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Composition RSS(U) (mg.m-2.d-1) Precipitation 

UO2 0.01 Yes 
(U,Th7)O2 0.89 Yes 
(U,Th15)O2 0.18 No 
(U,Th25)O2 0.17 No 
(U,Th50)O2 0.03 No 
(U,Th24,25)O2 + 3 % PGM 0.09 No 
(U,Th7)O2 - heterogeneous 0.56 Yes 
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MULTIPARAMETRIC STUDY OF (U,Th)O2 MATERIALS

INTRODUCTION
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In France, the single recycling of irradiated fuel leads to the medium-term storage of irradiated Mimas® MOx (Mixed Oxide) fuel assemblies in pools, with a view
to recycling or final disposal. During this underwater storage, attention is given to the potential impact of a defect in the cladding. Given that the pool water is
oxidizing due to the presence of radiolytic products such as H2O2 and OH•, leaching by this water promotes the oxidative dissolution of uranium, followed by its
reprecipitation as studtite [(UO2)(O2)(H2O)2]·2(H2O). This research is focused on the degradation mechanism of the fuel under oxidative environment and is useful
in the context of evaluating the long-term radiological consequences for situations involving defective rods.

Precipitation rate chronology

Segmentation of altered areas of the MOx pellet after studtite 
dissolution at the end of leaching by the Weka Fiji Plugin [3]

14.35% of surface fraction are Pu agglomerates
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SEM micrograph of materials after leaching
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Dynamic leaching experiment

PTFE vessel 25 mL

Fraction collector
V  10 mL per tube

H2O2 10-4 M
H3BO3 32 mM

Peristatic pump
Qv = 0,1 mL/min

Heterogeneous materialsHomogeneous materials

Hydroxyde precipitation route [2]
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Experimental set-up [4]

(U0,93 Th0,07)O2 heterogeneous

53.37% of pellet  has been altered (Cut-off  8 mol.% of Pu)
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(U0,97Th0,07)O2 - Heterogeneous

• Studtite aggregates over 
uranium-rich areas initially

• Studtite needles coated with 
gradient Pu content subsequently

OH+ OH H2O2

Gamma irradiation 
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R1  simple electron transfer
R2  insertion of oxygen in interstitial position

UO2 oxidation mechanism

Alpha irradiation
U(IV) + H2O2  U(V) + OH + OH- (R1)

(R2)U(IV) + OH H+ + Oi
2- + U(V)

H2O2 formation mechanism
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MECHANISTIC STUDIES OF STUDTITE FORMATION
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Solid oxygen is not 
involved under 

gamma radiolysis !

 OH is the main 
oxidant under 

gamma radiolysis

Pu 
agglomerate

Raman spectrum of a studtite aggregates at the left and Raman mapping of a 
Pu agglomerate with T2g shift at the right 

Heterogeneous studtite precipitation on Pu-poor area

• Development of an oxidation model for (U,Th)O2

• Linear dependence with Th content

• Very low dependence with H2O2 concentration

• Strong dependence with pH (n = 0.5 ± 0.1)

H2
18O

Gamma radiolysis [1]Alpha radiolysis

• Peroxide bond isotopy differs in alpha vs. gamma radiolysis

• Stability of the peroxide bond between H2O2 in solution and 
studtite has been shown in a complementary experiment

 Dependence of the studtite formation process on LET effects


