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Objective and Approach



Development of nuclear fuels: key for safety, efficiency, resources optimization and 
waste minimization

Challenge for the current and next generations of nuclear reactors: improve the fuel 
performance and safety assessment, as well as the source term evaluation

Behaviour of fuel and fission products is complex and combines coupled 
phenomena induced by irradiation, temperature, chemistry, mechanical effects 

Operational margins mainly determined by physico-mechanical behaviour of fuel 
elements 

Effects of accidents depend on physico-chemical behaviour of fuel as it contains 
the radioactive material that can eventually be released

 Important to understand and be able to 
predict the behaviour of fuels under irradiation
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Nuclear fuels



Approach: development of more mechanistic models and 
implementation in fuel performance and safety codes
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Approach developed in the F-BRIDGE FP7 project (2008-2012) 
on UO2 fuels and now applied on (U,Pu)O2 fuels in the INSPYRE 
project (2017-2022)

One effective way to bring further insight into fuel behaviour: 
decorrelate and identify phenomena at relevant scale

Produce data necessary to develop and validate macroscopic 
models difficult and/or long to obtain experimentally
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Synergy between separate effect experiments and 
multiscale modelling (atomic, mesoscale, 
thermodynamic)

Complement to irradiation experiments and 
examinations of irradiated materials



The INSPYRE project
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Definition of needs

Transfer of data

Fuels studied 
Mainly Fast Reactor MOX fuel 
(U,Pu)O2, pure or with a few % Am
A few studies on UO2
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Consortium



Development of a heat capacity law from 
atomic scale calculations

D. Bathellier et al., J. Nucl. Mater.  2021 (to be published)



Design rule: No melting of the fuel, so important to know the margin to fuel melting

Conductivity Integral Margin to melting or power rating required to initiate centre melting

𝐶𝐶𝐶𝐶𝐶𝐶 = �
𝑇𝑇𝑜𝑜𝑜𝑜

𝑇𝑇𝑚𝑚

𝜆𝜆 𝑇𝑇 𝑑𝑑𝑑𝑑

Thermal conductivity 𝜆𝜆 𝑇𝑇 = α 𝑇𝑇 � 𝑐𝑐𝑝𝑝(𝑇𝑇) � 𝜌𝜌(𝑇𝑇)

𝑐𝑐𝑝𝑝 necessary to get thermal conductivity from thermal diffusivity measurements

𝑐𝑐𝑝𝑝 also an important parameter in fast transients, e.g. reactivity insertion accident

Very little information on heat capacity of MOX, especially at high temperature, and on 
impact of composition

Heat capacity and margin to fuel melting
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Thermal diffusivity Heat capacity Volumic density

Melting temperature

Thermal conductivity



Calculation of heat capacity at the atomic scale

Molecular dynamics simulation combined to CRG interatomic potential
Validation through comparison with latest experimental data on UO2 and with electronic 
structural calculations on UO2 and PuO2
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Peak in Cp observed just below melting temperature: Bredig Transition
M.W.D Cooper et al., J. Phys. Condens. 

Matter, 26, 105401 (2014)


