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The sorption and desorption of uranium, thori-
um and mercury on a western Anatolian montmo-
rillonite, obtained from the deposit located

in Kula, were studied by application of a batch
technique. The clay used is a tertiary clay
originally found in a rather larxge geological
formation of west Anatolia. It is nearly pure
montmorillonite. Its cation exchange capacity
{CEC) determination was performed for ammonium
acetate by the Mehlich procedure. The mean CEC
was found to be 83 meq/100 g, which, taking
into account that CEC determinations were car-
ried out on unfractionated material, is in good
agreement with previously reported data. The
concentration ranges were between 70-1500 ppm
for mercury and 100-2000 ppm for thorium and
uranium. The relative importance of test para-
meters, e.g., pH, clay particle size, ground-
water composition, contact time and solid/water

ratio,

which determine the distribution coef-

ficients was studied. The sorption coefficients
varied between 2.7-6.4 ml/g for U, 0.22-1.59
ml/q for Th and 152.4-427.2 ml/g for Hg. The
differences of distribution coefficients are
discussed. The data could be fitted to Freund-
lich and Langmuir isotherms. The quantities of
the sorbed and desorbed Th were much lower than
its theoretical CEC's. This attitude was attri-
buted to the blocking of montmorillonite by
cation islands sorbed in the interlayer. Hg is
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sorbed most strongly. The experimental results
indicate that the montmorillonites studied
should be effective components of the buffer
and backfill material and lead to eventual
immobilization of these elements, which are
environmentally dangerous.

INTRODUCTION

In the second half of the 20th century humanity has
come face to face with two linked events: scientific and
technological development, which causes an increasing
pollution of the natural environment.

The nuclear waste problem, increasing in parallel to
nuclear experiments, nuclear energy and applications of
radicisotopes (medicine, agriculture, metallurgy, chem-
istry, etc.) and heavy metal derivatives, which can stay
stable for long periods in natural environment all af-
fect the life cycles of members of the ecosystem in a
negative way. The effect of radiocactive elements and
heavy metals on the cycle of environment and food link-
age on different steps has been the object of many
studies. The mercury waste leads to high local mercury
contaminations of the adjacent rivers and ground water.
Methylmercury chloride was the main mercury species re-
sponsible for the poisoning. Mercury species dissolved
in pore water are probably more toxic than compounds
which are strongly attached to particles in the sedi-
ment. For this reason methods have frequently been re-

ported to determine group parameters of mercury and not
of individual species'™>.

During last years world attention was exclusively
directed towards the use of crystalline (especially gran-
ite), saline (mainly salt domes but also bed salt}, and
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argillaceous {(clays and shales) formations for the long-
term disposal of radioactive wastes. The ion-exchange
processes with scil fines are of major importance for
the retention of radionuclides and heavy metals in geo-
logical formationse-g.

Clay is being examined as a candidate packing material
for proposed radicactive waste repositories in hard rock
and a primary geological medium. The interaction between
clay mineral and aqueous solution plays an important
rele in controlling their level and in preventing their
disposal into the terrestrial and marine environment.

The environmental impact, cycle and cation-exchange pro-
cess of different actinides, lanthanides and heavy metals
in different geological media were studied10—11.

Sorption is a general term used to cover all aspects
of interaction between the mobile and the stationary
phase. This may include ion-exchange, physical sorption
and chemisorption, filtration and precipitation. It is
important to understand the mechanisms of sorption if
one is to predict radionuclide migration rates with any
degree of confidence‘z.

The chemical composition of liquid phase, the ground-
water flow rate, CEC of soil and the temperature are the
main factors which affect the transport of elements by
the ground-water.

The aim of this study is to investigate the adsorption
of uranium, thorium and mercury on a west Anatclian mont-
morillonite, for the purpose of removing and/or control-
ling environmental pollution in natural media.
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TABLE 1

Approximate mineralogical composition of the clay

Component % Component %
Heating loss 5.93 Ca0 0.44
MgO 0.27 Nazo + Kzo 4.78
Si02 66.08

Alo3 18.85

Fe,0, 3.0 CEC (mean) 83
TiO2 0.6 pH 7.25
EXPERIMENTAL

Support material

The support material used in this study was taken from
Xula mines which is a tertiary clay originally found in
a rather large geological formation in west Anatolia of
Turkey. It is nearly pure montmorillonite. The formation
is sedimentary and probably derived from volcanic ash.

