
INTRODUCTION 
Colloids released from bentonite 
buffer may be significant to the long-
term performance of a spent nuclear 
fuel repository.  
The potential relevance is dependent 
on the stability and mobility of 
colloids, the colloid concentration 
and the interaction with 
radionuclides. 
The objective was to follow the 
formation and stability of colloids 
released from MX-80 type bentonite 
clay as a function of ionic strength. 

EXPERIMENTS 
Batch experiments:  

 1 g of MX-80 bentonite powder  

 45 mL of diluted OLSO reference 
(Table I) groundwater, NaCl or CaCl2 
solution. Ionic strength 0.001−0.1 M. 

 Samples were taken from the liquid 
phase during 2.5 year.  

Colloid size distribution was 
determined applying the dynamic 
light scattering and zeta potential 
applying the dynamic electrophoretic 
mobility (Malvern Zetasizer Nano ZS). 

Colloid concentration was estimated 
using a standard series made from 
MX-80 bentonite and applying the 
DLS measurement count rate. 
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CONCLUSIONS 
The formation and stability of bentonite 
colloids depends strongly on the ionic 
strength of the medium and the valence 
of the cations in the solution.  

At current saline conditions in Olkiluoto 
colloids are aggregated and unstable.  

The possibility of a post-glacial phase 
implies that dilute groundwater 
conditions cannot be excluded and the 
influence of colloids has to take into 
account. 

Fig. 6. Mean zeta potential of bentonite colloids in 
diluted OLSO reference groundwater, CaCl2 and NaCl 
solution after 2.5 years. 

Fig. 7. Estimated particle concentration of bentonite 
colloids in diluted OLSO reference groundwater. 
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Concentration  
[mg L-1] 

Na+ 4800 
Ca2+ 4000 
Mg2+ 56 
Sr2+ 35 
K+ 21 

HCO3
- 10 

Br- 105 
Cl- 14600 

Table I. The main components of undiluted 
OLSO reference water (I = 0.5 M). 

Fig. 5. Mean zeta potential of bentonite colloids in diluted 
OLSO reference groundwater.  

Fig. 4. Mean zeta potential of bentonite colloids in CaCl2 
solution as a function of time. 

The particle size increased strongly 
with increasing ionic strength.  

Colloids were smaller and more 
stable in monovalent (Na+) than in 
divalent (Ca2+) dominated solutions. 

The colloid concentration increased 
only in 0.001-0.01 M solutions.  Fig. 1. Formation of bentonite colloids in diluted OLSO 

reference groundwater. Ionic strength from the left 
0.001−0.03 M . 

Fig. 2. Formation of bentonite colloids in CaCl2 solution. 
Ionic strength from the left 0.001−0.1 M . 

Fig. 3. Formation of bentonite colloids in NaCl solution. 
Ionic strength from the left 0.001−0.1 M . 

 In NaCl (0.001-0.1 M), CaCl2 and OLSO 
(0.001-0.01 M) zeta potential was lower than 
-30 mV indicating stable colloids.  
The stability did not change substantially 

during 2.5 years. 
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