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Summary

I . Project Title

A photo-induced dissolution of U02

II. Objective and Importance

The objective of this study is to dissolve UO2 under conditions of low temperature and low

nitric acid concentration by photochemical reaction. In general, dissolution of UO2 is one of the

most important process technologies in many UO2- handling processes including the reprocessing

process. In this context, many studies on dissolution of UO2 powder and pellet in nitric acid

solution have been reported. Experimental results showed that UO2 could be dissolved in boiling

HNO3 and in relatively high HNO3 concentration. However, this process is accompanied by a

potential danger of explosion of organic solvents used for solvent extraction and a high evolution

rate of NOx gas during dissolution of UO2. In particular, from an environmental of view, a large

quantity of waste such as nitrate and phosphorus compounds generated from dissolution and

solvent extraction processes are one of the difficult problems in waste treatment and disposal.

Recently, some attempts have been made to dissolve UO2 under mild conditions, which indicates

a relatively low nitric acid concentration and room temperature.

II. Scope and contents of the project

UO2 powder, green pellet and sintered pellet were used for this study. Nitric acid was used as
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dissolution solvent in the concentration range of 0.5M to 4M. And also, hydrogen peroxide and

various metal nitrate salts were used as oxidant in order to accelerate the dissolution rate of UO2

sintered pellet under UV irradiation. The photo-reactor used for this work is equipped with Hg-

lamps emitting 254nm of wavelength and its power is 120W. The work scope of this study is as

follows: (1) photo-absorption characteristics of nitric acid solution, (2) dissolution of UO2 powder,

(3) effect of metal ion on dissolution of UO2 sintered pellet, (4) dissolution in simulated solution of

UO2 target, (5) dissolution mechanism of UO2 by photochemical reaction.

IV. Result and proposal of applications

1. Photo-absorption characteristics of nitric acid solution

From result of UV spectra, it was found the fact that nitric acid solution absorbs wavelengths

below 350 nm and thereby NO3" ion is excited to *NO3". And then, the excited NO3" ion was

considered to dissolve UO2.

2. Dissolution of UO2 powder

Dissolution rate of UO2 powder with high specific surface area (5.5m2/g) was about five times

faster in UV irradiation than in dark reaction. By increasing nitric acid concentration dissolution

rate of UO2 powder increased. In particular, the complete dissolution time appeared to be almost

similar irrespective of quantities of UO2 powder added in nitric acid solution.

3. Dissolution of UO2 pellet

The sequence in the dissolution rate of UO2 was UO2 powder> green pellet> sintered pellet in

nitric acid solution. In particular, UO2 sintered pellet was hardly dissolved even under UV

irradiation. This was interpreted to be difficult for UO2 sintered pellet to be oxidized because its

surface is very dense. However, this was considerably improved by adding H2O2 as oxidant,

which could increase the surface area with etching the surface of UO2 sintered pellet.

Additionally, an increase in the number of pellets resulted in a rapid increase of uranium

concentration in the solution even at 2M nitric acid solution and low temperature under UV
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irradiation.

4. The effect of metal ions on dissolution of UO2 sintered pellet

When metal ions such as Mo and Ru were included in the solution, dissolution rate of UO2

sintered pellet was increased to more than two times. This result indicates that UO2 can be

oxidized by these elements activated by absorbing the light.

5. Dissolution of UO2 target in the simulated solution

This result was similar to above one. However, this work was carried out as a basic study to

develop dissolution technique of UO2 target for production of " T c used as medical diagnostics.

Accordingly, a simulated solution was prepared for this study, which contains the elements such

as Cs, Sr, Mo, Zr, Ru and Nd in 2M HNO3 solution. As a result, dissolution rate of U0 2 sintered

pellets in the simulated solution was considerably increased. Additionally, when the pulverized

UO2 sintered pellets were dissolved in the simulated solution under UV irradiation, dissolution

rate was increased about four times more than that of the UO2 sintered pellets without

pulverization.

6. Dissolution mechanism of UO2 by photochemical reaction

During photo-dissolution of UO2 in nitric acid solution, NO2"and H2O2 as reaction products

was detected. From this result, the photo-dissolution mechanisms suggested recently may be

revised as follows:

- photo-dissolution mechanism suggested by Wada

U02 + *N03" + 3H + = UO2
+2 + HNO2+ H20

U02 + 2HNO2 + 2H + = UO2
+2 + 2N0 + 2H2O

• photo-dissolution mechanisms suggested through this study

NO3~+ hv = "NO," = NO2+ 0"
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O + H + = O H

2OH = H2O2

2NO2 + H20 = N02~ + N03" + 2H +

U02 + *N03~ + 3H + = UO2+2+ HNO2+H20

U02 + 2HNO2 + 2H + = UO2
+2 + 2N0 + H20

U02 + 20H = UO2
+2+ 20H"

UOj + H2O2 + 2H + = UO2
+2 + 2H2O

The exiting dissolution condition requires high temperature and high nitric acid concentration to

dissolve UO2 sintered pellets completely, whereas this study using photochemical reaction

requires 2~3M nitric acid and relatively low temperature. This result makes it possible that

facilities and operation for UO2 dissolution become more compact, simple and safe. In the future,

it is expected that the established dissolution technique will be substituted with that suggested by

photochemical reaction in nuclear fuel industries as well as other industries.
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