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Abstract--Adsorption of Co 2+ and Cd ~+ on Wyoming montmorillonite was studied by the batch equilibra- 
tion technique, as a function of salt concentration (0.01-4 M NaC1 and NaNO3), pH (5.0-6.5), adsorbate 
concentration (trace-10 -2 moles/liter), and presence of complexing ions. Comparison was made with the 
adsorbability of Sr 2+, known to follow simple ion-exchange equations. The distribution coefficients for Co 
and Cd in noncomplexing media varied with salt concentration (from -500 liters/kg in 0.01 M Na § to -10 
liters/kg in 1 M Na+; pH = 5), but to a lesser extent than that of St. Adsorbability varied also with pH ( -  1 
order of magnitude/pH unit), especially at high ionic strength, compared to a negligible pH effect on Sr. 
The distribution coefficients of Cd and Co decreased with increasing loading on the clay at a very low 
percentage (0.2%) of the ion-exchange capacity compared to Sr (20%). These data suggest two classes of 
sites participating in the adsorption of Cd and Co. 

The adsorbability of Cd in highly concentrated chloride solution (>1 M) was less than 1 liter/kg, pre- 
sumably because of the chloride complex formation. This effect increased with increasing pH. The low 
adsorbability of Cd on montmorillonite from concentrated NaCI solution is promising with respect to its 
use as a tracer for monitoring flow through formations containing montmorillonite. 
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INTRODUCTION 

Adsorption of ions on natural materials and the ion- 
exchange properties of clay minerals have been sub- 
jects of interest for years. Micellar-polymer flooding for 
enhanced oil recovery, selection of geological media for 
nuclear waste isolation, and migration of toxic elements 
from industrial streams to groundwater and their effect 
on agriculture and public health have increased the de- 
gree of interest in this field (see, e.g., Doner, 1978; Far- 
rah and Pickering, 1976, 1977; Ferrell and Price, 1978; 
Frost and Griffin, 1977; Garcia and Page, 1976; and 
Levy and Francis,  1976). The equilibria between 
aqueous solutions and minerals of the host formation 
greatly influence the performance of surfactants and 
polymers injected to increase oil production, and tracer 
ions that are not readily adsorbed by mineral materials 
have been employed to monitor the movement of 
groundwater through permeable formations. Such ap- 
plications are not limited to enhanced oil recovery; 
problems such as aquifer shifts, salinity migration into 
inland areas, and utilization of geothermal energy also 
call for a systematic study of the adsorbability of po- 
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tential tracer ions on a variety of minerals under con- 
trolled conditions. Tracer ions are needed that will be 
effective in groundwaters having a wide range of salt 
concentration, from a few meq/liter to brines containing 
as much as 5 moles/liter. The adsorbability of tracer 
ions from concentrated salt solutions is of special in- 
terest to the nuclear-waste isolation program, as salt 
deposits are being considered for nuclear waste burial, 
and water intrusion into such formations will result in 
concentrated salt solutions. 

Anions are preferred to cations as tracers because at 
normal groundwater pHs most minerals are cation ex- 
changers and the adsorption of anions is much lower 
than that of cations. In addition to simple anions, ions 
which form anionic species in the media of interest must 
also be considered, such as negatively charged metal- 
hydroxy complexes in basic solutions. For solutions of 
low pH and high NaC1 concentration, chloride com- 
plexes may also be considered. For example, Nelson 
et  al. (1964) found that the adsorbability of cadmium 
chloride complexes was much less on organic cation 
exchangers from HC1 than from HC104 for acid con- 
centrations greater than 0.1 M. The adsorbability of Co, 
on the other hand, was similar in both solutions, up to 
acid concentrations of 6 M, mainly because Co does not 
form chloride complexes. Also, the mobility of Cd in 
soils was found by Doner (1978) to be greater in sodium 
chloride solution than in perchlorate solution, which 
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suggests that anionic cadmium chloride complexes 
formed in the former solution and were not adsorbed 
by the minerals of the soil. 

