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Fukushima, 14th March 2011 

● Tsunami destroyed coolant pumps

● Build-up of energy from radioactive 

fission product decay

● Low thermal conductivity of fuel → low 

rate of decay heat removal

● Low specific heat capacity → fuel 

temperature increase, fuel melting

Nuclear accidents
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Accident Tolerant Fuels (ATFs)

Low thermal 

expansions
High melting 

points

High specific 

heat capacities

High thermal 

conductivities
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Uranium nitride (UN)
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- Cubic NaCl crystal 

structure

phase transition at 35 GPa

- Two interconnecting fcc 

lattices



Uranium nitride (UN)

UO₂ UN

Uranium density (g-

U/cm³)

9.7 13.3

Thermal conductivity at 

300 K (W/mK)

9.8 13.0

Thermal conductivity at 

2000 K (W/mK)

2.06 21.0

Melting point (K) 3078 3120
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Fission products

Dayman et al., 2015

- Fission products 

represent a range 

of chemistries

- Fission products 

can be 

problematic

- Transport can 

occur through 

sublattices

Xe

I

Cs



Empirical pair potential
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Molecular dynamics
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Mean squared displacement (MSD)

● Describes the average displacement over a squared time interval

● For diffusion:

where n = dimensionality

D = diffusivity

t =  time 



Lattice parameter
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- Similar linear 

trends

- Similar 

subsequent rate 

of increase

- Non-stoichiometry 

has minimal 

impact on lattice 

parameter



Change in relative volume
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- Similar trend in 

lower 

temperatures

- Behaviour change 

due to sudden 

lattice parameter 

increase 
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300 K 2600 K



Mean squared displacement (MSD)
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- Constant uranium 

MSD

- Gradient in 

nitrogen MSD



Diffusivity
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- Similar gradients 

suggest similar 

activation 

energies

- Steeper gradient 

for supercell with 

no vacancies
Arrhenius relation



Activation energies
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- Increasing amount of 

nitrogen vacancies 

generally decreases 

activation energy

- Larger distributions 

at lower amounts of 

nitrogen vacancies 

due to averaging with 

larger spatial 

separations
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Conclusions

● Non-stoichiometry has a minimal effect on the volume of a UN cell

● The activation energy for a pure UN cell is 3.25 eV

● At higher degrees of non-stoichiometries, activation energy decreases to 1.8 eV



Future work

P-Profit
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Xe-UNDFT data



Thanks

for

listening!

HEC at Lancaster Dr Becky Gray
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