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ABSTRACT

Contamination of soil is a serious environmentauis from past decades & removal of contaminants feoil

may be costly or time taking. The nature of thetebstatic potential near the surface of a partigdeknown as
Zeta Potential. Zeta Potential is determined by soeimg the velocity of the particles in a D.C. etaxcfield. The

main objective of this study is to analyze thectftd Chemical additive on the Zeta Potential ohhe metal
contaminated soil. Copper used as a heavy metalEDTA as a chemical additive in the present ingadibn.

The sample taken from the field is basically clayeypature. Various engineering properties of séttermined
and the soil is artificially contaminated with Cappin the laboratory. Removal of Cu from artifidial
contaminated soil analyzed by using solution of BDW different concentrations and at different pBEeta

potential measurements are performed by using Kietiier System 4.0. The Zeta Potential of virgin taotnated
and contaminated soil treated with different cortication of EDTA has been calculated at different ipHacidic

as well as in basic range. At different pH the zetéential of the soil changes & it affect the @éincy of removal
of Copper from artificially contaminated soil.
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INTRODUCTION

The presence of soil and water into the land caluseelative movement of soil particles and thiemdmenon
produced the electric potential at the solid-liquiderface. This electric potential produced at tudid-liquid
interface known as the zeta potential [1]. The ritgbof the soil particles is related to the digléc constant,
viscosity of the suspending liquid and to the eleat potential at the boundary between the moyadicle and
the liquid.

This potential measured in MilliVolts, may arise Bgrious mechanisms. It may because of the dissociaf

ionogenic groups in the particle surface and tiflerdintial adsorption of solution ions into the fawe region. The
ion distribution in the nearby region can be a#ecby the net charge at the particle surface whiely increase
the concentration of counter ions close to theamarf Thus, in the region of the particle-liquidenfiace an
electrical double layer is formed. This double lagepper part of Fig. 1) consists of two parts:ianer region
containing ions bounded very tightly to the surfaa®d an outer region where a balance of electiogtaces and
random thermal motion determines the ion distrifrutiin this region the potential, decreases wittraasing
distance from the surface until, at sufficient diste, it reaches the bulk solution value, genetakgn to be zero.
The lower part of the figure represents this demag indicates that the zeta potential is the vatuhe surface of
shear. Zeta potential of particles basically inthsatheir electrical potentials; the higher theazpotential, the
higher the surface potential of charged clay pkrti€ig. 1 represents the zeta potential on thiegkf double layer
on a charged particle. The boundary between theimgoparticle and the liquid is called the slip paand is
usually defined as the point where the Stern layer the diffuse layer meet as shown in Fig. 2. $teen layer is
rigidly attached to the colloid, while the diffusayer is not. Hence, the electrical potential as flunction is
related to the mobility of the particle and is edllthe Zeta Potential. Although zeta potentialrisrdaermediate
value, it is sometimes considered to be more diant than surface potential as far as electrastapulsion is
concern. Zeta potential can be quantified by tragkhe colloidal particles through a microscopehey migrate
in a voltage field. The physical properties of oals and suspensions are strongly dependent onatwee and
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extent of the particle-liquid interface; the belmwi of aqueous dispersions being especially seasith the
electrical and ionic structure of the interface.

The production and stability of colloids and suspens are both intimately related to the so-caléettrical
double layer that characterizes the interface. rinfdgion relating to stability is therefore of cohsiable
importance. It should be noted that the term stgbilvhen applied to colloidal dispersions, is getly relative in
meaning and intended to express the resistandeatoge of the dispersion with time.

Zeta potential measurements are directly relatethéonature and structure of the electric doubjeraat the

particle-liquid interface. pH is very important fac for the zeta potential because it effects oa tharge
distribution of the particle surface. If we adjube pH, the particles can produce the zero valueledtrical

potential while other things remain constant in sgstem. When there is no charge on the partitle®ans there
are only attractive forces between the particldsbva applicable which causing flocculation. The pklue gives
zero zeta potential, known as the point of zeragdgpzc). Many researchers has been investigagedignificant

variation in the pzc of kaolinite and the magnitudehe zeta potential. Williams and Williams (19,/8mith and

Narimastu (1993), Vane and Zang (1997), Dzenit@9{) and Hotta et al (1999) were investigated that

kaolinite gives low value of zeta potential at IpW, as well as pH increases the value of zeta piaténcreases
and the pzc occurred between pH value 2-6[2-6]pt&te and Chase (2001) recorded their data for g4 and

the zeta potential varies between -8mV to -43mVeréhwvas no PZC recorded for kaolinite by their stigation

[7].