Other studies have shown that the adsorption of Co 
on montmorillonite is pH dependent in the pH range 5 -  
6 (Maes et al., 1975; Maes and Cremers, 1975; Peigneur 

e t  al., 1975), a phenomenon that was interpreted in 
terms of structural hydroxyl groups of the clay or hy- 
droxy-aluminum compounds: The total ionic strength 
of solutions used in these studies was 0.01 M, and the 
Co concentration on the clay was 2.7 • l0 -4 moles/kg 
of dry clay. Hodgson (1960) found that the adsorption 
of Co on Ca-montmorillonite in 0.1 M CaCl2 solution 
is also pH dependent and proposed that two adsorption 
processes are responsible, one requiring 1-2 days to 
reach a maximum, and a second, much slower, non- 
exchangeable process.  Farrah and Pickering (1977) re- 
ported only a slight pH dependence for the adsorption 
of Cd on montmorillonite in water to which no other 
electrolyte has been added,  while Frost  and Griffin 
(1977) noted a significant difference in the adsorption 
of Cd from landfill leachate as compared with that from 
pure sodium nitrate solution. Garcia-Miragaya and 
Page (1976) found that one hour was sufficient to obtain 
equilibrium for the adsorption of Cd from sodium salt 
solutions at pHs between 6.5 and 7. They also found 
that the adsorption from NaCl solution was lower than 
that from NaC104 solution, at salt concentrations great- 
er than 0.01 M. 

From these studies, it is clear that several factors in-  
fluence the adsorbability of ions on clays, including salt 
concentration, pH, and degree of loading on the adsor- 
bet. This paper reports the results of  a study of  the ad- 
sorption of Cd 2+, Co 2+, and Sr 2+ on montmorillonite 
from solutions of a wide range of salt concentrations 
and at pHs from 5.0 to 6.5. The adsorption of Sr on 
montmorillonite (see Shiao et al., 1978, and the refer- 
ences contained therein) can be explained in terms of 
simple ion-exchange mechanisms and therefore serves 
as a reference to which the adsorbability of Cd and Co 
can be compared. Cd and Co are transition metals that 
differ in their ability to form chloride anionic com- 
plexes. Montmorillonite is of particular interest be- 
cause its relatively high ion-exchange capacity implies 
a contribution to overall adsorption behavior dispro- 
portionate to its weight fraction in geological media. 

VARIABLES 

The three variables listed above were considered as 
follows. 

Salt concentration 

The ion-exchange equilibrium between ions A a+ and 
B b+ in the solution and the clay phases may be ex- 
pressed as: 

bA a+ + aBb+clay = bAa+elay + aB b+ (1) 

The equilibrium constant may be expressed as 

b a KAa (A) clay(B) F (B)a 
- ~ AB = DA b FAB (2) 

(A) (B) clay (l-~-clay 

where FAB is the activity coefficient quotient (see, e.g., 
Shiao et al., 1978) and D g is the distribution coefficient 
of ion A between the clay and the solution, defined as 
the concentration of A in the solid phase (moles/kg dry 
solid) divided by its concentration in the solution 
(moles/liter). 

When only traces of A are present,  that is, when its 
concentration in the solid phase is much smaller than 
the capacity of the clay, when FAB is constant, and when 
electrolyte invasion is negligible, it follows from Eq, 
(2) that: 

d log DA/d log(B) = - a / b  (3) 

i.e., the plot of log DA vs. log (B) will be linear with the 
slope of - a/b. 

p H  

pH has several effects on the distribution coefficient. 
At different acidities, the species present in the solution 
may be different. The concentration of hydroxy com- 
plexes (mentioned above) is a function of the pH. The 
pH may have an effect on the solid phase too; for ex- 
ample, the capacity of oxides, and selectivity of ions 
towards oxides is known to be pH dependent (Kraus 
et al., 1960). Precipitation may also occur, especially 
in the high pH range. Precipitation of hydroxides and 
carbonates that are formed above pH of 8 may be mis- 
interpreted as large distribution coefficients, especially 
if the batch-equilibration method is used. The pH in this 
investigation was limited to less than 7 so that no pre- 
cipitation would occur. 

