
P3-15 

Influence of radiolytic products on the chemistry of uranium VI in brines 
 

J-F. Lucchini*, D.T. Reed, M. Borkowski, A. Rafalski, J. Conca 
 

Los Alamos National Laboratory, EES-12 Carlsbad Operations,  
Actinide Chemistry and Repository Science Program, MS A141,  

Carlsbad, NM 88220, USA 
 
 

Abstract – In the near field of a salt repository of nuclear waste, ionizing radiations can strongly affect the 
chemistry of concentrated saline solutions. Radiolysis can locally modify the redox conditions, speciation, 
solubility and mobility of the actinide compounds. In the case of uranium VI, radiolytic products can not 
only reduce U(VI), but also react with uranium species. The net effect on the speciation of uranyl depends 
on the relative kinetics of the reactions and the buildup of molecular products in brine solutions. The most 
important molecular products in brines are expected to be hypochlorite ion, hypochlorous acid and 
hydrogen peroxide. Although U(VI) is expected not to be significantly affected by radiolysis, the combined 
effects of the major molecular radiolytic products on the chemistry of U(VI) in brines have not been 
experimentally established previously.  
 

 
URANYL ION CHEMISTRY  INTRODUCTION 
  
In water Actinide chemistry in brines has been the subject 

of numerous investigations within the last two 
decades, because geological salt formations are 
being considered for radioactive waste disposal. 
Oxidation states, speciation and solubility of 
actinides in brine are a necessary step in the 
potential migration of actinides from a repository 
to the environment [1-4]. 

 
The uranyl chemistry in water is dominated by 
carbonate complexation under near-neutral pH 
conditions, as long as there is ample carbonate-
bicarbonate available [1]. When uranyl 
concentration exceeds the carbonate 
concentration, hydrolysis then plays an 
increasingly important role. For instance, the 
hydrolyzed species UO2(OH)3

- is predicted to 
dominate at pH values near 11[5]. High uranium 
concentrations (above 10-4 mol.L-1) and basic pH 
can however lead to the precipitation of hydrous 
uranyl hydroxide UO2(OH)2 aq. 

In the near-field chemistry of a salt repository of 
nuclear waste, ionizing radiations can strongly 
affect these processes, and thus the actinide 
mobility in concentrated saline solution. So the 
effects of radiolysis on high-saline brine under 
simulated repository conditions, and the effects 
of the radiolytic products on actinide speciation 
are of particular importance. 

 
In brine 
 The aim of this work is to give a non-exhaustive 

review of the chemistry of uranium VI ion (or 
uranyl ion) under the possible effects of 
irradiated NaCl concentrated solutions in 
alkaline medium. But first, some information is 
given about the uranyl ion chemistry in water 
and in brine in the same conditions, but without 
irradiation.  

Preliminary data showed that uranium VI is not 
stable in concentrated NaCl solutions at basic pH 
in the absence of carbonate [6]. The 
concentration of uranyl ion drops from 10-4 

mol.L-1 to 3. 10-6 mol.L-1 in a few days.  Most of 
the uranyl ion amount precipitates. XANES 
spectrum (Figure 1) of the recovered precipitate 
shows that uranium is present in the precipitate 
at the +VI oxidation state, as a hydroxide 
complex.  

Based on this review of the literature an 
experimental program has been set up to 
investigate the potential radiolytic effects on 
uranium VI ion in brines, especially in realistic 
conditions of a nuclear waste repository. 

Hydrolysis seems to predominate in brine at high 
pH. Other complexes should not exist in these 
conditions. For instance, uranium VI chloride 
complexes are so weak [5], that they are not 
significant species in brine above pH 5. 
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U precipitate (pH =10)

 
 
 
 
 
 
 
 

Figure 2: Scanning Electron Microscopy (SEM) 
images of unleached UO2 surface (top), and 
leached UO2 surface in water after 5*1h of α-
beam irradiation (bottom) [8].  

 
Figure 1: XANES spectra of U(VI) hydroxide 
and the uranium precipitate recovered from the 
uranium solubility experiment in concentrated 

NaCl solution [6]. 
 
 
  
  
  
 WATER RADIOLYSIS AND EFFECTS ON 

URANYL CHEMISTRY  
  
  
 Water Radiolysis 
  
Studtite (UO4.4H2O) is the stable phase relative 
to dehydrated schoepite when hydrogen peroxide 
is present, but studtite is thermodynamically 
unstable in systems with no hydrogen peroxide. 

Ionizing radiations in pure water generate 
various species highly reactive. Water radiolytic 
products are strong oxidants (OH°, H2O2, O2) or 
reductants (H°, e-

aq). They can affect the acid-
base equilibrium of any solutions, as well as the 
redox conditions. 

The solution composition has definitely an 
impact on the uranium peroxide formation [7]. 
The formation of uranyl peroxide is inhibited in 
high chloride concentration solutions (> 2.7M). 

 
 

Even at initial H2O2 concentration of 10-2M, no 
uranyl peroxide forms if there is a scavenger of 
H2O2 in solution. However, if the peroxide 
concentration is high enough, the scavenging 
mechanism should be overruled and the 
formation of UO4 should take place, as in the 
case of natural formation of studtite minerals [7].   

