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ARTICLE INFO ABSTRACT

Received: 09 Mar 2025 This research conducted a series of experiments to examine electrokinetic performance on

dewatering and settlement in soft clay subjected to two configurations of electrode including; 1)

anode and cathode were placed at top and bottom boundaries respectively, and vice versa for the

Accepted: 21 May 2025 other configuration. These configurations were later labeled as 1AT and 1AB respectively. It was
found that the 1AB yielded the best result in term of settlement (27.08 mm). It was concluded
that the influence of electrophoresis and gravity played roles to the magnitude of settlement. Due
to upward moving of clay particles during settlement (influence of electrophoresis), placing an
anode above a cathode would generate cracks which interferes drainage of water, and hence
settlement. This study also confirms that soil dewatering is governed by electro-osmosis process
rather than effect of temperature. Reduction of water content during the experiment affects the
efficiency of electrokinetic technique, including electric current and electrical resistance. As such,
this technique is suitable for any problem that requires smaller amount of dewatering within very
short time period.
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INTRODUCTION

Electroosmotic is induced by dragging force from absorbed water layer resulting in moving of hydrated water
molecules toward the cathode. In geotechnical engineering, this process has been applied for dewatering [1-2],
purification of certain substances [3-6], injection of chemical agent to improve the mechanical properties of soft soil
[7-9], and other purposes [10-20] etc. The advantage of this technology is that, under the influence of [electric
potential gradient, the rate of water moving through the low permeability medium is much faster than that under the
influence of water pressure gradient. However, complex interaction among chemical, electrical, and geotechnical
behaviors of this technology draws the attention of geotechnical engineers away from this technology. Crake
formation due to extensive drying at the anode and extreme changes in pH at both electrodes also play negatively
affect to the performance of the electroosmotic process. In addition, heat induced during the electroosmotic process
also promotes the formation of crack near the electrodes. Wu et al. [21] suggested that applying electroosmosis with
surcharge load can mitigate the crake formation. Since the propagation of crake usually takes place between the
electrode, application of surcharge load will be more effective if the electrodes are placed vertically apart from each
other. Due to it inherently supporting the application of surcharge load to mitigate crake formation, the configuration
of electrodes that laid horizontally and vertically apart from the other was focused on this study. Two set of the
experiment were conducted in this study; the experiment that the anode and cathode were respectively placed at the
top end and the bottom end of the soil sample, and the experiment that the anode and cathode were placed at the
bottom end and the top end of the soil sample. Results reported in this study might enhance understanding complex
behavior of electroosmosis in clayey soil, and hence promote the adoption of this technology to geotechnical
engineering application.
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METHODOLOGY

The electroosmotic cell was made from acrylic plates to form a rectangular box of an internal cross section of 110 x
110 mm? and a height of 180 mm (Fig. 1). The electrodes were to be laid horizontally and they were to be placed at
the bottom and the top end of the soil sample. Five small circular holes of 10 mm were drilled at 25 mm vertically
apart from the vicinity holes. These holes were made for installation of potential probes for monitoring real-time
effective voltage and electric current during the electroosmotic process. The electrode material used in this study was
graphite plate of 100 x 100 mm? with thickness of 10 mm. Set of 3 mm diameter holes was drilled on the graphite
plates to form perforated graphite electrode as shown in Fig. 1.

The Bangkok Clay having liquid limit of 80%, plasticity index of 50%, and specific gravity of 2.63 was used in this
study. The sample was prepared to achieve a homogeneous sample with gravitational water content of 180%. The
clay slurry was then poured into the experimental box in five layers, each of 20 mm thick to achieve 100 mm height
of the sample. The perforated graphite plate of 100 sq.cm. was used as electrodes and placed at the bottom and top
ends of the clay slurry in the experimental box. Thereafter a dead weight of 1 kg was placed at the top end of the
experimental box. A vertical displacement gauge was attached on a fixed beam for surface settlement measuring.

Fig. 2 presents schematic diagram of the experiments conducted in this study. The electroosmosis was carried out by
applying direct electric current generated from a DC power supply with voltage of 30 Volts, equivalent to 300
Volts/m. Surface settlement, electric current, effective voltage, were continuously recorded during the test. Two
experiments were conducted in this study. The first experiment was the test for anode was placed at the top end and
cathode was placed at the bottom end and it is later referred as the AT test. For the second experiment, we placed the
cathode at the top end and the anode at the bottom end and it is later referred to the AB test.
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Figure 1. Electroosmotic cell with position of the holes for insertion of potential probes, electrodes and perforated

graphite plates.
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Figure 2. Schematic view of the experiment conducted in this study.
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RESULTS & DISCUSSIONS

Fig. 3 presents surface settlement vs time of the test AT and the test AB. Both tests exhibited fast rate of settlement
at the early stage of the process and the settlement rate slowed down afterward. At the early stage, the expelled water
mainly came from the soil near the cathode resulting in fast settlement at the early stage. During the process, water
further drained, and the thickness of electric double layer reduced resulting in reduction of zeta potential, and hence
the reduction of the electric conductivity. The settlement rate took place in AT and AB tests were almost identical at
the early stage from 0 min to 50 min. Thereafter from 50 min to 120 min, the settlement rate in the AB test became
notably faster than that in the AT test. The total surface settlement of the AB test is about 25% greater than that of
the AT test. These results confirm the finding reported in Malekzadeh & Sivagukan [22,23] who conducted one
dimensional electrokinetic process in vertical direction with dredged marine slurry having initial water content of
250% and found that the settlement difference between the experiment when the anode was placed at the bottom
end and that when the anode was placed at the top end was about 35%.

