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Abstract

The sorption and desorption of Cs* and Sr?* on a silty loam and 2 silty clay loam from India were carried out
at different times of contact and at different temperatures. The activation energy of uptake E, and pseudo-
thermodynamic parameters AH', AG" and AS' were calculaled These showed that the sity clay loam
immobilised cations more than the siity loam. The cation exchanger in the silty clay loam preferred Cs* more
than that 1 the silty loam, whereas Sr?* was preferred more by the silty loam.

Key words:  Silty loam, silty clay loam, sorption. desorption, retardation, immobilised, thermodynamic

parameters.

1 Introduction

Various ionic and non-ionic substances dissolved in natural aqueous streams as well as
wdustrial, agricultural and domestic effiuents interact with the soil while moving through
it. Depending on the nature of interaction of these species with the soil matrix, whereby
alfecting its quality, they are either retained or migrate towards ground-water sources.

A number of investigators!-'® have reported wide-ranging studies on the uptake and
migration of different species in rocks, soils and synthetic minerals. Fission products like
Cs* and Sr2* are a potential source of ground water/soil pollution from the point of
view of radioactive waste management. The details of their interactions with a silty loam
and a sifty clay loam from India are presented in this paper. Since energy exchange plag{s
a key role in any reaction, the phenomena have been investigated in thermodynamic

terms.

2. Materials and methods

21 Materials

A silty loam (s. loam) from the Gangetic plain (sampled to six feet depth) and a silty clay
foam (s.c. loam) from coastal Maharashtra (to bed rock at five feet depth) were used. The

soils were oven-dried at 310 K to ensure moisture content at normal field conditions.
411
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Their general physico-chemical characteristics like sitt and clay contents were determined
(sedimentation method'!), organic matter percentage (H,0, oxidation method'2), cation
cxchange capacity (Jackson method!?) and surface arca (BET method'3). Soil minerals
were identified'* by differential thermal, thermogravimetric, X-ray and chemical analyses.

Cs* and Sr** solutions of 107> M concentration were prepared by dissolving AR
grade CsCl and SrCl, in distilled water. These were respectively tagged with 37Cs and
85.899r The pH of the solutions was adjusted to around 7.

2.2 Methods

The s. loam and Cs*-spiked solutions were suspended at a 1: 10 solid-liquid (w/v) ratio
in eight 250 ml-capacity plastic bottles and shaken in an end-to-end shaker at room
temperature (303 K). The shaker was operated at 100 oscillations a minute. After haif- an-
hour, two bottles were removed, centrifuged at 3000 rpm for 1S minutes and the solid-
liquid phases were separated. Distilled water was added to each bottle containing the
centrifugate to give a 1:10 solid-liquid ratio. The bottles were vigorously agitated (by
hand) for about a minute, then for half-an-hour in the shaker, centrifuged at 3000 rpm
and the solid-liquid phases were separated as before. The *7Cs activity in the initial
solution, in the reacted supernatant and in the distilled water wash was determined by
counting in triplicate with a well type Nal(T1) gamma scintillation detector attached to a
single channel analyzer. Duplicate count rates agreed to within +1%. From these, the
sorption and desorption of Cs* were calculated, and hence the retention values. The
sorption and desorption experiments were repeated at i, 2 and 4 hours contact time. This
process was repeated with the s.c. loam and with the sorption and desorption reactions of
Sr** with both the loams. All the above experiments were repeated at 333 K (01 K).

2.2.1. Arrhenius energy of activation and thermodynamic parameters

The Arrhepius energy of activation E, for sorption can be calculated'® using the equation
K =Ae~£/RT by plotting the rate of uptake (K) against 1/7. Alternatively it can also be
calculated by detcrmining the uptake at two temperatures using equations (1), (2) and (3)
(Singhal et af'®).
Fr = Ae™ E/RT, {n
Fy = Ae~EIRT; 2)

RNTo P
T,=T,  Fr,

)

where Fr, Fy are uptakes in time ¢ at temperatures 7, and T, respectively, R the
universal gas constant, and 4 another constant.

