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Abstract – Treatment method for wastes contaminated uranium fluorides by using ionic liquids as media of 
pyrochemical process instead of alkali metal chloride molten salts was proposed.  In this method, uranium 
fluorides such as UF4 or NaF adsorbing UF6 are dissolved in 1-butyl-3-methylimidazolium chloride 
(BMICl) and dissolved uranium species are recovered as deposits by electrochemical reduction.  Under the 
atmospheric condition, UF4 was completely dissolved in BMICl at 100oC.  UV-vis absorption spectra of the 
sample solution indicated that main species of uranium are U(VI) and a part of uranium exists as U(IV).  
Chemical form of uranium in the NaF adsorbents is Na3UO2F5.  Therefore, it was immediately dissolved to 
BMICl.  However, complete dissolution was not achieved.  Cyclic voltammetry of the solutions prepared by 
dissolution experiments was performed.  Rredox properties of uranium species in each sample were 
irreversible.  It was assigned to reduction of U(VI) to U(IV).  As a result of preliminary bulk electrolysis, it 
was expected that reduction products are deposited on the carbon cathode.   

 
 
 

INTRODUCTION 
 
     In decommissioning of nuclear fuel facilities 
such as uranium enrichment plant, a large 
amount of wastes contaminated by uranium 
fluorides will be produced.  In order to reduce 
the amount of the wastes, development of 
decontamination techniques is necessary.  In 
treatment methods for wastes, pyrochemical 
process using high temperature molten salts is 
one of promising candidates [1,2].  However, 
there are some problems, i.e. high operating 
temperature, production of a large amount of salt 
wastes, and so on.  In recent our research, it was 
suggested that ionic liquids (ILs) can be used as 
media of pyrochemical reprocessing of a spent 
nuclear fuel [3].  ILs are organic salts known as 
room temperature molten salts [4,5].  By using 
ILs, following advantages are obtained: all 
processes are performed at the temperature less 
than 100 oC, amounts of the final wastes are 
reduced by incineration of spent ionic liquids.  
Based on these facts and idea, we have proposed 
a new method of the waste treatment comprised 
of dissolution and electrochemical reduction in 
ILs.  In this study, dissolution of UF4 and NaF 
adsorbing UF6 were examined in 1-butyl-3-
methylimidazolium chloride (BMICl) and 

electrochemical behavior of uranium species in 
BMICl were investigated by cyclic voltammetry 
(CV).   
 
EXPERIMENTAL 
 
     BMICl (Kanto Chemical Co., Inc.) was used 
without further purification.  UF4 powder and 
NaF adsorbents were provided by Ningyo-toge 
Environmental Engineering Center, Japan 
Atomic Energy Agency.  The form of the 
provided NaF adsorbents is a pellet, which was 
used as an adsorbent of UF6.  The NaF pellet was 
ground in a mortar with pestle to obtain powders, 
in advance.  From XRD and ICP-MAS analyses 
of the NaF adsorbents, it was confirmed that 
uranium exists as Na3UO2F5 and a content of 
uranium is 20 ~ 23 % by weight.   
     Dissolution experiments were performed by 
adding 0.1g of UF4 or the NaF adsorbents into 
4~5g of BMICl at 100 oC under the atmospheric 
condition.  Dissolution ratio of uranium was 
estimated by following procedure: insoluble 
residues in the sample solution were filtered off; 
the sample solution was diluted with 0.1 M (M = 
mol/dm3) HCl; concentrations of uranium in the 
diluted solutions were analyzed by ICP-AES.  In 
order to confirm uranium species in BMICl, UV-
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vis absorption spectra were measured by 
Shimadzu UV-2400PC.   
     Electrochemical properties of uranium 
species in the sample solution prepared by 
dissolution experiments were investigated by CV 
measurements (BAS, ALS model 660B).  Prior 
to the CV measurements, water in the sample 
solutions was removed by heating in vacuo.  The 
CV measurements were performed in a grove 
box under Ar atmosphere.  Temperature of the 
sample solution was kept at 80oC.  Glassy carbon 
and Pt wire were used as a working electrode and 
a counter electrode, respectively.  A Ag/AgCl 
electrode was used as a reference electrode and 
placed in a electrochemical cell by using liquids 
junction.  Scan rate of the electrode potential is 
50 mV/s.  Potential scanning was started from 
the rest potential.   
 