Degree o f  loading on the adsorber 

The distribution coefficient depends on the degree of  
loading (i.e., the adsorbate concentration in the solid 
phase), and is less when the loading is greater. For  
many adsorbers,  such as organic ion exchangers, the 
distribution coefficient is constant for a wide range of  
concentration of the adsorbate and decreases only 
when the loading is greater than 10% of capacity. For  
other adsorbers the range of constant D as a function 
of loading (the linear isotherm range) may be smaller. 
In any case, the degree of loading is important when 
comparing distribution coefficients between systems of  
different salt concentration, different pH, etc. The 
comparison should be made at the same loading for all 
samples. Since it is difficult to adjust loading in the non- 
linear isotherm range in the batch-equilibration meth- 
od, it is convenient to make the comparisons in the low 
loading range where the adsorption isotherm is linear 
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and the distribution coefficient does not depend on 
loading. 

EXPERIMENTAL 

A Na-montmorillonite (The Clay Minerals Society 
Source Clay SWy-a) from Crook County, Wyoming 
was used for this study. Radioactive tracers were used 
for the adsorbability measurements.  Cd 115 was made by 
neutron bombardment  in the High Flux Isotope Reac- 
tor at Oak Ridge National Laboratory.  Co ~7 and Sr 85 
were purchased from New England Nuclear  Corpora- 
tion (Boston, Massachusetts).  A NaI  well-type scintil- 
lation counter was used to count the 3' emission of the 
radioisotopes. When counting the Cd 115, energy dis- 
crimination was used to eliminate counts of the indium 
daughter. 

Part of the clay was purified following Jackson 's  pro- 
cedure (Jackson, 1956) which involved removing in- 
soluble carbonates by using 1 M acetate buffer (pH 5), 
removing organic matter by using 30% hydrogen per- 
oxide, and removing iron not incorporated in the clay 
structure with sodium citrate and sodium dithionite. 
Finally, the clay was converted to the sodium form by 
contacting it with 1 M NaC1 solutions several times. 
The excess sodium salt was washed out with 60% meth- 
anol-water mixtures, and the clay was dried at 60~ and 
ground in a ja r  mill. The <325 mesh-size fraction was 
collected for the following experiments.  For  a few ex- 
periments, the clay was only partially purified; the steps 
concerning removal of organic matter and iron were 
eliminated. The difference in the pretreatment of  the 
clay samples had some effect on the observed adsorb- 
abilities but not on the general behavior of the system. 

Distribution coefficients were determined using a 
conventional batch-equilibration technique in which a 
known amount of clay (20-800 mg) was contacted with 
a known volume of solution (3-10 ml) and shaken at 
room temperature. The samples were centrifuged in a 
du Pont Sorvall R-C Refrigerated Super Speed centri- 
fuge at 5000-10,000 rpm for 15 rain. 

When a clay sample is contacted with the salt solu- 
tion, it may change the solution's pH. To obtain the 
desired condition, the clay was prewashed three times 
with a solution of the supporting electrolyte and the pH 
adjusted if necessary. Only then, a solution of the tracer 
in the same supporting electrolyte was added to the 
clay. A final pH measurement of the supernatant was 
taken after equilibration. 

RESULTS 

Equilibration time 

To determine the time needed for equilibration, the 
adsorbability on montmorillonite of Co from solutions 
of various concentrations of sodium nitrate was studied 
as a function of time. In this experiment the aliquots 
used for analyses were recombined with the original 
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Figure 1. Measured distribution coefficients of Co on mont- 
morillonite from different concentrations of NaNOz as a func- 
tion of equilibration time. Acetate concentration: 0.01 M. 
@ = Points measured after removing most of the activity 
from the solution (see text). 

solutions, and the experiment  was continued. As 
shown in Figure 1, the time needed to obtain the equi- 
librium value was within experimental error, less than 
1.5 hr at the low sodium concentration and about 20 hr 
at the highest sodium concentration. The adsorbability 
rate for Cd from sodium nitrate was found to be iden- 
tical to that of Co. A minimum period of 24 hr was, 
therefore, chosen for all equilibrations. 

