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Abstract: Organic soils or peat represent an accumulatiodisifitegrated plant remains which have
been preserved under condition of incomplete amrand high water content. In order to develop a
fundamental understanding of electroosmotic phemanie peat, initially microelectrophoresis studies
were carried out to conceptualize the electrokinptienomena. Then electroosmosis experiments
were conducted on rigid cube samples containin@@LOM NaCl-water saturated peat. The open-
anode and open-cathode systems were employed soillgamples. Distilled Water (DW) were used
as anolyte and catholyte. The experiments werdechaut via applications of diffrent DC electrical
potentials. The results of microelectrophoresiggghowed changes of zeta potential due to theteffe
of HCl and NaOH. The correlations between zetamg@kand pH were found. The negative charge of
peat is high pH dependent and the surface chargedngpped to zero at pH around 3. The high
degree of decomposition resulted in the highes petential in peat. It was also experimentallynidu
that the electroosmotic flow in peat is feasibleéeTdirection of electroosmotic flows were from the
anode to cathode.
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INTRODUCTION covered with peat and generally termed basin alidyva
peat’™. Peat and organic soils are extremely soft. These
In 1809, Reuss, a researcher from Russia, was ttmils are geotechnically problematic due to theiryv
first to observe water flow in soils as a resulaafirect  high compressibility and very low shear strefigth
electric current passing through it. Electroosm¢@si®) According to colloidal theory, a soil particle, &
is one of the electrokinetic phenomena where the po suspended in water, has a negatively charged surfac
fluid moves due to application of DC current (or Surrounding the particle is double layer of positiv
voltage) by electrodes in a soil mdss ions. Most rigidly attached to the surface is tirstf
Geotechnical and environmental engineers havéayer of positive ions, with greater distance frone
been interested in electroosmosis for many yeara assolid particle, the attractive force diminishesyigg
method of soil improvement including electroosmoticrise to an increasingly diffuse ionic atmosphertee (t
dewatering, ion injection, contaminant removal,second layer), where the ions are relatively free t
electrobioremediation and electrochemicalmove. The electroosmotic permeability is dependent
remediatioff’. zeta potential,{, which is defined as the electrical
Soils with organic content of greater than 20% arepotential at the junction between the fixed and ieob
generally termed organic soil. Peat is describech as parts of electrical double layer. Beyond the double
naturally occurring highly organic substance detive layer, the ion concentration is equal to that & fiee
primarily from plant materials. The definiton oke@  pore water. Because of the polar nature of water
overtime and to different people has differed, @itih  molecules they are oriented around cations. In the
essentially all are agreed that it is primarily @ganic ~ presence of water, the radius of an ion may thus
soil¥l. In Malaysia about 8% of the country’s land amea i increase to several times its original, nonhydrated
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dimensiof’. Applying an electrical potential to the Table 1: Characteristics of the peat used in thigys
saturated soil causes the hydrated positive iomsage ~ Variable Value
toward the negative electrode (the cathode), draggi Liauid limit (%) BS 1377-2:1990  280.0

free water with them. The movement is primarily Specific gravity BS 1377°2:1990 1.4

. . : ) Moisture content (%) BS 1377-2:1990 480.0
generated in the diffuse double layer, also caflell  organic content (%) BS 1377-3:1990  83.0
moisture film, where the cations dominate. The bigh pH BS 1377-3:1990 6.4
the soil particle surface area, the more soil megst Cation exchange capacity (meqg/100 g) 86.0
film transfer will occur. Other important are the
magnitude of the electrical potential applied ahd t Bubb Bubb
viscosity of the pore flufd.

The rate of water flow is controlled by the balkanc . G T
between the electrical force causing water moveriment ® s
one direction and friction between the liquid ame t @ — o fover o Lo ﬁ
wall in the other. The overall flow {3 generated by the b
application of a potential difference (D) may be EZ;V;ure N ] ﬁz‘a‘;me
expressed as: P organicsoill |
Oa = ke (VLA 1)
Fig. 1: Experimental set-up of the EK cell
Where:
ke = The electro osmotic permeability of the soil Experimental setup: The EK cell consists of an acrylic
VIL = The electrical potential gradient cube measuring 10 cm in length, 5 cm in width and 5
A = The cross-sectional area of the soil samples®r ¢ in height Fig. 1. Two glass tubes, 1 cm in indr
which the potential difference is applied diameter with electrodes were pushed into the soil

