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EFFECT OF ILLITE PARTICLE SHAPE ON CESIUM SORPTION
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Abstract—Samples containing illite and illite-smectite, having different crystal shapes (plates, “‘barrels”,
and filaments), were selected for sorption experiments with cesium. There is a positive correlation between
total surface area and Cs-sorption capacity, but no correlation between total surface area and the distri-
bution coefficient, K, Generally K, increases with the edge surface area, although ‘‘hairy” (filamentous)
illite does not fit this pattern, possibly because elongation of crystals along one axis reduces the number

of specific sorption sites.
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INTRODUCTION

The behavior of cesium in natural systems, includ-
ing its interactions with inorganic materials and with
the biosphere, must be understood if atomic energy is
to be used safely. Clay minerals, which are common
at the earth’s surface, are good sorbents of cesium
(e.g., Sawhney, 1972; Cornell, 1993). The preferential
sorption of Cs* by clays is related predominantly to
its low hydration energy (Coleman ez al., 1963; Sawh-
ney, 1964; Kittrick, 1966, Eberl, 1980; Komarneni and
Roy, 1988). Cations with low hydration energy, such
as K*, NH,*, Rb*, and Cs* may cause high-charge
smectite and vermiculite interlayers to dehydrate and
collapse, thereby fixing these ions in the interlayer
(Komarneni and Roy, 1988).

Generally, the tendency towards fixation by swell-
ing clays is related directly to layer charge and cation-
exchange capacity (CEC). However, in very dilute Cs*
solutions, illite, which has a smaller cation-exchange
capacity than vermiculite, sorbs more Cs* than ver-
miculite (Jacobs and Tamura, 1960; Tamura and Ja-
cobs, 1960). This specificity of illite for Cs has been
related to the presence of frayed edges (Gaudette ez
al., 1966) which have sites where the Cs is adsorbed
preferentially, or to “weak force fixation”, whereby
diffuse charges around illite crystals attract Cs* most
strongly because it is the least strongly hydrated cation
(Eberl, 1980). Whatever the origin, Cs-specific sites
represent a maximum of 2% of the total CEC of illite
(Klobe and Gast, 1970; Cremers et al., 1988; Cornell,
1993).

Illite is used widely for Cs-sorption experiments,
but detailed information about the crystal chemistry,
origin, particle-size distribution, and particle shape of
the illite used in these experiments, often is not re-
ported. An illite particle, as defined in this paper, is
equivalent to the fundamental particle defined by Na-
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deau et al. (1985). Fundamental illite particles are the
smallest physically separable, non-expanding particles
that contain 2:1 layers bound by fixed potassium cat-
ions. These illite particles may occur both as separate
particles and as stacks of particles having expandable
interfaces (mixed-layer illite-smectite crystals or
MacEwan crystallites; Srodofi et al., 1990). The max-
imum proportion of expandable interfaces is expressed
as maximum expandability (%Sy,x), and is a function
of the mean particle thickness (T, where %S,;,x = 100/
T, Srodoni er al, 1992). Expandability also can be
measured by X-ray diffraction (XRD) of ethylene gly-
col-saturated samples, but this technique is affected
strongly by the shapes of fundamental illite particles
(§rodof1 and Elsass, 1994, Sucha et al., 1996); there-
fore XRD techniques were not applied to our samples.
In this paper we compare the sorptive properties for
Cs* of a variety of illites and illite-smectites having
different particle shape and thickness. The first goal is
to document that different illites may sorb Cs* differ-
ently, and the second is to determine what illite char-
acteristics control Cs* sorption.

MATERIALS AND METHODS

Illite and illite-smectite samples with particles hav-
ing different shapes (Figure 1) were selected for sorp-
tion experiments. The term ‘“‘illite”” is used hereafter
to reference either the illite or illite-smectite samples.
Selection was based on transmission electron micro-
graphs of ultrathin sections and of dried suspensions.
The ultrathin sections were used to document differ-
ences between barrel-shaped and platy particles. Max-
imum expandabilities calculated from transmission
electron microscopy (TEM) measurements of mean T
are listed in Table 1.

