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Abstract: In recent years, geotube began to be widely used in treatment of coastal reclamation projects. However, the
dewatering of sludge in geotube is inefficient. In this paper, for improving dewatering efficiency and laying a basis for the
further study of large-scale electro-osmotic dewatering in geotube, electroosmosis has been applied to silt dewatering
experiments in small hangbag. By measuring the change of moisture content, electricity current, voltage and comparing
with other experiments under different conditions, the following conclusions have been obtained: the electro-osmotic
dewatering speed is much faster than the natural dewatering. The non-woven fabric bag is easier to dewater than the high
strength fabric bag which is made by the company of Royal Tencate.
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1. INTRODUCTION
Geotube is made from polymer fibers. It resembles a tube
and has the function of filtration. It has a very high strength
and the length can be up to 200m. The structure of geotube is
very simple and economical, so it has been widely used in
the coastal reclamation projects. In the late 20th century,
some researchers began to study the application of geotube
in sludge dewatering which is beneficial to environmental
protection. Jack Fowler used geotextile bag filled with
sewage sludge to study the effect of dewatering, the result
indicated significant consolidation or reduction in the
volume of the sludge [1]. George drew the conclusion that
the sand is easier to dewatering than the sediment of harbor
and the industrial ash in the hanging bag [2].
Muthukumaranet discovered that when filled with the same
material, the flow is correlated positively with moisture
content and the opening size of geotextile [3]. It is also
important to find a way to shorten the period of sludge
dewatering time for improving the utilization efficiency of
land and adapt to the works of reclamation project at the
intertidal zone. Worley added flocculants to the sludge to
improve the dewatering efficiency [4]. The reclamation
project in Tianjin, Chinese technicians used geotubes as
foundation and dam as showed in Fig. (1). The geotubes
were filled with diluent sludge and added flocculants to
speed consolidation.
Electro-osmotic consolidation is mainly used in
foundation treatment and there are lots of useful
achievements about electroosmosis. Russian scholars Reuss
was found the charged clay particles by experiments in 1809
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Fig. (1). The geotube dams in coastal reclamation projects.

and then the academic community had made many studies
on electro-osmotic consolidation and dewatering.
Casagrande used electro-osmotic consolidation on the
foundation pit drainage and slope stability for the first time
[5]. In 1968, Esring first proposed the theory of onedimensional electroosmosis consolidation of soil [6]. Hamir
and others studied the different effect of electroosmosis by
using different forms of EKG and the effect of reinforcing to
soil by the electrodes [7]. Fourie discovered that the energy
consumption rate of electro-osmosis experiment in
laboratory is less than in project site, because the former size
is smaller than the latter [8]. Shao-Chi Chien and others
improved the electro-osmotic stress and soil shear strength
by injecting saline into electro-osmotic samples [9]. Su Jinqiang deduced the theory of two-dimensional electroosmosis
consolidation of soil on the basis of Esrig's theory [10]. Chen
Xiong-feng used the electro-osmosis method with the bottom
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sediment in Taihu Lake to study the relationship between
moisture content, water output and energy consumption [11].

in this experiment are 8mm-diameter reinforcement bars.

With the development of world economy, the request for
the treatments of sludge and soft foundations or estuarine
engineering has become higher and higher. In China, there
are also some electro-osmotic dewatering technologies in
project [12-15]. As Fig. (1) shows that the geotube was used
in reclamation and sludge dewatering project. Fig. (2) shows
the sludge dewatering experient. This paper attempts to
improve sludge dewatering speed by applying electroosmosis in dewatering experiments using hangbag. It has
integrated dual functions as electro-osmotic dewatering and
bag's wall dewatering. It studies the impact factors and effect
of electro-osmotic dewatering in hangbag and lays a good
basis for the further study of large-scale electro-osmotic
dewatering experiments in geotube.

Fig. (3). The sludge of Xuan Wu lake.

Fig. (4). The material of hangbag.
a. Royal Tencate high strength fabric b. non-woven fabric.

2.3. Experimental Method
Fig. (2). Sludge dewatering by the geotube.

2.
ELECTRO-OSMOTIC
MATERIAL
EXPERIMENTAL METHOD

AND

2.1. The Material of Sludge
The sludge of these experiments was taken from the
bottom sediment of XuanWu Lake in Nanjing. The grain
sizes of the silt are extremely fine, most of them are finer
than 0.05mm and the structure is very dense. The physical
properties of sludge as showed in Table 1. At the beginning
of experiment, all the moisture content of sludge was diluted
about to 150 percents with water as Fig. (3) shows.
2.2. The Material of Hangbag and Electrode
As showed in Fig. (4), there are two kinds of materials in
this experiment. One is made from high strength fabric
which is produced by the company of Royal Tencate in
Netherlands. The equivalent aperture (O95) of this material is
0.68mm. The other is made from non-woven fabric which is
produced in China, the equivalent aperture (O95) of this
material is 0.11mm and its weight is 300g/m2. The electrodes
Table 1.