Reversibility of the adsorption reaction 

A second set of samples, identical to that described 
above, was prepared. The only difference was that 
about 80% of the equilibration solution was replaced by 
fresh Co-free NaNO3 solution at 1.5 hr from the begin- 
ning of the experiment,  and the adsorbability was de- 
termined after additional 1.5 hr. The solution was re- 
p laced again at 16 hr from the beginning of  the 
experiment,  and the adsorbability was determined at 52 
hr. The measured distribution coefficients at 3 and 52 
hr are marked by @ in Figure 1. As the values obtained 
fell close to the values of the adsorption test (solid cir- 
cles in Figure 1), it is concluded that the adsorption is 
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reversible at least in the range of time used. If the ad- 
sorption was not reversible, Dco values should have 
been higher than those obtained when the Co was mov- 
ing from the solution to the solid. 

Loading effect on distribution coefficient 

Figure 2 shows plots of the distribution coefficients 
of Sr, Co, and Cd as a function of their concentration 
in the clay (loading on the clay). The results for Sr were 
taken from Shiao et al. (1978). This plot shows that the 
distribution coefficient of Sr at pH 5 is constant for 
loading values as high as 10 -z moles/kg. Similar results 
were obtained by the present author for Sr at pH 6.5. 

The distribution coefficients of Cd and Co are con- 
stant only as high as loadings of 10 -3 moles/kg and de- 
crease at higher loadings. At pH 6.5 the distribution 
coefficients of Co and Cd (Figure 3) decline at loadings 
above 10-4 moles/kg. It can be seen that the change in 
the distribution coefficient as a function of pH was larg- 
er in the low loading range than in the high loading 
range. 

To stay in the linear isotherm range in which the dis- 
tribution coefficient is independent of the loading, all 
adsorption measurements (other than loading iso- 
therms) were carried out with adsorbate concentration 
in the range of 10-6-10 -~ M. 

Buffering by acetate 

It was found convenient to add a buffer to the solu- 
tions under study in order to obtain and maintain a con- 
stant pH for any set of experiments. The addition of up 
to 0.1 M acetate buffer to the solution of strontium had 
no effect on the distribution coefficient (Shiao et al., 
1978). The adsorbabilities of Co and Cd from 0.1 M Na 
solution as a function of acetate concentration are given 
in Figure 4. The distribution coefficients decreased with 
increasing acetate concentrations for both ions. This 
observation suggests formation of Co and Cd com- 
plexes with acetate, whose adsorbability is lower than 
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Figure 3. pH effect on loading isotherms of Co on mont- 
morillonite from 1 M NaCI-0.1 M NaAc, and Cd from 0.1 M 
NaCI-0.1 M NaAc. 

that of the free ions. The decline of D with increase of 
acetate concentration was stronger for Cd than for Co. 
This observation is in agreement with the known sta- 
bility constants for the acetate complexes (Smith and 
Martell, 1976). The expected change of observed D 
with change in acetate concentration for different as- 
sumptions for the distribution coefficient ratio 0 of the 
complexed and free ions are given in Figure 4 as solid 
lines. These calculations are based on stability con~ 
stants of 15.8 and 6.5 for Cd and Co, respectively. 

From Figure 4, it is clear that for both Cd and Co, the 
change of the adsorbability that might be caused by 
adding up to 0.02 M NaAc is small. Therefore, acetate 
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Figure 4. Effect of acetate on the distribution coefficients of 
Cd and Co on montmorillonite from 0.1 M Na + at pH 5.6. 0 is 
the ratio of the adsorbability of the complexed to the free metal 
ions (see text). 



Vol. 28, No. 4, 1980 Adsorption of cadmium and cobalt on montmorillonite 315 

I000 ~ l l l ~  I I I l l l l l l  I I II 

F 
oo ~ NO] 

~ I 0  -O 

F 
, 

H - ! I I I  I I I I I 1111  I I I I I ] ~ 1 1  I I I I  

0.01 0.1 1.0 

No + (M) 

Figure 5. Distribution coefficients of Cd on montmorillonite 
from solutions of NaC1 and NaNO3 as a function of salt con- 
centration for pH of 5.0 to 6.5. Acetate concentration: 0.01 M. 

concentration was generally limited to 0.01 M NaAc 
(with the exception of the experiments described in 
Figures 2-3). 