Two samples, one from Le Puy, France (Gabis,
1963), and the other from Muloorina, Australia (Nor-
rish and Pickering, 1983), have particles with barrel-
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Table 1. Characteristics of samples used for the sorption experiments.
Sample Shape Fix Tex PoSnmax TSA A, B r ESA
DVS Plates 0.50 24 42 350 160 0.005
Le Puy “Barrels” 0.64 36 28 233 26 0.029
Muloorina “Barrels” 0.66 4.0 25 208 23 0.033
L-2A-2 “Hairy” 0.78 8.0 13 108 560, 99 0.009
RM30 Plates 0.80 10.0 10 83 217 0.004
SG4 Plates 0.84 16.6 6 50 427 0.002

FIX = fixed cations content per O,((OH),; Tyx = mean particle thickness (in nm) calculated from fixed cations; %Sy.x =
maximum expandability calculated from Tgy; TSA = total surface area in m?g calculated from Tgx; A, B = particle length
and width (in nm) along axis a and b, respectively; r = particle radius (in nm); ESA = edge surface area in m*g calculated

from r or A and B.

like shapes. Both are ferruginous illite of Oligocene
age that originated in alkaline lakes. The third sample
is a “hairy” (filament-shaped) illite (L.-2A-2) from a
Triassic sandstone (Poland) with particle elongated
parallel to one crystallographic axis. Chemical data
and TEM images for “hairy” illite used in this study
were obtained from Srodoni and Elsass (1994) who de-
scribe a different sample, L.-2A-1, from the same lo-
cation. Two samples of platy habit (RM30 and SG4)
of hydrothermal origin (Eberl et al., 1987) differ main-
ly in particle thickness and polytype. Sample DVS,
from the Dolna Ves hydrothermal deposit in Slovakia
(gucha et al., 1992), contains large, very thin plates.

Mean particle thicknesses (Table 1) were calculated
from illite chemical compositions according to T =
0.9542 — 1.0676FIX (Srodof et al., 1992), where FIX
= fixed-cation content per O,(OH,). Particle length,
width, and/or radius were measured from TEM images
for the Muloorina and L-2A-2 samples using 120 and
155 particles, respectively. Other particle-size data
were obtained from Srodor et al. (1992) and Srodon
and Elsass (1994).

Sorption experiments used the <2-um size fractions
treated with sodium acetate and sodium-dithionite, and
then exchanged with 1 M NaCl (Jackson, 1975) prior
to size fractionation. Excess salts were removed by
dialysis. The sorption experiments were performed us-
ing 50 mg of sample (dried at 60°C) placed into poty-
ethylene tubes with 5 mL of solution having different
Cs concentrations (0.01-5 X 107° M) and containing
13Cs tracer. NaNO,; (0.01 M) was used as a back-
ground electrolyte. The suspensions were shaken for 2
h in end-over-end shakers (Staunton and Roubaud,
1997). One mL aliquots were taken for Cs activity
determination after centrifugation at 12,000 rpm. Ac-
tivity was measured in a well-type Nal detector (Mod-
umatic Packard, USA). Loss of activity due to sorption
on illites was determined by comparison with an ali-
quot taken prior to exchange.

Distribution coefficients (K;) were calculated using
K, = (n, — n)V/nm, where n, and n are count rates of
initial and equilibrated solutions, respectively, m is
mass of sample in mg, and V is volume of solution in
mL. The sorption uptake (I') of Cs was calculated for
each concentration from the formula I' = ¢, K, [mol
kg~!], where c,, is the Cs concentration after equili-
bration. The maximum I" for each sample represents
the sorption capacity of each sample for Cs. Neither
the kinetics nor the reversibility of the sorption was
studied. A short exchange period of 2 h avoided in-
terference from a slow reaction known as the second
stage of the sorption reaction (Cornell, 1993).

RESULTS AND INTERPRETATIONS

Distribution coefficients (K,), plotted as a function
of equilibrated Cs concentration (c,,), are given in Fig-
ure 2. Three trends for the six samples are evident.
One trend, represented by the Le Puy and Muloorina
samples (barrel-shaped), indicates a very steep in-
crease in K, with a decrease in Cs concentration. A
trend showing a gentle increase in K; with a decrease
in Cs concentration is represented by “‘hairy’’ illite L-
2A-2, and platy illites RM 30 and SG4. The lowest K,
was obtained for ““hairy” illite. Sample DVS has a K,
similar to that of Le Puy and Muloorina illites at high-
er Cs concentrations, but the K, is nearly stable at
lower Cs concentrations (varying between 600-700),
and falls between the other two trends.

Where Cs uptake of the illites is plotted against
equilibrated concentrations (Figure 3), different rela-
tions are observed for different samples. Sample DVS
(very thin plates) has the highest sorption capacity.
The Le Puy and Muloorina (barrel-shaped illites) have
significantly lower capacity, followed by RM 30 and
SG4 (platy illites). The lowest sorption was measured
for L-2A-2 illite (“hairy”’ illite).

Cs-sorption capacity should be related closely in il-
litic minerals to the CEC, which is a function of the

—

Figure 1.
and (F) Pt-shadowed (L-2A-2) samples.