In experiment, the diameter of hangbag is about 400mm.
The actual effective height of the sludge in hangbag is about
400mm. As showed in Fig. (5), the cathodes are placed along
the wall of hangbag. The anode is placed in the middle of
hangbag. The value of voltage is 30V. The experiment lasted
for 94 hours, because the effect of electro-osmosis
dewatering is not obvious markedly in the late period of
experiment. As showed in Fig. (6), there are five feature
points in the different positions of sludge which are taken
samples at different periods of experiment. The points 1 to 3
are set in the surface of sludge. Point 1 is near the anode.
Point 2 is near the cathode. Point 3 is placed at the middle of
the quarter circle. Point 4 and Point 5 are placed below point
3.
There are two parts of this test. The first part of the test is
mainly used to study the process and mechanism of sludge
electro-osmosis dewatering by electro-osmosis experiment in
hangbag. The second part is mainly to set up comparative
experiments under different conditions.

The physical properties of sludge.

Specific Gravity

Moisture Content

Liquid Limit

Plastic Limit

Plasticity Index

Clay Particle Content (<5μm)

2.71

97.1%

74.3%

40.7%

33.6

48%
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anode cathode

There are two reasons for this phenomenon. On the one
hand, with the electro-osmotic dewatering going on, the
moisture content of sludge, the resistance of sludge became
higher and higher, especially for the area near the anode. On
the other hand, due to the shrinkage cracks near the anode
caused by dehydration consolidation and the electrochemical
corrosion on the surface of anode, the interfacial resistance
between anode and sludge increases rapidly.
The moisture content of point 2 is situated between point
1 and point 3. This result means that the wall of hangbag has
played the role of drainage boundary.
Fig. (8) shows that the total current changes with time.
The total current shows an increasing tendency at the
beginning of experiment and then decreased linearly. Based
on observations, the water began to collect on the surface of
sludge after 15 minutes. As a result, the total resistance
between the electrodes decreased, so the total current
increased correspondingly at the beginning of experiment.

Fig. (5). The arrangement of the electrodes.
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Fig. (6). The distribution of feature points.

Fig. (8). The total current changes with time.

3. EXPERIMENTAL STUDY OF ELECTROOSMOTIC DEWAYERING IN HANGBAG
3.1. Results and Discussion
Fig. (7) shows the changes of moisture content at the
surface of sludge. As showed in Fig. (7), the moisture
content of three points in the sludge's surface declined with
time and the decline rate is decreasing with time. The effect
of electro-osmosis dewatering was not obvious markedly in
the later period of experiment.
the moisture content of point 1 to 3

The process of electroosmosis in hangbag can be judged
from the phenomenon. As showed in Fig. (9), the positive
hydration cations are separated from the negatively charged
soil particles and bring the water molecules moving by
electric force. The soil particles sank down under the force of
gravity and the water is finally concentrated to the surface of
soil (Fig. 9d).
In this experiment, the speed of dewatering from the wall
of hangbag is slower than the speed of electro-osmotic
dewatering, so the water is concentrated to the surface of
soil, as showed in Fig. (10).
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Fig. (7). The changes of moisture content with time at the surface
of sludge.

Fig. (11) shows the changes of moisture content at the
surface of sludge between the two groups. As showed in Fig.
(11), the moisture content of the electro-osmotic group is
declined with time, but the result of group without
electroosmosis fluctuates around the value of 150%
throughout the whole process.
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The negatively charged soil particle
and the the positive hydration cation

Fig. (9). The process of electro-osmosis dewatering.

That means the effect of natural dewatering by gravity in
hangbag is not visible.
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Fig. (10). the phenomenon of water concentrating on the surface of
sludge.
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Fig. (12). The contrast of the total water output between the two
groups.

4.2. The Comparative Electro-osmotic Dewatering
Experiment between Two Different Materials of Bags
4.2.1. Results and Discussion
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Fig. (11). the contrast of the moisture content between the two
groups.

