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Introduction:  Future studies of the ice giants will 

not only further our understanding of our solar system, 

but may also provide insight into Neptune-mass planets 

of exoplanetary systems [1]. Although not selected as a 

L2 or L3 science theme by ESA, the icy giant theme 

received positive feedback from the survey committee 

[2]; white papers [1] included Neptune and Triton, and 

Uranus and Neptune mission themes. Radioisotope 

Power Systems (RPS) were noted as a likely power 

source for such deep space exploration.  

Americium-241 RPS technologies are under devel-

opment via ESA contracts, namely radioisotope ther-

moelectric generators [3] and Stirling radioisotope 

generators [4], to enable European capability for such 

exploration. Am-241 can be produced with high isotop-

ic purity [5], and is an economically viable option with 

stockpiles resulting from the beta decay of Pu-241 

stockpiles [6]. However the research and development 

of the Am-241 fuel form is fundamental for the RPS 

because it can influence the specific electrical power of 

an RPS. Radioisotope particle properties influence the 

densification of pellets produced using conventional 

sintering methods. High density is associated with high 

thermal power production per unit volume, which in 

turn improves specific electrical power. 

The National Nuclear Laboratory (NNL) is leading 

the development of the chemical separation of americi-

um-241 from the separated civil plutonium in the UK, 

fuel production and the development of the fuel form 

for future RPSs. Working with the NNL team, who are 

considering the production and use of an americium 

oxide of the form AmO2-X, the University of Leicester 

team are exploring a cerium-neodymium solid solution 

oxide as one of three potential surrogates of americium 

that also include pure cerium or neodymium oxides.  

The Importance of Surrogates: Surrogate materi-

als enable numerous studies to be conducted to better 

understand the production and behaviour of radioiso-

tope fuels for RPSs. These materials allow techniques 

and methodologies to be developed without the radio-

logical safety issues associated with the use of radioiso-

topes. 

The Reasons/Benefits for Using Am Surrogates: 

The use of surrogates will enable the following to be 

tested: 

 The possibility of producing the desired AmO2-X 

phase. 

 A proposed wet chemical method for producing 

a Ce-Nd solid solution surrogate with targeted 

stoichiometry.  

 A possible AmO2-X production process (tested 

by NNL).  

 Potentially enable insight into the behaviour of 

Am oxides under different sintering conditions 

to be gained. This could aid the decision of the 

most appropriate method for Am oxide pellet 

production. 

Surrogates can also be used to investigate mechani-

cal properties and the feasibility of novel fuel forms 

such as metal-matrix composites [7]. 

Experimental Procedures: It is intended to 

demonstrate production of a Ce-Nd solid solution ox-

ide with a targeted stoichiometry as an AmO2-X surro-

gate using oxalate coprecipitation and subsequent 

thermal decomposition. These are fairly standard nu-

clear industry techniques with vast heritage; oxalate 

precipitation and thermal decomposition were utilised 

for PuO2 production for NASA’s general purpose heat 

sources [8]. It is hypothesised that this method will 

achieve cation homogeneity based upon Horlait et al. 

[9], thus simulating an assumed homogenous heat pro-

duction of AmO2-X. An insight into the proposed work 

will be provided as well as further developments into 

the production and mechanical materials testing. 
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