Fig. 3 also presents the total weight loss of the sample during the AT and AB tests. The similar pattern between
drainage water and settlement indicating that drainage of water is the major contributor to the settlement during the
test. The zigzag in AB test during 0-100 min. was because of retard of water to be drained at the top end of the model
box. Since the amount of water drainage in the AT and AB tests are not notably difference comparing to the settlement
presented in this figure, we implied that that, other than the water drainage, other factor would play role to the
settlement. For the AB test, the negative charged particles move downward to the anode at the bottom end
(electrophoresis) and the pore fluid moves upward to the cathode at the top end. Compared to the case that the anode
was placed at the top end (AT test), the negative charged particles were forced by the application of DC current to
move upward resulted in deceleration of the negative charged particle settlement. Moreover, this phenomenon of the
negative charged particles would result in formation of crakes in the soil which obstructs the electroosmotic process.
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Figure 3. Time series plots for surface settlement and weight loss

Fig. 4 presents electric current measured from both tests. The electric current of each test increased at the early stage
but dropped sharply to reach asymptote after 500 min. At the early stage, the low availability of free ions in pore fluid
of the soil explains the low value of electric current. Then the desorption and mobilization of the ions in the soil matrix
induces an increase in the electric current. Afterward, the rapid drop of electric current was due to the depletion of
ions as they moved to the cathode. When there was less water in the soil, electric current also declined, increasing
the resistance of cations and water movement. Comparing the electric current measured from the AT and that from
the AB test, the electric current measured at the early and middle stages in the AB test was less than that measured
in the AT test. However, at the last stage, the electric current in the AT test became lower than that in AB test after
400 min. We implied that the greater resistance was caused by the inner crake generated in the soil during the AT
test.
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Figure 4. Time series plots of electric current.

Fig. 5 shows variation of the electric resistance during the electroosmotic process. Since the resistance is inverse
function of electric current, during the early and the middle stages, the water content in AT test was higher than that
in AB test. However, the resistance in AT test became notably greater than that in AB test at the last stage.
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Figure 5. Time series plots of electric resistance.

Fig. 6A, Fig. 6B and Fig. 6C presents XRD of the soil before the test, that of the soil at anode and cathode after the AT
test, respectively. New peak was found at 120 and 29° (2[) for the soil near the anode indicating presents of CaSO,
after the electrokinetic process. For the soil near the cathode, new peaks were found at 29° 43° 48 and 57° indicating
formation of CaCO; at this side. Under electric potential, Ca,* ions migrate towards the cathode side while ions
migrate toward the anode side in opposite direction. As the process continues, CaCO, precipitates are produced by a
chemical reaction between the Ca,* ions and ions. Since the Ca,* has the higher electric mobility than the does, the
CaCO; was found in the soil near the cathode. Since CaSO, are resistant to acid dissolution but it do dissolve in
alkaline solution, CaSO, was found only at the soil near the anode.
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Figure 6. XRD profile of Part A an original clay, Part B a clay at the anodic side after electroosmosis, Part C a clay
at the cathodic side after electroosmosis.

CONCLUSION

Due to combination of electrophoresis and gravity, the direction of soil particle movement under the electrophoresis
and gravity played a great role to the surface settlement of soil subjected to direct electric current. The adverse
directions between the surface particle movement caused by electrophoresis and that caused gravity in the AT test
resulted in a formation of internal crake in the soil during electroosmosis. The internal crake formed during
electroosmosis in the AT test resulted in the greater final electric resistance in the AT test than that in the AB test.

Acknowledgements:

This work was supported by (i) Suranaree University of Technology (SUT), (ii) Thailand Science Research and
Innovation (TSRI), and (iii) National Science Research and Innovation Fund (NSRF) (NRIIS 195629).

59
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution

License which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management
2025, 10(52s)
e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article
REFERENCES
[1] Casagrande, A., 1952, Electro-osmotic stabilization of soils. J. Bost. Soc. Civ. Eng., 39, 51-83.

[2]
[3]
[4]
(5]
[6]
[7]
[8]

(9]

[10]

[11]
[12]

[13]

[14]
[15]
[16]
[17]

[18]

[19]
[20]
[21]
[22]

[23]

Paczkowska B., and Paczkowska, B., 2005, Electroosmotic introduction of methacrylate polycations to
dehydrate clayey soil. Canadian Geotechnical Journal, 42(3), 780-786.

