IOP Conference Series: Materials
Science and Engineering

PAPER « OPEN ACCESS You may also like

Development of electrokinetic remediation for " Reqative mydrogen jon curent densites
over 1000 s at the ELISE test facility

caesium: A feasibility study of 2D electrode D. Winderlh, R. Ried, . Bonomo et al.
configuration system hegalii o souice SPDER

E. Sartori, M. Agostini, M. Barbisan et al.

To cite this article: Rudy Syah Putra 2016 IOP Conf. Ser.: Mater. Sci. Eng. 107 012015 - Modelling of the positive column of a
medium-pressure Cs—Xe dc discharge
affected by a millimetre wave pulse
M S Gitlin, | L Epstein and Yu A Lebedev

View the article online for updates and enhancements.

@ = DISCOVER

how sustainability

The : ' : intersects with
Electrochemical ¢ ]
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.149.230.44 on 26/04/2024 at 20:18


https://doi.org/10.1088/1757-899X/107/1/012015
https://iopscience.iop.org/article/10.1088/1741-4326/ab246c
https://iopscience.iop.org/article/10.1088/1741-4326/ab246c
https://iopscience.iop.org/article/10.1088/1741-4326/ab246c
https://iopscience.iop.org/article/10.1088/1741-4326/ac715e
https://iopscience.iop.org/article/10.1088/1741-4326/ac715e
https://iopscience.iop.org/article/10.1088/0022-3727/46/41/415208
https://iopscience.iop.org/article/10.1088/0022-3727/46/41/415208
https://iopscience.iop.org/article/10.1088/0022-3727/46/41/415208
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvyJV7rCsZmA9KFEZ202zQ1PjZ5buhlBVD2pGpcRs6WbiFhrkB0c9e60E6GdFB_xcnb5JqRTZhTzhpoAQbw8RypQD0YN9njL_lI790ObUEcauS0w2o_rIhu79rUExxTrDgqeSIa9DXHee_m-HV1O2fuiWWOqXCuoAuDD8b24-tkq4ug8u-CfKNTvFX9leJDBbx5BYFH8tTmWdhCVWsHdAGND03v__uhHLwIHPu6jF3yPXN5BayoyCjLPv0LdLLczWq9PLlPSPPI8GDd3MFfbIGSWXLmPWS3sD7LAZy0N21ED9WwCWyOoVGTzjLtFbS3bwQJ43rgsFBKwQ44x4PKXhpe33feow&sig=Cg0ArKJSzP8qatYoZz1Y&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

10th Joint Conference on Chemistry IOP Publishing
IOP Conf. Series: Materials Science and Engineering 107 (2016) 012015 doi:10.1088/1757-899X/107/1/012015

Development of electrokinetic remediation for caesium: A
feasibility study of 2D electrode configuration system

Rudy Syah Putra

Department of Chemistry, Faculty of Mathematic and Natural Sciences,
Universitas Islam Indonesia, JI. Kaliurang KM. 14.5, Sleman, Daerah Istimewa
Yogyakarta 55584, Indonesia

E-mail: rudy.syahputra@uii.ac.id

Abstract. Agar matrix was artificially contaminated with caesium and subjected to rapid
assessment of electrokinetic treatment on the basis of the 2D electrode configuration. The
effect of caesium concentration on the process was investigated using different electrode
configuration (i.e. rectangular, hexagonal and triangular). During treatment the in situ pH
distribution, the current flow, and the potential distribution were monitored. At the end of the
treatment, the caesium concentration distribution was measured. The results of these
experiments showed that for caesium contamination, pH control is essential in order to create a
suitable environment throughout the agar matrix to enable contaminant removal. It was found
that the type of electrode configuration used to control the pH affected the rate of caesium
accumulation. All of the electrode configurations tested was effective, but the highest caesium
extraction was achieved when the hexagonal pattern was used to control the pH. After 72 h of
treatment at 50 mA, the concentration of caesium decreased gradually from the second and first
layer of agar matrix throughout the cell, suggesting that most of the caesium was concentrated
on the cathode part.

1. Introduction

Now day Japan has faced a crisis on the radionuclide spreading after the accident in Fukushima
Nuclear Power plant after hits by a tsunami following the M8.7 earthquake on 11 March 2011. Based
on data released by MEXT and other resources, the radionuclide contaminants (Cs-137) are spreading
in the soil and also water around 30 km from the accident location[1]. The deposition of *’Cs occurs
primarily in association with precipitation [2], and its initial depth distribution in the soil layer is
affected by infiltration of precipitation into soil and adsorption of radionuclides by the soil particles of
the surface horizon [3]. On one hand, shallow penetration and slow downward migration rate of *’Cs
result in its long residence time in plant root zone. On the other hand, deeper penetration and fast
migration in soil may increase the risk of water contamination by the radionuclide. Even though today
the radioactive concentration is still far below from the indexes of drinking water and food safety limit
reported by the Nuclear Safety Commission of Japan, but it was still necessary to restore these
contaminants location including around the nuclear reactor.

