80 A at [Ag(D)] =0.05 M. According to (12),
the mass transfer coefficient k5, =0.016 cm s~ ! for this anode, which is an
order of magnitude larger than a typical value for a solid anode of a comparable
size.

With the above value of kp,, the Ag(II) generation term R, in the material
balance (10) can be expressed in the form used in the model:

14
Rgen= % mol s~} (14)

The second term in (10) accounts for Ag(Il) losses due to its reaction with
water. The kinetics of Ag(II) reduction by water have been established by
Po et al. [8]:

Rpyo=Vkm,olAgAD? mol s~! (15)

where

Koo = da
1+ pBHYPlAgD]

is a second-order rate constant for this reaction which takes into account
the effects of Ag(I) concentration and the solution acidity. The temperature
effect, very pronounced at elevated temperatures, is entered into (16) by
means of two coefficients « and B:

1.
792 3) 1s™! mol™!

157! mol™?! (16)

1.987T

32764 s
1.987T) M

The rate of Ag(II) consumption by the plutonium oxide is stoichiometrically
related to the rate of its dissolution, given in (4). According to the overall
stoichiometry of PuQ, dissolution shown in (3), two moles of Ag(ll) are
consumed by each mole of PuQO, dissolved. Therefore the last term in (10)
is

a= exp( —-10.919+

B= exp( —48.254 +

d
Rpuo, =2 —;—:‘ mol s~ an

Summing (14), (15) and (17) yields the net change in Ag(II) concentration
in the system as dissolution proceeds:
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dlAgD] el 2 dm _

—_—_— —k I 2~ — M S ! 18
at vF m0[AgID] T (18)

Virtually all parameters in (12) and (13) are fixed during normal cell operation

except [Ag(D)]. Within a fixed volume V assumed in the model, Ag(D)

concentration must balance the difference between its initial concentration

[Ag(D)]o and the concentration of Ag(Il):
[Ag(D]=[Ag(D]o — [Ag(dD] (19

Consequently, depending on the relative rates of Ag(Il) generation and
consumption, [Ag(I)] can vary from the maximum of [Ag(D)], to much lower
values. A cell operated at a limiting current would respond to such [Ag(I)]
variation in a manner specified by (12). Alternatively, when the current is
fixed, as in the experiment modeled here, its efficiency follows the limiting
current according to (13). Consistent with the approach of Bourges et al.
[1], the current efficiency defined here is the fraction of a current which is
productive and leads to generation of Ag(II). It should not be confused with
a system efficiency which, in addition, accounts for further losses of Ag(Il)
within the system after it has been generated. The system efficiency is
therefore always lower than the current efficiency.

At each time step, eqn. (18), with updated current efficiency (by means
of (19), (12) and (13)) and rate of PuO, dissolution, is solved for [Ag(ID)].
This new Ag(Il) concentration, together with a new value of S are, in turn,
used in eqn. (4) to obtain a new rate of PuO, dissolution. This brings up
the important issue of the material surface area S and its change in the
process.

The plutonuim oxide was prepared for the experiment by Bourges et
al. [1] by calcining plutonium oxalate at 1000 °C but, besides the calcination
temperature, neither the specific surface nor the size distribution of their
product was reported. The lacking information was filled in with the results
of Brunauer—-Emmett—Teller surface measurements performed elsewhere [2,
4, 5] on similarly prepared PuO, samples. A strong effect of calcination
temperature on the specific surface of PuQ, is evident in Fig. 4 representing
an exponential least-squares fit (with a regression coefficient of —0.961) of
the data collected from the above references. This treatment provided a
rough estimate for the specific surface of material used in ref. 1 and was
assumed to be 2.0 m? g~! for the numerical simulation of their experiment.

At the onset of dissolution, the initial surface S, of the plutonium oxide
is evaluated as a product of its initial mass m, and the specific surface. If
a material to be dissolved were uniform spheres, then from eqgn. (6) its initial
size would have been d,~0.26 um and its surface would change during the
dissolution according to eqn. (5). However, the existing data are insufficient
for such an assumption. Consequently, the model was made capable of
processing n different size fractions, each consisting of spherical particles
of equal size do(?) (1 <Z<m). Regardless of the size distribution, however,
their total initial specific surface always summed to 2.0 m? g~!.
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Fig. 4. Reported specific surface of PuO, prepared from oxalate as a function of the oxalate
calcination temperature.

