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Strontium adsorption and penetration in clays
(R b F U AOREPIZERT 20 LiRiE)

Strontium (Sr)-90 is one of the radioactive elements of nuclear fuel materials emitting beta particles.
Its half-life is 29 years, and it is harmful to the human health. During the nuclear power plant accidents in
Fukushima, Japan and Chernobyl, Ukraine, large amounts of radioactive species, including Sr-90, were
released into the environment. As strontium has similar properties as calcium, it is by mistake readily taken
up and deposited in human bone and leads to bone tumors and tumors of the blood-cell forming organs due
to the beta particles emitted from Sr-90. As the radioactive damage is serious, the environmental fate of
Sr?* must be considered, especially at low Sr** concentrations. As the real condition, the nuclear power
plant generally is constructed along the coastline, the Na* concentration in sea water is extremely high, it is
worth to take the influence of Na* on Sr** adsorption and penetration into account. Clays are important and
active components in soils. They restrain the pollutants migration by adsorption. There are many kinds of
clay minerals in soils, and the main charge type and the structure of clay are different. Four typical clays
(Kaolinite, Illite, Vermiculite and Allophane) in soils were used in this study. The objectives of the present
study are to investigate both the characteristics of Sr** adsorption and penetration in four clay minerals at
different NaCl concentrations especially at low Sr>* concentrations. The experiment of Sr** adsorption on
clays were conducted by the batch method. The Sr** distribution coefficients (Kp), which are defined as
Kp=q/[Sr*"] ([Sr*] is Sr** concentration and q is Sr*" adsorption at [Sr*']), were derived and used to
describe the Sr** migration. When Sr** solution at constant concentration is penetrated into the clay, Sr**
retards compared to water due to the adsorption. By using the experimental adsorption result, the ratio of
Sr?* average penetration length to that of water () were calculated provided that the volumetric water
content, &, maintained constant during the water penetration, and compared the retardation efficiency of
four clays according to the method reported by Bolt and Bruggenwert (1978). The Langmuir model was
applied in order to evaluate the adsorption phenomena theoretically. The adsorption mechanism of Sr** on
clay minerals were evaluated from the relationship between the zeta potential and the Sr** adsorption

amount.
1. Adsorption characteristics of Sr** in clays

The Sr** adsorption isotherms under different conditions were obtained. They are proportional to Sr**
concentration at low Sr*" concentration, but level off at higher concentrations. The adsorption isotherms
agreed well with the Langmuir equation. The result indicates that the adsorption sites have the same
adsorption energy. The constant Kp values at low Sr>* concentration and the decrease of Kp values with

increasing Sr** concentration can be explained with the Langmuir equation. The slope of the isotherm



decreases at higher Sr** concentration because the adsorption sites on clays become progressively occupied
by Sr**. The Sr’** adsorption decreases with increasing Na® concentration because of adsorption
competition with Na* and screening of the electrostatic attraction. This has been confirmed by the fact that
the negative  potential becomes less negative with increasing Na* concentration. The fitting parameters
(the adsorption affinity or Langmuir constant, K; and the adsorption capacity, Os;n) of the Sr*" adsorption
to the Langmuir equation are obtained. The values of K strongly decrease with increasing Na*
concentration, and Qs decreases only slightly with increasing NaCl concentration. The fact that K; is
strongly dependent on Na* concentration indicates that K; should be interpreted as a conditional constant
and that the competition between Sr2* and Na* is important. When the cation exchange capacity of the clay
is higher, Os.» becomes larger ( allophane > vermiculite > iliite > kaolinite). The larger values of K
represent the larger adsorption energy, AG, according to the equation: AG=RT In(K;). The result
(allophane > kaolinite > illite > vermiculite) indicates that edge sites produce the higher affinity for Sr**;
edge sites are predominant for allophane and kaolinite while basal sites are predominant for illite and
vermiculite. The distribution coefficients of Sr** adsorbed on kaolinite and allophane increase significantly
with pH increase because the charges at their edge sites are pH dependent. But the adsorption abilities of
illite and vermiculite for Sr** do not distinctly influenced by pH because the main charges from basal plane
sites are permanent charges due to isomorphous substitution. Thus, the adsorption ability of clay for Sr** is

determined by the charge type and its structure.
2. Sr* retardation efficiency by clays

The Sr?* average penetration length ratio (r, m m™) is the ratio of Sr** penetration length to that of
water, which is inversely proportional to (1+Kpf/p) (0 is the volumetric water content and p is the bulk
density of the clay). At low Sr*>* concentration, Kp was constant and the largest at the same NaCl
concentration and pH. Therefore, the » values became smallest at low Sr** concentration. The values of Kp
increased with decreasing Na® concentration. Therefore, the » values decreased with decreasing Na*
concentration. The small values of r indicate strong retardation of Sr** during solution penetration in the
clay. At low Sr** concentration, the values of ratio 7 at 1 mmol L' NaCl are 4.22X 107, 3.03X 10, and
1.32X 107 for kaolinite, illite and vermiculite respectively; the values of ratio » at 10 mmol L' NaCl
concentration are 5.63X10%, 2.55X10%, 9.30X 107, 3.62X10° for kaolinite, illite, vermiculite and
allophane, respectively. These values indicate that the retardation of Sr** in the clays are strongly
influenced by the competitive cations. The order of retardation efficiency of the four clays are allophane >
vermiculite > illite > kaolinite. For the case of soils containing clays, the retardation becomes larger when

the clay content of soil is larger.
3. Adsorption mechanism of Sr?* in clays

The zeta potential is the electrostatic potential at the slipping plane locating slightly further from the
solid surface. The values of zeta potential for illite and vermiculite kept constant with the increase of Sr**
adsorption. On the other hand, those magnitudes for kaolinite and allophane at larger Sr** adsorption
became smaller. However, they did not become zero. The result indicates the possibility of the formation

of the outer sphere complexes of Sr** on the kaolinite and the allophane.



