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Abstract 

Thesorptlon and desorption vi Csi and Sr" on a silty loam and a silty clay loam from Indla were carired out 
at dliierenr times of contecf and at dilTcrent tcmperatures. The aclivat~on energy of uptake E, and pseudo- 
thermodynamic parameters A l l  , A<; and AS were calculated These showed that the sllty clay loam 
~mmobllised cattons more than the silty loam. The cation exchanger in the sdty clay loam preferred Csi more 
lhan [hat In the s~lty loam, whercas Sr2'  was preferred more by the sdty loam. 

Key words: Silty loam, ulty clay loam. aarption. desorptmn, retardation, ~mmobilised, thermodynamic 
parameters. 

1. Introduction 

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

A number of investigators'-10 have reported wide-ranging studies on the uptake and 
migration of different species in rocks, soils and synthetic minerals. Fission products like 
Cst and Sr2+ are a potential source of ground water/soil pollution from the point of 
mew of radioactive waste management. The details of their interactions with a silty loan1 
and a silty clay loam from India are presented in this paper. Since energy exchange plays 
a key role in any reaction, the phenomena have been investigated in thermodynamic 
terms. 

2. Materials and methods 

2.1 Materials 

A s l l t~  loam (s. loam) from the Gang& plain (sampled to six feet depth) and a silly clay 
ham b.c. loam) from coastal Maharashtra (to bed rock at five feet depth) were used. The 
soils were ovendried at 310 K to ensure moisture content at normal field conditions. 
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Their gcneral physico-chemical characteristia like silt and clay contcnts were &termlned 
(sedimentation mcthod"), organlc matter percentage (HZO, oxidauon melhod12), cation 
cxuhange capacity (Jackson method12) and surpacc arca !BET metl~od'~).  Soil minerals 
were identified" by differential thermal, ihermogravimetiic. X-ray and chemical analyses 

Cs+ and Sr2+ solutions of 1W2 M concen?ration wet-c prepared by dissolving AR 
grade CsCl and SrCI, in distilled water. These were respectively lagged with "7cs 

8"."%r. The pH of the solutions was adjusted lo 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 mi-capacity plastic bottles and shaken in an end-bend shaker at room 
temperature (303 K). The shaker was operated at 100 oscillations a minute. After half- an- 
hour, two bottles were removed, centrifuged at 3000 rpm for 15 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 bottlcs wcl-e vigoiously agitated (by 
hand) for about a minute, then for half-an-hour in tlic shakcr, centrifuged a1 3000 rpm 
and the solid-liquid phases were separated as becore 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 scinlillalion detector attached to a 
singlc channel analyzer. hpl icatc  count rates agreed to within f 1%.  From these, the 
sorption and desorption of Cs' were calculated, and licnce the retention values. The 
sorption and desorption experiments were repealed at 1 ,  2 and 4 hours contact Lime. This 
process was repeated with the i c  loam and with the sorption and desorption reactions of 
SrL+ w~th  both the loams. All the above experiments wert: repeated at 333 K (10.1 K). 

2.2.1. Arrhenius energy ~ J o r t i ~ m i o r z  und lhermodynurnic pcrrurneters 

The Arrhenius energy of activation E, for sorption can be ca l~u la t cd '~  using the equatlon 
K =4e-"01'', by plotting the rate of uptake ( K )  against l / T  Alternatively it can also be 
calculated by detcrnlining the uptake at two temperatures using equations ( I ) ,  (2) and (3) 
(Singhai el ~ 1 ' ~ ) .  

p.rl = Ae-&.:RT1 i l )  

F ,>=  A~-L/RT. 121 

RT,T  I.' E =--.. 2 In '1 

T2- TI FT, 

where FT,, Fr2  are uptakes in tlme i at temperatures T ,  and T, respectively. R [he 
universal gas constant, and A another conslant. 