The sorption and desorption data were treated by =quations for both the first- and
second-order reactions. Statistical analyses indicated the best fit for the first-order
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reaction whose ratc constants were calculated using the rate expression
K (K, or K,)=2-303/t=logaju - x

where K, and K, arc the rate constants for sorption and desorption respectively, t, the
time in seconds, 4, the amount of ionic species added, and x, the amount taken up in time

.

The ratio of the reaction rate constants K /K, gives the equilibrium constant K for the
overall sorption and desorption reaction. This enabled us to calculate the pseudo-
thermodynamic parameters'7!* for the physico-chemical equilibrium between the species
and the soils. The Gibbs free-cnergy change AG” was calculated by the equation

AG'=—-RTInkK. (4)
The standard enthalpy change (AH") was calculated from Van't Hoff isochore

A
ll’lK/:='“ I?“/Tz_"/Tl)- (%)

The standard cntropy change (AS") was finally determined from the relationship:

AG'=AH" —TAS".
3. Results and discussion

31 Characterisarion of soils

Some physico-chemical properties of the soils are given in Table L. It is concluded from
mineralogical studies that the s. loam contains mostly amorphous silica and crystalline
silica resembling quartz along with traces of illite and montmorillonitic structures, while
the s. ¢. loam contains about 30% montmorillonite and the remainder as amorphous and

erystalline silica.

Table I
Physico-chemical characteristics of the loams
s. loam sc loam

Sand (<2000, >60 micron)% 5500 1091
Silt (<60, >2 micron) 3655 52414
Clay (<2 micron) 815 3695
Organic matter (%) 059 801
CEC (ueq/g) 16330 474-30

78:30 396-80

Surface area (m2/g)

Surface charge density (ueq/m?) 2:09 120
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3.2 Sorption, desorption and retention

From the physico-chemical and mineralogical characteristics of the soils, it i
expected 192022 that there will be more sorptionof Cs* and Sr?* on the sc. loam thay
on the s. Joam.

Figures 1 and 2 show percentages sorption and desorption of Cs* and Sr’* with
respect to their amount in original solution by the s, and s.c. loams, respectively, at
different times of contact and at the two temperatures. 1t 35 seen that at the selected solid-
liquid ratio, the sorption of Cs* is around 48 and 83% for the s. and s.c. loams, res-
pectively, at 303 K and 55 and 86% at 333 K. It is further noted that desorption in
both the soils increases slightly with the nise in temperature resulting in less retention,
This indicates that interaction of Cs* in both the soils is governed by ion exchange
phenomenon followed by trapping n the lattice of illitic structure.

The sorption of Sr2* by s. and s.c. loams at 303 K is around 14 and 58% respectively,
but at 333 K, it increases marginally to around 17% for the s. loam and remains almost
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constant for the s.c. loam. The desorption is found to decrease slightly with the rise in
[emperature, more so in the case of 5. loam. Thus, there is more retention at the higher
emperature. It appears that both chemisorption and adsorption are equally contributing
towards total adsorption. With the rise in temperature, the increase in the value of the
first is balanced by the decreasc in the value of the second. The higher sorption of Cs*,
compared to Sr**, is probably due to its ionic size, ionic potential, chemical activity?3

and more electro-positivity?*25,

33 Energy of activation for sorption and pseudo-thermodynamic parameters

The Arrhenius energy of activation (E,) for the sorption of Cs* and Sr?* by the soils
near the equilibrium stage (4 hours contact time) was found to be:

Cs* —s.c. loam>Sr?* —s.c. loam> Cs* —s. loam>Sr2* —s. loam
0014 0038 1-063 1336

(all in X cal/mol)

Thus, the ease of reaction of Cs* and Sr2* with both the soils will be in the above
order. The E, values indicate that Cs™ and Sr?* will interact well with both these soils.
The values of E, in ali the four cases are too small as compared to those reported by
Singhal er al'® and others?®. This i¢ possible as the virgin soils used in our studies
contain organic matter and broken bonds on their surfaces. On treatment with any
chemical, both these are usually removed and thus more energy is involved in the
interaction phenomenon.