The surface and the dissolution rate in the model are therefore computed
for each individual size fraction:

S() =So(3) (m(i) )2/3 cm? (20)
mMo(2)
where
. 6mo(7)
So(7) = —pdo @ em? 21D
and
d—? = —1072kS(¢)[Ag(ID] mol s~! 22

In order to follow the diminishing surfaces S(7) of n size fractions based
on their remaining masses m(%), the rates dm(¢)/d¢ of their disappearance,
as the dissolution progresses, have to be followed first. Upon computation
of the right-hand sides of eqns. (22), the new masses m,, (¢) are obtained
by integrating (22) over the time interval At:

mi+1(3) ti+a
dm(i) = —1y(é) f dt 23)
my(3) ty

with the value of 7;(7) being the result of previous computation of the right-
hand side of (22):
My (@) =my()) —13(@)) At @4

These new masses of the size fractions are used in (20) to update their
surfaces. Once all surfaces S(¢) are known, eqns. (22) are summed prior to
their use in (18):
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dm _ 3 dm(®) @25)
i=1

A third-order Runge—Kutta procedure (see the work by Carnahan et al. [9])
was implemented for the numerical integration of eqn. (18):

(A}, = [AgUD} + % (s + 45 + ko) (26)
where

ey =F([AEAD1) @7
ks =f( [AgaD],+ Atzk‘) 28)
and

ky=f([Ag(D];+2 At k, — At ky) 29

The function f is formed by the right-hand side of eqn. (18).

4. Results and discussion

The model described in the previous section with the design and op-
erational parameters listed therein was used for simulation of the PuO,
dissolution experiment of Bourges et al. [1]. Besides the size distribution,
whose variation, however, was restricted by a fixed specific surface constraint,
the only free parameter in the model was the rate constant k¥ whose values
were independently picked in a series of simulation runs aimed at matching
the experimental dissolution curve shown in Fig. 2. Our simulation followed
the actual procedure in which the experimental cell was allowed to run for
approximately 5 min prior to the introduction of PuO,. The initial build-up
of Ag(Il) in the system caused the dissolution to start at a rate noticeably
faster than was more typical for the run. Besides matching the original and
the simulated dissolution curves, the calculated average current efficiency
was also checked against its reported counterpart, which gave us one more
criterion of successful simulation.

Following this approach, the best fit to the data was found for k= 0.0004
cm min~!. The results of that simulation run (full curve) are shown in Fig.
5. In addition to a good fit to data achieved with the above k value, the
average current efficiency was also closely matched. Surprisingly, this match,
obtained with material of uniform size d,=0.26 um, turned out to be superior
to any obtainable with distributed sizes. The uniqueness of the numerical
value found for k is evident after k is halved (broken line) or doubled (dotted
line), causing the dissolution rate to respond accordingly. This ‘“‘high res-
olution” in evaluation of the rate constant was made possible by the relatively
high rate of silver(II) generation with respect to its consumption, confirming
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Fig. 5. Fitting the rate constant k to the data (#) in Fig. 2 obtained at fixed anodic current
of 60 A, assuming PuQO, particles of uniform size.
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Fig. 6. Fitting the rate constant ¥ to the data (4) in Fig. 2 using the limiting current.

our choice of the experiment. It should be compared with the hypothetical
“poor experiment” in Fig. 1 in which the Ag(I) generation rate was an
order of magnitude lower. As in Fig. 1, the relationship between the linearity
of the dissolution curves and the coupling of the PuO, surface and Ag(Il)
concentration is clearly evident in Fig. 5.

The experiment modeled in Fig. 5 was conducted at constant 60 A
current, while the reported current efficiency averaged around 64%. The
same results, obviously, could have been achieved with 100% current efficiency
if the cell operated at the limiting current. In this case, shown in Fig. 6,
the experimental data of ref. 1 are reproduced using on average only two
thirds of the actual current.

