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Sorption of Cesium and Strontium on Savannah River Soils impregnated with Colloidal Silica 

N. Hakem1; I. AI Mahamid1; J. Apps 1, G. Moridis 1. 

Abstract 

The sorption behavior of cesium and strontium on Savannah River Site Soils impregnated with 
Colloidal Silica was studied using a batch experimental method. The samples were prepared by 
addition of CS and an aqueous solution of CaCI2 to the soil materials. Sorption studies were 
conducted after the gelation of the CS samples had occurred. The variation of the sorption ratio, 
R, as a function of cesium or strontium concentration was examined. The Freundlich isotherm 
was used to fit the data and very good results were obtained. 

Introduction 
Colloidal silica (CS) is being considered as an injectable low viscosity fluid for creation of 
impermeable barrier containment of low level radioactive waste at the Savannah River Site 
(SRS ), South Carolina. 

To determine the effectiveness of the barrier, it is desirable to predict the transport behavior of 
radionuclides through the barrier. This transport can be modified by several mechanisms such: 
co- precipitation, adsorption or diffusion (Adeleye et at. 1994). If precipitation or strong adsorption 
occurs, radio-contaminants will be immobilized and the CS barrier will retard radionuclide 
migration. If the radionuclides diffuse through the CS barrier, the barrier will be less effective in 
preventing groundwaters contamination (Persoff et at. 1994). 

The purpose of this work is to study the sorption of cesium and strontium on the colloidal silica 
and soil from SRS. 137Cs and 90Sr ions, respectivelly, are present in the radioactive waste and 
potentially mobile as dissolved species under the conditions prevailing at the SRS. 

The sorption experiments were performed using a batch method, at different concentrations of 
radionuclides and at pH constant . The sorption is measured by gamma counting for cesium, by 
Inductively Couple Plasma (ICP), and by liquid scintillation counting (LSC) for strontium. 

Experimental 

Reagents 

Reagents used in the experiments were: CsCI, ultra pure reagent, CaCI2. 2 ~0 99% pure and 
SrCI2 . 6H20 99.8 % pure (J.T. Baker Inc., Phillipsburg, NJ). The isotopes 137Cs and 90 Sr 
(Isotopes Products Laboratories, Burbank, CA) were received respectively as CsCI and SrCI2 in 
0.1 M HCI. An Ecolite cocktail liquid (ICN Biomedicals, Inc Irvine, CA) was used as scintillation 
solution for the radioactive counting. We used Nyacol DP511 0 Colloidal Silica (PO Corporation, 
Ashland, MA) with the characteristics described in Table 1. 

1 Earth Sciences Division, MS 70A-1150, Lawrence Berkeley National Laboratory, University of 
California, Berkeley, CA, 94720, USA 



Table 1. Characteristics of Colloidal Silica Used in our Experiments 

Density (g/ml) 1.20 

Si02 30% 

Na20 <0.1% 

AI203 < 0.25% 

pH 6.5 

Surface specific area (m2Jg) 220 

Sites Si02 /nm2 8 

Sites AI20s /nm2 < 0.5 

Particle Diameter (nm) 14 

All solutions were prepared with freshly deionized distilled C02-free water, even if we don't 
suspect any presence of carbonates, and were stored under argon atmosphere. 

Apparatus and methods 

The concentration of 137Cs was measured using the 661.7 KeV gamma-ray of 137Ba and the 
concentration of 90Sr was measured by liquid scintillation counting. We used a high purity 
germanium (HPGe) detector designed at LBNL and a liquid scintillation counter, RackBeta, from 
Pharmacia Inc, Finland. 

The pH measurements were performed using a semimicro Ross combination pH electrode 
calibrated with NIST -traceable standard buffers solutions. The reference solution was 3 M KCI. 
All experiments were performed at ambient temperature (23 ± 1· C). The experiments using 
radiotracers were conducted in an argon atmosphere glove box. Polyethylene vials were used to 
contain the samples and were kept on a low speed shaking table during the experiment. 

Samples were collected from each vial and fi~ered through 4.1 nm Centricon-30 filters (Amicon 
Corporation, Beverly, MA). Filters were pre-saturated with the same solutions. 

Sample preparation 

We carried out three series of experiments using cesium with 137Cs as radiotracer, three series 
with strontium and three series using strontium with 90Sr as radiotracer. For the cesium sorption 
study, the initial concentration of CsCI was varied from 10-3 to 10-8 M. We added 3.0 x 10-9 M of 
the radioactive isotope 137Cs to each solution in order to use a 'Y analysis technique that provides 
a lower detection limit than chemical methods. For the strontium study, the initial concentration of 
SrCI2. 6H20 was varied from 1 o-2to 1 o-7 M, ICP being used to determine the concentration of 
strontium in the solution. For the system with 90Sr, the concentration of strontium as SrCI2. 6H20 
was varied from 1 04 to 1 o-s M , we also added 1 o-9 M of 90Sr to each solution to obtain a better 
detection limit using the liquid scintillation counter. A fourth series with vials containing only Cs or 
Sr solutions with the different concentrations mentioned above have used as blank samples to 
correct for any sorption on the walls of the vials. The sorption study of cesium was carried out 
over a period of 97 days. Table 2 describes the material present in each experimental vial. 