The sorption and desorption reactions could be regarded as equilibrium processes, the
point of equilibrium being dictated by the relative energies of the reactants and the
products. These could therefore be defined in terms of thermodynamic quantities. Since it
is difficult to eliminate diffusion completely, particularly at macro and micro levels in the
soil systems?” and as our experimental conditions are chosen to resemble field conditions,
we could calculate only pseudo-thermédynamic parametets with the help of reaction rate
constants of uptake and leaching near equilibrium conditions. The pseudo-thermodyna-
mic parameters for the interaction of Cs* and Sr?* with the soils are given in Table IT.

It is noted that apparent equilibrium constant (K) is greater than unity in all tl}e
cases, indicating that both Cs* and Sr2™* will interact well with the soils and sorption in
all the cases is faster than desorption. The values of the equilibrium constants for
Cs* —s.c. loam are greater than for Cs* —s. loam; thus Cs™* will react more with the s.c.

loam than with the s. loam.

The value of K for Cs*—s. loam is greater at 333K than at 303K, a fact in

accordance with AH® and AG® values at the two temperatures. K33 <Kgqs is observed
in the case of interaction of Cs* —s.c. loam, which is exothermic reaction. The K values

for S+ —5.c. loam are many times higher than for Sr2* —s. loam and are found to
Increase with rise in temperature in accordance with the endothermic nature of
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Table 11
Thermodynamic parameters of interaction
Soil Catrons & H Kceal/ 303K 333K
mol — ——
K K
Equilbrium .G Keal/ 4§ cal/ Equibbrium  AG" Keal AS'cay
constant mol mol/degree  constant mol mol/dcg‘n
&t 5845 - 11063 892 3 -1 y
S foame—Cs* 164t 5845 1063 4 747 1330 3972
Sr2t 1496 1880 =380 7459 2352 —0-3566 7105
gt 3T g —1-573 — 7340 7741 - 13 -7
S.c luam<( s 3797 13665 1-354 7-336
Szt 1933 520 —1289 10634 11380 — 1609 10637

2+

interaction. Sr?* will therefore interact more with s.c. loam compared to s. loam and tt
rise of temperature will enhance the interaction in both the cases. The K values, ie. AC
values, further indicate that sorption of Cs* and Sr**' on the soil surface at the tw
temperatures is in the order:

Cs" —s.c. loam>S$r** —s.c loam>Cs* — 5. leam>Sr?* —s. loam at 303 K;
Sr** —se. loam>Cs* —s.c. loam > Cs ¥ — 5. loam > Sr? " —s. Joam at 333K,

As AG”= ~RT1In K, the above is obvious. The ncgative values of AG” indicate th
possibility of spontaneity of interaction®® in all the cases, However, with the Cs" —:
loam, Sr?*—s. loam and Sr*" —sc. loam, it is spontancous only at the highe
temperature (-+ve AH®, —ve AG” and -+ve AS"). On the other hand, the Cs* ~s.c. loan
interaction is always spontancous as indicated by the negative vatues for all the thre
parameters. The magnitude of AG” values in the range —0:380 to — 1-609 K cal/mo

further indicates the dominance of adsorption in the interaction of Cs* and Sr>* with th
loams

4. Conclusions

Adsorption, absorption and ion exchange all contribute to the interaction of Cs " and
Sr?* with soils, which is generally dominated by diffusion in normal ficid conditions.
However, the contribution of the three factors varies depending upon the physico-
chemical and mineralogical characteristics of the soils and the nature of the imeructin_g
species. The values of the thermodynamic parameters evaluated indicate that Cs™ will
interact more with these formations as compared to Sr2*. The magnitude of AG” values
indicate the dominance of adsorption in the interaction of Cs* and Sr®* with the loams
Silty clay loam as compared to silty loam provides a better retardation for the
immobilisation of these waste species. The quality of ground water will be more affected b_)
these species in silty loam formation as compared to the silty clay loam. Thermodynamic
studies because of the diffusion phenomena can only give an approxuimate idea about the
behaviour of these species in soil-water systems.
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