Recently there has been considerable interest in the international community in a range of in-situ
and ex-situ remediation technologies for radioactively contaminated soil and groundwater, including a
low expense and large scale application of phytoremediation [4, 6]. While these technologies have
been applied in a range of environments, their application in clay and silt-rich soils may have raised
the problem, due largely to the low hydraulic conductivities of these soils. Also, a major factor which

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



10th Joint Conference on Chemistry IOP Publishing
IOP Conf. Series: Materials Science and Engineering 107 (2016) 012015 doi:10.1088/1757-899X/107/1/012015

influences the mobility of contaminants in soil is the soil pH. One emerging technology that has,
however, received much attention as a practical in situ remediation technology for low permeability
clay-rich soil is electrokinetic remediation, which applying a dc current to the soil results in the
generation of acid at the anode and alkali at the cathode [5, 7, 8]. This leads to an acid front at the
anode and a basic front at the cathode. In the presence of the electric field, the acid front tends to
migrate towards the cathode and the basic front advances towards the anode by electromigration. This
method has been successfully employed at laboratory scale on a range of radioactively contaminated
soil and groundwater [9]. A common problem with electrokinetic removal of heavy metals is
precipitation of the metal ions which has been found to occur close to the cathode, hindering the
extraction process [10, 11]. The generation of alkali conditions at the cathode tends to immobilise
heavy metal contaminants by hydroxide precipitation. A low pH environment can promote the
removal of the metallic contaminant from fine grain soils as a low pH promotes desorption (by ion
exchange) of most heavy metals and cations from the soil surface. The latest results has confirmed that
the combined process of electrokinetic with other methods, such as permeable reactive barrier (PRB)
material using drinking water sludge as an entrapping zone (i.e. entrapping zone electrokinetic
remediation—EZ-EKR) and phytoremediation using Kentucky bluegrass as an accumulator species (i.e.
electro-assisted phytoremediation—-EAPR), has a promising result to apply for the removing heavy
metal from contaminated soil [12, 13] and water [14].

An open electrode configuration allowing the exchange of solution between the electrode and the
subsurface environment is essential for proper functioning of the electrokinetic process. The electrodes
can be installed horizontally or vertically. Most bench-scale and large-scale laboratory and pilot-scale
field studies on electrokinetic remediation and electro-assisted phytoremediation (EAPR) system
performed to date have been horizontally one-dimensional (1D) [15, 16, 17]. Limited research has
been conducted to study the effect of the vertically 1D electrode configuration on the efficiency of
electrokinetic remediation and EAPR system [18, 19, 20]. Limited numerical sensitivity analyses have
been performed on two-dimensional (2D) or axisymmetrical configurations (Renaud and Probstein
1987; Jin and Sharma 1991) and also on EAPR system [22]. In that configuration, the cathode is
placed at the center, and the anodes are placed on the perimeter to maximize the spread of the acidic
environment generated by the anodes and to minimize the extent of the basic environment generated
by the cathode. These configurations of electrodes generate 2D non-linear electric fields. In a 1D
configuration, the electric current density, i.e. current per unit area, is independent of location. In 2D
configurations, however, the electric current density increases linearly with distance towards the
cathode [23]. Therefore, the electric field strength also increases linearly with distance towards the
cathode.

The purpose of this study was to evaluate a designed 2D electrode configuration on the
electrokinetic system for removal of Cs from soil for further application in the field at Fukushima area,
Japan. The study was conducted using an agar matrix for rapid assessment on the basis of pH changes
as an indicator the effectiveness of the electrokinetic process.

2. Methodology

2.1. Designed electrokinetic cell

The study was focused on the development of modified electrokinetic system using 2D electrode
configuration as shown in Figure 1. This reactor was provided to evaluate the application of vertical
upward current, which is characterized by the removal of radionuclide from a lower subsurface soil
(i.e. depth 5 ~10 cm). Furthermore, a low cost/free waste recycling and re-utilization material, such as
dewatering drinking water sludge (DWS), will be applied as an adsorbent material for the combined
electrokinetic and entrapping zone system as shown in Figure 2. This material in Japan is now a day
produced in large quantity and dumped for the landfill as aluminum drinking water treatment residuals
(AlI-WTRs). Through the introduction of a ready cheap and available material, the method can be
applied in low-cost operation and environmentally friendly technology.
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Figure 1. The electrokinetic apparatus used in this study. (a) the cathode electrode made from
stainless still bar (10 mm (W) x 200 mm (L), 3 mm thickness) and net wire (150 mm (W) x
200 mm (L), 10 mesh); (b) anode electrode made from graphite (100 mm (L), @ 58 mm); (c)
dimensional electrokinetic cell (200 mm (W) x 300 mm (L) x 100 mm (H)); (d) lateral images
of full scale 2D electrode configuration, respectively.
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Figure 2. Schematic diagram of modified 2D reactor for EK/EZ system.

