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Abstract: Heavy metals are well recognized as potential hdaizards as they can neither
be degraded nor biologically detoxified. This expental study aims to investigate the
possible use of Libyan local soil (Ashkida soil)ined in the Southern Province of Libya
as a low cost adsorbent for the removal of cadmimms from aqueous solution. In this
work, the effects of various parameters such asrhdat dosage, initial cadmium
concentration, agitation rate, contact time andutsmh pH value on the adsorption
efficiency were investigated through batch expentaeat room temperature. The results
indicated that the optimum conditions for cadmiwemoval from aqueous solutions were
60 min, 10g/l and 500 rpm as a contact time, adsorption dose amikhtion rate,
respectively, and natural pH value. The resultsewiéted to the Freundlich, Langmuir,
Temkin and Dubinin-Radushkevich isotherms. Satisfgc agreement between
experimental data and the model-predicted values ewpressed by the correlation
coefficient &) and the total mean erroE%). The Freundlich model represented the
sorption process better than others. The calculatedolayer adsorption capacitgmby)
was 31.25mg/g A comparison of kinetic models applied to theaadon of cadmium
ions on the adsorbent was evaluated for the sifimsteorder, the pseudo first order and
second order kinetic models. Kinetic parameterse monstant, equilibrium sorption
capacities and related correlation coefficients€ach kinetic model were calculated and
discussed. Results showed that the pseudo secalwt kinetic model was found to
correlate the experimental data well. A linear tiefaship between the equilibrium rate
constant of pseudo second order model and the nsystenperature suggests that the
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adsorption process is controlled by an endotherremction. However, an efficient
cadmium ions removal can be achieved at ambiemnidesture.

Keywords: cadmium; soil; adsorption; equilibrium; kineticemoval.

1. Introduction

Cadmium is an important toxic material, as it doesundergo biodegradation. It is introduced
into natural waters by a variety of industrial veagaters including those discharged from textile,
leather tanning, electroplating, and metal finighimdustries. It is accumulation in human bodyighh
levels, which can cause serious health problentsudimately become lethal.

A number of techniques for treating contaminateiuents have been developed over the
years. The most important of these techniques dectthemical precipitation, filtration, ion exchange
reverse osmosis and membrane systems. Howevéngaé techniques have their inherent advantages
and limitations in application. In recent yearssagtion has proven to be an effective method to
remove dissolved metal ions from liquid wastes. Beshof heavy metals from industrial wastes using
several adsorbents is an increasing interest isdigatific community. However, in order to miniraiz
processing costs, several recent investigations faaused on the use of low cost adsorbents such as
by-product lignin (Mohan and Chander, 2006), limest (Aziz et al., 2008), agricultural wastes (Al-
Othman et al., 2011; Odoemelam et al., 2011), cactivated sludge (Khosravan and Lashkari, 2011)
and clay materials (Boparai et al., 2011; Harvey @hantawong, 2001; Menntasti et al., 2003; Sajidu
et al., 2006). Adsorbents, mainly clay mineralse aeadily available and offer cost effective
alternatives to conventional treatment of wastewaketivated carbon is regarded as the most
effective heavy metals adsorbent. Due to its higét,dow cost alternative adsorbents have attracted
the attention of several investigators. As an ahnbhdnd low cost material, a Libyan soil is putdst
as an adsorbent of cadmium.

The objective of this work is to investigate thenmval of cadmium ions from aqueous
solutions using Ashkida soil from Southern LibyaheTeffects of various parameters affecting
adsorption are investigated and data are testethshga number of adsorption isotherms. Kinetic
experiments with different cadmium concentrationsliierent temperatures are also performed. The
activation energy involved in the adsorption precés determined from the best kinetic model
constants.

2. Materialsand Methods
2.1. Adsorben{Ashkida soil)

Ashkida soil is brown in color and obtained fromhR&la region, which is located in Wadi
Alshati in southwest Libya approximately at’23°16 "N and 1226°40"E. The surface area of the soil
based on\, adsorption measurements is 2817g. The adsorption process is performed using soil
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samples of particle sizes300um The composition of the Ashkida soil used in tinigestigation is
measured by X-ray fluorescence (Table 1).

Table 1. Results of the Chemical Composition of Ashkida Soil

Compound Wit% Std. Err. Compound Wit% Std. Err.
Fe,0Os 68.69 0.23 MnO 0.34 0.017
SIO 8.56 0.14 TiO; 0.305 0.015
Al,O3 6.79 0.13 NaO 0.177 0.011
CaO 5.97 0.12 K20 0.151 0.008
P>0s 2.27 0.07 SrO 0.109 0.005
SG; 0.901 0.045 V205 0.0915 0.0046
MgO 0.481 0.024 Loss on ignition = 5.00 and D/S = 0.10

Cellulose

* Average values for four different batch samples.

