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The Indian experience on the reprocessing of thoria irradiated both in Research as well as 

Pressurized Heavy Water Reactors is described in this paper. Based on the experience from pilot 

facilities in late seventies, engineering scale facilities have been designed, commissioned and 

operated successfully. Quantitative recovery for uranium and thorium with desired purity has been 

achieved.  
 

INITIAL PILOT PLANTS 
 

To develop technology and gain experience on thoria reprocessing, first pilot plant was set up at 

Trombay in 1970 for processing irradiated thoria in research reactors [1]. Basic laboratory scale 

solvent extraction data were generated in-house to develop the process flow-sheet for thoria 

processing. Since the recovery of 
233

U alone was contemplated during the initial phase of the 

programme, more emphasis was given to the process using 5% TBP in odorless kerosene solvent. 

As aluminium was the clad material, chemical method using alkali was adopted for decladding. 

Thermosyphon dissolver was used to dissolve exposed thoria in HNO3 containing fluoride ions and 

aluminium nitrate. The separation was mainly carried out in series of glove boxes, which housed 

the equipment systems for feed transfer, solvent extraction, aqueous product concentration and 

final purification. Isotopic impurity of 
232

U in the 
233

U product was found to be in the range of 2-3 

ppm.  Another pilot facility at Kalpakkam was set up  to test and standardise equipment and remote 

handling systems and also to validate the flow-sheet employed in the first facility. The facility 

provided enough impetus to develop THOREX process to a more robust process. Recovered 
233

U 

from initial campaigns was used for fuelling the KAMINI reactor, which is the only reactor in 

world working today on 
233

U fuel [2]. The successful recovery of 
233

U from irradiated thoria was 

followed by process development studies to overcome some of the shortcomings encountered in 

both the pilot plants. The major areas addressed were: (a) Decontamination of thorium in 
233

U 

product, (b) Tail end purification of the separated 
233

U, (c) Testing of the equipment, (d) Thoria 

based fuel dissolution studies (e) Material development for thorium fuel cycle and (e) waste 

management issues.  
 

URANIUM THORIUM SEPARATION FACILITY 
 

Based on in-house R &D and past experience, later in 2002, an engineering facility viz. Uranium 

Thorium Separation Facility (UTSF), was designed and commissioned at Trombay. THOREX 

process using 3% TBP was deployed for preferential extraction of 
233

U and lesser co-extraction of 

thorium and fission products.  The product was purified by combination of ion-exchange and series 

of precipitation methods. Thorium from the THOREX raffinate was recovered using 30-40% TBP 

based solvent extraction flow-sheet and is stored as thorium nitrate solution. As on date the 

entire research reactor irradiated thoria processing has been completed. 
 

POWER REACTOR THORIA REPROCESSING FACILITY 
 

Based on in-house R&D efforts and past experience an engineering facility, Power Reactor 

Thorium Reprocessing Facility (PRTRF) was built which was commissioned in January this year. 

Irradiated thoria bundle end-plate cutting was carried out by laser and fuel pins were dismantled. 

Subsequent chopping of the fuel pins was carried out by single pin mechanical chopper. The fuel 

was dissolved in thoria dissolvent as earlier.  5% TBP based THOREX process was adopted for 
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preferential recovery of uranium using CALMIX mixer-settler unit. The uranium product from 

solvent extraction process was purified by ion-exchange and precipitated as U(C2O4)2 after 

catalytic reduction of uranium using Adams catalyst. The uranium product is found to have ~165 

ppm of 
232

U as isotopic impurity. There are several new features in the facility for taking care of 

radiological issues due to daughter products of 
232

U. Thus the paper describes the indigenous 

experience on thoria processing which has given sufficient technical experience for thoria 

processing. 
 

                  
 

                                                                                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                     Fig. 3: Process flow-sheet deployed for preferential extraction of 
233

U 

 

CONCLUSIONS 
 

Reprocessing experience gained over the years has given sufficient technical knowhow to 

reprocess the irradiated thoria both in research as well as power reactors which will be useful in 

processing futuristic thorium based fuel.  
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 Fig. 1: Dismantled Fuel pins  
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   Fig. 2: Complex Cell piping  


