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Stability of uranium (VI) peroxide hydrates under ionizing radiation
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AbStrACt

The uranyl peroxide, studtite (UO4⋅4H2O, C2/c, Z = 4), is expected to form as a consequence of 
alpha radiolysis of water in contact with spent nuclear fuel (SNF) in a geologic repository. Investigation 
of its stability is, therefore, of critical importance because secondary U(VI) phases may incorporate 
trace amounts of radionuclides and thus retard their mobility away from a repository site. To examine 
the effect of ionizing radiation on uranyl peroxides, electron-beam irradiation experiments have been 
conducted on two synthetic uranyl peroxides: studtite and metastudtite (UO4⋅2H2O, Immm, Z = 2). All 
experiments were done using a transmission electron microscope (TEM) with an acceleration voltage 
of 200 kV at room temperature. The fluence required to completely amorphize studtite was 0.51–1.54 
× 1017 e/cm2, which is equivalent to an absorbed dose of 0.73–1.43 × 107 Gy. Metastudtite becomes 
amorphous at a higher absorbed dose (1.31 × 107 Gy) than studtite, most likely because it contains 
fewer water molecules in its structure. These uranyl peroxides partially amorphize at doses that are 
one-tenth of the dose required for complete amorphization. With continued irradiation, uraninite nano-
crystals form that are a few nanometers in diameter, at 4–20 × 1010 Gy. In a geologic repository, for 
spent nuclear fuel, the estimated absorbed doses due to ionizing radiation may be as high as 108–1011 
Gy after 106 years. This is well in excess of doses in the laboratory experiments that caused the uranyl 
peroxides to become amorphous and decompose.
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introdUCtion

Uranyl minerals are the dominant alteration phases that form 
during the alteration of uraninite in natural uranium deposits 
under oxidizing conditions. Because of the similarity in the 
composition of uraninite, UO2+x, and the UO2 of spent nuclear 
fuel (SNF), in which the UO2 concentration is ~95 wt% (Oversby 
1994; Janeczek et al. 1996), uranyl minerals are expected to 
also be the dominant phases formed during the alteration of 
SNF under oxidizing conditions (Finch and Ewing 1992). Thus, 
the paragenesis and stability of uranyl phases are important for 
understanding and predicting the degradation of SNF under 
oxidizing conditions. The radiation field emitted from SNF 
includes α-, β-decay, and γ-radiation, and their activities vary 
as a function of the burn-up and time after discharge (Shoesmith 
2000). Importantly, recent studies have shown that α-radiolysis 
causes changes in the composition of water in contact with SNF, 
forming both oxidizing and reducing species (O2, H2O2, H2, •OH, 
O•

2
–, HO•

2., e–, H•), which can cause the accelerated dissolution of 
SNF (Shoesmith 2000; Shoesmith and Sunder 1992). Hydrogen 
peroxide is one of the main oxidizing species produced by the 
radiolysis of water under oxidizing conditions (Bruno et al. 
1999; Quiñones 1999).

There are two stages in the SNF dissolution: the first stage 
is the formation of a surface layer with composition UO2.33, 
and the second stage is the dissolution of this layer liberating 
U6+ (Shoesmith 2000; Shoesmith et al. 1989; de Pablo et al. 
1996; Sattonnay et al. 2001). During the second stage, various 
secondary uranyl phases may form, depending on the solution 
chemistry of the groundwater in contact with the spent fuel: 
(oxy-)hydroxydes, uranyl silicates (Wronkiewicz et al. 1992; 
Finch and Ewing 1992; Pearcy et al. 1994; Finch and Murakami 
1999; Bruno and Ewing 2006), and also uranium peroxides 
(McNamara et al. 2003; Amme et al. 2002; Hanson et al. 2005). 
The formation of secondary uranyl phases on the SNF surface 
may be an important barrier that could retard the corrosion pro-
cess of SNF (Eary and Cathless 1983; Sunder et al. 2004). In 
addition, the uranyl minerals may incorporate transuranium and 
fission product elements into their structure, and this process may 
retard the migration of these radionuclides from the repository 
to the near-surface environment (Burns et al. 1997; Burns and 
Klingensmith 2006; Klingensmith et al. 2007). There are only 
two uranyl peroxides known to occur in nature—studtite and 
metastudtite (UO2O2·4H2O, Z = 4, C2/c; UO2O2·2H2O, Z = 2, 
Immm)—but they have received much attention because they 
were produced in experimental alteration studies under several 
conditions: UO2 dissolution in presence of hydrogen peroxide 
(Clarens et al.2004), dissolution of α-doped UO2 (Sattonnay 
et al. 2001; Cobos et al. 2003) and UO2 under α- (Corbel et 
al. 2006), β- (Clarens et al. 2005), and γ-irradiation (Jegou et 
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