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7. Cation Exchange Capacity

8. Atterberg Limits

9. EGME

10. Atomic Adsorption Spectrometer
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2. Electrophoresis

3. Electromigration

4. Electro- Osmosis

5. Amorphous Material
6. Buffering Capacity
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1. Introduction

Development of industrial centers and economical activities in chemical material production, have
increased the heavy metal waste products (Krishna and Gupta, 2008). For this reason, the remediation of
heavy metal contaminated soils is an essential need. Electrokinetics is one of the important methods for soil
remediation from heavy meal contaminated clays (Liu et al., 2017). In the last two decades, due to workability
of this method, it has widely being used for contaminant removal from fine grain soils. On the other hand, the
presence of carbonate in clayey soils causes a reduction in the efficiency of electrokinetics method (Virkutyte,
2002). On the fundamental of microstructural aspects of this method, there are only limited researches.
Therefore, the main objective of this research is to investigate the impact of carbonate and carbonate
elimination on the efficiency of Pb removal from carbonated kaolinite in electrokinetics process with special
attention to the XRD analysis.

2. Methodology
Fig. 1 shows the general set up of electrokinetics experiment which is used in this research. In Fig. 2 the
electrokinetics cell of this research is shown in details.

Microtube

Fig. 1. The general set up of electrokinetics experiment
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Fig. 2. The details of electrokinetics cell in this research

In electrokinetics experiments, natural kaolinite samples were air dried and passed through number #10
sieve. Then, kaolinite samples were mixed in 1:10 soil: electrolyte ratio with 10 cmol/kg-soil lead nitrate.
Samples were kept for a week to achieve equilibrium. In this period they were daily shaken for two hours on
a mechanical end to end shaker. After achieving equilibrium, samples were kept in oven at 40 degrees
centigrade for 96 hours. Then samples were mixed with 27% distilled water as initial water content. The
plastic soil samples were kept for another 24 hours in closed bags. Then, they were passed through number
#10 sieve. Then, they were compacted on the electrokinetics cell in 5 layers with similar density of 1.7 g/cm3.
Finally, the electrokinetics experiments were performed. At the end of electrokinetics experiments, soil
sample was removed from cell and was sliced in 5 sections. Each section was dried separately and was
analyzed by AA and XRD (Ouhadi and Yong, 2003) experiments

To achieve the above mentioned objective, the variation of intensity of major basal spacing of kaolinite in
XRD analysis has monitored. At the first step, the natural kaolinite sample which had 4% carbonate, was
decarbonated. Then, to study the lead heavy metal retention by natural kaolinite and kaolinite samples with
different percentages of carbonate, the batch equilibrium experiment was performed on kaolinite samples
with different carbonate content of 0, 2, and 4 percentages. In addition, these kaolinite samples were mixed
by 10 cmol/kg-soil of lead nitrate and were subjected to the electrokinetics experiment. In order to
investigate the accuracy of contaminant removal of kaolinite from microstructural point of view, atomic
absorption spectroscopy (AA) and XRD experiments was performed on these samples.

3. Results and discussion

The results of this research show that the reduction of 4% carbonate of natural kaolinite causes the
accumulation of heavy metals in the fifth slice which is very close to the cathode compartment. For
decarbonated kaolinite sample, a 162% increase in electrokinetics efficiency was observed. Furthermore, for
this decontaminated samples a 32% reduction in the intensity of major basal spacing of kaolinite was
observed. Base on the results of this research the efficiency of the electrokinetics method for heavy metal
contaminant removal is a function of three factors which include heavy metal transformation towards
cathode compartment, pH variations, and soil water content.

4. Conclusions

The results of this paper show that in decarbonated kaolinite due to the absence of carbonate, reduction of
pH in electrokinetics occurs quickly. Therefore, because of development of acid front in electrokinetics cell,
the contaminant removal from kaolinite forms easily. However, in carbonated kaolinite the variations of
water content in electrokinetics cell approves that the presence of carbonate has not prevented the electro-
osmosis phenomenon.
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