T bl a e 2. D escnptJon o matena s present 1n expenmenta v1a s . I I . I 
Series# Material weight of Volume of Volume of 0.3 M 

soil (g) Colloids (ml) CaCI2 (ml) 
1 Soil, 5-10ft depth 15 4.5 0.9 
2 Soil , 1 0-20 ft depth 15 4.5 0.9 
3 DP5110 0 4.5 0.9 
4 Blank 0 0 0 
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For each vial of each series we added 30 mL of the corresponding cesium or strontium solution. 
The mixtures of series 1, 2, and 3 were prepared two days before the addition of any solutions to 
allow for the colloidal silica gelling process to occur. 

The soil consists mainly of quartz(60%) and clay (28%), with minor prsence of geothite (6%) and 
hematite (6%). The clay mineral in the <2 mm size fraction is primarily kaolinite (99%) with a very 
minor amount of vermiculite (1%). The soils were dried in an oven for 16 hat 100" C before 
addition of colloidal silica and calcium chloride. 

Results and Discussion 

To evaluate the-sorption of each element, we used the sorption ratio coefficient which is defined 
Co-Cr 

as: R = where : 
Co 

Co = initial concentration of the element of concern (Sr orCs) (M) 

Ct = final concentration of the element of concern (Sr orCs) (M) 

a) Cesium Sorption 

For cesium, the sorption is significant for all systems as R is generally higher than 0.9 and 
occasionally reached a value of 1. As can be seen in figure 1, the curve is almost flat in the range 
from1 o-s to 1 o-8 M. This part of the curve represents the maximum uptake and is considered as 
the fixation capacity of the materials studied. At higher concentrations of cesium (1 o-s to 1 o-3 M) 
the sorption decreases due to incomplete saturation of the free sites on the substrate by cesium 
ions (Hakem eta/. 1995). , 

Figure 2 shows clearly that the sorption is very fast and occured within the few fisrt days. A 
complete sorption equilibrium was established in 8 days for all series. 

b) Strontium Sorption 

The sorption data obtained by ICP showed that the presence of calcium, silica, and alumina in the 
samples interfered with the strontium measurement leading to higher values of Sr concentrations. 
In addition, the detection limit of the ICP is about 1.25 x1 o-S M, which is higher than some of our 
experimental concentrations. Figure 3 shows a general tendancy of decrease in sorption as a 
function of Sr concentration, however, the errors in the measurements are high. We are 
repeatin~ this study with 90Sr. The presence of 9°Sr allows us to achieve a detection limit less 
than 1 o- M with the liquid scintillation counter. This work still in progress. 

Data Analysis 

We used the Freundlich isotherm to interpret the experimental results. This isotherm is described 

by the equation : Qads = k C~ (Sposito 1989) 

Oads and Ceq are the concentrations of the nuclide in the solid and liquid phases respectively after 
the sorption. 

n and k are positive values determined by plotting log Oads against log Ceq· Logk and n are the y 
intercept and the slope, respectively, of the resulting straight line. 

The curves obtained for cesium and strontium are plotted in figures 4 and 5, respectively. We 
obtained straight lines for all experimental systems indicating that the Freundlich isotherm fits our 
data very well. In table 3, we report the values of n and k for each element. We obtained values 
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of n between 0 and 1 which suggest that the structure of the adsorbant surface is heterogenous 
with an exponential energy distribution of the adsorption sites (Sposito 1989). 

Table 3 Values of nand k for cesium and strontium 
Cesium Strontium 

System n ± 0.05 logK ± 0.1 n ±0.05 logK ± 0.1 

Soil, 5-1 o tt depth 0.700 -2.90 0.970 -2.99 

Soil1 0-20 ft depth 0.810 -2.60 0.930 -3.21 

cs 0.820 -2.40 1.190 -2.39 

Conclusion 

The high sorption ratio, R, for both of cesium and strontium suggests that they can be 
immobilized in the soil at SRS. 

Generally cesium sorption is higher than that of strontium because cesium ions have a lower 
hydration energy which enables the cations to shed their hydration shell upon entering the clay 
interlayers (28% of soil composition) (Cornell, R.M. 1992). 

The sorption behavior on geological material is highly specific and each measured sorption is 
valid only for specific conditions including pH, concentration of the element considered, presence 
and concentration of competing ions, temperature, time for equilibrium and method of separation 
of solid and liquid phases. Therefore all realistic conditions prevailing at the site of interest must 
be taken into account. 

For a better understanding of the role of CS as gel liquid barrier, both desorption and diffusion 
studies must be done on such material. 
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