
MS15 Mineralogical and inorganic crystallography  

MS15-1-19 Evaluation of surrogate-models for the incorporation of tetravalent actinides in monazite phases 
#MS15-1-19 

T. Lender 1, L. Peters 1 
1RWTH Aachen University - Aachen (Germany) 

Abstract 
Monazite has long been considered as one of the most promising crystalline host materials for long-term storage of 
radioactive waste, especially actinides. The main reasons for this are its chemical flexibility, its excellent chemical 
durability and its low recrystallization temperature which allows for rapid repair of radiation induced damage [1,2]. 
It has been shown that monazites can accommodate large amounts of trivalent actinides as well as various trivalent 
lanthanides (acting as surrogates for actinides) within its crystal structure [2]. However, the experimental incorporation of 
tetravalent dopants via a coupled substitution has proven challenging [3-4], even though natural monazite is known to 
contain up to 15 wt% UO2 and up to 32 wt% ThO2, respectively [5]. In this context, it has been suggested that the 
synthesis of single-phase Ca0.5Ce0.5PO4 was impossible [4], given the tendency of Ce4+ to partially reduce to Ce3+ at 
elevated temperatures. Here, we report on the successful synthesis of the solid solution series LaPO4 - Ca0.5Ce0.5PO4 
in a metastable form via a co-precipitation method. This system will be investigated in view of acting as an inactive model 
system for comprehensive physical and chemical studies of coupled substitutions in monazite, comprising tetravalent 
metals. 
The chemical composition of the samples was determined using EPMA; PXRD measurements show no evidence for a 
miscibility gap (see images attached; where not visible the error bars are smaller than the symbols used). Further XANES 
and EPR measurements are scheduled to verify the tetravalent oxidation state of cerium. The properties of the model 
system will be investigated, as well as their leaching resistance and the radiation stability. 
The authors acknowledge support by BMBF under project number 02NUK060B. 

References 
[1] Schlenz H et al. Monazite as a suitable actinide waste form. Z. Kristallogr., 228, 113-123 (2013) 
[2] Dacheux N, Clavier N, Podor R. Monazite as a promising long-term radioactive waste matrix: Benefits of high-
structural flexibility and chemical durability. Am. Mineral., 98, 833-847 (2013) 
[3] Popa K et al. The chemistry of the phosphates of barium and tetravalent cations in the 1:1 stoichiometry. J. Solid State 
Chem. 180, 2346-2355 (2007) 
[4] Bregiroux D et al. Solid-State Synthesis of Monazite-type Compounds Containing Tetravalent Elements Inorg. Chem. 
46, 10372-10382 (2007) 
[5] Ewing RC, Weber WJ. Actinide waste forms and radiation effects. Chapter 35. In: Morss LR, Edelstein NM, Fuger J, 
editors. The chemistry of the actinide and transactinide elements. 4th ed. Springer, Dordrecht;3813–87 (2010) 

PXRD of LaPO4-Ca0.5Ce0.5PO4 solid solution 

Acta Cryst. (2022). A78, e523-e524 e523



EPMA of La0.5Ca0.25Ce0.25PO4 

Acta Cryst. (2022). A78, e523-e524 e524