The sorption and desorption data wcre treatcd by quations for both the first-and 
second-order reactions. Statistical analyses indicated the best Tit for the first-order 
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reaction whose ratc constants were calculated using the rate expressmn 

\?here K ,  and K ,  are the rate constants for sorption and desorption respectively, t ,  the 
time in seconds, a, the amount of ionic species added, and x, the amount taken up in time 

The ratio of the reaction rate constanls Kl/K, gives the equilibrium constant K for the 
overall sorption and desorp:ion reaction. This enabled us to calculate the pseudo- 
thermodynamic pal.amctcrsL7.1X for the physico-chemical equilibrium between the specles 
and the soils. The Gibbs frcc-energy change AG" was calculated by the equation 

The standard enthalpy chanae (AH ) was calculated from Van't Hoff isochore 

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

AG = A H ' -  T A S ' .  

3. Results and discussion 

3.1 Characterisurion of'soi1.s 

Some physico-chemical properties of the soils are given in Table I. 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. c. loam contains about 30% monlmorillonite and the remainder as amorphous and 
crystalline silica. 

Table I 
Physico-chemical characteristics of the loams 

s. loam s.c loam 

Sand (<2000, >60 micron)'fi, 55.00 10.91 

Silt I <60. 2 2  micron) 36 55 52'14 
Clay Ic2 micron) 8.1 5 36.95 

Owdnlc matter (%) 0.59 8.01 

CEC lPq!g) 163.30 474-80 

Suridcc arca (milg) 78.30 396.80 

Surbue charpe dcnsity (peq/m2) 2.09 I .20 



Froln the physico-chemical and mineralogical characteristics of the soils, it is 
expected5. ' " , 2 0 Z Z t h a t  therc will be more sorptionofCsf and Sr2+ on the s.c. loam than 
on the s. loam. 

Figures 1 and 2 show percentages sorption and desorption of Cst and Sr2+ with 
respect to their amount in originai solution by the s. and S.C. loams, respectively, at 
different times of contact and at the two temperaturcs. I t  is 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. I t  is further noted that desorption in 
both the soils increases slightly with the rlsc in tcrnpcratore resulting in less retention. 
This indicates tbat interaction of Cs' in both the soils is governed by ion exchange 
phenomenon followed by trapping In the latticc of illitic structure. 

The sorption of Sr2 " by s. and s.c. loams a t  303 K is aroi~nd 14 and 58% respectively, 
but at 333 K, it increases marginally to around 17'14, for the s. loam and rernalns almost 

Hours - 0 0 I 
Hours - 

FIO. I Uptekc of Cs' and Srz* by the smls FIG 2. Leaching of Csi and Sr" from [he sods. 

Csi- CaA- Sr2+-  Sr2+ -  
Silty Clayey Silty Clayey 

3113 K v /. f. 1.1 



for the s.c. loam. The dcsorption is found to decrease slightly with the rise in 
~~mperature, more so in the GLSC of S. loam. Thus, there is more retention at the higher 
temperature. 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 
frst is balanced by the decrease in the value of the second. The higher sorption of Csf,  

to Sr", is probably due to its ionic size, ionic potential, chemical activityz3 
and more electro-positivity"4.25. 

3.3 Energy of ac~it:uriiv~ fiw sorprion m d  pseudo-thermodynamic parameters 

The Arrhenius cnergy of activation (En)  for the sorption of Ost and SrZ+ by the soi!s 
near the equ~librium stage (4 hours contact time) was found to be: 

Cs+ - s.c. loam > Sr" - s.c. loam> Cst -s. loam> Sr2+ - S. loam 
0.0 14 0.038 1.063 1,336 

(all in K cal/mol) 

Thus, the ease of reaction of Cs t  and Sr" with both the soils will be in the above 
order. The E, values indicate that Cs' and Sr2+ will interact well with both these soils. 
The values of E,  in all the four cases are too small as compared to those reported by 
Singha1 et all6 and others2". This if 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 terns of thermodynamic quantities. Since it 
is difficult to eliminate diffusion completely, particularly at macro and micro levels in the 
soil systems2' and as our experimental conditions are chosen to resemble field conditions, 
we could calculate only pseudo-thermddynamic paramelets with the help of reaction rate 
constants of uptake and leaching near equilibrium conditions. The pseudo-thermodyna- 
mic parameters for the iuteracrion of Cst  and Sr2+ with the soils are given in Table 11. 

