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ABSTRACT 

 

Thorium nitride and carbide are potential candidates for their use as fuel materials in fast breeder 
reactors. Therefore, knowledge of their thermo-physical properties at high temperatures is 
necessary. In this paper, we present results of the first principles calculations of properties such as 
specific heat, linear thermal expansion, bulk modulus and so on. The all-electron FPLAPW method 
has been combined with the quasi harmonic approximation for performing these calculations.  Our 
results are in reasonably good agreement with published experimental results. Results would be 
further improved by using LDA+U and GGA+U calculations. 
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INTRODUCTION  

Thorium-based materials such as its binary compounds formed with light elements C and N  are 
currently being investigated in relation with their potential utilization in fast breeder reactors,  
owing to  their  high melting point, high thermal conductivity, high density and good compatibility 
with the coolant (liquid Na) [1-2]. In order to use  these materials as advanced fuels, it is very 
important to know their thermo-physical properties at high temperatures, which are required for 
modelling fuelpin behaviour.  Only a few authors have attempted theoretical studies of thermo-
physical properties of these materials at high temperature. Their studies of these properties are 
either based on pseudo-potentials, or on molecular dynamics with empirical potentials. In the 
present work, we report results of a few useful properties of ThN and ThC, calculated from all 
electron FPLAPW + QHA method. 
 

COMPUTATIONAL DETAILS 

We have used the FPLAPW method, within the framework of density functional theory, to 
calculate the E-V dependencies of ThN and ThC.  LDA and GGA both, have been used for the 
exchange correlation potential.  The quasi harmonic approximation was applied on the calculated 
E-V data in order to include the thermal effects. 
 

RESULTS AND DISCUSSION 

We first performed calculations of the total energy as a function of volume using the FPLAPW 
method. Next, we  fitted the calculated E-V data with Birch-Murnaghan equation of state, in order 
to obtain lattice constant (a), bulk modulus (B) and  pressure derivative of the bulk modulus (BP) at 
ground state. In the case of ThN, the a, B and BP  results, obtained from the BM fitting of our GGA 
(LDA) calculations are 5.178 (5.1055) A, 174.6 (200.2) GPa and 4.11 (3.32) respectively. The 
experimental results of these properties taken from the literature [3, 4] are: a = 5.16 A, B = 175 
GPa and BP = 4.0. In the case of ThC, our GGA (LDA) calculations predict the a, B and BP as  
5.355 (5.268) A, 131.9 (141.4) GPa and 3.0 (2.8) respectively. The published experimental results 
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[1], a and B of ThC are 5.344 A  and 125 GPa respectively. Thus, LDA tends to over-bind, as a 
result LDA lattice constants are too small and bulk moduli are too large. GGA calculations are in 
better agreement as compared to LDA, but GGA over-corrects the lattice constant.  

To calculate the temperature dependence of the  specific heats and bulk modulus of ThN and ThC, 
the quasi harmonic approximation, based on the Debye model, has been applied on LAPW results. 
The heat capacity values calculated as a function of temperature are plotted in Figures 1(c) and (d). 
As expected, at high temperatures, the CV values approaches 49 J/mol/K. Our calculated values are 
compared with the experimental data from [5-7]. We see reasonably good agreement.  Temperature 
dependent bulk modulus was not available in the literature therefore our results can serve as 
prediction. 

  

Fig.1 –   Cp, CV and B results of ThN and ThC from present calculations, Exp. Results–

Samsonov et. al. [5], GTT -data [6]  and Danan [7].  

 

CONCLUSIONS  

In summary, we have presented calculated ground state properties such as a, B and BP; and thermo-
physical properties such as specific heats (Cp, Cv and B) at high temperature. Our results are  
reasonably in good agreement with experimental data. Full computational details and other results 
will be included in the full paper, as also the effect of using LDA+U and GGA+U on these 
properties. 
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