2.2 Evaluation of 2D electrode configuration of electrokinetic cell
The aim of the study was to evaluate whether the construction of 2D electrode configuration could be
used efficiently to enhance the electromigration of caesium ion from contaminated plume during the
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electrokinetic process. The test was preceded in the agar matrixes representing as a liquid media,
where rapid assessment of the caesium ions movement in a short time (i.e. 72 h) could be easily
evaluated. The contaminated part was set-up in the bottom tray; meanwhile another part in the tray
was filled with clean agar.Each layer of agar matrix was prepared by pouring of 30 g agar in 4 L of
0.01 M KCI solution. The contaminated agar matrix was prepared by addition of 100 mg/L of CsCl.
The results from this step were further used to design the effectiveness of electrode configuration in
the soil matrix for the electrokinetic process.The studies in agar matrix were carried out in three
different electrode configurations such as rectangular, hexagonal and triangular patterns as shown in
Figure 3. All studies were run in 50 mA of constant current.
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Figure 3. 2D electrode configuration for the electrokinetic system. (a) rectangular configuration needs
for 20 electrodes, (b) hexagonal configuration needs for 36 electrodes, and (c) triangular configuration
needs for 18 electrodes, respectively. The black dot representing the electrode position and the
connection of electric wire between points were represented by dashed yellow line.

3. Discussions And Implications

A series of experiments were carried out by using different 2D electrode configuration (i.e.
rectangular, hexagonal and triangular) for 72 h electrokinetic process. Figure 4 shows the pH profiles
from contaminated agar for rectangular electrode configuration. The decreasing agar pH which was
indicated by purple color would increase the solubility of Cs ions. At first, of 2 h electrokinetic
process acid pH gradually changed into mild acid as indicating with dark red color (i.e. pH range 4.2 ~
6.2). After 72 h of the electrokinetic process, totally the agar media changed the acidic environment as
indicating with red color. However, the pink color in the upper layer of agar matrix representing the
alkaline environment (i.e. pH range 7.8 ~ 10.0). Also, a similar result has been obtained when
hexagonal electrode configuration was applied in the system as shown in Figure 6. In this study, the
anode position changed after 24 h electrokinetic process to spread the current for another half part of
the electrokinetic cell.

Figure 5. shows the average caesium concentration in the upper layer of the electrokinetic cell was
much increase after the test. The concentration of caesium much decreased from the contaminated
layer (i.e., second layer) toward the first layer and an upper layer of agar matrix, suggesting that most
of the caesium was concentrated on the cathode part. Furthermore, the distribution of caesium at upper
layer much concentrated in the left part (S8 ~ S12) compared to the right part of the cell (S1 ~ S7)
indicating the electromigration of Cs ion in the cell was not normally spreading due to unbalance a
current distribution. However, for the hexagonal electrode configuration (figure 7), the
electromigration of caesium at upper layer was grouped into two part of the hexagonal cluster. For
example, the Cs ion has a high concentration at the right hexagonal group (i.e. S1 ~ S8) and left the
hexagonal group (i.e. S9 ~ S15) indicating the current distribution in the cell tends to concentrate on
the hexagonal structure.These results suggested that the electrokinetic process could be enhanced by
2D electrode configuration system.
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Figure 4. pH profiles from contaminated agar for rectangular electrode configuration in the
electrokinetic process. The Color degradation is representing of the pH profiles in the electrokinetic
cell, i.e. purple for bromophenol blue at pH range 3.0 ~ 4.6; dark red for methyl red at pH range 4.2 ~
6.2; and pink for phenolphthalein at pH range 7.8 ~ 10.0.
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Figure 5. Caesium migration profiles from contaminated agar matrix toward cathode rectangular
electrode configuration. (a) Sampling points of agar in the electrokinetic cell; (b) Concentration of Cs
in each sectional of agar at sampling points.
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Figure 6. pH profiles from contaminated agar for hexagonal electrode configuration in the
electrokinetic process. The Color degradation is representing of the pH profiles in the electrokinetic
cell, i.e. purple for bromophenol blue at pH range 3.0 ~ 4.6; dark red for methyl red at pH range 4.2 ~
6.2; and pink for phenolphthalein at pH range 7.8 ~ 10.0.
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Figure 7. Caesium migration profiles from contaminated agar matrix toward cathode hexagonal
electrode configuration. (a) Sampling points of agar in the electrokinetic cell; (b) Concentration of Cs
in each sectional of agar at sampling points.

4. Conclusions

The shape of the caesium concentration profile would depend in particular the pH of agar matrix.
Regions with low pH would be expected to show higher rates of extraction, as the caesium is more
readily dissolved in the pore fluid as indicating with red color (i.e. pH range 4.2 ~ 6.2). However, the
pink color in the upper layer of agar matrix representing the alkaline environment (i.e. pH range 7.8 ~
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10.0) which indicating of heavy metal precipitation. The electrokinetic process could be enhanced
using both of 2D electrode configurations (e.g. rectangular and hexagonal).
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