Variation in pH alters the zeta potential of sotlse magnitude of the zeta potential controls thel fflow rate,

whereas its sign controls the flow directi@@enerally clay has a net negative charge on it&acewr The negative
surface electric charge of a clay particle is duthe presence of isomorphous substitution anddorskructure. The
negative charge on the clay surface is balancezkbgss positive charge distributed in the fluidezadjacent to the
clay surface. This distribution adjacent to theydarface is called the diffuse layer as illustiateFig 2.
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However, limited research has been done about #ta Potential of soils changes under various chemic
conditions. Zeta potential is a function of surfaceerage by charged species at a given pH, asdhtoretically
determined by the activity of the species in solutiThe zeta potentials of particles occurringaitss such as clay
and iron oxide minerals, directly affect the efficty of the electro-kinetic soil remediation [8].

Zeta potential is therefore a function of the stefaharge of the particle, any adsorbed layereairtterface, and the
nature and composition of the surrounding suspensiedium. It can be experimentally determined &edause it
reflects the effective charge on the particles iarttierefore related to the electrostatic repuléietween them, the
zeta potential has proven to be extremely relevanthe practical study and control of colloidal kslidy and
flocculation processes.

Contamination of soil is a serious environmentaliessfrom past decades. Various remediation teckrifas been
applied by the researchers, most of the methodsiareessful but some drawbacks were also theren&st found
that the removal of contaminants from soil maycbstly or time takinglmmobilization of heavy metals using
various chemical additives is very effective fomesliation but the most significant drawbacks of imhilization
are that: (1) the metal still remains in the sdilse soil does not return to its original state &rid not suitable for
further use [9]; and (2) the long-term stabilitydaaffects on the bios stem (plant/animal) are umknfL0] and little
has been reported by previous studies. Immobitimat thus not a permanent solution. Soil extracisoa relatively
new method. Acids and chelating agents are the pugsilar extractive reagents for soil washing/flagH10-13].

The objective of this study is to observe the pattential of virgin, soil contaminated with differteconcentration
of copper and the contaminated soil treated witleidint concentration of EDTA.

MATERIALSAND METHODS

The soil used for the analysis was collected fromjdvtoad, near Allahabad. Engineering propertieghefvirgin
soil were determined in the laboratory and SEM &DXRnalysis also has been done for deeply analysedh
properties. Soil sample was coated with the golth@mm because of the conductive nature of sail dafety
purpose. Then the soil was artificially contamiiaie the laboratory by using copper sulphate $ailtSQ,.5H,0).
Batch extraction study has been done for the miafigcopper sulphate salt as well as for EDTA foe th
contamination and remediation purpose respectivdAS was used for determination of copper presanthe
contaminated as well as remediated soil. Zeta-M&ystem 4.0 was used to determine the zeta pdtefitigrgin,
contaminated as well as the remediation soil sasnple

Fig.3 Zeta Meter System 4.0
RESULTSAND DISCUSSION

The properties of the virgin soil has determinedthe laboratory. The soil has been classified ay elith
intermediate compressibility. Other engineeringpemies are given in Table. 1. Fig. 4 represergs{RD analysis
and Fig. 5 shows the SEM image of the virgin soil.

Properties of Soil
Engineering properties of virgin soil and contanwaasoil were determined in the laboratory as perfollowing
Table 1. The properties of virgin soil have bedarald after contamination.

Chemical Propertiesof Virgin Soil
Some compounds have been predicted by the cheamedysis of the virgin soil as per following Talle Silica
and alumina were the major compounds.
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XRD Analysis

XRD analysis is mostly done for identification ofmerals present in soil. The minerals presentsingirv soil are
identified as kaolinite, quartz, calcite, illite4116]. Fig. 4 represents the XRD analysis of thrgiwmisoil. The result
confirms the clayey nature of soil particles.

SEM Analysis
SEM analysis is basically done to analyze the textd the soil. Interweaving bunches assemblag#ayf particles
shows by SEM image, Fig. 5 of virgin soil [14].

Zeta Potential M easurements of Virgin Soil, Contaminated Soil and Treated Soail

For measurement of zeta potential, 100mg of soxedhiin 100ml of distilled water to make the soihngde for

testing. Table 3 contains the Zeta Potential Mesmments of Virgin Soil and contaminated soil at eliént pH.

