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Background and context of research

TRANSPORT
» Low viscosity
» High thermal
conductivity

CHEMICAL & THERMAL
> High solubility of actinides
» Compatibility with structural materials
» Low melting point & vapour pressure
High heat capacity
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Fuel reference: fluorides

> REFERENCE fuel for the MSFR
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« [7LiF{ThF JerrUF,-PuF, | (77.5-6.6-12.3-3.6 mol %)
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* Ni-based alloy as structural material o o e T T T o [ e [ [ o [
* Soluble CrF, (no passivation)
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* Salt soluble fission products A
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* Metallic precipitates » Complex multi-component system
* @Gas » Non-ideal thermodynamic behaviour
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Barium and zirconium properties

« Major fission products

L. 10 [ e
For 235U and 238U fission products: | R —
] LANL :
— 140Ba: 4.7-5.4 % .yleld - 8 95-977y Netfﬁgggg'?gg 1
_ 95Zr: 50_61 % yleld % ) e ) Bonyushkin (1961)
_ 977r:5.3-5.8 % yield S -
« Short-lived radionuclides s ¢ ' 1
- High potential for complexation * .| |
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Modeling method — CALPHAD (CALculation of
PHAse Diagrams)

» Least-square minimization of the total Gibbs energy G of the system to find the thermodynamic
equilibrium at given conditions (T, P, x;).
* Gisexpressed as a linear combination of the G for all phases:

G(T,P,x;) = z N GE(T, P, x%)

Experimental data Modeling
Structure > Models
(crystallography, oxidation states, G =£(T, P, x, %...), with adjustable
defects...) parameters

l

Phase Diagram Optimization

v

(phase boundaries, transition Adjusting the parameters

S L temperatures...)

Database
Thermodynamics

(H°, S°, heat capacities, chemical
potentials, vapour pressures...) Applications
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Modeling method — The quasichemical model

» Modified quasichemical model in quadruplet approximation
*  Formalism well-adapted to ionic liquids
* Two sub-lattices

(Li*, Ba3*, cations, ...) (F;, CI-, anions)

* Basic unit = quadruplet composed of 2 anions and 2 cations

:SNN'\. iy + :5NN"~.. N 2 SNN ™, FN

» Optimized excess parameters linked to SNN exchange reaction

- = 0 -
Agap/ci = AggB/Cl + izt g,lclOB/F XZB/F + Lj=1 9143/1: XfclB/F

Pelton, A. D. & Blander, M. Thermodynamic analysis of ordered liquid solutions by a modified »
TU Delft quasichemical approach—Application to silicate slags Metallurgical Transactions B, Springer <)’
Science and Business Media LLC, 1986, 17, 805-815 ST

4 ,J L\.\\

REACTOR INSTITUTE DELFT



» Determination of phases transitions along the composition range by
DSC-TGA

» Determination of phase diagram data
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Thermodynamic assessment of LiF-BaF,
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Thermodynamic assessment of LiF-ZrF,
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Thermodynamic assessment of BaF,-ZrF,
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Thermodynamic assessment of LiF-BaF,-ZrF,
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Thermodynamic assessment of LiF-BaF,-ZrF,
BaF,
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Thermodynamic assessment of the NaF-BaF,-ZrF,

system
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» Experimental data validation necessary
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Conclusion

« Barium and zirconium fission products present a high potential of
solid intermediate compounds formation in the MSR

- Risks of: - Precipitation during reactor operation?

- Contamination of the fuel salt with highly active
isotopes that need to be considered in case of accidental release

- The systems demonstrated high stability above the operating
temperature for a large range of compositions
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