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Sorption and diffusion processes with l34Cs and sssr in natural sorbents 
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Sorption and diffusion processes with 134Cs and assr in natural bentonites have been investigated. Tbe distribution coefficients (Kd) have bcem 
determined by a batch method. Various factors affecting the KJ value as water-to-bentonite ratio. concentmtion of the competitive cations in the 
aqueous phase or bentonite-to-sand ratio in the mixed sorbents have been evaluated. A comparison of the sorption and diffusion data has been 
made. 

Introduction 

For the assessment of the properties of bentonites as 
barrier materials it Is necessary to specify the mechanism 
controlling the migration of radionuclides in the barrier 
materials and other factors affecting them. The most 
important ones are sorption and diffusion. 

Sorption is generally any process leading to the 
removal of the dissolved compound from the solution 
and to its fixation on the surface of a solid phase. 
Sorption involves ion-exchange, formation of compleKes 
on the sorbent surface, specific and physical adsorption 
and other mechanisms. Knowledge of values of the bulk 
density, porosity of studied rock together with the 
distribution coefficient describing the partition of each 
radionuclide is important for the prediction of the 
migration of radionuclides. 

Diffusion can be characterised as the process which 
leads al different local concentrations to their equalising 
thai means to an equilibrium state. Motivating force for 
this process is the concentration gradient and the 
characteristic parameter is the diffusion coefficient. 

The diffusive movement of radionuclides through 
bentonites is difficult to analyse because it involves 
several physical and chemical processes as ion­
exchange, physical and chemical sorption, filtration and 
precipitation. That means that the apparent diffusion 
<:oeffic1ent D a describing the diffusiOn of radionuclides 
through barrier m:uerials is always lower than that in the 
aqueous phase. Many papers (e.g. 1) shows the apparent 
diffusion coefficient D a as a function of the distribution 
coefficient Kd 

D = EDP 

a E+pKd 
(I) 

where DP is the pore water diffusion coefficient, D~ is 
the effective diffusion coefficient, p is the bulk density 
and E is the porosity of studied compacted bentonite. 

Several methods are used for the detennination of the 
apparent diffusion coefficient: in-diffusion,2•3 through­
diffusion, 2•4 back-to-back,I.S-7 and impulse source. 3.8 

Both the apparent (Da) and the effective (0~) 

coefficients can be detennined simultaneously by the 
through-diffusion method. The modified through­
diffusion method9 can be mentioned as well. A different 
way of evaluation is used by this method giving a 
transient apparent diffusion coefficient D

0
'. 

Experimental 

The distribution coefficient has been determined 
using the well known and simple batch method and was 
calculated from the initial (A0) and equilibrium (A) 
specific gamma activity of the aqueous phase according 
to the equation 

(AcJ-A)V 

mA 
(2) 

More details about this method is given in Reference I 0. 
The through-diffusion method (see Fig.l) has been 

used for the detennination of diffusion coefficients. This 
method is exactly described in Reference 3. Values of 
the cumulative amount of diffunded radionuclide per unit 
area QfA have been plotted against the duration time of 
the experiment t. Effective diffusion coefficients have 
been calculated from the asymptote of the breakthrough 
curves according to the equation 

D = &Q . ..!::_ 
e A.1.t 'o ' 13) 

where 1.. is the thickness of the bentonite sample and c0 is 
the initial radionuclide concentration in the source 
reservoir. The apparent diffusion coefficient rs then 
calculated from the intercept rt on the time axis (lag­
time) according to the equation 
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L2 
D:;;;­

a 6t, 
(4) 

134Cs and sssr radionuclides declared by the producer as 
carrier free and bentonite from the Hroznetin mine in 
north-western Bohemia (particle size fraction 
0.315-0.800 mm) have been used. 
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Fig. I. Scheme of the apparatus used for through-diffusion 
experiments 

Results and disc:ussion 

Sorption experiments 

For the high precision measurement of nuclides in 
solution batch experiments it is necessary to work under 
conditions VIM>25 ml/g. Values of VIM«1 ml!g were 
found in the geological environment. Contrary to the 
fundamental distribution law. according to which 
sorption ratios should not be affected by liquid-solid 
ratios. sorption and desorption coefficient of 
radionuclides may change with decreasing liquid-solid 
ratios II according to the equation 

K - mT 

d- M[<mr -c0Mr>~T 
(5) 
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where mr is the total mass of nuclides, M is the rock 
mass. V is the volume of the aqueous phase, c0 is the 
specific sorbed concentration of nuclide per g. y ( <0) is 
the sorption exponent. n is the Freundlich constant of the 
system. 