2.2. Chemicals and Metal Concentrations Analysis

A 10000 mg/l standard stock solution is prepared by dissolvimg required amount of
Cd(NG), into 11 of deionized water. A flame atomic absorption sfeneter (Varian SpectrAA-50)
is used to determine the concentrations of Cd(lthe solutions using air/acetylene flame at an
analytical wavelength of 249.8m The analysis of each sample is automaticallyi@drout in
triplicate and the mean is computed.

2.3. Optimum Conditions

The optimum time is obtained by adding @.6f adsorbent to 100 of aqueous solution with
500ppmof Cd(ll) in 250ml plastic bottles and shaken forrin, 5 min, 20min, 30min, 1 h, 2h, 3h, 6
h and 24h at room temperature using an agitation speed @fr@th. All samples are filtered by glass
wool, and the filtrate is collected to determine @d(Il) concentration.

Adsorption experiments are conducted under a congtiial Cd(ll) concentration of 50éng/I
The solution pH is varied within 2-11 levels by adpof 0.1N hydrochloric acid or 0.N sodium
hydroxide solution. The duration of adsorption is dnd the agitation rate is kept constant at 20Q rpm
The pH measurements are achieved by pH meter (MBdi&417, HANNA Instrument).

In order to assess the effect of agitation on megahoval efficiency, experiments are
conducted under various agitation rates, 0, 50, 200, 500, 1000, 1500 and 2000 rpm af@3%or 1
h using an adsorption dose of @3.00ml, an initial Cd(ll) concentration of 50@g/l and solution pH
7.

The adsorbent doses effect on removal of Cd(lI¥ isninvestigated under constant conditions
(25 °C, 1 h equilibrium time, 200 rpm agitation rate, pH 7 aniial concentration 500ng/l) with
adsorbent doses of 0.1, 0.3, 0.5, 0.8, 1.0, 1.2aynidr 100ml agueous solutions.
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2.4. Adsorption Isotherms

A comparison of the adsorption models Freundlicandmuir, Dubinin-Radushkevich and
Temkin to find the most representative one is basedthe batch adsorption results. The batch
adsorption experiments are carried out by usinggOd®ses of adsorbent added to IADof Cd(ll)
solutions in 250l plastic bottles with initial concentrations withb®-1000mg/l of Cd(ll), agitated at
200 rpm, 25°C and pH 7 for an optimum time duration oh.1

2.5. Adsorption Kinetics

In order to examine the controlling mechanism afaadtion process such as mass transfer and
the chemical reaction, the experimental data asesaed by simple first order, pseudo first order an
pseudo second order kinetic models.

2.6. Thermodynamic Parameters

Batch runs of Cd(ll) adsorption on Ashkida soilpsrformed at 25, 40, 55, 70 and &5to
determine activation energy using Arrhenius equatio
k = A, exg =R (Eq. 1)
whereA, is the temperature independent fackois the second-order rate constant &1d the
gas constant (8.314/mol/K). The activation energyg,, can be determined from the slopelmf)
versusl/T plot.

2.7. Statistical Analysis

The data are analyzed with a parametric two-wayyaisaof variance (ANOVA) to test the
significant differences between treatments (p 50.0The goodness of fit between the experimental
data and predicted values is expressed by thelatiore coefficientR? (values close or equal 1). Just
becauseR’ is close to one, this does not mean that thesfitdcessarily good (Chapra and Canale,
1998). Therefore, the conformity between the expental data and the model predicted values is
expressed by the total mean erie¥d) (Okasha and Ibrahim, 2010; Press et al., 1989):

n

2

qe(exp) - qe(CaIc.)
E %=

; qe(exp.) (Eq 2)

3. Results and Discussion

3.1. Optimum Conditions
3.1.1 Effect of Contact Time

The effect of contact time on adsorption of Cd@ito Ashkida soil is shown in Fig. 1. The plot
reveals that the adsorption process is relativesdy, iwvhereas the percentage of Cd(Il) removal e=ach
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equilibrium in 60min of contact time. The Cd(ll) removal efficiency@Q min is 89.6%. It is evident
that there is no benefit further agitation beyo@déin (statistically no significant difference between
data from 1 to 24n). Therefore, an equilibrium time of @0in can be regarded as an optimum contact
time. Reaching equilibrium in a short time duratisman indication that the adsorption sites ard wel
exposed, and bonding of the Cd(ll) ions to actitessoccurs preferably on the solid surface, with n
significant ion diffusion towards the inside of tharticle (Blazquez et al., 2005; Pehlivan et2006).

