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Introduction 

The clean-up process for the removal of 
232

U from 
233

U has an important role in the thorium fuel cycle. This process is 

based on Laser Isotope Separation (LIS) using atomic vapour. 
233

U having around 1000 ppm of 
232

U, is evaporated in 

high vacuum environment [1]. The atoms of 
232

U, in the directional vapour, are selectively ionized using tunable lasers 

and removed using electrostatic field. Though the selectivity of laser based processes is high, the efficiency of 

ionization and removal of 
232

U is limited by various other process parameters. Therefore, to attain the required final 

concentration of less than 10ppm of 
232

U in clean 
233

U; the product stream passing through photo-interaction zone needs 

to be recycled back to fully molten charge contained in a water cooled copper crucible. 

Process Step 

The metal is contained in a water cooled crucible and heated by a 270
O
 bend electron beam to evaporate it in a vacuum 

chamber.  The vapour expands in vacuum and is illuminated by suitable laser wavelength, to ensure selective ionization 

of 
232

U in the photointeraction zone, which is extracted by using electrostatic field. The vapour is contained in a recycle 

structure kept ~ 150
 O

C to 200
O
C above the melting point of uranium to facilitate the flow of condensed liquid metal 

back into the crucible. After a number of recycles and removal of 
232

U; the clean 
233

U is obtained in the form of ingot in 

the crucible cavity. 

Work done 

Studies carried out by us on yttria coated structures indicate that the coating not only helps in providing chemical barrier 

to avoid liquid metal corrosion to the structural components, but also helps in reducing the total quantity retained on the 

recycle structure due to non- wetting characteristics of liquid metal on yttria[2,3]. Various geometries and the behavior 

of liquid metal flow with bismuth, aluminium, tin, etc. as surrogate, have been tried to study the pattern of condensation 

and flow of liquid metal to determine the process parameters.  

In the present work, the authors present experimental investigations of the flow of liquid metal and steady state hold up 

i.e. metal retained on various components of recycle structure using bismuth as surrogate metal. The integrity of yttria 

coating during cumulative 30 hr of the trial runs has been demonstrated. The additional process parameters, namely, 

evaporation rate, extent of neutral atom scattering and the atom number density in photo-interaction zone have also been 

estimated. A model design has been made [Fig. 1(a)] to check the mechanical strength of various components before 

fabrication of actual structure with stainless steel, which is further coated with yttria as corrosion resistant layer for 

liquid metal. The photographs of yttria coated stainless steel recycle structure used for study of liquid bismuth flow and 

recycle is shown in Fig.1(b). The various parts of recycle structure with bismuth retained on them after a cumulative 

30 hours of electron beam assisted evaporation, condensation, flow and recycle is shown in Fig.2. The hold-up of liquid 

bismuth on various components of recycle structure after each trial run is shown in Fig.3. 

 

  
Fig. 1(a): Model of recycle structure for study of liquid 

metal recycle 

Fig. 1(b): Photograph of yttria coated stainless steel 

recycle structure used for study of liquid bismuth flow and 

recycle 
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Figure-2: Various parts of recycle structure with bismuth retained on them after a cumulative 30 hours of electron beam 

assisted evaporation, condensation, flow and recycle 

 

 
Fig.3: Hold-up of liquid bismuth on various components of recycle structure 

after each trail run of electron beam assisted evaporation, condensation, flow 

and recycle 

 

Conclusion 

The studies on liquid metal condensation and flow have been carried out on yttria coated stainless steel substrate with 

bismuth metal. The observations suggest that the hold-up of liquid metal is dependent on the interface properties of 

liquid metal with the substrate along with the environment conditions. It is imperative to carry out tests with specific 

systems to understand the pattern of condensation and liquid metal flow, to finalise the system specifications for 

maximizing the flow. 
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