Adsorption from nitrate vs. chloride 
solutions 

The adsorbability of Cd from sodium chloride and 
sodium nitrate solutions, as a function of salt concen- 
tration at pH 5, is given in Figure 5. The adsorbability 
of Cd from chloride solutions was found to be lower 
than from nitrate solution, and the difference increased 
as the salt concentration increased. These observations 
are consistent with the effect expected for chloride 
complexing of the Cd on its adsorbability on the clay. 
The higher the chloride concentration was, the lower 
the average charge of the Cd (Kraus and Nelson, 1959), 
and the lower its adsorbability. This phenomenon is 
similar to that found for the acetate complexes of Cd 
and Co. 

Similar measurements were carried out for Co. As 
expected, the chloride and nitrate curves are almost 
identical for a given clay preparation (Figure 6). A dis- 
placement of  the distribution coefficient at a given salt 
concentration was observed for different clay prepa- 
rations. The reason for this difference is not fully under- 
stood. All comparisons of adsorbabilities for different 
adsorbates, pH, etc., were carried out on samples from 
the same preparation. 

Adsorption as a function o f  sodium 
concentration at constant p H  

Figure 7 summarizes the adsorption of Co, Cd, and 
Sr as a function of sodium concentration at pH = 5 for 
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Figure 6. Co distribution coefficients as a function of salt 
concentration for nitrate and chloride salts and two clay prep- 
arations. Solutions were buffered with 0.01 M NaAc to pH = 
5.0. The 0.01-M solution contained only NaAc. 

noncomplexing media (chloride for Sr, taken from 
Shiao et al., 1978, and nitrate for Co and for Cd). The 
log D- log(Na)  function for Sr is linear, and its slope is 
- 1.6, in comparison with - 2  expected for an ideal di- 
valent/monovalent ion exchange. The log D-log(Na) 
functions for Co and Cd were similar. The curves are 
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Figure 7. Comparison of distribution coefficients of Sr, Co, 
and Cd on montmorillonite from noncomplexing salt solutions 
as a function of salt concentration. Salts used: NaC1 for Sr and 
Co; NAN03 for Cd. Acetate concentration: 0.01 M. 
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Figu re  8. D i s t r i bu t i on  coef f ic ien t s  of  Co on  m o n t m o r i l l o n i t e  
f rom NaCI  so lu t ion  c o n t a i n i n g  0.01 M N a A c  as  a func t ion  of  
s a l t  c o n c e n t r a t i o n  for  p H  o f  5 to  6.5. 

not linear, and the slopes are much less than - 2  ex- 
pected from Eq. (3) indicating that more is involved 
than the simple ion-exchange equilibrium described by 
Eq. (1). 

Adsorbability as a function o f  p H  

Figures 5 and 8 show the distribution coefficients of  
Co and Cd in NaC1 solutions, and of Cd in NaNO3 so- 
lutions of different pH values. All distribution coeffi- 
cients are higher at the higher pH. For  Cd in nitrate 
solution and Co in chloride solution, where the cations 
are not complexed, adsorbability increases with pH; 
this increase is higher at the higher sodium concentra- 
tions. For  Cd in chloride solutions, the increase of ad- 
sorbability with pH is, within experimental error, prac- 
t ically independent  of  sodium concentrat ion.  The 
distribution coefficient of Cd at high salt concentration 
at a given pH is more than 10 times lower in chloride 
than in nitrate solutions. This difference increases with 
pH. 

DISCUSSION 

Several differences in the adsorption behavior of Cd 
and Co in comparison with Sr were noted: 

(1) Distribution coefficients for Co and Cd decrease 
rapidly at loadings that are a very small fraction of 
the capacity of the clay, whereas the Sr distribution 
coefficient is constant up to loadings that are higher 
by at least 1 order of magnitude than the capacity 
for Co and Cd. 

(2) Distribution coefficients for Co and Cd are highly 
pH dependent,  especially at low loading and high 

salt concentration, whereas the Sr distribution 
coefficient is almost pH independent. 

(3) The log D-log(Na) functions for the adsorption of 
Co and Cd are curved and have slopes that are much 
less than those that might be predicted from simple 
ion-exchange equations. The slopes decrease as pH 
increases .  Fo r  s t ront ium adsorp t ion ,  the log 
D-log(Na) function is linear with a slope close to 
the expected value of - 2 .  