100
80
€0
40
20

0

removal %

0 5 10 15 20
Time (h)

Figure 1. Effect of Time on Cadmium Removal by Ashkida Soil

3.1.2. Effect of pH

The pH of the agueous solution is an importantavde, as it controls the adsorption of the
metal at the clay-water interfaces. Hence, thauémfte of pH on the adsorption of Cd(ll) ions onto
Ashkida soil is investigated in the pH range of12-lt can be observed from the results (Fig. 2) thex
adsorption of ions increases with an increase inopkhe solution. However, an efficient removal
corresponds to a natural pH or slightly basic pke Tajor components of adsorbent (Ashkida soil) are
clays and iron oxides which are known to possegative surface charges in solution. As pH changes,
surface charge also changes, and the sorption afgett species are affected (attraction between
positively charged Cd(ll) ions and negatively clearglay surface). It is conceivable that at low pH
values, where there is an excess l8f ions in the solutions, a competition exists wesn the
positively charged hydrogen ions and the mei@mis for the available adsorption sites on the
negatively charged adsorbent surface. On one hatliegoH increases and the balance betwteand
OH are rather equal, more of the positively chargethirions in solution are adsorbed onto the negativ
adsorbent surface and thus the percentage rembuakanetal ions increases. On the other hand,
precipitation of metal hydroxides may also occurtlas pH in solution increases that results in a
corresponding decrease in the amount of metalddssrbed.

Apparently as in Fig. 2, the removal percentageeiases as the pH level increases. The
sorption of Cd(ll) ions is primarily affected byelsurface charge on the adsorbents, which in &urn i
influenced by the pH of the solution. The low meddsorption at low pH can be explained by the
competitive sorption between proton and Cd(ll) ioAs the solution pH increases, the number of
negatively charged sites increases, which resultritner sorption of Cd(Il) ions. The changeHt
andOH" ions in the solution cause the surface functigmalips on adsorbent minerals to protonate or
deprotonate by adsorption &f* of OH™ ions. Above the pH value of 6.0, metal ions can be
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precipitated with OH ions, and precipitation plays an important role gontrolling Cd(ll)
concentrations.
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Figure 2. Effect of pH on Cadmium Removal by Ashkida Soil

3.1.3. Effect of the Amount of Adsorbent

The relationship between the amount of Ashkida and Cd(ll) removal from the aqueous
solution is illustrated in Fig. 3. Increased amooinsoil, up to 1.@, increases the percentage removal
of cadmium. This is an expected result as the atoiuadsorbent increases, the number of adsorbent
particles surrounded by metal ions increases. Towerethese particles can accommodate more ions
onto their surfaces (Gong et al., 2005). Despite dignificant removal percentage of Cd(ll) as the
adsorbent doses increased from 1.0 togR.Ostatistical analysis shows that there are noifsignt
differences between 1.0 and J%and between 1.5 and 290of adsorbent dose. Therefore one gram
dose of adsorbent can be regarded as an efficiemtii@gt to perform the investigation.
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Figure 3. Effect of Adsorption Dose o@admium Removal by Ashkida Soil

3.1.4. Effect of Agitation

The effects of agitation rate on cadmium remowainfraqueous solutions are illustrated in Fig.
4. The removal of cadmium ions increases as thtatami rate increases from 50 to 500 rpm.
Increasing agitation rate decreases the boundgey fasistance to mass transfer surrounding pasticl
A statistical test shows that there is a significdifference between the percentage of heavy metal
removal as agitation rate from 50 to 500 rpm andgigaificant difference between the percentages of
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Cd(Il) removal from as agitation rate is increasemim 500 to 1500 rpm. Therefore, the optimum

agitation rate corresponds to the highest of 89.&7%60 rpm.
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Figure 4. Effect of Agitation Rate on Cadmium Removal byhRisla Soll

3.2. Equilibrium Studies

Three isotherms, Freundlich, Langmuir and Temkiovsithat adsorption of cadmium rises
sharply at the initial stage for tw: values (Fig. 5), an indication of presence of pleadial sites. It
can be observed that adsorption correspondinguiilergum concentrations above 20g/l is reduced
dramatically due to lesser available active sitdhatend of the adsorption process. However, Dobini

Radushkevich is excluded as it does not fit withekperimental data.

100

+  experimental frerdlich ====- langmaty  seveerees Terkin

q.mg/e

C, mg/l

Figure 5. Equilibrium Isotherms of Cadmium on Ashkida Soil.