NaOH and HCI were used to adjust the pH of solitsmh. During measuring the zeta potential try taimtain the
standard deviation between 1-3 mV. Fig. 6 reprasthe variation obtained in zeta potential at défe pH, for

virgin as well as for contaminated soil. From theults, it was found that the zeta potential otaomnated soil was
decreased as comparable to virgin soil and thectitire of movement was also changed. Three condenisa
0.01M, 0.05M and 0.1M of EDTA has been taken focafgamination of soil. Fig. 7 shows the zeta patdruf

decontaminated soil with different concentration BDTA and the results shows that the most effective

concentration of EDTA for removal of copper is 0.1M

Zeta Potential M easurement of Soil after treating with EDTA

In this study EDTA has been mixed with contaminated at three different concentrations and meaktine zeta
potential by maintaining the solution at four difat pH. Table 4-6 shows the contaminated sodté@ with
different concentration of EDTA and it was foundattithe optimum concentration of EDTA for treatmeft
contaminated soil is 0.1M EDTA.

Table-1 Propertiesof Virgin and Contaminated Soil

Properties Virgin Soil Contaminated soll
Liquid limit(%) 44.0 38.0
Plastic limit(%) 20.0 16.0 Table-2 Chemical propertiesof Virgin soil
Plasticity index(%) 24.0 22.0 Compounds Wt. %
1.S. CIgssnflcapop of soil Cl Cl Sio, 77.10%
Shrlnkage'llmlt(%) 13.90 13.52 ALO, 13.99%
Free swell index(%) 23.50 24.22 MgO 2.88%
OMC(%) 16.00 15.70 FeO 1'78%
MDD(gm/ml) 1.20 1.70 CaCj 5731%
UCS(kN/nf) 91.87 88.45 . e
bH 775 781 TiO, 0.181%
Specific Gravity 2.66 2.60
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Fig 4 XRD analysis of the Virgin Soil Fig.5 SEM image of Virgin Sail

Table-3 Zeta potential Measurement of Virgin Soil and Contaminated Soil at different pH
Virgin Soil Contaminated Soil

S.No | pH of Soil Sample[™ zeta Potential(mV) | Standard Deviation(m\)  Zeta Rog(mV) | Standard Deviation(mV)
1 3 -18.74 2.6 2.14 2.9
2 5 -22.12 1.7 -1.12 1.9
3 7 -25.22 1.9 -5.78 1.1
4 9 -30.02 2.4 -12.24 2.2
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Table-4 Contaminated Soil Treated with 0.01M EDTA

S. No. pH of the sample Zeta Potential (mv) Stash@aviatiion (mv)
1 3 -12.20 1.7
2 5 -14.87 1.2
3 7 -17.21 2.1
4 9 -26.07 2.8
Table-5 Contaminated Soil Treated with 0.05M EDTA
S. No. pH of the sample Zeta Potential (mv) Stashd@aviation (mv)
1 3 -14.21 2.2
2 5 -18.78 2.3
3 7 -20.20 1.7
4 9 -27.88 1.8
Table-6 Contaminated Soil Treated with 0.1M EDTA
S. No. pH of the sample Zeta Potential (mv) Stashdaviation (mv)
1 3 -16.21 25
2 5 -21.27 1.9
3 7 -23.22 2.3
4 9 -28.76 2.1
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Fig.7 Zeta Potential of decontaminated soil at different EDTA concentration

CONCLUSIONS
The present study concluded:

» From the engineering properties, virgin soil isssified as Cl (clay with medium compressibility).

» From the results obtained, it is inferred thatightpH, Zeta potential is highly negative for vimgoil, which is
due to presence of negatively charged ions présestil, but as the pH is decreased, the Zeta piateeduces
to lower negative values.

» The Zeta potential of contaminated soil is obsereele positive at lower pH values, which shows tha soil
is highly contaminated with copper. Because copper salt made up with strong acigS®, and weak base
Ca(OH), hence the amount of positive ions is high at lopié.
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« The results of engineering properties after coppentamination show that Optimum moisture content,
Unconfined compressive strength, Specific graJitiguid limit, Plastic limit, Plasticity index werdecreased
and Shrinkage limit, Free swell index and Maximum diensity were increased.

» The results of the Zeta potential of soil extractdth EDTA show that the Zeta potential is differdrom the
Zeta potential of virgin soil. This concludes tbapper impurities are still present on EDTA treaded.

* It is further observed that after adding EDTA thet& Potential of soil becomes more negative vakie a
compared to contaminated soil. This may be duedagtion in the surface charge on the soil, thadlttculent
matrix of particles can be formed easily and water be drained easily. On the other hand, if thfase charge
is higher as in the case of contaminated soil, sinalele changes can be developed as flocculentixmaitr
particles will get weakened.
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