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ABS TR AC T 

E lectrodissolver experiments were conducted wi t,h pyrolytic carbon-coated 
UC2-ThC2 fuel particles in both a direct contact anode dissolver and a U-shaped 
"series" dissolver. Under the conditions investigated (HN03  concentration, 4-10 M; 
current density, 1 - 10 amp/cm2; temperature 25-80°C), uranium and thorium recoveries 
were less than 0.2%. The results of these experiments indicated that electrolytic 
methods are not adaptable to the processing of graphite-base reactor fuels containing 
carbon-coated particles. 

NOTICE 

This document contains information of a preliminary nature and was prepared 
primarily for internal use at the Oak Ridge National Laboratory. It i s  subject 
to revision or correction and therefore does not represent a f inal report. The 
information i s  not t o  be abstracted, reprinted or otherwise given public dis- 
semination without the approvol of the ORNL patent branch, Legal and Infor- 
mation Control Department. 
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LEGAL NOTICE 

Th is  report was prepared as on account o f  Government sponsored work. 

nor the Commission, nor any person acting on behalf of the Commission: 

A. Makes ony worronty or representotion, expressed or implied, w i t h  respect to  the occuracy, 

completeness, or usefulness of the information contained i n  th is  report, or that  the use of  

any information, apparotus, method, or process d isc losed in th i s  report may not infr inge 

pr ivate ly  owned r ights; or 

6. Assumes any l i ob i l i t i es  w i th  respect to  the use of, or for damages resul t ing from the use of  

any informotion, apparatus, method, or process d isc losed in th i s  report. 

A s  used i n  the above, "person act ing on behalf of the Commission'' includes any employee or 

controctor of the Commission. or employee of such contractor, t o  the extent that such employee 

or contractor of the Commission, or employee of such contractor prepares, disseminates, or 

provides occess to, any information pursuant t o  h i s  employment or contract w i th  the Commission, 

or h i s  employment w i th  such contractor. 

Neither the United Stotes, 
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1.0 INTRODUCTION 
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The purpose of this memo i s  to summarize laboratory electrolytic experiments 
relating to the recovery of uranium and thorium from graphite-base reactor fuel 
elements which contain carbon-ooated fuel particles. Prior work on the direct 
contact anodic disintegration i n  nitric acid of fuels which did not contain coated 
fuel particles resulted i n  nearly quantitative uranium recovery. '-3 However, in 
preliminary experiments at ORNL with fuel specimens containing carbon-coated 
particles, i t  was shown that although the graphite matrix readily disintegrated when 
the fuel was made an anode in  a nitric acid electrolyte the coated particles were 
virtually unaffected and the uranium and thorium recoveries were less than 5% 
(ref. 4). Similar results were obtained at BMI with irradiated coated particle fuels.!! 
To avoid the problems of direct contact of the anode with the fuel piece, "series" 
or "liquid contact" dissolvers were used at ICPP6 and SRL7t8 for the dissolution of 
metallic fuel elements. In this type of dissolver, the fuel pieces are not in contact 
with either electrode but become separate electrolytic cells under the influence of 
the overall potential gradient. 

Two series of experiments, reported below, were conducted to determine cursorily 
the influence of nitric acid concentration, current density, and temperature on the 
recovery of uranium and thorium from a batch of carbon-coated fuel particles. It 
was hoped that conditions for penetrating the particle coatings could be discovered 
despite the prior evidence to the contrary. It was assumed that these conditions, i f  
found, would also be satisfactory for recovering uranium and thorium from graphite- 
base coated particle fuels. 

2.0 RESULTS 

2.1 Disintegration of Graphite Fuel 

Preliminary runs i n  the U-tube "series" dissolver (Sect. 3.0) using graphite fuel 
containing about 9% uranium as uncoated U02 particles, 10 M HNO3 at 24"C, and 

(which are probably not optimum) matrix disintegration does occur slowly with gas 
evolution at the anode end of the fuel piece. Reversing the polarity of the dissolver 
electrodes reversed the end of the specimen at which the gas was evolved. The electro- 
disintegration rate was much lower than the disintegration rate obtained with the same 
fuel i n  90% HNO3 (ref. 9). In 3- to 4-hr tests at 25OC, complete disintegration wus 
achieved in  90% HNO3 but only about 10% of the sample disintegrated i n  the "series" 
d isso Iver. 

an anode current density of about 1 amp/cm 2 indicated that under these conditions 

2.2 Experiments with Carbon-Coated UCyThC2 Particles - 
Two series of 7-hr experiments, one each in  the direct contact anode and "series" 

dissolvers (Sect. 3.0), were conducted with Batch OR-1 carbon-coated UC2-ThC2 
_ _  
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particles to evaluate the effects of nitric acid concentration, current density, and 
temperature on the recovery of uranium and thorium. The UC2-ThC2 particles were 
147-417 microns in diameter and were coated with 55 to 60 microns of pyrolytic 
carbon. Only 0.006 and 0.025% of the uranium and thorium, respectively, was lost 
when a sample of the particles was leached for 5 hr i n  boiling 90% HNO3. This test 
indicated that the integrity of the particle coatings was sufficient for the electro- 
dissolver experimen ts. 