3.1.1. The Langmuir Isotherm

Langmuir isotherm has found successfully applicaiio many real sorption processes and is

expressed as:

— KLCe

® 1+a,C,

(Eq. 3)
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Whereqe (mg/g andC. (mg/l) are the amount of adsorbed Cd(ll) per unit wegfhadsorbent
and unabsorbed Cd(ll) concentration in solutioreatilibrium, respectively. The constakt is the
Langmuir equilibrium constant and the/a, gives the theoretical monolayer solution capacitys
Therefore, a plot o€dJ/qe versus gives a straight line of slopgK, and interceptd/K,. The values of
the Langmuir constants, K. andgmax With the correlation coefficient are listed in Tal2 and the
Langmuir isotherm is plotted in Fig. 5 togetherhwtihe experimental data points. The mean total erro
(E%) between this model with the experimental data &8 %. We note that the monolayer saturation
capacity ¢may is 31.25 mg/g. The total mean error is highentReeundlich isotherm value.

Table 2. Langmuir, Freundlich, Temkin and Dubinin-Radush&byConstants

Langmuir Temkin
KL(/g)  oma(mglg) R E% B A(l/g) R E%
0.236 31.25 0.915 5.68 0.738 181.9 0.864 22.52
Freundlich Dubinin-Radushkevich
Ke n R E% | gn(mg/g B (MmglF) R E%
5.383 1.898 0.991 0.14 363.1 98.73 0.545 -

3.1.2. Freundlich Isotherm
The Freundlich isotherm equation is given as:

Ge =K CJ" (Eq. 4
WhereKe is Freundlich constant amdis Freundlich exponenKr andn can be determined
from the linear plot ofog ¢ versuslog C.. The values of the Freundlich constant togetheh e
correlation coefficient are presented in Table @ #e theoretical Freundlich equation is shownigq F
5. The mean total erroE%, of 0.41% is much lower than those correspondmdghte other two
models. It is evident from Fig. 5 that Freundligquation represents the best fit of the experimental
data.

3.1.3. Temkin Isotherm

The linear form of Temkin isotherm is representgdeh.5:
6. = Lin(A) +-in(C,) (Eq. 5)

A plot of ge versus InCe enables one to determine the Temkin constarasdB (Table 2) and
the corresponding theoretical plot of this isothérahown in Fig. 5. The correlation coefficientlso
listed in Table 2. The mean total err&o, of 22.52 % associated with this model is higlentthe
Langmuir's and Freundlich's.

3.1.4. Dubinin-Radushkevich Isotherm
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The Dubinin-Radushkevich equation has the followforgn:

_pe2
Ge =0 €7° (Eg. 6)
Whereqm is the Dubinin-Radushkevich monolayer capaamg/g, / is a constant related to
sorption energy, and is the Polanyi potential which is related to tlgiigbrium concentration as

follows:

e=RT 1+ (Eq. 7)

M Ce

WhereR is the gas constant (8.314mol/K), T is the absolute temperature aktis the
molecular weight of adsorbate.

The constantsgm and g obtained for Dubinin—Radushkevich isotherm model showed in
Table 2. The correlation coefficient of 0.545 iraties that the Dubinin—Radushkevich isotherm model
is inappropriate for the equilibrium experimentaltal as the maximum adsorption capaciy, is
unrealistic.

3.3. Kinetic Studies

In order to examine the mechanism of adsorptiorcgs® such as mass transfer and chemical
reaction, a suitable kinetic model is needed tdyamathe adsorption rate. A number of models sich a
homogeneous surface diffusion and heterogeneofissidii models have been extensively applied in
batch experiments to describe the transport of rad$® inside the adsorbent particles (Wu et al.,
2009). The conformity between experimental datathednodel predicted values is expressed by the
correlation coefficientR%. A relatively higherR? value implies that the tested model describes the
kinetics of Cd(Il) adsorption better.

3.3.1. Simple First Order Model

The sorption kinetics may be described by a sinfipd¢ order equation (Boparai et al., 2011,
Eligwe et al., 1999). The change in bulk concemrabf the system can be described using the
following linear form:

log C; = Ky t+log C, (Eq. 8)
2.30¢

WhereC; andC, are the concentration of Cd(ll) at tirtet andt=1 in mg/|, respectively, an#;
is the first order rate constamingin).

