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ABSTRACT  

Indigenously designed Advanced Heavy Water Reactor utilises (Th-LEU)O2 MOX as the fuel. During 

fabrication of MOX fuel, pellets not meeting the quality requirements will be recycled by wet 

processing for the recovery of uranium and thorium. The present study investigates the feasibility of 

various processes on the treatment of thorium bearing effluent arising from wet processing of reject 

MOX pellets. Process involving the reductive precipitation of uranium by sodium dithionite followed 

by adsorption of thorium onto inorganic sorbent, MST was developed and optimized. Reproducibility 

of the process under scale up conditions was also established. Under the optimized parameters, 

percentage removal obtained for uranium, thorium and radium was 99%, 97% and 98% respectively. 

Keywords: MOX, Thorium, Reductive Precipitation, Sodium Dithionite, MST.  

INTRODUCTION  

Thorium is estimated to be about three times more abundant on the earth than uranium. Abundance, 

long-term availability, and production of lower amount of actinides are few of the decisive arguments 

in favour of thorium fuel cycle. For a country like India having high thorium reserves and very less 

uranium deposits, thorium fuel cycle is the gateway to energy security. India has a defined three stage 

nuclear power programme for the utilization of the vast reserves of thorium in the country. 

Indigenously designed Advanced Heavy Water Reactor (AHWR-LEU) is a step towards the third 

stage of Indian nuclear power programme. AHWR-LEU envisages the utilization of (Th-LEU)O2 

MOX pellets as fuel 
[1]

. During the production of MOX fuel, pellets are rejected due to non-

conformity to stipulated quality standards. It is planned to recycle the rejected sintered pellets through 

wet processing. The wet processing will involve fluoride catalysed dissolution of the pellets in 

concentrated nitric acid media followed by the recovery of thorium and uranium as thorium oxalate 

and ammonium diuranate respectively 
[2]

.  

The effluent was thus expected to contain traces of uranium and thorium activity in a highly nitrate 

salt loaded medium which would require further treatment prior to discharge into public domain. The 

present study highlights the process developed for the treatment of actual effluent arising from the wet 

processing of rejected (Th-Nat U)O2 MOX pellets to meet the statutory disposal criteria of AERB. 

 Uranium exists in four oxidation states (+III, +IV, +V, +VI) in water, although it is widely present in 

the soluble U(VI) and insoluble U(IV). U(VI) species in water in dissolved form may occur as uranyl 

ions (UO2
+2

), ADU, carbonate species (UO2(CO3)3
-4

) depending on the pH of the solution. Due to the 

differences in the solubility, soluble uranium can be separated by reducing from U(VI) to U(IV). 

Reductive precipitation of uranium using dithionite can be expressed as,  

   
        

            ( )     
       

Clapp et.al 
[3]

 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). 
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Ion exchange and sorption are key techniques for the separation and purification of cations and anions 

which may have commercial value or may be hazardous. Membrane separation under the present 

scenario is not a viable option due to the presence of high salt concentration in the effluent. Titanate 

solids like MST (NaTi2O5H) have been found to be chemically stable in high pH solutions and have 

been used extensively in USDOE for the treatment of high level nuclear waste. MST has been used 

for the sorption of 
90

Sr and alpha emitting radionuclides like 
241

Am, 
238

Pu and 
239

Pu at SRNL.  

Hobbs et.al 
[4]

 reported the use of inorganic sorbent MST for the removal of uranium, and plutonium 

from the effluent at SRNL, USA through in – tank precipitation method.  The author in his other 

report stated the possibility of thorium and radium removal by MST 
[5]

. However, 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 actual effluent solution used for the present study was characterized both chemically and 

radiologically prior to its treatment. The results of the characterization studies are summarized in 

Table 1.  

Table 1 Characteristics of the Effluent 

Sl. No Parameter Value 

1.  Thorium 74 ppm 

2.  Uranium 450 ppm 

3.  Radium 1800 Bq/L 

4.  Gross α 
8500 Bq/L  

(20 Bq/g) 

5.  Gross β 
15000 Bq/L  

(35 Bq/g) 

6.  Oxalate 0.10 M 

7.  Nitrate 5.25 M 

8.  Fluoride 0.027 M 

9.  Ammonium 5.25 M 

10.  Total Dissolved Solids 450 g/L 

11.  pH 8.2 

 

From the characterization it can be concluded that the effluent is highly salt loaded and the 

radioactivity is due to uranium, thorium and their daughters.  

The disposal criteria of the effluent was decided to be 1 Bq/g of solid for alpha activity and 10 Bq/g of 

solid for beta activity as stipulated by AERB 
[6]

.Precipitation by FeCl3 as suggested by Sinha et.al 
[7]

 

was attempted but could not deliver the desired result possibly due to the presence of oxalate and 

fluoride in the effluent. The treatment schema for the effluent was finalized after a series of screening 

tests involving various chemical precipitants and sorbents. The result of screening tests conducted for 

various sorbents is shown in Figure 1. 

It is evident from the figure that MST is ideal for the removal of uranium, thorium and radium.  
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Figure 1 Result of screening test of various sorbents 

After detailed selection and screening tests, the treatment of the actual effluent 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 (Na2S2O4) 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. 

RESULTS AND DISCUSSION 

The mechanism of removal of thorium and uranium by MST is not known conclusively. Preliminary 

investigations as reported by Duff et.al 
[8] 

revealed that the removal of uranium is by inner sphere 

sorption or specific adsorption whereas like plutonium, thorium may be removed by sorption or ion-

exchange or both. Radium is however postulated to be removed by ion-exchange for it being in the 

same group as Strontium. This claim was furthermore supported by the fact that the removal of 

uranium decreased with the increase in temperature 
[9]

 suggesting surface adsorption. 

The gamma spectrum of the effluent after various treatment steps are shown in Figure 2. After the 

treatment of effluent with sodium dithionite, the uranium concentration in the effluent reduced in the 

effluent which is evident from the decrease in the 98 and 186 keV gamma peaks in the figure. It is 

also evident from the figure that effective decontamination of uranium, thorium and radium has been 

obtained after adsorption onto MST.  
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Figure 2 Gamma Spectrum of Effluent after Stage-wise Treatment 

The treated effluent was characterized with respect to the radioactive elements and the results are 

summarized in Table 2.   

Table 2 Characteristics of Treated Effluent 

Sl. No Parameter Value 

1.  Thorium 1 ppm 

2.  Uranium < 1 ppm 

3.  Radium 35 Bq/L 

4.  Gross α BDL  

5.  Gross β BDL  

 

CONCLUSIONS 

The analysis of the treated solution revealed that monosodium titanate is an ideal sorbent for the 

removal of uranium, thorium, radium and possibly all alpha emitting actinides. The established 

process was able to generate decontaminated effluent up to 1 ppm of uranium, less than 1 ppm of 

thorium and 35 Bq/L radium which corresponds to 0.1 Bq/g of solid for alpha and 1.6 Bq/g of solid 

for beta activity. This is well within the stipulated limit of AERB and is suitable for disposal to public 

domain.      
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NOMENCLATURE 

ADU Ammonium Diuranate 

AERB Atomic Energy Regulatory Board 

BARC Bhabha Atomic Research Centre 
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HPGe High Performance Germanium 

LEU Low Enriched Uranium 

MOX Mixed Oxide 

MST Monosodium Titanate 

NRG Nuclear Recycle Group 

PSDD Process Development Division 

RSSD Radiation Safety Systems Division 

SRNL Savannah River National Laboratory 

USDOE United States Department of Energy 
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