Uranium and thorium recoveries, less than 0.04 and 0.2%, respectively, irrespective 
of the type of dissolver used (Table 11, were unacceptable for a fuel recovery process. 
These recoveries were essentially the same as those obtained by leaching the particles 
with nitric acid alone. Temperature had l i t t le effect on the recoveries; but, i f  a trend 
i s  indicated, the recoveries tend to decrease with increasing temperature (Table 1). At 
constant temperature and electrolyte concentration, an increase in  current density from 
1 to 10 amp/cm2 increased recoveries by a factor of 2 to 3. Recoveries were 2- to 4- 
times higher i n  the direct contact anode dissolver than i n  the "series" dissolver, other 
pertinent conditions being the same. 

The extreme conditions of (1) very high acid concentration at  a high,enough vol- 
tage to produce adequate current density and (2) low acid concentrations at high 
current density near the freezing points of the solutions were not scouted. The effects 
of additives to the nitric acid electrolyte, other electrolytes, and prolonged soaking 
of the particles prior to electrolysis were also not studied. Future work should probably 
be directed along these lines i n  addition to more experiments with pieces of coated 
particle fuels. However, the poor results obtained show that nitric acid electrolysis 
techniques do not warrant further major development effort. As time permits, addition- 
al scouting studies wi l l  be performed. 

3.0 EXPERIMENTAL 

The direct contact anode dissolver was a basket-ty e dissolver whose anode was 
fashioned from a small platinum crucible (about 0.7 crn80n the bottom) welded to a 
platinum wire. The cathode was a round disc of heavy platinum foil, about 2.5 cm i n  
diameter, welded vertically onto a platinum wire electrode. 

The "series" dissolver was a U-shaped, water-jacketed, tube similar to that 
described by Bomar6: 
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Table 1. E lectrodissolver Experiments with Batch OR- 1 Carbon-Coated 
UC -ThC Fuel Particles - 2-2 

Conditions: Electrolysis time: 7 hr 
Effective electrode areas: 0.7 cm2 

Run TY Pe Current H N  O3 
No. , of Fuel Comp., % Temp., Density Conc., Recoveries, % 
OR-1- Dissolver U Th OC amp/cm2 M U Th 

1B Nonea 18.2 43.3 25 0 10 0.013 0.011 

9 D A ~  18.9 42.8 25 1.0 4 0.006 0.050 

2 DA 15.0 33.8 30 1 .o 10 0.020 0.16 

1 1  DA 18.4 41.8 66 10 4 0.015 0.020 

10 ’ DA 18.1 42.3 67 10 10 0.030 0.050 

8 Series 12.4 28.5 25 1 .o 4 0.020 0.050 

1 Series 17.1 37.4 25 1 .o 10 0.015 0.014 
\ 

3 Series 18. 41. 37 1 .o 10 0.007 0.030 

4 Series 19.2 42.6 52 1 .o 10 0.014 0.035 

5 Series 19.0 43.5 75-80 1 .o 10 0.005 0.012 

6 Series 18.7 43.6 32-45 10 10 0.008 0.009 

7 Series 19.0 43.1 42 10 10 0.020 0.010 

a 

b 

No potential applied. 

DA = direct contact anode dissolver. 
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ANODE CATHODE 

Water In -+ 

Cooling- --:; 

Jacket 

. .. 
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-b Water Out 

Ni t r ic  Acid 
/"cc- Electrolyte ' 

- Fuel Pieces or 
Coated Particles 

The electrodes (area of each, 0.7 cm2) are inserted into the open ends at  the top of 
the vertical U-tube. Current, which passes through the electrolyte, causes formation 
of a separate electrolytic cel l  in each piece of fuel or particle. 

Temperature was dif f icult  to control i n  both dissolvers, but was especially so 
in the direct contact anode equipment which was essentially an open beaker with 
no condenser or cooling iacket. The "series" dissolver could be immersed in a 
constant temperature bath and was equipped with condensers on the off-gas vents, 
but the temperature gradient between the electrode and fuel specimen was often as 
much as 15OC,  since there was no provision for circulation of the electrolyte. 

Ni t r ic  acid concentrations above 13 molar were found to be poor electrolytes 
(Fig. 1). The investigation, therefore, was limited to acid concentrations in the range 
of 4 to 10 molar since current densities of 1 to 10 amps/cm2 were desired. Higher 
current densities required higher voltages, and the amount of heat generated rendered 
the modest cooling system ineffective for preventing boiling of the electrolyte. In 
addition, at current densities greater than 10 amps/cm2, excessive foaming occurred 
which was attributable to increased electrochemical decomposition of the electrolyte 
at the higher voltage and elevated temperatures which resulted in rapid evolution of 
gaseous products. 
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Fig. 1. Effect of nitric acid concentration on current density at constant voltage 
(18 volts) in the U-shaped "Series" Dissolver. Temperature,, 25OC. Electrode area, 
0.7 cm2. 
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