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2, Scanning electron microscope
8, X-ray diffraction
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Fig. 1. The electrokinetic system used in this study with details
of the electrokinetic test cell.
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Table 1. Physico-chemical properties of kaolinite sample.

o301 LS s Sl p Sdsle s Ga, 5 o
Gl s cxle Gl cnlaly T 5 A QX O] e
oo glog e eslizal LGl 5l el S e pas
g OIS0 SlS 5 cpl Sl s 5leslizal L S5
o Ol ssdeee law S0 Obsl ol e i
Ollal 4 a5 L M) ol Sa T 5 s s,
sloes Olye 4 50 (S0) i a5 (g
A sl Gy SIS ot PH 5 6l oI5
Lol oSS 5 pland 3l5e 035 GBlol sl S5 4y o5
S R DL S S Gl s b S
Slis, aexr 3l dase s Wl S Ul 5 ml
@] ol SnS5 mS en3l prsuoad ke 4 olgiy

[¥Y syo vy W

b 2ol T plsil 503 JT (glass sa 45 Y=Y
WS o 515 Tl os )T Sbt sladi s sl (gl
2 Sle Y S el g sl aslsl s als S
Sl o 3ok 05 SnSs S oKy Jske 05,8
Jsd) awe Casby dsles LoLi) St 035 /¥ 550>

s 3kl S WS1S bl el eSO



o3 e 3§53 55 Lo el

Jyl clle 4 (C) St s elledl Sl cs IS
LT Cdad B wges ol by Aol il jsme 5 (Cp)
Lodas e Ol ool cows w BB sl ol
S Ol Jles L ) S 5 6 585 3 et
Coo 0 S 50 51 e 5 LB i 0le c3dS
53 o 4 eVl e anziny 5 eSS Oxle S
Dl Sl asl el s o il 4 Ksp oladas
Sol Gladises s oy w0 Guo VY B A) Ol 2l

.))‘.) @Lﬁfd))bwjgu Ld});lﬁ

gl Olen S5 S 3T ey 5 et VT g0 306 (V) IS

Sk 1 Ss )
1.4
Kaolinite + 40 cmol/kg Pb
1.2 A
1 4
0.8
S
O 06
—e— After 3 days
0.4 —#— After 6 days
—o— After 12 days
0.2 —&— After 24 days
—&— After 48 days
0 T
0 0.2 0.4 0.6 0.8 1
1.4
Kaolinite + 40 cmol/kg Zn
1.2
1 4
0.8 A
°
Q
O 06
—— After 3 days
0.4 1 —&— After 6 days
—o— After 12 days
0.2 A —&— After 24 days
—— After 48 days
0 T T T T
0 0.2 0.4 0.6 0.8 1

Normalize distance from Anode
Fig. 2. Distribution of final heavy metal concentration across
the soil specimen by different pollutants and times of test.
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g. 4. Impact of pollutant characteristics on the adsorption
capacity variations of kaolinite sample.
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and c) across the soil sample after electrokinetic testing.
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Fig. 6. Distribution of final Pb concentration across the soil
specimen by different catholytes.
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Fig. 7. The change in soil pH and EC profiles by different
catholytes after electrokinetic testing.
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Abstract:

The electrokinetic (EK) approach is one of the popular choices for the extraction of inorganic contaminants
(e.g. heavy metals) from a soil matrix. On the other hand, many factors can affect the performance of EK
contaminant remediation. Therefore, in the present study a series of macro and micro level tests including
electrokinetic experiments, pH and electrical conductivity (EC), adsorption and desorption, X-ray diffraction
(XRD) and scanning electron microscope (SEM) analyses were performed to investigate the effects of time
and pore fluid characteristics on the efficiency of EK remediation. For this purpose, the kaolinite clay was
separately infected with different solutions containing zinc nitrate and lead nitrate in concentrations of 20
and 40 cmol/kg and then electrokinetic experiments on a laboratory scale were conducted at 2 VV/cm voltage
gradient in time periods of 3, 6, 12, 24 and 48 days. Nitric acid was also used as a catholyte solution to
enhance the soil remediation process. The results obtained show that the soil response to the EK remediation
is a function of the contaminant characteristics, the pH of soil-electrolyte system and the time of testing. In
EK contaminant remediation from a soil matrix, it is significant to pay particular attention to the effect of the
concentration and type of contaminant on the applicability and efficiency of this method. The results reveal
that under the same conditions, especially in the low times, extraction efficiency from samples containing
lead was measured approximately 70 percent of the samples containing zinc. This is because the lead tends
to more adsorbe on the clay surface and has a greater tendency to form precipitate. In addition to the type of
contaminants, it was found that the increase in concentration of contaminants in the soil through a series of
physical-chemical reactions accelerates clean up capabilities, particularly in the initial time period of the EK
experiments. Catholyte conditioning with acidic solution enhanced the removal of heavy metals, which is
mainly due to microstructural changes and an increase in the mobility of pollutants. In fact, based on the X-
ray diffraction and scanning electron microscope analyses, the microstructural characteristics and the
arrangement of the clay particles have an important role in the process of electrokinetic soil remediation. The
formation of flocculated structure decreases the retention capacity of the clay particles and also increases the
flow path, which enhance the efficiency of pollutant extraction. It was found that the soil remediation,
especially in the parts close to the anode, greatly enhanced with increase the time of EK test; however, the
further increase in time had a limited impact on results, especially in the samples containing high
concentrations of zinc. This indicates that there is an optimum time in the process of cleaning up heavy
metals from the soil by EK method, which depends on the type and concentration of contaminant.
Moreover, it was seen that the extent of contaminant removal from anode side towards the cathode side is
considerable when catholyte conditioning with acidic solution is used. In other words, reducing the pH of
soil-electrolyte system has a significant impact in increasing the efficiency of pollutant extraction.

Keywords: Electrokinetic, Heavy metals, Pore fluid characteristics, Time, Microstructure.
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