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ABSTRACT
Silver mediated electrochemical oxidation technique has been considered one of promising

candidates for alpha-bearing waste treatment. Destruction tests of organic compounds, such as
insoluble tannin, TBP and dodecane, were carried out by this technique and the experimental data
such as destruction rates, current efficiencies and intermediates were obtained. These compounds
could be completely mineralized without the formation of reactive organic nitrate associated to
safety hazards. On the basis of these results, the applicability of silver mediated electrochemical
oxidation technique to waste treatment in NUCEF was evaluated.

INTRODUCTION
Criticality safety experiments with plutonium nitrate solution will start in NUCEF (1). A wide

variety of alpha-bearing wastes will be generated mainly in the fuel treatment process such as
dissolution of MOX fuel in nitric acid and separation of plutonium by solvent extraction (2). For
example, organic wastes such as spent insoluble tannin, which is used for an adsorbent of alpha-
nuclides from alpha liquid wastes, and spent 30% tributylphosphate (TBP)/dodecane, which is used
for separation and purification of uranium and plutonium, will be generated at about lOkg/y and
lOOdmVy, respectively. Therefore, it is desired to develop the techniques for waste treatment such
as mineralization, volume reduction and decontamination of alpha-bearing wastes.

Silver mediated electrochemical oxidation technique has the following features; the equipment is
compact and the operation can be done under mild conditions at low temperature and atmospheric
pressure. The applicability of this technique to waste treatment in NUCEF has been investigated.

R&D works on this technique have been carried out in France (3), United Kingdom (4) and
United States (5) and showed some data. However, further data are necessary for practical
application to NUCEF. Our objective is to obtain destruction data of organic compounds in order to
evaluate the applicability of this technique to waste treatment in NUCEF. In this paper, the results
of destruction tests of organic compounds, such as insoluble tannin, TBP and dodecane, and the
applicability of this technique to waste treatment in NUCEF are described.

EXPERIMENTAL
The destruction test of insoluble tannin was carried out in a bench-scale electrolytic cell made of

'U' configuration type glass. The electrolytic cell consists of an anode compartment of 5.5dm3 and
a cathode compartment of 5.5dm3 separated by a Nafion membrane. The composition of anolyte
was 8M HNO3 and 0.5M AgNO3, and that of catholyte was 8M HNO3. Anolyte was stirred up with
an impeller during electrolysis in order to establish sufficient mixing of Ag(II) and insoluble tannin.
The test temperature and the current were 60°C and 20A, respectively. During destruction of
insoluble tannin, the gas species evolved from the anode compartment were identified by mass
spectrometry and the concentration of CO2 was determined by gas chromatography. The total
organic carbon (TOC) in anolyte was analyzed by an infrared gas analyzer and the molecular
weights of intermediates in anolyte were measured by gel permeation chromatography (GPC).

The destruction test of TBP was carried out in a bench-scale electrolytic cell made of glass and
polytetrafluoroethylene with 'square box' configuration type. The electrolytic cell consists of an
anode compartment of 3.2dm3 and a cathode compartment of 0.6dm3 separated by a Nafion
membrane. The composition of anolyte was 8M HNO3 and 0.5M AgNO3, and that of catholyte was
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13M HNO3. Anolyte was stirred up by an impeller so that TBP could contact sufficiently with
Ag(II). The test temperature was 60 C and the current was 20A. The analyses of evolved gas and
anolyte during destruction were carried out in the same procedure as those of insoluble tannin.
Thermal safety analysis of intermediates in anolyte was carried out with a RADEX measurement
cell.

The destruction test of dodecane was carried out in a similar procedure to that of TBP.

RESULTS
Insoluble Tannin

Insoluble tannin was dissolved in 8M nitric acid and then fed to anolyte in which Ag(II) was
sufficiently formed by supplying current. Fig. 1 shows the change of TOC in anolyte and the CO2
evolution rate during destruction of insoluble tannin. CO2 began to be evolved after the feed of
insoluble tannin and CO2 evolution was nearly constant after about 10 minutes, while TOC was
decreased linearly with time. Finally, both CO2 evolution and TOC were disappeared and it
suggested that insoluble tannin was completely converted into CO2. Since Ag(II) was not observed
during destruction of insoluble tannin, the destruction rate may be governed by supply of Ag(II).
The destruction rate, which was calculated from CO2 evolution on the assumption that the
destruction rate was in proportion to the current, was about 0.29g-insoluble tannin/(h-A). The
current efficiency was about 100%, which was calculated from electrochemical equivalent of
overall reaction of insoluble tannin and Ag(II). The molecular weights of intermediates in anolyte
were determined by GPC to be approximately 30 and 260. They are presumed to be formaldehyde
and catechin, respectively. From mass spectrometric analysis, CO2 and NOx were detected, but no
reactive organic nitrate associated to safety hazards was identified.
TBP