It is noted that apparent equilibrium constant (K) is greater than unity in all the 
cases, indicating that both CsC 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 
Csi-5.c. loam are greater than for Csf -s. loam; thus Cs+ will react more with the s.c. 
loam than with the s. loam. 

The value of K for c s C  -s. loam is greater at 333 K than at 303 K, a fact in 
accordance with AH" and Act' values at the two temperatures. K3,, < K,,, is observed 
'"he case of interaction of Cs+ - S.C. loam, which is exothermic reaction. The K values 
for Sr" - s.c. loam are many times higher than for Sr2 + - s. loam and are found to 
increase with rise jn temperature in accordance with the endothermic nature of 



Table I1 
Thermodynalnic parameters of interaction 

Soil Catxrns C 11 K call 303 K 3 3  K 
mol ~ - 

K K 
Equihbnum .G K call .1.S cxlr I-qnhbrium LC; Kcal n,yca\, 
condmi moi nuol!dcgrec ~un\wnt mol mul/deqn 

~ 

S. lo:,mlCs' 1 641 5 845 -- i.063 X 924 7473 - 1,330 8922 

\Sr" 14Yh I 880 -0.380 7.4511 ? 352 -0-566 7.105 

in~eraction. S r L +  will therefore interact morc with s.c. loam comparcd to a. loam and tl 
rise of temperature will enhance the interaction in both tht: cases. The K values, i.~. A (  
values, further indicate that sorption of C s i  and Sr' ' on thc soil surface at the tx 
temperatures is in the order: 

Cs ' - s.c. loam > Sr2" - S.C. loam i Csi - s. 1oanl i SrZ + - s. loam at 303 K; 

SrZt  - s.c. loam > Cs ' - s.c. loam; Cs + - s. iorini > Sr' ' - s. loam at 333 K. 

As AG'-  - R T l n  K,  the abovc is obv~ous.  The negative values of AG" mdicate th 
possibility of spontaneity of interaction" In all thc casea. However, with thc C S  - 
loam, Sr2+-s .  loam and Sr2'-s.c. loam, it is spontaneous only at  the highe 
temperature ( - t  vc AH", - vc A G  and +vc AS ). O n  the othcr hand, thc Cst  - s.c. loar, 
interaction is always spontaneous as indicated by the negative valucs Tor all the thre 
parameters. The magnitude of A G  values in the range -- 0.380 to - 1-60!) K cal/tno 
further ind~cates the dominance of adsorption in the interaction of C'si and SrL+ with thl 
I n n m ~  

4. Conclubions 

Adsorption, absorption and ion exchange all contribute to the interaction of C s  and 
Sr2+ with soils, whtch is generally dominated by diffusion in normal field cilnditlons 
However, the contribution of the three hctors varies dcpcndrng upon the physlco- 
chemical and minerafogical characteristics of the soils and the nature of the lnteractinf 
species. The values of the thermodynamic parame[ers cwluated indicate that 0' will 
interact more with these formations as comparcd to  Sr". Thc magnitude of  A C  values 
indicate the dominance of adsorptioll In the interaction of (.s ' and Sr' ' with thc loams 1 Silty clay loam as compared to  silty loam provides a bcttcr rctnrdat~on f ! ~  th" 
immnbilisation of these waste species. Thc quality of  ground water wtil bc morc affected bl 
these species in silty loam forrnatmn as compared to thc silty thy loam. Thzm1&narnic 
studies because ol  the diffusion phenomena call only pvc an appl.iixjrn:ite ~ d e r  obolit Ihc 
behaviour of these species in soil-water systcma. 
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