The nature of the adsorption isotherm suggests that 
adsorption takes place either on two compounds or on 
two sites, i.e., the clay and an impurity, or two types 
of sites on the clay itself. Peigneur et al. (1975) and 
Maes and Cremers (1975) studied the adsorption of Co 
on montmorillonite from a 0.01 M NaCl solution and 
attributed the change of adsorbability with pH to the 
change in the relative contribution of adsorption at 
"broken bonds"  and edges of particles, compared to 
the contribution of the cation-exchange capacity (sim- 
ple ion exchange) to the total adsorbability. The pH 
effect found by Maes and Cremers (1975) is smaller than 
reported here, but the NaCl concentration is also lower. 
If Maes and Cremers'  explanation is valid for the higher 
sodium concentration range studied here, the adsorb- 
ability of the Co (and Cd) on sites sensitive to pH must 
also be independent of the concentration of sodium 
chloride in the solution. If  this is the case, the contri- 
bution of pH-sensitive sites to overall adsorption would 
be more significant at high sodium ion concentrations, 
where the amount of adsorption predicted by ion-ex- 
change equations would be relatively low. In addition, 
it is necessary that the pH sensitivity for the adsorption 
of Co and Cd be similar, and higher than that for the 
adsorption of Sr, as shown in this study. 

Recently, Kinniburgh et al. (1975, 1976) showed that 
the adsorbability of trace quantities of Co, Cd, Sr, and 
other cations on hydrous oxide gels of iron and alumi- 
num is high even from 1.0 M NaNO3. The reported Co 
and Cd isotherms are almost identical for aluminum and 
iron oxides. The adsorbability of Co and Cd is highly 
pH dependent between pH 5 and 7 (the same pH range 
that was studied here for the clay), while for Sr the sen- 
sitive pH range is between 7 and 9. Moreover,  the 
change in the adsorbability per pH unit is much higher 
for Co and Cd than for Sr. 

In view of these observations,  it seems to be reason- 
able to assume that the montmorillonite in the present 
study adsorbed Co and Cd on two classes of sites: on 
one, cation-exchange behavior is followed, and on the 
other the adsorption behavior is similar to that on hy- 
drous oxide gels of aluminum and iron. The latter sites 
correspond to the edges and "broken  bonds"  of the 
montmorillonite, in the terminology of Maes and Cre- 
mers (1975). This is also in agreement with the kinetic 
observations presented in Figure 1 and with the as- 
sumption that the adsorption on the second type of sites 
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is slower than that on the interlayer cation-exchange 
sites. 

Cd in chloride solution, where the average charge of 
its complexes is considerably less than +2, may be less 
adsorbed by the hydrous oxides in the pH range of in- 
terest, and therefore, the pH effects described for the 
noncomplexed Cd are much larger. As a result, ad- 
sorbability of Cd at high chloride concentration is low 
even for pH of 6.5. As far as soils or sediments con- 
taining large proportions of montmorillonite are con- 
cerned, cadmium seems to have promise as a tracer at 
high chloride concentration in the pH range studied. 

SUMMARY 

The adsorbability of Cd onto Wyoming montmoril- 
lonite is much lower from chloride solutions than ni- 
trate solutions when the total salt concentration is 
greater than 0.01 M. Also, the increase in the Cd dis- 
tribution coefficient on montmorillonite with increasing 
pH in the range 5-6.5 is lower in chloride solution than 
in nitrate solution. Cadmium seems promising as a 
tracer for monitoring movements of solutions of mod- 
erate to high chloride concentration. 

In noncomplexing media, the adsorbability of Cd and 
Co increases with pH, especially at high ( -  1 M) sodium 
concentration. Cd and Co distribution coefficients de- 
crease with increasing salt concentration; however, 
much less sharply than the Sr distribution coefficient, 
especially at higher pH value. 