The geological composition and size distribution of
the clay have been determined and are summarized in
Table 1 and Fig. 1. The mean density is 2.64 g/cm3.

The CEC determination for this material was performed
by the ammoniun acetate and Mehlich proceduresT3“15. The
clay powder was changed into the Ba-form and the mean
CEC value was found to be 83 meq/100 g, which, taking
into account that CEC determinations were carried out on
unfractionized material, is in goed agreement with pre-
viously reported data ©7 17,
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Fig. 1. Particle size distribution of montmorillonite

Solutions
All chemicals used in the analysis or process had GR
purity, and were obtained from E. Merck Company, Riedel,

Uparc or Fiuka S.A.

Experimental

The clay samples were contacted with a synthetic
ground-water which had the same composition as natural

ground-water. The chemical and physical properties of
ground-water are shown in Table 2.
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TABLE 2
Properties of the synthetic groundwater

A arance : clear Hardness
ppe 7.2 (French) : 3
e e Color : colorless
Fluoride (mg/l) : 0.05
Smell : no smell
Chloride (mg/l) : 9.9
1) . 2.21 Taste : normal
Nicrate (ng/ S . Deposit : non-existent
sulfate {(mg/l) : non-existent Aot
ve
Ammonia : non-existent c-l

chlorine : non-existent

The concentration range of uranium solutions was chosen
according to uranium guantity in the nuclear waste solu-
tion. The clay samples eguilibrated with ground-water
were dried at 60 °C for 24 h. For the sorption and de-
sorption experiments 2.0-10 g of montmorillonite samples
were weighed in 100 ml Erlenmayer flasks. After the ad-
dition of 30 ml of standardized 0022+ solution and
measurement of the pH of the solution, the sample was
shaken in a reciprocating shaker between 30 min and 24 h
in a thermostated water bath at 25 °C.

The pH was also measured after equilibrium. After the
establishment of equilibrium the mixtures were centri-
fuged for 15 min at 10000 rpm. The Uoz2+ concentration
was determined by a spectrophotometric method16.

For the sorption/desorption experiments of thorium
about 3.0 g of montmorillonite sample was weighed in a
100 ml Erlenmayer. After the addition of 30 ml of the
appropriate thorium nitrate solution, the sample was
shaken in a reciprocating shaker between 30 min and 2 h
in a thermostated water bath at 25 °C. After the estab-
lishment of equilibrium the clay samples eguilibrated
with ground-water were centrifuged for 15 min at 10000
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rpm and the thorium concentration was determined in the
supernatant solution titrimetrically (EDTA titration)
and photometrically (TOPO method)2°“21. The amount of
thorium sorbed on the clay was calculated from the dif-
ference between the initial and final concentrations in
the agueocus phase. All sorption/desorption experiments
were duplicated.

The sorption/desorption studies for mercury were car-
ried out as described below. About 10 ml mercury(I) ni-
trate solution was used with the liguid/solid ratio of

more than 3, and it was shaken in a reciprocating shaker
for 2 h. The change in adsorption and desorption depend-
ing on pH value was also examined. After measuring the
pH of the mercury(I) nitrate solutions they are added to
weighed clay samples. All experiments were done in a
thermostated water bath at 25 °C. The Hg§+ concentration
was determined by a spectrophotometric method16.

Only samples from the scolution phase were taken and
the distribution coefficient was calculated from:

kg = {lic, -~ aa/ml/lcrvl}

where CO is the initial element concentration in solution
(mol/1), C is the final element concentration in solution
{the concentration after certain contact time, mol/l),

m is the mass of sorbent (g), and V is the volume of the
solution phase (ml).

Thoroughly sieved and washed montmorillonite sorbent
and water were contacted and to adjust the pH, an acidic
stock solution was added. The distribution ccefficients
of element concentrations in solution phase were deter-
mined as a function of following parameters: contact-
time, clay size, concentration and pH. The data obtained
from sorption/desorption experiments were fitted with
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. C s 22~23
Freundlich and Langmuir isotherms . The linearized
Freundlich egquation is

1g x = lg k + N 1lg C

where x is the amount of solute adsorbed per unit weight
of solid (megq.q '), C is the equilibrium solute solution
concentration (meq.m1—1) and kx and N are constants. The
Langmuir equation is

C/X = 1/ka.1/xm + c:/xm

where X and C are defined as above for the Freundlich
equation, ka is £he affinity constant and Xm is the
maximum amount of the element that can be adsorbed in a
monolayer.