Effects on Uranyl Chemistry 
 
The chemistry of uranyl ion in irradiated water is 
naturally affected by the radiolytic products. In 
presence of hydrogen peroxide, even in low 
amount (10-14 mol.L-1) [7], precipitation of 
uranyl peroxide, UO4.nH2O, occurs. For 
example, it has been shown (Figure 2) that an 
UO2/water interface irradiated by alpha particles 
generates uranyl peroxide on the surface of the 
material [8]. Uranyl peroxide is then the product 
of the reaction between hydrogen peroxide 
generated by water radiolysis and uranyl ion 
from the leaching of UO2. 

 
 
BRINE RADIOLYSIS AND POTENTIAL 
EFFECTS ON URANYL CHEMISTRY 
 
Brine Radiolysis 
 
Buppelman at al. [9] gave a mechanism for 
radiolysis of brine. Figure 3 shows suggested 
primary and secondary reactions and products of 
irradiated NaCl solutions. 

The consequences of uranium peroxide 
precipitation are an increase of the specific 
surface of the material, and an increase of its 
solubility. The solubilities of known uranium 
peroxides (studtite UO4.4H2O and metastudtite 
UO4.2H2O) are about three orders of magnitude 
higher than the solubility of uranium dioxide. 
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Figure 3: Radiolysis reactions of NaCl solutions: primary and secondary reactions and products [9].
 
 
Potential Effects on Uranyl Chemistry α-particle irradiation, concentrated (>2 

1) NaCl solutions generate not only water 
sis products, but also other products 
g from the presence of chloride ion as a 
olute. 

 
Brine radiolytic products should not affect the 
oxidation state of the uranyl ion, since uranium 
VI cannot be oxidized. Brine radiolysis should 
maintain uranium in solution as U(VI).   solute concentrations, the solute does not 

 affect the molecular yield of radiolytic 
ts in water. However, species that react 
H• or act as scavengers (such as Cl-) 

lly lower the molecular yield of H2O2 as 
centration of the scavengers is increasing. 
 overall radiolytic production of H2O2 
 be low in high concentrated saline 
ns such as brines.  

But radiolytic products could insert uranyl 
complexes. In solubilities studies of schoepite 
(UO2)(OH)2.xH2O with hypochlorite ion in 0.1M 
NaCl at 25°C, under CO2-free atmosphere, XRD 
patterns for the residual precipitates showed the 
introduction of hypochlorite ion in precipitates 
[11]. 
Hypochlorite ion could displace hydroxide in 
predominant uranium species in solution, to form 
a mixed complex and could also be incorporated 
into uranium precipitates.  

ytic products generated in irradiated NaCl 
ns are in particular the following ones: 
e ClO3

-, hypochlorite OCl- and its 
ate acid HOCl, chlorite ClO2

- and chlorine 
.  

This would affect the overall uranium solubility. 
For instance, the same solubilities studies of 
schoepite with hypochlorite ion indicate that the 
presence of hypochlorite ion enhanced the 
solubility of schoepite 10 to 100 times in the 
range of pH 6.0-9.8, compared with its solubility 
in the absence of hypochlorite ion [11]. 
However, this effect is reduced when the molar 
ratio [ClO-]/[UO2

2+] increases [11].  

 all these species, the hypochlorite ion is 
ed to be predominant. Kelm’s 

ental studies show that the hypochlorite 
tration increases with the chloride 
tration and with the dose [10]. 
ecificity of these chlorine-based radiolytic 
 is that they’ve all got a strong redox 
al, greater than 1.0 V. For instance, the 
potential of the hypochlorite ion is:  E○ 

l-) = 1.69 V. 

Also one should keep in mind that minor 
components of natural brines (like Br-) or of the 
repository (like Fe) can also play a significant 
role in the chemistry of the uranium VI in 
irradiated high saline solutions.  

h conditions, changes in pH and an 
e of the redox potential Eh of irradiated 
olutions are greatly expected.  
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EXPERIMENTAL OBJECTIVES 
 
We define three major objectives for our 
experimental program.  
  

1. Brine radiolysis presents a complex 
mechanism. The interaction of uranium 
with radiolytic species in solution 
remains a matter of investigation.  

Our study will focus on the potential effects of 
radiolytic molecular products H2O2 and OCl- on 
the uranium speciation in brines.  
 

2. The overall reducing conditions of a 
repository (metals from containers, 
bioactivity) can mitigate the oxidizing 
effects of radiolysis and inhibit 
radiolytic products. 

The redox stability of U(VI) in presence of key 
repository components (e.g. iron) in brines will 
be addressed in our experimental studies.  
 

3. Publications concerning the solubility 
of uranium are numerous in the 
literature, but very few were done in 
brine and under conditions that 
represent geological salt repository 
conditions. 

The effective solubility of uranium VI as a 
function of key subsurface parameters will be 
established (e.g., brine composition, carbonate 
concentration, pH, and redox).  
 
CONCLUSION  
 
This paper gave an overview of the literature 
about the chemistry of uranium VI in brines in 
the presence of radiolytic products.  
 
The following major statements can be made:  
• Some data exist on the effects of radiolysis 

on NaCl brines, but there are incomplete and 
do not fully define radiolytic effects in more 
realistic brines.  

• U(VI) is not expected to be reduced in 
irradiated brines. 

• Radiolytic products (H2O2, OCl-), as well as 
brine and repository components (Fe, Br-, 
etc.), affect the speciation of uranium VI in 
brines.  

• Issues related to precipitation/complexation 
effects on U(VI) speciation are being 
addressed experimentally.  
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