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INTRODUCTION 

 

(Th0.99, Pu0.01)O2  fuel was fabricated in Advanced Fuel Fabrication Facility (AFFF) ,BARC, Tarapur for 

experimental irradiation in AHWR conditions.  The fuel was fabricated through two different routes viz; 

conventional powder pellet route (POP) as well as Coated Agglomerate Particle (CAP) route.  The sintered pellets 

after inspection were encapsulated in Zircaloy-2 clad tubes filled with Helium and welded with end plugs.  A 

comparative study of Plutonium distribution in the fuel pellets fabricated through both these routes was carried out 

using alpha autoradiography combined with image analysis and the details are described in  this paper.   

Powder metallurgical route involved powder  mixing, milling, granulation, cold compaction and sintering [1].  This 

route has been referred as POP route in this paper.    

CAP route of fabrication involved the following steps [2].  Thoria powder was mixed with appropriate amount of   

suitable binders (sodium sterate, Polyethylene glycol etc.) and extruded to get Thoria extrudes.  The extrudes were 

converted into granule equivalent agglomerates/spheroids using a spherodiser.  The agglomerates were then coated 

with Plutonium dioxide powder to achieve the required composition.  These coated agglomerates then followed the 

steps of compaction, sintering and encapsulation.   

Alpha autoradiography of (Th0.99, Pu0.01)O2  pellets was carried out in Radiometallurgy division, BARC, for 

homogeneity studies.  Alpha autoradiography is a self imaging technique of alpha active nuclides using alpha 

sensitive films (CR-39) [3].  The pellets were prepared similar to ceramography samples through cutting, grinding, 

polishing etcetera and placed on the film with aluminium mylar of thickness 11µm) for a pre decided time period 

(30s in this case) for exposure.  Since the specific activity of plutonium (0.06 Ci/g) is significantly higher than that 

of thorium (1.1 X 10
-7

 Ci/g), the effect on the film could be attributed to presence of plutonium.  The film was 

decontaminated and chemically etched to enhance the radiation effect caused on it using 6N KOH at 72°c for 90 

minutes and then viewed using a microscope. The microscopic image of each of the alpha autoradiographs were 

analysed using a simple software (Metal power image analyser version 3.0.0.9 by Metal Power India (Pvt.) Ltd.) for 

estimating the alpha track density. Image analysis of alpha autoradiographs using the same software was earlier used 

for compositional analysis of Thoria Urania fuels [4].   

RESULTS AND DISCUSSION 

 

The images of  (Th0.99, Pu0.01)O2  pellets from CAP route of fabrication revealed alternate regions with higher as well 

as lower densities of  alpha tracks as shown in figure 1a indicating Pu rich and depleted zones respectively.  Multiple 

frames covering rarer and denser regions of alpha tracks were acquired and anlysed.  Images showing the lowest and 

highest track densities are shown in figure 1b and 1c respectively.  Though alpha autoradiographs of POP pellets 

showed uniform track density (fig.2a) it was observed that POP pellets also contained some areas of Pu 

agglomeration as shown in figure 2b.  The results of feature analyses of the image data is shown in table 1.    The 

results were obtained by studying multiple frames of each of the autoradiographs for statistical consistency.   
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Fig.1. (a) Alpha autoradiographic images of (Th0.99, Pu0.01)O2  pellets fabricated through CAP 

(b) region of less dense alpha tracks   (c)  region of more dense alpha tracks 

   
(a)                                        (b)            

Fig.2. (a)   Alpha autoradiographic images of (Th0.99, Pu0.01)O2  pellets fabricated through POP  (b) region showing 

Pu rich agglomerates 

Table1. Results of Alpha autoradiography image analysis 

PuO2 % Type Average  track density  ( (/sq.mm) 

1 CAP dense 2259 

1 CAP less dense 214 

1 POP 1176 

 

CONCLUSION 

Alpha autoradiography technique combined with image analysis was used for homogeneity studies of Thoria-

Plutonia MOX pellets which were fabricated for experimental irradiation in AHWR conditions.  Pellets fabricated 

through powder-pellet (POP) route and coated agglomerate route (CAP) were compared and it was found that alpha 

autoradiographic images of CAP pellets indicated alternate regions which were richer and depleted in Plutonium 

respectively.  The average track density registered by the POP pellet was 1176 and the statistical variation of only 

±3% was observed among multiple frames of the image.  The variation in alpha track density among different 

frames of image registered by CAP pellet was found to be from 214-2259 owing to heterogeneous distribution of 

plutonium.   The average track density in different frames of the image of a CAP pellet was upto 81% less (rarer 

region) and 92% more (denser region) than the average track density of a POP pellet.  Alpha autoradiography 

technique combined with Image analysis  could be effectively used to study plutonium distribution in thoria matrix 

fuel with 1% PuO2 content.  
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