The exact mathematical description of this 
dependence is rather complicated that's why we have 
tried to find an empirical description (see Figs 2 and 3). 
It is evident from the figures that the Kd value depends 
linearly on the logarithm of liquid-solid ratio. This 
empirical relationship can be used for the estimation of 
Kd under conditions different from those during the 
sorption experiment. 

Bentonite itself used in the deep repository has low 
heal conductivity that's why mixtures of bentonite with 
sand are used.t2 Mixtures of bentonite with pure silica 
sand have been studied to confirm whether sand has any 
influence on bentonite, e.g., grinding of bentonite particles. 

Figures 4 and S show the dependence of Kd on the 
bentonite content (in % wt.) in the mixture. Linearity of 
the mentioned dependencies near to the direct proportion 
leads to the conclusion that sand acts only as a solid 
"solvent" and has no influence on the sorption properties 
of bentonite. 
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Fig. 2. Dependence of lhc distribution coefficient on lhc liquid-solid 
ntio for 1.l4cs 
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Fig. J. Dependence of the distribution coefficient on lhc liquid-solid 
ratio for 13Sr 
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Fig. 4. Influence of the sand content in mixtures with bentonite on the 
distribution caefficicnl for 13"cs 
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Fig. 5. Influence of the sand content in miJitures with bentonite on the 
dislribution coefficient for 85sr 
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Fig. 6. Influenoe of the cOIICelllration of the competitive catioll$ on 
the: solption of n•cs 

Ion exchange as one of the most important 
mechanisms taking part in sorption processes on 
bentonites has been studied by the assessment of the 
influence of the competitive cations. It was necessary to 

study how the concentration of the competitive cations 
affects the distribution coefficient. 

The Kd values have been determined for several 
concentrations of calcium, potassium and sodium added 
to the aqueous phase (see Fig. 6). The distribution 
coefficient decreases approximately linearly with the 
logarithm of the molar concentration of cations as a 
result of the competitive cation exchange equilibria. 
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F(~. 7. B~takthrough curves of 1'sr (calrier l IJmOl/1) for two dry bulk 
densities of compacted bentonite 
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Diffusion experiments 

Effective (De) and apparent . (Da) diffusion 
coefficients have been determmed usmg the through­
diffusion method. The breaklhrough curves show the 
dependence of the cumulative amount of diffunded 
radionuc!ide per unit area on the duration time. Resulting 
curves for two values of lhe dry bulk densily of 
compacted bentonite and radionuclide 85Sr with inactive 
carrier (I J.l.mol/1) are shown in Fig. 7. 

Both diffusion coefficients have been calculated from 
the slope of the asymptote and from the lag-time using 
Eqs (3) and (4), respectively. The Kd value has been 
evaluated from the De and Da according to Eq. (1). 
Porositie:> necessary for the evaluation have been 
determined from the grain and dry bulle. densities. All 
results are summarised in Table I. This table contains 
also the values of the liquid-solid ratios which have been 
determined from the weight loss during drying of the 
water saturated sample of the compacted bentonite_ 

Comparison of the sorption and diffusion data 

Kd values determined by the batch sorption _met~od 
(with the same concentration of 85sr as m the dtffus1on 
experiments) and calculated from the diffusion data and 
hydrodynamic parameters have been ploued on the same 
graph. All data points have been fitted by the above 
described dependence (see Fig. 8). The very good 
agreement of data points with the regression line 
indicate:> that sorption and diffusion processes are 
coherem and the diffusion and sorption data are useful in 
the assessment of !he properties of natural bentonites. 
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Table 1. Diffusion coefficients determined by the through-diffusion 
method and calculated Kd values 

Dry bulk density, g/ml 1.5 2.0 

D, m2/s 8.86·10-10 9.11·10-"' 
D •• rnlts 1.68·10-IJ 1.44· w-11 

K.tomllg 34.9 31.5 
V/m,mllg 0.47 0.26 

Conclusions 

The influence of the competitive cations on the Kd 
value (and in this way the iron exchange machanism of 
the sorption as well) has been confirmed. The 
distribution coefficient decreases approximately linearly 
with the logarithm of the molar concentration of the 
cation. 

The Kd value depends linearly on the logarithm of 
the liquid-solid ratio_ This empirical relationship can be 
used for the estimation of Kd under conditions different 
from those during the sorption experiment. 

The experimental results show that sand acts only a~ 
a solid "solvent" and has no influence on sorption 
properties of bentonite. 

K values have been determined by the batch 
sorpt~n method and calculated from the diffusion 
coefficient~ determined by the through-diffusion method 
and hydrodynamic parameters. The very good agreement 
of data points indicates that sorption and diffusion 
processes are coherent and diffusion and sorption data 
are in the assessment of properties of natural bentomtcs. 
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