The distribution coefficients of Cd and Co decrease 
with increasing loading on the clay. This decrease is 
significant at loadings as low as 10 -8 moles/kg. The dis- 
tribution coefficients of Sr, on the other hand, are es- 
sentially constant up to 0.02 moles/kg loading, and 
decrease approximately as predicted by ideal ion- 
exchange behavior. 
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Pe3mMe--C noMori~bIO MeTo~ta ~IO3HpOBaHHOrO paBHOBeCH~I H3yqaYlach a~cop6tma Co 2+ H Cd 2+ MOHT- 
MOpHJUIOHHTOM H3 BafiOMHHra, Kax qbyHKI][Hg KOHTUeHTpaI~HH COJIH (0,01-4 M NaC1 H NaNO~), pH  (5,0-  
6,5), KOHReHTpaRHH a~lcop6aTa (c~e~ = 10 -2 MO.rl/YIHTp) H HpHcyTCTBH~I COCTaB.rlfHOIRHX HOHOB. EBlYlO 
npoBeJIeHo cpaBHenne c nor~ou~aeMocTh~O Sr 2+, KOTOpa~q, KaK H3BeCTHO, OtlHCblBaeTc~ HpOCTBIM ypaB- 
HeHHeM HOHHOFO ofmeHa. Ko3qbdpHllHeHTbl pacnpe~IeJ]eHH~ ~l~s Co H Cd a HeKOMH.rleKCHOfi cpeJle 
H3MeH~JIHCh C H3MeHeHHeM KOHReHTpattHH COJIH (OT ~500 JIHTpOB/Kr B 0,01 M Na  + ~Io ~10 nnxpoB/Kr 
B 1 M Na+; pH  = 5), HOB ieHbmefi  cTeneHll, qem KoaqbqbHllHerlT JULq St. rIorylolRaeiocTb TaK>Ke 
H3MeH~qacb C HaMeHeHHeM pH (--1 n o p ~ o K  aeJIHqHHbl/e/InrmRa pH), Oco6eHHO npH BblGOKOI4 HOHHOI4 CHile, 
no cpaBHeHnlo c He3HatlHTeJIbHbti B.rIHflHHeM pH Ha Sr. Ko3qbqbHUyleHTbl pacllpeI~eJIeHn~ Cd H Co ymenb- 
maarlcb c nom,tmenHeM narpy3Kn Ha r anny  npn  OqeHb HH3KOM npoueHTe (0,2%) HOHHO~I O6MeHHO~'t 
CHOCO~HOCTH rio cpaBHeHHIO C Sr (20%). ~)TH J1aHHbIe yKa3bIBalOT Ha cyIReCTBOBaHHe JIByX KAaCCOB MeeT 
yqaCTByIOLRHX B aJIcop6RHH Cd H Co. 1-IoFJIOIRaeMOCTB Cd B CHJIBHO KOHUeriTpHpOBaHHOM XJ1OpH~HOM 
pacTBope (>  1 M) 6bi~Ia Men,me,  ~tei 1 ~IHTp/Kr, npe~noaox<aTea~ao n3-3a qbopMnpo~anas xaopH~rioro 
KOMILrIeKca. ~)TOT ~dpqbeKT Bo3pacTa,rl c yBeYIHqeHHeM pH. HH3Ka~ HOFIIOIRaeMOCTb Cd MOHTMOpHJUIO- 
HHTOM H3 KOHReHTpHpOBaHHOFO paCTBOpa NaCI ~lB.rI~leTCg o6ema~olaefi B OTHOmeHHH ero  HCHOJIB3OBaHH~I 
B KaqeCTBe HH]IHKaTOpa JIB~I Ha6JrioJIeHHIfl 3a IIOTOKOM qepe3 qbopMaRHH, co~ep>Kattme MOriTMOpH~IJIOHHT. 
[N.R.] 

