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abstract

Monazite (Ln3+PO4) and related solid solutions are a well-known source of rare earth elements on 
earth. They may also accommodate large amounts of thorium and uranium without sustaining damage 
to the structure by self-irradiation. Such observations led to monazite-type structures being proposed 
as a potential host matrix for sequestering long-lived radionuclides produced during the nuclear fuel 
cycle and/or plutonium and americium from dismantled nuclear weapons. Monazite has two main 
advantages as a matrix for the containment of radioactive waste (or “radwaste”). The first is a highly 
flexible structure that permits accommodation of high concentrations of actinides. The incorpora-
tion of trivalent elements may be achieved by direct synthesis of An3+PO4 (An3+ = plutonium, Pu to 
einsteinium, Es), while tetravalent cation incorporation requires coupled substitutions, either on the 
anionic site (leading to monazite-huttonite solid solution) or on the cationic site (monazite-cheralite 
solid solution). Various methods developed for the preparation of such compounds are summarized 
here, as well as the experimental conditions required for the production of sintered pellets, with a 
particular focus on plutonium-bearing compositions. The second highly favorable property of monazite 
is its high chemical durability. Several experimental procedures developed to determine normalized 
leaching rates are reviewed, as well as results obtained from natural and synthetic monazite. Potential 
phases formed during dissolution were considered because they also partially control the concentra-
tion of actinides in the media. A preliminary list for such phases of interest, as well as corresponding 
thermodynamic data, is presented.
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introduction

The so-called Bataille’s law, which was presented to the 
Parliament of France in 1991, described a framework for long-
term management of France’s nuclear waste (here noted as 
“radwaste”), and, among other things, required the study of ma-
terials for the conditioning of long-lived radionuclides, especially 
minor actinides and plutonium derived from dismantled nuclear 
weapons. To meet the law, several dedicated ceramic materials 
were selected and extensively studied within the framework 
of NOMADE and MATINEX, which are large collaborative 
French Research Groups (CNRS/CEA/AREVA/EDF/French 
universities) (Dacheux et al. 2004; Terra et al. 2006). Three 
phosphate-based materials were identified as promising candi-

dates on the basis of several properties that included the ability 
to accommodate high concentrations of actinides (Dacheux et 
al. 2004), a favorable response to sintering (Dacheux et al. 2002; 
Clavier et al. 2004; Montel et al. 2006), a resistance to aqueous 
alteration (Oelkers et al. 2002; Poitrasson et al. 2004; Cetiner 
et al. 2005; Clavier et al. 2006a, 2006b; Dacheux et al. 2006, 
2010; du Fou de Kerdaniel et al. 2007; Veilly et al. 2008), and, 
low susceptibility to radiation damage (Ewing and Haaker 1980; 
Karioris et al. 1981; Meldrum et al. 1998; Burakov et al. 2004; 
Bregiroux et al. 2007). The approach taken when selecting the 
materials was based on two steps. The first, called “scientific 
feasibility,” involved identifying materials that incorporated 
inactive actinide surrogates in their crystalline structures during 
synthesis, preparing a few grams of homogeneous material for 
complete materials characterization, evaluation of their response 
to sintering, and finally, studying their behavior during leaching 
tests. This was followed by evaluating their “technical feasibil-
ity,” which focused on the preparation and characterization of 
actinide-based materials, the study of their structural stability 
under irradiation (samples doped with highly radioactive ra-
dionuclides (Deschanels et al. 2006; Picot et al. 2008), external 
irradiation, and study of natural analogues), and monitoring 
their long-term stability for the development of predictive 
models of their behavior over time. Both steps argued for re-
searchers to consider the properties in four materials: britholites  
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