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INTRODUCTION  

In the recent past, considerable attention is being devoted to develop U1-xThxO2 and Pu1-xThxO2 mixed 

oxide (MOX) fuel for conventional pressurized water reactors and advanced heavy water reactors (AHWR) due to 

its superior performance in reducing the large plutonium stockpile while maintaining acceptable safety and control 

characteristics of the reactor system [1,2]. Moreover, Pu1-xUxO2 MOX have been used as fuels for fast reactors in 

many countries and MOX with higher amounts of PuO2 are being considered as potential fuels for the plutonium 

burner reactors [1,2]. In order to understand the behavior of the thoria based fuel during irradiation and to predict its 

performance under accidental conditions, the thermophysical properties such as thermal expansion and thermal 

conductivities need to be evaluated first at ambient conditions. Moreover, determination of thermophysical 

properties of ThO2-PuO2 by experimental means is very difficult because of radioactivity and toxicity of PuO2 based 

systems which require extensive and expensive safety precautions. Under this scenario, classical molecular 

dynamics (MD) simulation technique is a powerful tool to evaluate thermal properties of MOX in the desired 

composition range as well as in the high temperature regime not accessible to experimental techniques. Also, 

interatomic potentials are the back-bone of the MD simulations. In order to predict thermo-physical properties of 

MOX using MD simulation, these properties need to be calculated for pure ThO2 in order to evaluate capability of 

the interatomic potential used in these simulations.   

 In the present study, we adopted classical molecular dynamics (CMD) simulation methodology to predict 

lattice thermal expansion (LTE), thermal conductivity (TC) and melting temperature (MT) of pure ThO2 using two 

interatomic potential consisting of Coulomb-Buckingham and Coulomb-Buckingham-Morse-Many body potential 

form.   

 

THEORETICAL MODEL 

 The pair interaction potential of two particles in the ThO2 system consists of Coulomb, short range 

repulsive and covalent bonding contributions: 
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The electrostatic interaction of two ions of type α and β is given by Coulomb law: 

 
ϕ αβ

(C)
(r )=qαqβ / 4πϵ 0r ,   (2) 

where qα and qβ are partial charges of Th and O, respectively. 

The short-range interaction is described by Buckingham-type potential (α, β = Th, O): 
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. (3) 

The covalent interaction is represented by Morse functional form: 
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The many body part of Equation (1) is achieved by a combination of a set of pairwise interaction (

∑
j

σ β (rij )
) 

between atom i and its nearest atoms and then passing it through a non-linear embedding function. Equation (5) 

mailto:knaveen@barc.gov.in


 Thorium Energy Conference 2015 (ThEC15) 

October 12-15, 2015, Mumbai, India 

 

 

gives functional form of 
σ
β (rij)  (nβ is the constant of proportionality) and many-body energy term is proportional 

to

∑
j

σ β
1/2

(rij)
 with Gα as constant of proportionality in Equation (1).       

  

σ
β (rij)=

n
β

r
ij
8

  (5) 

 Potential parameters were determined by fitting experimentally available lattice thermal expansion data for 

pure ThO2 in the 300-1500K range and single crystal elastic constants data in the literature.  

 

RESULTS 

 This study determines lattice thermal expansion (LTE), thermal conductivity (TC) (in the temperature 

range 300-2000 K) and melting temperature (MT) of ThO2 using classical molecular dynamic simulations 

considering two set of interatomic potential consisting of Coulomb-Buckingham (Buck) and Coulomb-Buckingham-

Morse-Many body (BMM) potential form (shown in Fig. 1). The MD calculated LTE of 10.29 x 10-6 and 10.61 x 

10
-6

 K
-1

 using BMM and Buck potential, respectively, is slightly higher than the experimentally determined values 

(9.54 – 9.86 x 10
-6

 K
-1

). The MD calculated TC values, especially, in the high temperature range from 600 to 1200 

K, our results accords very well with the experimental measurements (shown in Fig. 2). At the low temperature 

range around the Debye temperature of 402 K, our results are slightly different from some experimental results as 

the difference comes from our presumption that the dominant mechanism for phonon scattering is the Umklapp 

process. The MD calculated melting temperature range of ThO2 using Buck and BMM potential model are 3650-

3675 and 3800-3825 K, respectively, and these values are in reasonable agreement with previous experimental 

values.   

  

 

Fig. 1: MD calculated temperature variation of lattice 

parameter (a(T)) of ThO2 using Buck and BMM model 

along with previous high temperature XRD measured 

values. 

 

Fig 2: MD calculated temperature variation of 

thermal conductivity of ThO2 using Buck and BMM 

model along with previous experimentally measured 

values. 
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