Gomes, H.I., Dias-Ferreira, C., and Ribeiro, A.B., 2012, Electrokinetic remediation of organochlorines in soil:
enhancement techniques and integration with other remediation technologies. Chemosphere, 87, 1077-1090.
Zanjani, A.J., Saeedi, M., and Weng, C.H., 2012, An electrokinetic process coupled activated carbon barrier for
nickel removal from kaolinite. Environment Asia, 5(2), 28-35.

Bahemmat, M., Farahbakhsh, M., and Kianirad, M., 2016, Humic substances-enhanced electroremediation of
heavy metals contaminated soil. J. Hazard. Mater., 312, 307-318.

Ji, M., Zou, H., Du, W., Gao, K., and Liu, C., 2016, Surfactant enhanced electrokinetic remediation of polycyclic
aromatic hydrocarbons contaminated soil. Chin. J. Environ. Eng., 10(7), 3871-3876.

Asavadorndeja, P., and Glawe, U., 2005, Electrokinetic strengthening of soft clay using the anode
depolarization method. Bull Eng Geol Environ, 64(3), 237—245. d0i:10.1007/s10064-005-0276-7

Terzis, D., Hicher, P. and Laloui, L., 2020, Direct currents stimulate carbonate mineralization for soil
improvement under various chemical conditions. Sci. Rep., 10, 17014. https://doi.org/10.1038/s41598-020-
73926-7.

Mwandira, W., Mavroulidou, M., and Satheesh, A., 2023, An electrokinetic-biocementation study for clay
stabilisation using carbonic anhydrase-producing bacteria. Environ Sci Pollut Res, 30, 104916—104931.
https://doi.org/10.1007/s11356-023-29817-7

Citeau, M., Olivier, J., Mahmoud, A., Vaxelaire, J., Larue, O., and Vorobiev, E., 2012, Pressurised electro-
osmotic dewatering of activated and anaerobically digested sludges: Electrical variables analysis. Water
research, 46(14), 4405-16. doi: 10.1016/j.watres.2012.05.053.

Esrig, M. 1., 1968, Pore pressure, consolidation and electrokinetics. J. Soil Mech. Found. Div., 94, 899—921.
Esrig, M.1., 1971, Electrokinetic in soil mechanics and foundation engineering. Trans. New York Acad. Of
Sciences Series I, 22 (2), 234.

Hu, L., Wu, H., and Meegoda J.N., 2015, Effect of electrode material on electro-osmotic consolidation of
bentonite. The 15th Asian Regional Conference on Soil Mechanics and Geotechnical Engineering.
http://doi.org/10.3208/jgssp.SEA-09.

Jeyakanthan, V., Gnanendran, C.T., and Lo, S.-C.R., 2011, Laboratory assessment of electro-osmotic
stabilization of soft clay. Canadian Geotechnical Journal, 48(12), 1788-1802. https://doi.org/10.1139/t11-073
Kobayashi, K., Iwata, M., and Hosoda Y., 1979, Fundamental study of electroosmotic flow through perforated
membrane. Journal of Chemical Engineering of Japan, 12(6), 466-471. doi:10.1252/jcej.12.466

Lo, K., Ho, K., and Inculet, L.I., 2011, Field test of electroosmotic strengthening of soft sensitive clay. Canadian
Geotechnical Journal , 28, 74-83. doi:10.1139/t91-008.

Mohamedelhassan, E., and Shang, J., 2001, Effects of Electrode Materials and Current Intermittence in Electro-
Osmosis. Proceedings of the ICE-Ground Improvement, 5, 3-11. http://dx.doi.org/10.1680/grim.2001.5.1.3
Raats, M.H.M, Diemen, A.J.G., Laven J., and Stein, H.N., 2002, Full Scale Electrokinetic Dewatering of Waste
Sludge. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 210, 231-241, doi:10.1016/S0927-
7757(02)00380-1.

Rabie, H.R., Mujumdar, A.S., and Weber, M.E., 1994, Interrupted electroosmotic dewatering of clay
suspensions. Separations Technology , 4(1), 38-46. https://doi.org/10.1016/0956-9618(94)80004-9.

Saveyn, H., Curvers, D., Pel, L., De Bondt, P., and Van der Meeren P., 2006, In situ determination of solidosity
profiles during activated sludge electro dewatering. Water Research, 40(11), 2135—2142.

Wu, H., Hu, L., and Wen Q., 2015, Electro-osmotic enhancement of bentonite with reactive and inert electrodes.
Applied Clay Science, 111, 76-82. https://doi.org/10.1016/j.clay.2015.04.006.

Malekzadeh, M., and Sivakugan, N., 2016, Experimental study on intermittent electroconsolidation of singly
and doubly drained dredged sediments. International Journal of Geotechnical Engineering, 11 (1), 32-37.
Malekzadeh, M., Lovisa, J., and Sivakugan,, N., 2016, An overview of electrokinetic consolidation of soils.
Geotechnical and Geological Engineering, 34 (3), 759-776.

60

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution
License which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