The effect of size distribution is demonstrated in Fig. 7. It shows how
different simulation runs with the same PuQ, specific surface but progressively



127

100 Frr T
2 [ 3159 PUO, - 2m?/ g ]
o %9 [ k=0.0004 cmimin ]
£ [ [Ag(1)]=0.05M ]
5 60 | A .
s V=6l 1=60A Size distribution, um
0 - t=25C : ! ! j

T 40 [ 0.26 0.41 0.61 1.13

o : 0.26 0.28 0.30 0.38 ?
> 0.26 0.18 0.15 0.12 ]
20 Size ratio: 7]
1.0 1.5 2.0 3.0 7]
0 PRI N VA SN YN S S ST S (A YO0 ST U AN T TN N AT ST TN S O S U

0 20 40 60 80 100 120 140

Time, min
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Fig. 8. Effect of PuO, reactivity (particle size) on its dissolution time and Ag(Il) concentration.

wider size distributions deviate from the data. In each run the PuO, load
was composed of three equal weight fractions where the particle sizes followed
a geometric progression with the common ratios of 1 (uniform size), 1.5,
2 and 3.

With the dissolution model proved and the value of the rate constant
established, the model can be explored to obtain a better insight into complex
interactions among principal process parameters. In Fig. 8 and Fig. 9, PuO,
was loaded after the cell was run for 1 h. The steady state Ag(Il) concentration
in Fig. 8 is achieved after operation for only 10 min but remains well below
the total silver concentration because of the Ag(I) reaction with water. It
drops sharply further once highly reactive 0.26 um PuO, has been loaded
(dotted curve). A similar but much smaller drop occurs in the case of the
ten times coarser 2.6 um PuO, (broken curve). The dissolution curves are
represented in Fig. 8 by thin and bold full curves. The complete dissolution
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Fig. 10. Effect of HNO; concentration on PuO, dissolution kinetics.

times for two sizes differ by a factor of 5. According to eqn. (9), this factor
would have been 10 if the Ag(II) concentration were the same in both cases.

The effect of the Ag(I) concentration on dissolution of 0.26 um PuO,
at fixed anodic current is depicted in Fig. 9. The initial Ag(I) concentration
was varied here in five increments between 0.05 and 1.0 M. The initial
silver(Il) concentration build-up during the first hour is shown on the left
(broken curves). Again, the addition of PuO, causes a sharp decrease in
Ag(ID) concentration and the linearity of the dissolution curves (full curves)
is most pronounced when Ag(I) concentration is a minimum. With an anodic
current of 60 A, the maximum effect from the increase in silver concentration
is realized between 0.05 and 0.1 M. Once the current efficiency reaches
100% at [Ag(D]=0.1 M and beyond, a further modest gain in dissolution
rate occurs only as a result of lower water reaction rate constant given by
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(16). Even at the risk of higher losses to water reaction, much higher overall
dissolution rates could have been realized by boosting the anodic current
in proportion to the Ag(I) concentration beyond [Ag(ID)]=0.1 M.

The effect of solution acidity on the PuQO, dissolution kinetics is pronounced
only at the lower end of H* concentration and, as is evident in Fig. 10,
becomes negligible above [H*]=4 M. The latter value, commonly regarded
as optimum, is therefore justified.

5. Conclusions

This study demonstrates that the electrochemical dissolution of plutonium
oxide in the presence of Ag(Il) ions is by no means instantaneous. It brings
to light the importance of the role played by plutonium oxide dissolution
kinetics and shows how the kinetic information can be extracted from the
experimental data. The model developed in the process reveals the complexity
of interaction between the key process parameters and lays out a theoretical
groundwork for understanding the mechanism(s) of electrochemical disso-
lution of plutonium oxide as well as the oxides of some other actinides. In
particular, it demonstrates the strong effects of the PuO, size, the Ag(D)
concentration and the anodic current on the dissolution time and the current
efficiency and stresses the importance of operation at the limiting current.
The results of this investigation provide a means for rational design and
operation of full-scale plutonium processing units at Lawrence Livermore
National Laboratory as well as other US Department of Energy facilities.
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