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Introduction

MOX fuel fabrication process :
Powder metallurgy with UO, and PuO,

5 ~ _ Shaped by uniaxial pressing
@;, =P : Sintering - Thermal treatment :

=< - T~ 1700°C / t ~ 4 hours
;-/\«(/ = Reducing atmosphere

4 >
=) sour » WWw.areva.com

Technological challenges :

Gen(lV) development : increase of the
plutonium amount

Enhance the resistance to
proliferation

Need to develop / optimize fabrication
processes

) Development of wet chemistry routes




Actinide oxalates :

Compounds studied for more than a
century

Quick and quantitative precipitation of
cations

Very rich crystal chemistry

Pseudomorph conversion into oxide
under thermal treatment

Actinide oxalates

Potential drawbacks :

Need of a thermal conversion step
towards dioxide

Presence of residual carbon in oxide
phases

Morphology often poorly adapted to
the sintering

Abraham, F., Arab-Chapelet, B. et al. (2014). Actinide oxalates, solid state structures and applications. Coordination Chemistry Reviews, 266, 28-68.
Clavier, N., Hingant, N., et al. (2010). X-Ray Diffraction and py-Raman Investigation of the Monoclinic-Orthorhombic Phase Transition in Th,_, U,(C,0,),- 2H,0 Solid Solutions. 2

Inorganic chemistry, 49(4), 1921-1931.



Goals of the study

Avoid thermal conversion step

Direct precipitation of An hydrated

oxides from solution HydrOth_ermaI
Optimisation of carbon elimination in conversion of
solution uranium(lV) oxalate

Control aggregation / assembly of
nanocrystallites

Temperature

Kinetics




Hydrothermal conversion of uranium
oxalates

U(IV) in HCI (6M)
+ Oxalic Acid (excess)

+ HC Hydrothermal
= Treatment
'... & Washing
— | >
- Drying at
. 90°C
~-~> .
VTOT = 15mL =
pH <1 RT < T <250°C e
t = 24h Powders characterisation :
Formation of uranium
oxalate precipitate - Structura_ll (XRD)
U(c,0,),, 6H,0 - Morphological (SEM)
O Chemical (C content) )




Temperature effect



pH <1
t = 24h

XRD diagrams vs T
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Duvieubourg-Garela, L., Vigier, N., Abraham, F., & Grandjean, S. (2008). Adaptable coordination of U (IV) in the 2D-(4, 4) uranium oxalate network: From 8 to 10 coordinations in the

uranium (IV) oxalate hydrates. Journal of Solid State Chemistry, 181(8), 1899-1908.
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Rietveld refinements vs T

Rietveld refinements
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SEMvs T

mode[ mag ® | HV | WD | pressure |templ tilt —— 500 nm — mode[mag @ | HV | WD | pressure [temp] tilt —— 500 nm — mode[mag @ | HV | WD | pressure [temp] tilt —— 500 nm — mode[mag @ | HV | WD | pressure [temp] tilt —— 500 nm —
SE |50000x 220KV 6.1 mm|4.35¢-3Pa — |2 17013 SE |50000x | 2.20kV 5.1 mm|9.57e-3Pa - |4 17.005 SE |50000x|2.20kV 5.1 mm|2.71e-3Pa| - |4 17-007 SE |50000x|2.20kV 4.9 mm|2.17e-3Pa| - |4 18-009

mode| mag @ | HV WD | pressure temp|tilt| mode[ mag @ | HV WD | pressure |templ tilt —— 500 nm — mode[ mag @ | HV WD | pressure |temp) tilt —— 500 nm — mode[ mag @ | HV WD | pressure [templ tilt
SE |50000x/220kV 50mm|1.58e-3 Pa  --- |4 SE [50000x 2.20kV |49 mm 1.85e-3Pal -- |4 18-005 SE |50 000 x 2.20 kV |5.0 mm | 2.54e-3 Pa 4 18-003 SE |50 000 x 2.20 kV |5.0 mm | 1.69e-3 Pa 4

Oxides as ovoids




t =24h

Yield (%)
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Precipitation yield vs T
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TGA-MS and Carbon analyservs T

t =24h
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Martinez, J., Clavier, N., Ducasse, T., Mesbah, A., Audubert, F., Corso, B., Vigier N. & Dacheux, N. (2015). From uranium (V) oxalate to sintered UO,: Consequences of the powders'
thermal history on the microstructure. Journal of the European Ceramic Society, 35(16), 4535-4546. 10



Effect of the pH



Precipitation yield vs pH
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t =24h
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SEM vs pH

T=250°C
t =24h

Morphology tends to sphere-
like from pH<1 to pH 5

From pH 2 to 5, mix of aggregation states
+ many sizes of aggregates

pH <1 1 2 3 4

( From pH 6 to 10, morphology
' L without particular shape
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T=250°C
t =24h

Carbon analyser vs pH
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Martinez, J., Clavier, N., Ducasse, T., Mesbah, A., Audubert, F., Corso, B., Vigier N. & Dacheux, N. (2015). From uranium (IV) oxalate to sintered UO,: Consequences of the powders'
thermal history on the microstructure. Journal of the European Ceramic Society, 35(16), 4535-4546.
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Effect of the kinetics



XRD vs kinetics

T =250°C
pH 5
[- No difference between the two )
pH studied
- Larger diffraction peaks after 1h
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SEM vs kinetics
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Carbon analyser vs kinetics
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Conclusion

Hydrothermal
conversion
180°C £ T £250°C
pH <10 )

1h =t <48h

Morphology

Precipitation yield

Quantitative
yield for pH 2 1

Residual carbon / H,0

0.02 wt.% of C
at 250°C

&

0.1mol of H,0/UO,
at 250°C
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Outlooks

Mixed

: Inspired by

Oxides results on the
uranium

(U, Ce) system

(U, Nd)

Powders

Sintering
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