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 Fissile isotopes for peaceful purposes 235U, 239/241Pu and 233U. 
 

 Existing thermal nuclear reactors burn 235U, 239/241Pu (η = 0.7 %) 
  233U needs to be bred from fertile 232Th  

 

232Th (n,γ) 233Th (β−) 233Pa (β−) 233U 
 Motivation to study the valorization of 232Th: 
 Sustainability in fuel resource management (this is the main incentive also 

in developing Gen IV fast reactors as well). 
 Sustainability in waste management (shorter lived actinide inventory). 

 σ(233U) >> σ(235U).  
 Already available as REE mining side product. 

I. Context of the research  
 Quest for new nuclear fuel 
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 Several alternative scenarios are being considered worldwide: 
 Fast reactors to allow Pu-multi recycling, P&T of  TRU elements (Np, Pu, 

Am, Cm). 
 Thermal reactors using 233U bred from thorium. 
 Fusion reactors?   

 
 Using 233U allows the  use of the existing LWR technologies* and 

facilities with a different and abundant fuel. 
 

 Thermal nuclear technology requires the fabrication of high 
density fuel pellets. 

I. Context of the research  
 Sustainable nuclear fuel cycles 
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 Present study aimed at wet chemical routes amenable to remote 
processing, and study of fundamental properties. 
 
Pellet density, sinterability, overall integrity of pellets. 
Lattice parameter changes as a function of Gd-dopant 

concentration. 

II. Focus of the research  
 Fundamental studies of physical and chemical properties 
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 Desired powder properties: stabile, free-flowing, highly sinterable and 
compactible. 
 
 
 

 The precipitation reaction of the oxalate precipitation route: 

Th4+
(aq.) + 2 (COOH)2(aq.) + 10 H2O→ Th[(COO)2]2·6H2O (s.) + 4 H3O+ 

 

III. Overview:  
Wet chemical synthesis and characterization 
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III. Overview:  
The oxalate precipitation route 

7 

Process steps Characterization 

• SEM, TG-analysis coupled to 
EGA-MS on oxalate powders 

 
• BET specific surface analysis of 

calcined powder, SEM, XRD 
 

• Density measurement of green 
pellets, dilatometry 
 

• Density measurement, XRD, 
SEM/EDS, OM on sintered pellets 

Polishing, thermal  
etching  

Sintering of green pellets 

Pressing of green pellets  

Calcination  

Filtering, drying 

Precipitation of Th(IV) 
oxalate 
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 Determination of change in lattice parameter as a function of 
Gd(III) dopant concentration. 

 
 

 Studying thermal decomposition of  
    precipitate. 

 
 Determination of chemical  
    homogeneity of precipitate, derived oxide and sintered pellets. 
 
 

IV. Results and discussion  
Issues in focus 
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IV. Results and discussion 
TG analysis and EGA-MS 
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IV. Results and discussion 
SEM images thoria powders 
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ThO2 Th0.95Gd0.05O1.975 
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IV. Results and discussion 
SEM images thoria powders 
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Th0.90Gd0.10O1.95 Th0.70Gd0.30O1.85 
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IV. Results and discussion 
Powder X-ray diffraction 
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A two-phase system can be observed. 
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IV. Results and discussion 
X-ray diffraction on sintered pellets 
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IV. Results and discussion 
Dilatometry studies 
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IV. Results and discussion 
Optical microscopy of sintered pellets 
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Pellet ID: ThR1001-S36-A 
Sintered at 1750 °C / 8 h under reducing 
atmosphere. 
Sintered geometrical density: 92.51 % TD.  

Pellet ID: ThR1003-S36-A 
Sintered at 1750 °C / 8 h under reducing 
atmosphere. 
Sintered geometrical density: 96.56 % TD. 
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IV. Results and discussion 
SEM of sintered pellets 
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SEM images of polished and thermally etched Gd-
doped pellet (10 mol% Gd) 
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IV. Results and discussion 
SEM of sintered pellets 
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SEM images of polished and thermally etched Gd-
doped pellet (10 mol% Gd) 
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1. Precipitated raw products show the presence of two phases, indicating that 
Gd(III) substitution for Th(IV) is only partial (simultaneous and not co-
precipitation. 

2. Powder samples with 5-10-30 mol% doping calcined at 1000 °C/1 h show the 
presence of Gd2O3 phase. Solid solution formation starts above 1100 °C - 
1150°C.  

3. In  the case of all doped, sintered (1750 °C / 8h) pellets: no sign of a separate 
gadolinia phase  → solid solution formation went into completion. 

4. In the case of all sintered (1750 °C / 8 h) pellets: conditions for acceptable 
pellet quality were not yet determined. 

5. Alternative route results: 
 Homogenous precipitation route: excellent flowability but very low 
 sintered densities. 
 Precipitation in IL: better morphology, but incomplete calcination. 
 

V. Conclusions 
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