sample (the distance between two tubes was 6 cne). T
electrodes were made of graphite focdHowever, the
electrodes were replaced at every test due to
degradation. The electrodes have a pin that goesfou
the glass tubes and are connected to the poweftysupp
Each glass tube was connected to a bubble tube. The
bubble tube maintained the water level across the
specimen constant and therefore  prevented
. i ' development of any external hydraulic gradient sgro
IS mdgpenc_ient of pore size and has a relativegtzmt the spgcimen. Theybubble tub)e! was uged to replenish
value In soils. . . water that may be lost in the electrode compartrdaat
This study is devoted to describe a study on th(?o any electroosmotic pore fluid flow. The opened

zeta potent_ial beh.aviogr and the eIectroosmoticanode and cathode systems were employed in this
phenomena in organic soil and peat. To our knovdedg study

no research has been conducted on this subjeid. It
believed that study of electroosmosis phenomena i
organic soils is crucial to extend its applications
geotechnical aspects.

As such this is analogous to Darcy's Law of
hydraulic flow. Where Q is the flow ratej, ks the
hydraulic permeability;,iis the hydraulic gradient and
A'is the cross sectional area of the il

Q=kiA ()

The overriding benefit of electroosmosis is that k

%eta potential of peat: Electrokinetics properties
were determined by microelectrophorEkisThe peat
samples with different organic content 48, 65 aré8
were prepared by seiving through a seive size 196. 1
(150 um). For each sample, a solution of 0.107 &f

the pretreated soil in 0.0001 M NaCl was prepaféz.
Peat: The peat samples were taken from Kg. Jawasamples were shaken overnight at room temperature
Klang, Selangor, Malaysia. Loss of moisture frompefore measurements. The zeta potential was mehsure
samples was prevented during transportationwith a zeta-meter (Zeta-meter System 3.0+ moded as
preparation and storage (BS 1377-1: 1990). The Eampfunction of pH values ranging from 2-11. All
for electroosmosis experiment was characterizegneasurements were made in 0.0001 M NaCl solutions
physically and chemically, with results being shown and pH adjustments were made using dilute NaOH or

Table 1. Mineralogical analysis of the clay fraoti HC| solutions. All solutions were made up with
showed the presence of kaolinite. deionized water.
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Electroosmosis experiments: Initially, the peat Protonated groups such as (R-OHand (R-NH)* may
specimens were compacted at 85% maximum (standakgleld positive charges but the overall charge omisi
Proctor) dry density. Then the soil specimens wergemains negative. Quaternary nitrogen compounds
saturated in 0.0001 M NaCl-water for 3 days. Deslil  carry positive charges which can alter the behasfor
water was used as anolyte and catholyte in gldssstu predominantly charged peat colldfis
The measurments were carried out via applicatidns 0 At 5 certain pH, the soil surface charge couldpdro
constant 50V and _7OV DC electnpal potential forB@. 15 sero rendering a zero zeta potential or whaalged
The electroosmotic flow rate, final pH values aé th o iso-electric poifit). The organic soils surface
anode, cathode and soil were measured. The tests We&harge were dropped to zero at pH 2-3.5. Negative
carried out in the laboratory in Wh'fh the temperat g face charge of particles (negative zeta potentia
was maintained constant to witheM°C. All the tests  cayses electroosmosis to occur from anode to cathod
were performed at least duplicate. If the test @atdhe  \yhile positive surface charge causes electroosntosis
duplicated samples were different more than 15%gccur from cathode to andde The electro-osmotic
additional measurements were performed and th@ow can virtually be eliminated at the iso-electri
averages were taken from the test data. point. When the net charge is zero, organic soil
particles in soil water will not repel each otheit kwill
RESULTSAND DISCUSSION tend to aggregate and form larger particles. This i

Zeta potential and pH: The zeta potentia, for the turn wiII_ (_:ontribute to an ipcrease in soil hydriayl
peat sample used in this study varied from -39 oV aconductivity through the soils. In contrast, negely

pH 11.5 to almost zero at pH 3 (Fig. 2). Variatiomg chargec_j soil particles repel eac_h othe_r, resulimg_
with pH is probably related to the nature of electricald'SperS'pr.1 12]ano! decrease in soil  hydraulic
energy field in organic soils, the negative chaagje cor_1duct|V|t)}_ - Figure 3 shows_typ|cal values of pH
humus is generally believed to be due to the digon at iso-electric point of some minerals by compariso
of H" from functional groups. All charge on humus is with the peat.

