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ABSTRACT

As part of SESAME developments, a continuous electrochemical reactor has been tested for the in-
line oxidation of various species as americium, ruthenium or cerium. The cerium(III) case has been
chosen as a model to develop a predictive kinetic modeling of the reactor performances for oxidations.
The optimal effect of an oxidation mediator may be described and the importance of some parameters
was pointed out like the residence time, the anode material and the concentrations ratio between the
substrate to oxidize and the mediator. This modeling will be extrapolated to the optimal electrolyzer
design for the americium oxidation in the presence of lacunary heteropolyanions.

INTRODUCTION

The SESAME process is devoted to the americium separation from different solutions encountered in
spent fuel reprocessing process [1]. It involves successive steps of electrolytic oxidation and liquid-
liquid extraction. To demonstrate the scientific and technique feasibility of such a process, studies on
the design of electrolysers were undertaken. This equipment must allow to perform oxidation with
optimized efficiency and selectivity. A concept of an in-line continuous electrolyser has been
considered to be easily coupled with centrifugal extractor and minimize the time-out between
oxidation and extraction operations. Actually, this choice results from the observation of the low-
stability of some oxidizing elements after the oxidation which causes lower performance in the
extraction step.

An electrolyser of filter press type was used to test the oxidation efficiency on cerium solutions. The
relationship between conversion rate and residence time has been explored and mathematically
represented for the case of Ce(III)/Ce(IV) conversion in presence or not of an oxidation mediator as
silver(II).

EXPERIMENTAL

The FM01-LC (ICI®) filter press reactor was configured with a ICI® platinized titanium DSA®. A
teflon mesh turbulence promoter was inserted in anolyte compartment to improve mass transport at
electrode surface. A Nafion® 350 separator and a stainless cathode were used. The anode
compartment volume was 32 mL and the active electrode surface area was 0.0128 m2. Each
compartment was supplied by a pump in 0.15-2 1/h flowrate scale. Electrolysis were performed with a
constant applied intensity of 5 A. The nitric acid concentration of anolyte solutions is chosen constant
at 5 M. The conversion rate of Ce(III) and Ag(I) respectively into Ce(IV) and Ag(II) was determined
by a potentiometric titration method with Fe(II).

Kinetic interpretations have been made with some simplifying assumptions concerning the
hydrodynamic behavior of the electrochemical anodic compartment. Others studies represent FM0I
cell as a plug flow reactor [2] in high flowrate scales. In our conditions at lower flowrates, convection
part of the internal flow resulting of the supply is less important than the diffusion one intensified by
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electrogenerated bubbles. Residence Time Distribution determinations performed with constant
electric supply have confirmed system responses near the classic perfect stirred reactor one. With the
assumption of a perfect stirred tank behavior for an electrochemical reactor functioning under mass
transfer control, the conversion of Ce(III) may be described by the following expression :
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where [Ce(III)]jn and [Ce(IV)]out are respectively concentrations of Ce(III) in the inlet and converted
Ce(IV) in the oulet, S the anode surface, Q the anolyte flowrate and kdCe the mass transfer coefficient
of cerium(III) at anode-solution interface.

RESULTS AND DISCUSSION

Experiments of Ce(III) electrochemical oxidation at 0.035 M in nitric acid as anolyte supply show a
great dependence of conversion rate which strongly decreases with increasing flowrate (Figure 1). The
relation (1) shows the mass transfer coefficient may be deduced by the slope of the straight line
representing Xce(iu/(1-Xce(iii)) as a function of the residence time r — V/Q where V is the anolyte
compartment volume (Figure 2) :

kdtCe =2.2x10"5m/s (2)

The relative good agreement of the straight line with experimental results shows that the mass transfer
is not dependent on the supply flowrate and confirms that the molecular diffusivity and the interfacial
mixing caused by bubbles almost govern the mass transfer.

Nevertheless, these results of cerium(III) conversion may be improved by an addition of a small
quantity of silver nitrate in the anolyte. The example of the effect of silver(I) at 0.005 M concentration
on cerium conversion is given (Figure 1). Silver acts as an electrochemical mediator as it's well-known
because of its rapid electronic exchange rate with varied substrates and its specific high diffusivity in
nitric acid. It remains important to optimize the better quantity of silver(I) to add in order to minimize
its quantity into refined solution. The modeling of the silver catalytic effect consists in taking into
account the oxidation of silver(I) into silver(II) with a law rAg which is typical of a mass transfer
controlled process and a first order law rt representing the Ag(II)/Ce(III) reaction in the bulk :

where kd A is the silver mass transfer coefficient.

= k\Ag{II)][Ce{HI)\ (4)

The k| value is very high (1.4xlO3 NT's"1) which indicates a very fast reaction between Ag(II) and
Ce(III). So the assumption of the quasi-stationary state for Ag(II) may be done and expression of
cerium(III) conversion becomes :
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where R is the ratio between Ce(III) and Ag(I) inlet concentrations.
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The fitting of expression (5) with experimental values gives an unexpected value of kdiAg about
3.0x10"5 m/s (Figure 3) but which agrees with the relative low effect of silver observed in Figure 1.
Other electrochemical studies indicate a typical silver mass transfer coefficient about 3.5 higher than
the cerium one in concentrated nitric acid. This kinetic interpretation shows evidence of a relative
difficulty to generate silver(II) in the electrochemical reactor. Further investigations had shown that
the anode material is not appropriated to have a sufficient oxygen overpotential and activate the
silver(II) generation. In this case, the relation (3) hasn't to be used. We have confirmed with an
platinum anode in a similar continuous electrochemical reactor that mediator effect may be improved.

In future developments, same modeling approach may be applied to the americium oxidation.
Preliminary basic studies [3] have allowed to determine the kinetic coefficients k-, of the bulk reactions
related to silver(II) and americium species. These values are less high than in cerium case and the
silver(II) stationary state is not valid any more. This new modeling in progress with parallel hot
experiments will allow to predict the more relevant parameters and to optimize the silver concentration
for future SESAME process flow-sheet.
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Figure 1 : cerium conversion rate in a continuous electrochemical cell (FM01 ICI®) as a function of
supply flowrate ([HN03] = 5 M ; I = 5 A ; Sanode = 128 cm2)
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Figure 2 : Determination of cerium mass transfer kd Ce : representation of straight line ofXc/(J-XCe)

as a function of residence time in the electro lyzer
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Figure 3 : Modeled and experimental cerium conversion rate Xce(iu) versus residence time in the case
of silver catalytic effect ([Ce(III)] = 0.035 M, [Ag+] = 0.005 M, [HNO3] = 5 M) - modeled curve is

given by the expression (5)


