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Abstract

Batch sorption experiments were carried out to investigate the sorption characteristics of *Sr
onto domestic granite(HG) and tuff(TF) samples. The effect of three independent variables ([Sr],
[Vol/Wt], [pH]) on the sorption was investigated. [Sr] played as the most significant variable for the
*S¢¥* sorption onto HG, whereas [pH] had the greatest effect among three variables onto TF. Tuff
showed much greater sorption than granite, which was accounted for their differences in mineral-

ogical properties. The selectivity of *Sr was much lower than that of *"Cs.

1. Introductions

Interactions between radionuclides/geological me-
dia in groundwater condition are known to be an im-
portant retardation mechanism for the radionuclide
release from a radioactive waste repository[1, 2]. The
radionuclide *Sr (ti,2=28.6year) is one of the key
elements in the safety assessment of radioactive was-
te disposal. *Sr is a representative divalent radioac-
tive alkaline earth metal ion and is generated from
the nuclear reactor as a fission product. In our pre-
vious papers, we have shown how the *’Cs sorption
is affected by system parameters such as pH, sol-
ution volute to solid weight ratio [Vol/Wt] and ces-
ium concentration [3] and ionic strengths[4]. This
knowledge is very important to understanding the

migration behavior from a repository to its surround-

ing environment[1)]. Here we report the sorption char-

acteristics of **Sr onto domestic granite and tuff me-
dia.
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2, Experimental

The experimental detail is almost the same as de-

scribed in our previous paper3].
2.1. Solids

Granite(denoted as HG) and tuff(TF) rock samples
were obtained from Hwang-deung and Young-il re-
gion, respectively. The rocks were crushed and siev-
ed. The mesh size No.80~100 fraction was used for
sorption experiments. Rocks were characterized by

‘Xeray diffraction method. Each diffractogram shows

typical diffraction pattern of granite and tuff, respect-
ively(Fig. 1).

2.2. Solutions

A synthetic groundwater with composition listed in
Table 1 was used(5]. Inactive SrCl was used to
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Fig. 1. X-ray Diffractorgram of Granite(HG) Sample
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Fig. 2. X-ray Diffractogram of Tuff( TF) Sample

Table 1. Chemical Composition of Synthetic Groundwat-

er

Components mL/g

Na* 83

K* 35

Mdg* 39

ca** 130

Cl” 50

SO~ 86
NOs~ 0.62
F~ 0.19

make concentrations of 107°%, 107¢ and 10 'mole/L
in the appropriate synthetic groundwater solution.
Each solution was spiked with *Sr** as a tracer.

2.3. Zeta Potential Measurement

Zeta potential of rock powders was determined by
Laser Zee Model 500 zeta meter. It measures the
zeta potential of colloidal particles by determining the
rate at which the colloidal particles move in a known

electrical field. 0.5g powdered solids were added into
two separate 500mL of 0.01 and 0.001 Mole NaCl
solutions, with continuous bubbling of nitrogen gas to
remove dissolved COzlone for acid addition, the
other for base). While the suspension was being stir-
red, the initial pH was measured and recorded. The
pH was then adjusted with 0.1 N HCl and 0.1 N
NaOH to cover a range from 4 to 10 in approximat-
ely 0.5pH unit increments.

2.4. Experimental Procedure

Each of th solid samples was equilibrated with
10mL of the appropriate solution for 4 weeks. The
vials were routinely shaken to ensure exposure of the
rock mineral surface to the solution. All procedures
were conducted under the normal laboratory condi-
tions. Aliquots of the contacting solutions were taken
after the reaction period and aged for 2weeks for rad-
iometric analysis. The aqueous phase was separated
from the solid by gravity settling, which gives the
same result by centrifugation method. Initial and
equilibrium “Sr activities were measured with a LSC
(Liquid Scintillation Counter, Packard Tri-Carb 1900
TR Model). A Packard ScINT-A-XF was used as a
scintillator for cocktail solution.

The distribution coefficient, K«(mL/g), was deter-
mined from the equation

Ko =(V/WOI(Co— Ci)/Cl]

where, V : volume of solution(mL)

W, : weight of solid(g)

Co : initial [Sr] concentration(cpm)

Ci : [Sr] concentration after the contact per-

iod(cpm)

3. Results and Discussion
3.1. Experimental K4

The measured KiSr) values for various combina-
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Table 2. The Measured K«(Sr) Values for Various
Combinations of Parameter Condition.