TEM micrographs of illites from ultrathin sections (A) Muloorina, (B) Le Puy, (C) DVS, (D) RM30, (E) SG4,
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Figure 2. Relation between K, and logarithm of equilibrated
Cs concentration of six studied samples.

total surface area of the sample and the 2:1 layer
charge. Total surface area (TSA) includes basal inter-
faces between (non-expanding) illite fundamental par-
ticles (Nadeau ef al., 1985) and the edges of illite par-
ticles. TSA can be measured by the EGME (ethylene
glycol monoethyl ether) technique or calculated from
the mean thickness (T) of the particles (TSA = 100/
0.12T, Srodofi et al., 1992). TSA values calculated
from T are listed in Table 1. TSA is equivalent to
maximum expandability (%S,,x) since both parame-
ters are calculated from T. The relation between mea-
sured sorption capacity and total surface area (Figure
4) shows a positive correlation for all of the samples
except for the “‘hairy” illite. The value for the “hairy”
illite is below that for the other samples. The plot
shows for most of the samples that the maximum sorp-
tion capacity can be expressed as a function of the
total surface area of illite and/or illite-smectite. Where
the same TSA data were plotted versus K, no clear
relation was found (Figure 5). Evidently, K, is related
to other factors.

Since K, expresses Cs selectivity, the value should
be a function of the number of selective sites on illite
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Figure 3. Sorption uptake plotted against the equilibrated Cs
concentration.

Figure 4. Relation between sorption capacity and total sur-
face area calculated from fixed cations of illites.

particles. If selective sites correspond to the number
of frayed edges (according to the frayed-edge theory
of Gaudette er al., 1966), then selectivity may be re-
lated to edge surface area. To test this assumption, we
calculated edge surface area (ESA) from TEM data by
assuming that the platy particles (RM30, SG4, DVS)
and the barrel-like particles (Le Puy, Muloorina) have
cylindrical shapes. The relationship is ESA (area/unit
mass) = 2arT/wr*Td = 2/rd, where r is particle mean
radius, T is mean thickness, and d is density of the
illite. Assuming d = 2.6 g cm3 (Srodoti ef al., 1992),
then ESA = 0.77/r. Approximation of a cylindrical
shape cannot be used for ‘‘hairy” illite (L-2A-2) be-
cause the dimensions along the a and b axes (A and
B) are very different. For this particular sample ESA
= 2(A + B)T/ABTd = 0.77(A + B)/AB.

The data used for the ESA calculations are listed in
Table 1. Figure 6 shows a plot of ESA versus K,
which displays a positive correlation for all samples
except for the “hairy” illite (L-2A-2), which falls well
below the general trend. Thus, we conclude that the
selectivity of illite for Cs is related to the edge surface
area.

The different behavior of “hairy” illite may be re-
lated to its unusual shape. All crystals in this sample
are elongate along one axis (length:width = 6:1) so
that the sample has significantly fewer sorption sites
available along the particle width, which may have a
different number of sites suitable for Cs sorption. We
speculate that the elongated shape of the particles will
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Figure 5. K, as a function of total surface area calculated

from fixed cations of illites.



Vol. 47, No. 6, 1999

2000

LE PUY

1600 4 MULOORINAT

1200 ‘{
=
»

800 1

DVS //
400 ;,ﬂ{
iSG4 RM30
. = R

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
EDGE SURFACE AREA [m’.g™']

Figure 6. Plot of K, versus edge surface area of illite par-
ticles.

reduce the amount of specific sites, and perhaps ex-
plain the lower distribution coefficient. Other samples
analyzed have A:B ratios between 1:1 and 1:3. The
barrel-like particles have specific kink sites (Figure 7)
that may also increase K, significantly.

CONCLUSIONS

The K, of illites depends strongly on their edge sur-
face area which may be related to frayed edges. The
K, is unrelated to the total surface area of illites, which
includes both basal surfaces of illite fundamental par-
ticles and edge surface area. The highest K, was found
for illites with “‘barrel” shapes (Muloorina, Le Puy).
Sorption capacity of illites is related closely to their
total surface area which is, in the most cases, equiv-
alent to maximum expandability, which is a function
of the mean thickness. The poor sorption properties of
“hairy” illite may be related to elongation of crystals

kink site

C
—
Figure 7. Three different shapes of illite particles used in

the study. (A) barrel-like illite, (B) platy illite, (C) “‘hairy”’
illite.

Illite particle shape and Cs sorption
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along one axis, which may reduce the number of Cs
specific sites.
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