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Cesium adsorption and desorption in Clay Minera s: Effects of Natural Organic Matter and pH
by Hongkyu Yoon, Anastasia llgen, Melissa M. Mills, Moo Y. Lee, Sandia National Laboratories, Albuquerque, NM, USA

Fukushima Daiichi Reactor Accident
• Radioactive material release, resulting in

contamination of a large area of soils
• Remediation efforts to cleanup seawater,

groundwater, and cesium-contaminated
soils

• Disposal of radioactive wastes and
decommission of reactors

http://enformable.com/2012/07/photo-of-the-week-fukushima-daiichi-reactor-4-

building-debris-removal/

Batch Experiments
Clay to
Solution
(g clay/ L
solution)

pH* Ionic
strength
(NaCI
base)

Initial
Cs conc
(mg/L)

Minerals Humic
Acid
conc (mg-
HA/L)

Notes

Set 1 5 6 0.1 M 60.250 Elite
Montmorillonite

O. 100.
400 mg/L

Clay and HA
are equilibrated
for 1 IA before
Cs is added

Set 2 5 6 0.1 M 20, 160 Vermiculite 10 S.: 50
ing/L.

All adsorption experiments are repeated seven times for different desorption tests.
All aclsoiption experiments are performed for 7 days and pH was adjusted to 6 at 1. 3. 5. and 7

clays. Final pH values ra172e between 5.91 and 6.34.

Adsorption: Clay suspensions with Cs were equilibrated for 3 days and then
centrifuged for 15 min at 3000RPM. Supematant of 6mL from each vial was filtered
using 0.2 µm nylon filter, acidified with ultrapure nitric acid, and kept at 4 °C until
analysis by ICP-MS. The rest of supematant was discarded. The mass of the vials with
the pellet formed at the bottom after centrifuge was measured to estimate the mass of
clay and water, so initial Cs mass for desorption can be calculated. .

Desorption: a sequential extraction scheme is performed to evaluate the Cs
desorption using NaC1 solution, NH4C1 solution, and Acetic acid solution. Each
fraction of desorbed Cs corresponds to the weak exchangeable fraction, strong
exchangeable fraction, and carbonate fraction, respectively. Detailed description of the
sequential desorption can be found in Fan et al. (2014). For Cs desorption, low and
high initial adsorbed Cs concentration are chosen depending on Cs adsorption results.
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http://pubs.usgs.goy/of/2001/of01-041/htmldocs/clay.htm

Adsorption results in 5 g/L of clay to solution ratio with
low (top) and high (bottom) initial Cs aqueous
concentration. 11160HA400, for example, represents
illite sample with initial Cs aqueous concentration of 60
mg/L and 400 mg/L of humic acid.
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Desorption of Low Cs Adsorbed Samples, pH8 & O.2M NaCI
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Montmorillonite Sequential Desorption (Low Cs Concentration , Series #4-7)
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NaCI Desorption Step

1M NH4CI Desorption Step

• Acetic Acid Desorption Step
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Montmorillonite Sequential Desorption (High Cs Concentration , Series #4-7)
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Illite Sequential Desorption (Low Cs Concentration , Series #4-7)
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Illite Sequential Desorption (High Cs Concentration , Series #4-7)
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Results

• Cesium adsorption is affected by selective adsorption sites of

clay minerals

• The presence of humic acid has a different impact on Cs

adsorption for different clay minerals

• High Na+ concentration at high pH increases Cs desorption

significantly

• For both adsorption and desorption TEM and EXAFS analysis

will be performed to account for Cs behavior in different clay

minerals under different pH and solution chemistry
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Vermiculite Sequential Desorption (Low Cs Concentration, Series #4-7)
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Vermiculite Sequential Desorption (High Cs Concentration , Series #4-7)
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Vermiculite 160-4 (pH8 0.01M NaCL)

X-ray absorption fine structure spectroscopy (XAFS)

Table 4-2. Outer-sphere (OS) and inner-sphere (IS) cesium complexes on tlie examined
quantified using the ratio of coonlMation numbers froni shell-by-shell fittinig. 
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(Left) Cs X-ray absorption fine structure spectroscopy data (black
lines) for vermiculite with corresponding fits (red dashed lines) with
high, low, and absent humic acid. (a) plotted as normalized k3-
weighted x(k); and (b) Fourier transform of the XAFS spectra.

(Right)Cs X-ray absorption fine structure spectroscopy data (black
lines) for vermiculite with corresponding fits (red dashed lines)
before and after two desorption treatments. (a) plotted as
normalized k3-weighted x(k); and (b) Fourier transform of the
XAFS spectra.
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