Resiimee---Die Adsorpt ion von  Co 2+ und Cd ~+ an Montmoril lonit  von Wyoming  wurde  mittels der batch 
equil ibrat ion-Methode un te r such t  in Abh~ingigkeit yon der Salzkonzentra t ion (0,01-4 M NaCI und NaNOa),  
dem pH (5,0-6,5),  der  Konzent ra t ion  des zu adsorbierenden Ions (Spuren-10  -2 Mol/Liter) und der An- 
wesenhei t  yon  komplexbi ldenden Ionen.  Ein Vergleich wurde gezogen mit  der Adsorbierbarkei t  yon Sr 2+, 
die bekannt l ich e infachen Ionenaus tauschg le ichungen  folgt. Die Vertei lungskoeffizienten yon Co und Cd 
in nicht-komplexbi ldenden Medien variierten mit  der Salzkonzentrat ion (yon - 5 0 0  Liter/kg in 0,01 M Na  + 
bis - 10 Liter/kg in 1 M Na+; pH  = 5), aber  in e inem geringeren Ausmaf3 als der  Verteilungskoeffizient yon 
Sr. Die Adsorbierbarkei t  variierte auch  mit dem pH ( -  1 Gr6Benordmmg/pH-Einhei t ) ,  vor  allem bei hoher  
Ionenst~irke, vergl ichen mit  dem zu vernachl~issigenden Effekt des pH  im Fall von  Sr. Die Verteilungs- 
koeffizienten yon Cd und Co nehmen  mit z u n e h m e n d e r  Beladung des  Tons  nur  u m  einen sehr  kleinen 
Prozentsa tz  (0,2%) der Ionenaustauschkapazit~i t  ab, verglichen mit  Sr (20%). Diese Ergebnisse  deu ten  
darauf  hin, dab es zwei Arten yon Posi t ionen gibt, die an der Adsorpt ion  von Cd und Co beteiligt sind. 

Die Adsorbierbarkei t  yon Cd in hochkonzent r ie r ten  Chlor id l f sungen  (>  1 M) war weniger  als 1 Liter/kg, 
wahrscheinl ich wegen der  Bildung yon Chlor idkomplexen.  Dieser  Effekt  vergr/~Sert sich mit  z u n e h m e n d e m  
pH.  Die geringe Adsorbierbarkei t  yon  Cd an Montmori l loni t  aus  konzentr ier ten NaC1-L6sungen ist viel- 
ve r sprechend  im Hinblick au f  ihre Verwendbarkei t  als Tracer  f/Jr den Durchflul3 durch Montmoril lonit-  
h~iltige Format ionen.  [U.W.]  

R6sum6- -L ' adso rp t i on  de Co 2+ et de Cd 2+ sur de la montmori l loni te  du Wyoming  a 6t6 6tudi6e par  une 
technique d '6quil ibrat ion de l 'enti~ret6 de l '6chanti l lon en fonct ion de la concentra t ion  de sel (0,01-4 M 
NaC1 et NaNOz),  du pH (5,0-6,5),  de la concentra t ion  d ' adsorba t  ( t race-10 2 moles/litre),  et de la prgsence  
d ' ions  complexants .  U n e  compara i son  a 6t6 faite avec l 'adsorbabili t6 du Sr ~+ qui suit les 6quations simples 
d '6change  d ' ions .  L a  distribution de coefficients pour  le Co et le Cd darts un  milieu non complexant  a vari6 
avec  la concentra t ion de sel (de - 5 0 0  litres/kg dans  0,01 M Na  + h - 1 0  litre/kg darts I M Na+; pH  = 5), 
mais  dans  une  moindre  mesu re  que Sr. L 'adsorbabi l i t6  a aussi  vari6 avec le pH  (--1 ordre de grandeur/  
unit6 de pH),  sp6cia lementen haute  force ionique,  compar6 h l 'effet  n6gligeable du p H  sur  le St. Les  coef- 
ficients de distr ibution de Cd et de Co ont  d6cru avec un accro i ssement  de la charge sur  l 'argile h Un tr&s 
has  pourcentage  (0,2%) de la capacit6 d 'gchange  d ' ions ,  compar6 h Sr (20%). Ces donn6es  sugg~rent  2 
c lasses  de sites part icipant  h l ' adsorpt ion de Cd et de Co. 

L 'adsorbabil i t6  de Cd darts une  solution de chlorure tr~s concent r6e  (>  1 M) 6tait moins  d ' u n  litre/kg, 
sans  doute ~t cause  de  la format ion du complexe  chlorure.  Cet  effet a augment6  avec l ' acc ro i s sement  de pH.  
La  basse  adsorbilit6 de Cd sur  la montmori l loni te  ~t partir d ' une  solution concentr6e  de NaCl est  promet-  
tante en funct ion de son  emploi c o m m e  t raceur  pour  cont r f le r  un  flux h t ravers  les format ions  contenant  
de la montmoril lonite.  [D.J.] 