Fig. (12) shows the contrast of the total water output
between the two groups. As showed in Fig. (12), the value of
group without electroosmosis remains unchanged after 6
hours and the value of electro-osmotic group keeps growing.

Fig. (13) shows the comparative of total water output
changed with time between the high strength fabric bag and
the non-woven fabric bag under the condition of
electroosmosis. As Fig. (13) shows that the value of total
water output of the high strength fabric bag is higher at the
former period of experiment, but lower at later period of
experiment.
This means that at the beginning few hours of the
experiment, for the bigger equivalent aperture, the speed of
water outputting of the high strength fabric bag higher than
the non-woven fabric bag. At later period of experiment the
high strength fabric bag was silt and can not dewatering very
well.
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Fig. (13). The contrast of the total output water between the two
materials.
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5. CONCLUSIONS
This paper studied the effect of electro-osmotic
dewatering in hangbag. Base on the analysis of moisture
content and water output, the results indicated that the effect
of dewatering for sludge by gravity is rather poor. But, the
situation has become much better after combining
electroosmosis. The high strength fabric bag was easy to silt
and can not dewatering very well.

[10]
[11]

[12]

[13]

CONFLICT OF INTEREST
We have no conflicts of interest to declare.

[14]

ACKNOWLEDGEMENTS
Declared none.

[15]

REFERENCES
[1]

R. Koerner, M. Robert, “Koerner Geotextile tube assessment using
a hanging bag test”, Geotext. Geomemb., 24(2), pp. 129-137, 2006.
A.E. Muthukumaran and T.M. Bass, and K. Ilamparuthi,
“Laboratory studies on geotextile filters as used in geotextile tube
dewatering”, Geotext. Geomemb., 24(4), pp. 210-219, 2006.
J.W. Worley, T.M. Bass, and P.F. Vendre “Use of geotextile tubes
with chemical amendments to dewater dairy lagoon solids”, Biores.
Technol., 99(10), pp. 4451-4459, 2008.
L. Casagrande, “Electro-osmotic Stabilization of Soils”, J. Boston
Soc. Civil Eng., 1(39), pp. 51283, 1952.
M.I. Esrig, and J.P. Gemeinhardt, “Electrokinetic stabilization of an
illitic clay”, J. Soil Mech. Found. Div., ASCE, 93(5), pp.109-128,
1967.
R.B. Hamir, C.J.F.P. Jones, and B.G. Clarke, “Electrically
conductive geosynthetics for consolidation and reinforced soil”,
Geotext. Geomemb., 19(8), pp. 455-482, 2001.
A.B. Fourie and C.J.F.P. Jones, “Improved estimates of power
consumption during dewatering of mine tailings using
electrokinetic geosynthetics (EKGs)”, Geotext. Geomemb., 28(2),
pp. 181-190, 2010.
S. Chien, C. Ou and M. Wang “Injection of saline solutions to
improve the electro-osmotic pressure and consolidation of
foundation soil”, Appl. Clay Sci., 44(3-4), pp.218-224, 2009.
J. Su and Z. Wang, “Theory of two-dimensional electro-osmotic
consolidation of soils”, Rock Soil, 25(1), pp. 125-132, 2004.
X.F. Chen, Y.F. Jing, J. Lv, S. Huo and J. Cheng, “The research of
environmental dredged sludge dewatering in taihu lake by electroosmotic”, Res. Environ. Sci., 19(5), pp. 54-59, 2006.
J. Zhao and W. Zhu, “A Practice Consolidating Soft Formations
with an Electric Osmosizing strong Ramming Composite Method”,
Geol. Prospecting 30(2), pp. 76-80, 1994.
J. Liao and H. Liao, “Water level lowing technique using vacuum
electrical point well and low energy dynamic compaction on soft
ground of berth 5 and 6 of shatian port zone of humen port”, South
China Harbour Eng., (1), pp. 30-36, 2009.
S.D. Wang, L.H. Zhang, H. Wu, X. Duan, and J.H. Chen,
“Research on over-wet subgrade filler treatment by electro-osmosis
in rainy and moist areas,” J. Wuhan Univ. Technol., 31(8), pp. 6368, 2009.
C.A.I. Yu, “The application of a new method of soft soil
improvement”, Soil Eng. Found., 23(2), pp. 35-37, 2009.

J. Fowler, “Dewatering sewage sludge with geotextile tubes,” GFR,
15(7), pp. 26-30, 1997.

Received: September 17, 2014

Revised: December 17, 2014

Accepted: December 23, 2014

© Ming-Jie et al.; Licensee Bentham Open.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.

