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INTRODUCTION

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 solutions have been reported[1, 2].  Experimental results showed that UO2 could be dissolved in boiling HNO3 and in a relatively high HNO3 concentration. Recently, some attempts have been made to dissolve UO2 under mild conditions, which indicates a relatively low nitric acid concentration and room temperature. This work is also focused on the dissolution of UO2 sintered pellet under UV irradiation at 3M nitric acid concentration, which is said to be an optimum condition for TBP solvent extraction in the Purex process.  And, in fact, the irradiated UO2 pellets contain many fission elements such as rare earth, alkali, alkaline earth, and transition elements. Thus, the influence of metal ions on the dissolution rate of UO2 sintered pellet was examined under UV irradiation.

EXPERIMENTAL

Uranium dioxide pellets were used as pieces, which were prepared by cutting the original pellet into four pieces having a similar shape and size; half-disk type (12.16 mm in diameter and about 7.5 mm in height). An average weight of each piece was estimated to be 4.6(0.05 g.  Reagent grade nitric acid was used as a dissolution solvent and diluted with distilled water to the concentration of 3 M. In order to examine an influence of elements on the dissolution rate of a UO2 sintered pellet, ruthenium was used in this work. Equipment used for photo-dissolution of UO2 was supplied from Rayonet (Model: RPR-208). This consists of Hg-lamps with 120 W, emitting a 254 nm wavelength. The photo-dissolution fraction of UO2 was calculated by measuring the ratio between the weight difference of Wi – Wo and the weight of Wi as follows,

Dissolution fraction of UO2 sintered pellet = ( Wi – Wo )/Wi
Where, Wi and Wo indicate the weights at initial and arbitrary time, respectively.

RESULTS AND DISCUSSION

Fig.1 shows different dissolution rates of UO2 sintered pellets in nitric acid solutions with and without UV irradiation. As seen in Fig.1, the dissolution rate of the UO2 sintered pellet in the presence of UV irradiation is considerably faster than that of the UO2 sintered pellet in the dark reaction. In fact, it is thought that the dissolution of UO2 sintered pellet in the dark reaction had hardly occurred. Wada et al.[3] reported that UO2 could be dissolved by UV irradiation as follows;

NO3- + h(  = *NO3-
UO2+ *NO3- + 3H+ = UO2+2 + HNO2 + H2O

UO2 + 2HNO2 + 2H+ = UO2+2 + 2NO + 2H2O

From the above mechanisms, it can be interpreted that UO2 is first oxidized by *NO3- excited from nitrate ion under UV irradiation and subsequently dissolved into the aqueous solution. Since NO3- ion absorbs the light below 340nm of wavelength, the light of 254nm emitted from the Hg-lamp used in this study is considered to be adequate for exiting NO3-. This fact is available elsewhere[4, 5]. Although the dissolution of UO2 proceeds at 3M nitric acid and low temperature by photochemical reaction, its rate still is late. Accordingly, an increase in the dissolution rate of UO2 sintered pellet should be surely needed for a successful application to the dissolution process. In this respect, an effect of Ru on UO2 dissolution under UV irradiation was given in Fig.2. Fifty (l was taken out from reagent containing ruthenium and added to the solution. This value corresponds to 0.17 g/l of ruthenium in the solution. It appeared that the rate of dissolution was considerably improved under UV irradiation. In general, it is considered that Ru(IV) ion has an ability to oxidize UO2 as follows.

                                                  Potential, V

              UO2 + 2Ru(IV) = UO2+2 + 2Ru(III)         + 0.461

Therefore, we can predict that the above reaction will easily proceed even under the dark reaction in absence of UV irradiation. Surprisingly, any acceleration effect by Ru was not observed in the dark reaction and only a slight increase with time was detected compared to the result of the dissolution of UO2 in the solution without containing Ru(IV). From this result, we can know the fact that Ru(IV) does not largely affect dissolution rate of UO2 in the kinetic aspect although Ru(IV) can easily oxidize UO2 in the thermodynamic aspect. Thus, it can be inferred that Ru(IV) is excited by absorbing the light into *Ru(IV), which accepts electron from UO2 as follows. 

                   Ru(IV) + hν= *Ru(IV)

                UO2 + 2*Ru(IV) = UO2+2 + 2Ru(III)

In other word, this means that only the activated Ru(IV) can oxidize UO2. Fig.3 shows UV spectrum of Ru(VI) in nitric acid medium. As seen from this figure, Ru(VI) ion absorbs the UV lights ranged widely with including 254 nm. Dissolution behavior of UO2 was almost identical to that of UO2 in the solution containing Ru(IV). Fig.4 shows the results of dissolution of UO2 sintered pellet in the solution containing various amounts of Ru(0.07, 0.17, 0.35, and 1.0 g/l). This result indicates that the degree of acceleration is not dependent on the Ru content. Probably, the present beam energy power seems to lack exciting large amounts of Ru(IV) ions. In the meanwhile, the reduced elements such as Ru(III) can be re-oxidized in the nitric acid medium as bellow,

                3Ru(III) + NO3- + 4H+ = 3Ru(IV) + NO + 2H2O

Accordingly, so many amounts of metal ions may be not required for the dissolution of UO2 at a given beam energy flux because these elements repeat the oxidation and reduction cycles continuously during UO2 dissolution in a nitric acid medium. It can be expected, therefore, that the degree of acceleration will depend on the metal ions content with an increase of beam energy flux, but it was not confirmed in this work and further studies are going to be in progress.
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Fig.1 Dissolution behaviors of UO2 sintered pellet with and wihout UV irradiation at 3 M HNO3





Fig.2 Effect of ruthenium(IV) ion on dissolution rate of UO2 sintered pellet (Ru(IV) = 0.17 g/l, HNO3 = 3 M)





Fig.3 UV spectra of ruthenium in 3 M HNO3 solution





Fig.4 Dissolution behaviors of UO2 according to Ru content during photolysis (HNO3 = 3 M)