Exp. Variables Granite(HG) Tuff(TF)
pH log{V/wt] log{Sr] | Kd{mL/g) Kd(mL/g)
mL/g Mole/L | Ki{Sr) KilCs) | KulSr) KiCs)
6.0 1.0 —6 3.0 120 195 532
6.0 15 -7 59 427 246 496
6.0 15 -5 19 51 144 27
6.0 20 - 0.1 143 34 210
80 1.0 -7 44 404 218 251
80 1.0 -5 40 56 294 226
80 15 -6 0.1 125 15 90
80 2.0 -7 2.0 48.1 529 773
80 2.0 -5 228 55 212 41.6
100 1.0 ~6 39 9.6 327 73
100 15 -7 75 377 398 755
100 15 -5 143 43 399 417
100 2. -6 0.1 14 195 297

tions of parameter conditions are given in Table 2.
The Ks values for *¥Cs measured at the same exper-

imental conditions are also given for comparison[3].

3.2. Comparison of Sorption Capacity Between
Granite and Tuff

The Ky Value in this study can be regarded as a
measure of relative affinity for different rocks. It is
determined by both the properties of the sorbing ion
and rocks, with the solution playing as important in-
termediary role.

Igneous rocks are composed of major rock form-
ing minerals such as quartz, feldspars, micas, amphib-
oles, pyroxenes and olivine, and they have different
sorption properties. The sorption characteristics of a
rock depends largely on the composition of these
minerals. Therefore, the different sorption behavior
of granite and tuff could be attributed to their differ-
ences in mineralogical properties. Here, one need to
understand the sorption properties of each rock-for-
ming minerals in order to fully interpret the sorption
characteristics of rocks.
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Fig. 3. The Sorption Extents of ®Sr, ®*'Cs and ®Co
onto HG and TF and Variations in Ka Under Var-
ious Experimental Conditions

In the case of S©** sorption onto geological mat-
erials, the driving force of sorption is mainly electro-
static in nature that is due to coulombic forces of at-
traction between ngatively charged mineral surfaces
and Sr**ion. Therefore, electrical properties at
solid/solution interfaces play a key role in ion sorp-
tion.

The difference in mineralogical composition quali-
tatively accounts for the different sorption capacity
between HG and TF. Granite is a representative crys-
talline rock that is rich in quartz{SiOz) mineral. The
granite used in this study is commonly found fresh
one that consists mainly of quartz, feldspar and mica
minerals. In general, oxide minerals such as silica
(Si02), alumina(Alz0s) do not have permanent struc-
tural charge which causes relatively poor sorption of
cation. In contrast to granite, tuff is classified as vol-
canic rock that is silica poor, and dominated by fel-
dspars, pyroxenes, and olivine. These are more fav-
orable for cation sorption from the mineral structural
point of view[4, 6]. Autoradiographic study which vis-
ually shows the selective sorption on certain minerals
in granitic rock coupons supports our observed res-
ults[8]. Figure 3 clearly shows the larger sorption ca-
pacity of TF compared with that of HG for three
chemically different radicactive matal cations[9].
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3.3. pH Dependence

pH affects the cation sorption in two different
ways. Firstly, the change in pH value alters the chem-
ical forms of a metal (speciation), usually by hydroly-
sis reaction. Different species have different reactivity
toward the sorption sites. The dominating Sr species
is S”** in common groundwater condition, and may
exist partly as sulfate or carbonate complexes in
groundwaters. The change in pH significantly affec-
ted the sorption of Sr on both type rocks, especially
acting as a key parameter for tuff among three vari-
ables. This is comparable to the insignificant effect
for Cs sorption[3] under the same experimental con-
dition : the speciation of Cs is almost independent of
pH. The pH effect is remarkable especially for the
sorption of multivalent cations such as transition met-
als and actinides. Secondly, the change in pH alters
the electrical properties of the surface, at which sorp-
tion reaction actually occurs. Fig. 4 5 illustrate the
zeta potentials of granite and tuff samples, respect-
ively, as a function of pH in the presence of NaCl
electrolyte. The zeta potential is greatly affected by
the small change in pH. The surfaces are negatively
charged through the pH region studied and the surface
charges become more negative as pH increases. This
indicates that the surface hydroxyl functional groups
are developed at the solid surface and behave
amphoterically. From the fact that pH dependency of
these two rock samples is similar to each other, it