strongly pH-dependent, humic acids behaving like

polyprotonated weak acid. Many carboxylic groups ar Z€eta potential and degree of decomposition: Figure
sufficiently acid to dissociate below pH 7 leaviag 4 indicates the correlation between zeta poteatial

negative charge on the functional group: degree of decomposition. The undecomposed organic
N soils were more acidic (high fibrous content), as
R-COOH = R-COO+ H () charge in organic soil is strongly pH dependentsth

the decomposed peat had more negative charge and

Here_ R represents any r.‘“.mber of organic SpeC'Eﬁigh zeta potential. However, not only composition
whose differing electronegativities alter the temde and  structure  of soil humus is complex and
for H' to dissociate. Thus the various R-COOH units; P

dissociate at different pH values. As the pH of thelncompletely. known but also (?Iay and organic
system increases above 7, still weaker carboxylirfraCtlons strictly affect on electrical propertiesf

groups and other very weak acids dissgt!®. ~ organic soils.
50 |
a5 | =@~ Organic soil (87% organic content)| Amgrphgug iron
| =~ Organic soil (65% organic content)|
30 | . o
| —o= Organic soil (48% organic content)" | Gibbsite |
20 | ‘
—f 10 | Kaolinite |
E 07 1 ; | |
2 4 | o\ Tropical peat |
3 | t‘“___. ) .
20 | _—_"E?\ Hematite | |
-30 L
405 | - 0 2 4 6 8 10 12
i | pHatISO-electric point
o 2 4 6 8 10 12
pH

Fig. 3: Iso-electric point of organic soil in conjzan
Fig. 2: Zeta potential-pH relationship with some minerals
312



Am. J. Environ. Sci., 5

(]

6 8 10

@ High fibrous centent (H1-H3}
Medium fibrous content (H4-Ha)

A Low fibrous content (H7-H3)

-
s

Zelapolential, my

Degree of decomposition, H

Fig. 4: Zeta potential-degree of decomposition (Van

Post scale)

2000
1800
1600
1400
1200
1000
800
600
400
200
0

¢ Peat(20%) + Kaolinite (80%)
B Peat(50 VDC electrical potential)
Peat (70 VDC electrical potential)

s B

Mlow rate, mm? min

o - F

P ol Sah—E—
0 10 20 30
Time (min)

y

Fig. 5: Electroosmotic flow rates Vs time

Electroosmosis experiments. The  cumulative
electroosmotic flows in the tested organic soilseve

toward the cathode Fig. 5. No flow toward the anode

was taking place. This is meant no changes inite s
of zeta potential of the soil occurred during tloeirse
of experimerit®. Figure 5 also shows the cumulative
electroosmotic flows as a function of the time unde
various applied electric voltages in the testedt.pea
Increasing the flow rate that resulted from inciegs
the intensity of electric field can be explained the
Eq. 1, electroosmotic flow rate is proportional ttee
electric potential. However, further researcheiguired
to study the effect of operation time on electroosm
flows in organic soils.

The final pH values with experimental condition of
50 V DC electrical potential at the cathode, anadd
peat were 7.3, 5.2 and 5.9, respectively whilefita!
pH values with experimental condition of 70 V DC
electrical potential at the cathode, anode and weas
7.6, 5 and 5.6, respectively. It can be explaingd b
electrolysis of water at the anode and the catfitde

Electrolysis of water produces oxygen and hydrogen

which can be represented by the following equations

(4)
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Anode 2HO —4é > O, +4H"

(3): 310-314, 2009

Cathode 2HO +2€ - H, + 20H (5)
While the acid generated at the anode moves
through the cathode by ionic electroosmosis andtion
migration the base develops at the cathode. However
since ionic mobility of H is about 1.76 times that of
OH, as a consequence, the acid controls over the
chemistry across the soil and the pH at the middle
the soil sample decrea88s It is nothworthy that
intensity of electrical potential is proportionalithv
electrolysis of water at the cathode and anode.

CONCLUSION

Experiments were performed to investigate
electroosmotic phenomena on organic soils. Several
findings can be drawn specifically for the orgasdail
and peat used in this study.

* Negative charge in the organic soil is high pH
dependent

The ¢ for organic soils varies from -39 mV at pH
11.5 to almost zero at pH 3

The high peat degree of decomposition resulted in
the higher zeta potential in the organic soil

The net electroosmotic flows for the organic soil
were toward the cathode. This was due to negative
sign of zeta potential during EK processing
Electroosmotic flow rate in organic soil is
proportional to the intensity of electric field. &h
electroosmotic flow rate increase with increasing
the intensity of electric field
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