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The goal of this work is to investigate the 
preparation of uranium fluoride microspheres 
using ammonium or silver bifluoride as the 
fluorinating agent. The morphology of these 
microspheres are probed using scanning 
electron microscopy (SEM). UF4 microspheres 
are of particular interest because of their 
potential as precursors for other uranium 
microspheres (e.g. UC, UN, U metal), and the 
high solubility of UO2F2 can be applied to 
separation methods for isotope production. The 
preparation of UO2F2 microspheres and the 
use of silver bifluoride as a fluorinating agent 
has not yet been reported in literature. The 
synthesis routes of various uranium 
microspheres will advance research toward 
development in generation IV thermal reactors 
that can utilize these forms of uranium fuel.

Goals & Objectives

In this work, the fluorination of UOx 
microspheres via NH4HF2 and AgHF2 are 
investigated and the effects on morphology are 
observed. Microspheres of UO3 starting 
material (Strem Chemicals) undergo various 
reactions and are identified via powder x-ray 
diffraction. During fluorination, reactants are 
placed in autoclaves not in direct contact with 
each other. Upon heating, the bifluoride salts 
undergo decomposition into the gaseous phase 
where interaction with the uranium oxide is 
possible. Gaseous reactions are performed to 
preserve morphology. Microspheres are 
currently used in gas-cooled reactors (HTGR) 
in the form of tri-structural isotropic (TRISO) or 
quadruple structural (QUADRISO) fuel and are 
the predecessor to the generation IV 
very-high-temperature reactor (VHTR). UF4 
microspheres can potentially serve as 
precursor material for other forms fuel in these 
reactors. 

Introduction

Results Methods & Discussion
Reduction of UO3 microspheres to U3O8 (800°C overnight 
in air) and that to UO2 (600°C for 6 hours under hydrogen 
conditions) were performed without any major changes to 
the particles. The solid-state melt reaction (SSMR) 
between UO2 and NH4HF2 to yield (NH4)4UF8 is well 
studied and characterized. However, as SSMR was 
observed to destroy the microsphere structure, gaseous 
reactions within autoclaves were performed. This setup 
was applied for reactions presented here: UO2 and 
NH4HF2, U3O8 and NH4HF2, and UO3 and AgHF2, each at 
temperatures varying from 100°C to 200°C. 
Though XRD patterns from the reactions between UO2 
and NH4HF2 does not agree well with (NH4)4UF8, the 
decomposition to UF4 at 600°C under argon was 
observed via thermogravimetric analysis (TGA). 
Reactions between U3O8 and NH4HF2 yielded 
(NH4)3UO2F5 in some agreement with XRD, and these 
microspheres experienced cracking and bursting. It is 
believed that this U(VI) product can be obtained starting 
with UO3 as well. Decomposition of (NH4)3UO2F5 should 
yield UO2F2 using TGA. The reactions between UO3 and 
AgHF2 at 200°C yielded UO2F2 microspheres (in 
agreement with XRD) with minimal cracks and swelling. 
This work is the first report of the preparation of UO2F2 
microspheres, and the first report of fluorination via silver 
bifluoride. Though not pictured here, reactivity of UO2F2 
microspheres were studied at 700°C for 3 hours under 
various environments, and they converted to UO2 under 
H2, U3O8 under air, and a mixture of U3O8 and UO2F2 
under argon. 
Overall, in these reactions, particle sizes were maintained 
with increasing changes to shapes and cracks as the 
temperature and duration of the reaction increases, and 
crystallinity is poor. 
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