can be inferred that their pH-dependent sorption beh-

avior for the identical adsorbate should have same
tendency with respect to pH[10]. Another interesting
observation is that the zeta potentials of these two
rocks are not much affected by the ionic strength,
indicating that these Na* and Cl ions are the indif-
ferent electrolytes[10]. It is generally known that the
sorptive nature of the indifferent ions is not specific
but electrostatic. Since the nature of Sr** sorption is
mainly electrostatic, the sorption behavior of SF#* will
be influenced by the presence of the supporting elec-
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Fig. 4. Zeta Potential of Granite(HG) with Varying pH
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Fig. 5. Zeta Potential of Tuff TF) with Varying pH

trolytes. Although pHaxs (zero point charge) for two
rock surfaces are not observed, it is obvious that
pHux of TF is lower than that of HG if the surface
potentials at lower pHs are extrapolated. It can be
expected that the tuff surface provides more favor-
able conditions for electrostatic sorption, resulting in
higher S*** and Cs* sorption onto TF than onto
HG. However, there is no unifying principle govern-
ing the sorption of divalent cations such as S*** onto
rocks. In order to fully interpret the pH dependency,

one has to study for single rock-forming minerals.
3.4. Concentration Dependence

The relationship between the amount of a sub-
stance adsorbed at constant temperature and its con-
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centration in the equilibrium solution is called the
adsorption isotherm. The principle goveming adsorp-
tion at low solution concentration is Henry's Law,
which gives a linear adsorption isotherm. The lin-
earity is normally observed only at very low concen-
trations. At higher concentrations, adsorption is be-
low what is expected from Henry's Law, a result aris-
ing partly by the filling up of a significant number of
the total adsorption site. This is normally the obser-
ved phenomena for the sorption of metal ions onto
geomedial3, 4, 11]. This effect is remarkable for Cs*
sorption[3]. Detailed analysis of the data in Table 2
showed significant effect of [Sr] on *Sr sorption
onto both rocks. The Freundlich adsorption takes
this into account and is particularly suitable as an
empirical isotherm for heterogeneous surfaces, en-
abling to fit the experimental data reasonalbly well
over a fairly broad range of concentrations.

3.5. [Vol/Wi] Ratio Dependence

In many sorption studies, Ks was known to be de-
pendent on solution volume to solid weight ratio.
This effect is not so simple to explain. However, it is
commonly the observed phenomena in the sorption
of trace elements on heterogeneous media. Lieser
has suggested that the Freundlich isotherm implies a
dependence of K on [Vol/Wt], especially for multic-
omponent systems[12]. This observation may be at-
tributed to the sorption of one species in solution on

different sorption sites of a solid medium.
3.6. Selectivity between *"Cs and *Sr

The K of a radionuclide is a measure of its rela-
tive affinity for different solid phases. It is determined
by the properties of the sorbing ion, given other con-
ditions are the same. The Ki sequence can provide a
qualitative clue to the microenvironment of the adsor-
bed ion. For most monovalent cations such as alkali
metal(Cs*), adsorption is usually nonspecific and

therefore depends directly on the surface properties
of solid phases. In the whole ranges of experimental
conditions, Cs* was more selectively sorbed onto HG
and TF than Sr**. The high selectivity of Cs* over
Sr** is attributed to their differences in physical and
chemical behavior. When the solid phase and sol-
ution condition are given, physico-chemical proper-
ties of sorbing ions play a key role in sorption. In gen-
eral, the larger cation, Cs*, is more polarizable and
more readily allow distortion to their hydration spher-
es than small cations. Whereas the M**, alkaline ear-
th metal ion, is smaller and considerably less polariz-
able[13], resulting in easier sorption for Cs* than
Sr**. Figure 3 illustrates the different affinity of ®Sr,
¥Cs and “Co for HG and TF. However, in order to
fully understand the sorption behavior of rocks, it is
highly recommended to study for single rock-forming

minerals.

4. Summary

The sorption behavior of **Sr onto domestic gran-
ite and tuff was studied. The results can be summar-
ized as follows :

—The Ki of Sr onto tuff was much greater than
that onto granite, which is attributed to their differ-
ence in mineralogy.

—The sorption of ®Sr is pH-dependent which is
mainly due to the change in surface properties of
solids.

—The sorption selectivity of *Sr onto granite and
tuff is lower than that of *’Cs and *Co.

~The sorption characteristics of a rock can be prop-
erly interpreted by considering that of rock-forming
minerals. In order to fully understand the sorption
behavior of rocks, one need to study single
rock-forming minerals such as quartz, feldspars
and mica, etc.
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