RESULTS AND DISCUSSION 
 
Dissolution of UF4 in BMICl 
 
     Under the atmospheric condition, UF4 was 
completely dissolved in BMICl at 100oC within 
10 hours.  UV-vis absorption spectra of BMICl 
dissolving UF4 were shown in Fig.1.  Main 
species of uranium in BMICl is U(VI) and a part 
of uranium exists as U(IV).  For long time 
treatment under the atmospheric condition, 
U(IV) species were gradually oxidized to U(VI) 
in BMICl.  From these results, it was expected 
that UF4 is initially dissolved as U(IV) in BMICl, 
and then the resulting U(IV) is oxidized to U(VI) 
by oxygen in the atmosphere.   
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Fig. 1. UV-vis absorption spectra of BMICl 

dissolving UF4. 
 
Dissolution of NaF adsorbents in BMICl 
 
     Dissolution experiments of the NaF 
adsorbents were performed under the same 

condition as UF4 dissolution.  Chemical form of 
uranium species is conformed to be Na3UO2F5, 
which was immediately dissolved to BMICl.  
Over 80% of uranium in the NaF adsorbent was 
dissolved for 3 hours.  However, complete 
dissolution of uranium in the NaF adsorbent was 
not achieved.  The color of the residue was 
greenish.  Therefore, it was suggested that U(IV) 
species exist in the NaF adsorbent and are not 
dissolved easily in BMICl.   
 
CV of the BMICl dissolving UF4 
 
     Cyclic voltammograms of the sample solution 
prepared by dissolution of UF4 are shown in Fig. 
2.  Redox reaction occurred irreversibly.  
Reduction peak was appeared at -0.87 V in Fig. 
2-a).  This peak was supposed to be assigned as 
the reduction of U(VI) to U(IV).  As shown in 
Fig. 2-b), when the potential scanning was 
started to anodic direction from the rest potential, 
an oxidation peak was appeared.  It was assigned 
to oxidation of U(IV) to U(V) or U(VI), because 
existence of U(IV) was confirmed by the 
absorption spectra shown in Fig. 1.   
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Fig. 2. Cyclic voltammograms of BMICl 

dissolving UF4. [U]=67.3 mmol/kg. 
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CV of the BMICl dissolving NaF adsorbents 
 
     The sample solution prepared by dissolution 
experiments were used.  Insoluble residues in the 
solution were filtered off prior to CV 
measurements. Cyclic voltammograms measured 
by scanning potential to cathodic direction are 
shown in Fig. 3-a).  One reduction peak at -0.96 
V and some oxidation peaks at around -0.2 ~ 0.6 
V were appeared.  It was suggested that U(VI) 
reduced to U(IV) and the reduction products are 
oxidized to U(VI) stepwise.   
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Fig. 3. Cyclic voltammograms of BMICl 

dissolving the NaF adsorbent. [U]=34.6mmol/kg. 
 

     As shown in Fig. 3-b), any oxidation peaks 
were not observed in the potential region of 0 to 
0.6 V.  It was suggested that reduced species 
such as U(IV) do not exist in the sample solution.  
This result is consistent with the information 
from the XRD analysis that uranium species of 
the NaF adsorbent are Na3UO2F5.   
 
Bulk electrolysis 
 
     If reduction products of uranium species in 
BMICl dissolving UF4 or the NaF adsorbents are 
deposited on the cathode, uranium can be 
recovered.  As a preliminary experiment, bulk 
electrolysis by using BMICl dissolving UF4 was 
performed.  After the electrolysis at -1.5 V vs. 
Ag/AgCl, the carbon cathode was washed by 
ethanol to remove sample solution and then 
washed by HNO3 solution.  This washing HNO3 
solution was analyzed by ICP-AES.  As a result, 
uranium was detected in the solution.  From 
these results, it is expected that BMICl should be 
used as media in electrolytic recovery method of 
uranium from the wastes.   
 
REFERENCES 
 
1. K. Saito, T. Fujioka, N. Nakabayashi, et al., 

Proceedings of GLOBAL 2003, New 
Orleans, Louisiana, Nov. 16-20, 2003, p.744 
(2003). 

2. K. Fujii, A. Inoue, T. Namba, et al., 
Proceedings of GLOBAL 2003, New 
Orleans, Louisiana, Nov. 16-20, 2003, p.756 
(2003). 

3. N. Asanuma, M. Harada, Y. Yasuike, M. 
Nogami, K. Suzuki and Y. Ikeda, J. Nucl. 
Sci. Technol., 44, 368 (2007). 

4. K. Binnemans, Chem. Rev., 107, 2592 
(2007). 

5. I. Billard, C. Gaillard and C. Hennig, Dalton 
Trans., 2007, 4214 (2007). 

 

b) 

a) 


