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INTRODUCTION

Uranophane (Ca[(UO2)(SiO3OH)]2(H2O)5; P21; Z = 2) is the
most common uranyl-silicate, precipitating from near neutral
to alkaline ground waters that contain dissolved Si and Ca
(Finch and Murakami 1999). Uranophane is a common alter-
ation product in uranium deposits and an expected alteration
product of used nuclear fuel in a geologic repository under
oxidizing conditions.

The crystal structure of a-uranophane is well known (Smith
et al. 1957; Stohl and Smith 1981; Ginderow 1988). Alpha
uranophane consists of alternating stacks of U-Si-O sheets with
interlayer cations bonded to water molecules or hydroxyl in
the a* direction (Fig. 1). The two-dimensional anion topology
in the U-Si-O sheet is best described as chains of edge-sharing
pentagons (P) connected through chains of alternating edge-
sharing triangles and squares. The topology can alternatively
be described as a chain-stacking sequence consisting of alter-
nating “arrowhead” chains (U, D, and R, following the nomen-
clature of Miller et al. 1996). Sklodowskite, Mg[(UO2)
(SiO3OH)]2(H2O)6, C2/m, has the same anion sheet structure as
a-uranophane, but the interlayer cation is Mg instead of Ca.
There is a polymorph of uranophane, b-uranophane, that has a
different uranyl silicate sheet structure with a different orien-
tation of the SiO4 tetrahedra that results in a different interlayer
configuration (Burns 1999). In this study, only the a-
uranophane structure was investigated.

Part of motivation for this study is that spent nuclear fuel
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ABSTRACT

The susceptibility of uranophane, a uranyl sheet silicate, ideally Ca(UO2)2(SiO3OH)2(H2O)5, to
ionizing irradiation has been evaluated by systematic irradiations with 200 keV electrons over the
temperature range 94 to 573 K. High-resolution transmission electron microscopy revealed that
amorphous domains formed locally, concurrently with a gradual disordering of the entire structure.
Amorphization doses at room temperature were 1.1 ¥ 1010 Gy for uranophane, 1.3 ¥ 1010 Gy for Sr-
substituted uranophane, and 1.9 ¥ 1010 Gy for Eu-substituted uranophane; thus, there was an in-
crease in amorphization dose with increasing average atomic mass. At 573 K, the amorphization
dose of uranophane was 2.0 ¥ 1011 Gy. The temperature dependence of the amorphization dose of
uranophane has two stages; £413 K and >413 K. Based on a defect accumulation model, the effec-
tive activation energies for amorphization at each stage are 0.0440 eV and 0.869 eV, respectively.
This suggests that the presence of H2O (and OH–) reduce the energy deposition required to cause
amorphization. Above 413 K, the amorphization dose increased due to the absence of H2O and OH–

and the absence of radiolytic decomposition of H2O and OH–.

and its corrosion products will be subjected to a high radiation
field, one that can result in substantial and important property
changes. Spent nuclear fuel and its corrosion products will be
subjected to a combination of high fluence irradiations from
a-, b-particles, g-rays, and recoil nuclei for at least 102–103

years. The annual absorbed dose due to b-decay in spent nuclear
fuel is 1.8 ¥ 105 Gy/year at 100 years after discharge (Hedin
1997), thus the total absorbed dose can reach 107–108 Gy. The
total absorbed dose in a high level nuclear waste form can be
as high as 1010 Gy (Weber et al. 1997).

In order to provide for consistency in units, quantities for
dose follow the International Commission on Radiological Units
and Measurements (ICRU) and the International Commission
on Radiological Protection (ICRP). In some cases, radiation
quantities are also defined based on previous work (Shani 1991;
Knoll 2000; Tsoulfanidis 1983). Because only a
monodirectional beam was used in our experiments, flux (or
electron flux) is defined as the number of electrons per unit
area, per unit time and fluence (electron fluence), F, is the time
integral of the flux over the exposure duration. Dose (or ab-
sorbed dose), D, is defined as the energy absorbed per unit
mass of material, and dose rate (or absorbed dose rate) is the
quotient of incremental absorbed dose by the absorption time.
In a previous study of electron irradiation of zeolite, Wang et
al. (2000) used dose, D, interchangeably with fluence, F. Al-
though this is a common usage in previous studies, this has
lead to confusion.

The high rate of energy absorption through ionization and
electronic excitation from a- and b-decay can also cause sig-
nificant self-heating; the temperature increase depends on the