RESULTS AND DISCUSSION

The experimental data fdr the sorption and desorption
of uranium, thorium and mercury by the montmorillonite
depending on contact time, element concentration, clay
size and pH are shown in Figures 2-5.

The influence of contact time can be explained by
various processes which contro! the mechanisms of uptake
and rate of diffusion into the matrix of the soil. The
order of uptake for this montmorillonite type can be re-
cognized from the intersection of graphs and it is in-
dependent of contact time at values greatef than 10 h
for uranium and 2 h for both thorium and mercury (Fig.
2, 2a).

The effect of clay size or particle diameter on the
adsorption 0f uranium is examined between 0.05 and 0.4
mm. The results show that the +0.1 - 0.2 mm dimension
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Fig. 2. Variation of uranium sorption depending on contact

time

range is the most suitable for the adsorption process
{Fig. 3).

In all the following experimental work this size range

of montmorillonite is taken as the main adsorbent ma-
terial.

The influence of concentration on the sorption and de-
sorption is summarized in Fig. 4. The experimental data

show that the corresponding charges for montmorillonite

were 77, 48 and 85 meq/100 g clay for uranium, thorium

and mercury, respectively.

The experiments to determine the pH effect on sorption
were studied for pH

1

13 < pH < 11 for uranium and
< pH < 3.2 for mercury (Fig. 5, Fig. 5a).
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Fig. 3. The effect of clay particle size on uranium ad-
sorption

The results indicate that the sorption and desorption
of uranium is high at lower (pH < 6) and higher (pH > 8)
pPH regions. The sorption values decrease when the PH in-
creases from 3 to 7 and afterwards both of them increase.
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Fig. 4. Variation of uranium, thorium and mercury sorp-
tion depending on equilibrium concentration

Freundlich and Langmuir parameters for uranium, thori-
um and mercury are given in Fig. 6. )

The results as a function of concentration suggest the
existence of two types of cation-exchange phencmena. The
first one is the increase of sorption below 1000 ppm and
the second one occurs over 1000 ppm for all of the three
cations. The data obtained indicate a relatively revers-
ible behavior for sorption and desorption processes. It
should be noted that mercury is sorbed most and desorbed
least when thorium is sorbed least and desorbed most.
This fact can be explained by their different ionic char-
acters. It may be attributed to tightly bound layers in
the case of montmorillonite structure which does not
permit deep penetration of the sérution into the clay
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lattice. The ion exchange properties of montmoriildnite
are generally believed to reflect broken bonds and pos~
sibly OH bonds on the surface of the clay particle.

When the slope values are less than unity for uranium
and thorium, in the case of mercury it is greater than
one. This is because mercury is a II B group element but
thorium and uranium are IV A and VI A group elements,
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Fig. 6a. Freundlich plot of mercury sorption

respectively. The values of Freundlich and Langmuir para-
meters and the form of adsorption isotherms clearly indi-
cate the establishment of equilibrium corresponding to an
adsorption of each element around the theoretical charge
of support material. In the case of thorium the fact that
the sum of exchangeable cations is smaller than the mea-
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sured CEC values, indicate that some dissolution of sol-
uble salts occurred during determination of the exchange
process. The relatively lower adsorption capacity against
thorium could be attributed to the presence of some other
different species of thorium existing under the experi-
mental conditions. The sorption capacity for mercury does
not change in the experimental pH range, however, its
sorption is greater than that of the other elements ex-
amined.

CONCLUSION

The sorption and desorption behavior of uranium, tho-
rium and mercury on montmorillonite have been studied.
The results obtained reveal that the sorption of the
elements studied on montmorillonite approximately obey
the additivity rule without any corrections, except for
the equilibrium ion concentration. Their sorption and
desorption abilities are described by the distribution
coefficlents, Freundlich's parameters and Langmuir's af-
finity constant, which encompasses surface retention.

The sorption process for actinides can largely be
taken as physical adsorption. The exchange processes
would be less significant, except for non-complexed and
non-~hydrolvzed species at lower and higher pHs, and also
for thorium the migration can be reduced due to the forma-
tion of hydrolyzed and polymerized species. The high
degree of mercury sorption can be attributed to its low
degree of hydrolysis.

In the light of the results discussed above, it is
obvious that the test parameters have a marked effect on

sorption and it is possible to retain thorium, uranium

64




AKCAY et al.: SORPTION AND DESORPTION OF Hg, Th AND U ON CLAY

and mercury on montmorillonite, which may be an effective
support material for immobilization of the elements in

question24—25.
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