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INTRODUCTION 

During manufacturing of mixed oxide fuel (MOX) using low enriched uranium (LEU) and thorium for the 

indigenously designed Advanced Heavy Water Reactor (AHWR – LEU), it is expected that there will be a 

considerable amount of rejected MOX pellets. The rejected MOX pellets will be recycled by wet reject recycle 

route involving dissolution of rejected pellets followed by the subsequent recovery of uranium and thorium. 

Dissolution of MOX pellets is carried out under high normality of nitric acid in the presence of fluoride catalyst. 

The precipitation of the dissolver solution will be precipitated with oxalic acid for the recovery of thorium 

followed by the recovery of uranium by ADU by addition of ammonia. Treatment of effluent generated from the 

wet reject recycling of (LEU-Th)O2 mixed oxide fuel (MOX) pellets is required for its safe disposal. The 

effluent contains ligands like oxalate, fluoride and high concentration of nitrate along with uranium, thoriumand 

radium making it unsuitable for safe disposal. In the present study the authors have developed treatment 

methodology for this effluent pertaining to the radionuclides only. The treatment process involves reductive 

precipitation of uranium by sodium dithionite (Na2S2O4) followed by sorption onto an inorganic sorbent 

monosodium titanate (MST).  

Clapp Lee et.al [1] studied and modelled the reduction of U(VI) to U(IV) by using sodium dithionite as the 

reducing agent and have concluded that almost complete reduction to U(IV) occurs, which is predominantly 

precipitated from the solution as UO2(s). The same practice is being followed in UED, BARC for recovery of 

uranium from ammonium fluoride effluent. Hobbs D. T. et.al [2] reported the use of inorganic sorbent MST for 

the removal of uranium, and plutonium from the effluent at SRNL, USA. It was reported that removal of 

radionuclides was done by in – tank precipitation method. The author in his other report stated the possibility of 

thorium and radium removal by MST [3]. No work has yet been carried out involving the aforementioned 

processes in the presence of interfering ligands like oxalate and fluoride as present in this case.  

EXPERIMENTAL 

The treatment schema for the effluent was finalized after a series of screening tests involving a various chemical 

precipitants and sorbents. The treatment of the actual effluent generated from the wet reject recycle trials was 

carried out using the following steps: 

1. pH Adjustment: pH of the as generated effluent was adjusted to 9.5 by addition of NH4OH solution 

under constant stirring condition. The solution was allowed to settle overnight. Analysis for pH, 

thorium, uranium and radium content was done the following day before further treatment.  

2. Recovery of uranium: 500 mL of pH adjusted solution was taken in a beaker and sodium dithionite 

was added as powder. Optimum weight ratio of sodium dithionite to uranium was kept at 20:1. The 

solution was stirred for 1 hour and was allowed to settle overnight. The supernatant was then analysed 

for uranium. 

3. Removal of thorium, uranium and radium: The supernatant from the uranium lean effluent was 

taken and optimum quantity of MST powder was added as solid for in – tank sorption of the 

radionuclides. The solution was equilibrated for 24 hrs. The mixture was then centrifuged and the 

supernatant was analysed for thorium, uranium and radium. 

4. Gamma spectrometry was carried out in a high efficiency HPGe detector with 250 mL sample. 

Counting time was 50,000 seconds. 
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RESULTS AND DISCUSSION 

 

Figure 1 Gamma Spectrum at each stage of treatment showing effective decontamination 

The concentration of uranium, thorium and radium after pH adjustment was 177 ppm, 45 ppm and 990 Bq/L 

respectively (figure 1). On analysis of the final treated effluent, the values for uranium, thorium and radium 

reduced to less than 1 ppm, 1 ppm and 50 Bq/L showing approximately 95 – 99% removal of all radionuclides 

even in the presence of oxalate and fluoride. The gross alpha and beta activity of the treated effluent was below 

the detection limit of the counters available in the laboratory (less than 0.1 Bq/mL and 1 Bq/mL respectively). It 

can be seen from the gamma spectrum shown in figure 1 that effective decontamination of the effluent can be 

carried out by this treatment process. Considerable amount of uranium was recovered from the reductive 

precipitation step that can be recycled into the process. 

CONCLUSION 

A process for treatment of uranium/thorium bearing nitrate effluent was developed. The treatment process 

involved the reductive precipitation of uranium followed by sorption onto MST. It proved to be a viable 

treatment process for treating thorium and uranium bearing effluent containing complexing ions like oxalate and 

fluoride. MST served to be an ideal candidate for the collective removal of uranium, thorium and radium. Post 

treatment, the effluent was found to be suitable for discharge to public domain, meeting all the statutory 

requirements. 
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