TBP was sufficiently mixed with anolyte in order to form emulsion of them and then the current
was supplied. Electrolysis was carried out for 3 hours and was repeated three times intermittently
until CO2 evolution was not detected. The change of TOC and the CO2 evolution rate during
destruction of TBP is shown in Fig.2. Since TOC gradually increased at the first electrolysis,
aqueous intermediates of TBP seem to accumulate in anolyte. At the end of the first electrolysis,
TOC and CO2 evolution became almost constant. It was suggested from the behavior of TOC and
CO2 evolution that TBP is not decomposed directly to phosphoric acid as well as hydrolysis of
TBP, but through aqueous intermediates of TBP. Destruction of TBP is considered to be governed
by the oxidation of intermediates. With electrolysis of three times, both CO2 evolution and TOC
were disappeared and it suggested that TBP was completely converted into CO2 and H3PO4.
Anolyte during destruction of TBP were analyzed by GPC. The molecular weight of an
intermediate in anolyte was found to be approximately 160. It suggested that a major intermediate
might be monobutylphosphoric acid (H2MBP). The destruction rate of TBP calculated from the
CO2 evolution was about 0.21g-TBP/(h-A). The current efficiency of destruction of TBP was
nearly 100%. Any reactive organic naitrate concerned with safety hazards was not identified by
mass spectrometric analysis of off-gas and any exothermic peaks were not confirmed by thermal
analysis of anolyte.
Dodecane

In case of dodecane, anolyte was sufficiently stirred up in advance and electrolysis started. The
concentration of TOC was low and almost constant during destruction in comparison with that of
TBP as shown in Fig. 3. This suggested that intermediates of dodecane were very quickly
decomposed to CO2. Any intermediate could not be identified by GPC of anolyte. Since TOC and
CO2 evolution were not detected by electrolysis of three times, dodecane in anolyte was considered
to be converted into CO2. The destruction rate of dodecane calculated from the CO2 evolution rate
was about 0.09g-dodecane/(h-A), which was slightly lower than that of TBP. The current
efficiency was calculated to be about 80%. It was observed that vaporized dodecane adhered to
inner surface of equipment and pipes. It is necessary to consider design of a condenser for practical
equipment. Any reactive organic nitrate associated to safety hazards was not detected by mass
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spectrometric analysis of off-gas and any exothermic peaks were not recognized by thermal analysis
of anolyte.

APPLICABILITY TO NUCEF FACILITY
It is confirmed from the above-mentioned experimental results that silver mediated

electrochemical oxidation technique can be applied to waste treatment such as spent insoluble
tannin and spent 30% TBP/dodecane. Spent insoluble tannin in NUCEF will be generated at about
lOkg/y. It can be evaluated from the destruction rate of insoluble tannin that 10kg of spent
insoluble tannin will be mineralized for about 26 hours with a 100A electrolytic cell. Spent 30%
TBP/dodecane will be generated at about 100dm3/y in NUCEF. It is evaluated from the destruction
rates of TBP and dodecane that destruction of 100dm3 of spent 30% TBP/dodecane will need about
50 days by 8 hours operation per day with a 3000A electrolytic cell.

For the scale-up of equipment, it is necessary to consider the layout and cooling of electrodes,
stirring conditions and effective agitation of anolyte. For practical application of silver mediated
electrochemical oxidation technique to waste treatment in NUCEF, a scale-up test is required. A
500A electrolytic cell is under design and scale-up effects mentioned above will be investigated.
On the basis of the experiments with this 500A electrolytic cell, design and construction of an
electrolytic cell of 3000A class will be carried out for practical application.

CONCLUSION
The destruction data of organic compounds such as insoluble tannin, TBP and dodecane were

obtained by destruction tests with silver mediated electrochemical oxidation technique. Insoluble
tannin and TBP were completely mineralized with relatively high destruction rates. The destruction
rate of dodecane was slightly lower than those of insoluble tannin and TBP. The current
efficiencies were high; almost 100% for insoluble tannin and TBP, and about 80% for dodecane.
No formation of reactive organic nitrate associated to safety hazards was confirmed during the
destruction tests. On the basis of these results, the applicability of silver mediated electrochemical
oxidation technique to waste treatment in NUCEF was evaluated. The examinations on the scale-up
effects are necessary for practical application of silver mediated electrochemical oxidation
technique to waste treatment in NUCEF. The introduction of a 500A electrolytic cell is under
planning.
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Fig. 1 TOC and CO2 evolution rate during destruction of insoluble tannin
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Fig.2 TOC and CO2 evolution rate during destruction of TBP
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Fig.3 TOC and CO2 evolution rate during destruction of dodecane