The experimental results show thed G versus (Fig. 6) for different initial concentrations of
Cd(ll) deviates considerably from the theoreticaad A comparison of the results and the correfatio
coefficient is shown in Table 3, which indicatese fhilure in expressing this adsorption procesghby
simple first order kinetics. It is proposed thamgle kinetic models such as first order rate egquadire
not applicable to the adsorption system with salidfaces, which are rarely homogeneous like
Ashkida soil, as the effect of transport phenomand chemical reactions are often experimentally
inseparable (Boparai et al., 2011; Sparks, 1989).
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Figure 6. A simple First Order Adsorption Kinetics of Cd(tih Ashkida Soil

3.3.2. Pseudo First-Order Model

The sorption kinetics may also be described byeaugs first order equation (Boparai et al.,

2011; Ho and McKay, 1999; Wu et al., 2009; Zhaalet2011).Integration of the linear form of the
differential equation and using the initial conolits g, =0 att=0 andq, =q, att=t is yields:

k
log (g - ) = log g - —2—t (Eq. 9)
2.30¢
Whereq, andq, are amounts of adsorbed cadmiumnmg(g at equilibrium and at a time

respectively, and, is the equilibrium rate constant of pseudo fingtey adsorptionl/min).

Fig.7 shows a plot of the linear form of pseudstforder model at all concentrations studied.
The slopes and intercepts of plotsi@f(q. - g ) versust are used to determine the pseudo first-order

constantk, and equilibrium adsorption densidy. The experimental data show a considerable

deviation from the theoretical data. A comparisdrth@ results and the correlation coefficients in

Table 3 reveal that the correlation coefficientstfee pseudo first order kinetic model obtainedlat
the solution concentrations are relatively low. Ahd theoreticab, values calculated by the pseudo

first-order kinetic model offer no reasonable valu€his suggests that this adsorption system isanot
pseudo first-order reaction.

) ; y = -0.0486x + 1.488
. R?=0.9804
1 L.

0.5
0 —

0.5

-1 —

1.5 T3

_2 T T T T T T
i} 10 20 20 a0 50 60 70

log (qe-qt)

time({min)

Figure 7. A Pseudo First-order Adsorption Kinetics of Cl)(dn Ashkida Soill.

Copyright © 2012 by Modern Scientific Press Compdsigrida, USA



Int. J. Environ. Bioener2012, 1(2): 105-118 115

3.3.3. Pseudo Second-order Model

The adsorption kinetics may also be described pgeauido second-order equation (Boparai et
al., 2011; Ho and McKay, 1999; Wu et al., 2009; Zkaal., 2011). Applying the boundary conditions

to the linear form of the integrated differentiguation the model becomes:
t 1 1
— +—t (Eg. 10)
G kO G
Wherek, is the equilibrium rate constant of pseudo seammidr adsorptiong/mg/mir). The
slopes and intercepts of platsy, versust (Fig. 8) are used to calculate the pseudo secoretl-oade

constantsk, andg,. The result shows a good agreement between treximgntal data and the pseudo

second-order kinetic model for different initial @) concentrations. The computed results obtained

from the pseudo second-order kinetic model areigeavin Table 3. The correlation coefficient for
pseudo second-order kinetic model is 0.986 andctieulatedq, value agrees very well with the

experimental data.

15
y=0.0217x+ 0.0426 m
= R%=0.9969 _—
E 1
=
£ -
5 =
=05
= —
0 10 20 30 40 50 50 70
time (min)

Figure 8. The Pseudo Second-order Adsorption Kinetics of iEd(i Ashkida Soil.

Table 3. Comparison of the Simple First Order, Pseudo Rinst Second Order
Adsorption Values

g Simple 1st order Pseudo 1% or der Pseudo 2" order

(rr?;;(gj) l. R2 kl. Cecal. 2 k2 . Ce cal. R2
(1/min) (UYmin) (mg/g) (g/mg.min)  (mg/g)

44 .85 0.02764 0.815 9.046 30.76 0.980 0.0105 47.62 0.996

3.3.4. Activation Energy

The values of the pseudo second-order constaat Kifferent temperatures are deployed to
estimate the activation energy of Cd(ll) adsorptwrmo Ashkida soil by the Arrhenius equation as

follows:
Ink, = InA, — Eo/ RT (Eq. 11)

Where:A, is the Arrhenius factor arilis the gas constant.

Copyright © 2012 by Modern Scientific Press Compdtgrida, USA



Int. J. Environ. Bioener2012, 1(2): 105-118 116

A straight line is obtained by plottinig(kz) constants against the reciprocal of the absolute
temperature (Fig. 9) and the calculated value t¥aoon energy is 10.7KJ/mol This relatively low
activation energy indicates that the adsorptiorCdfll) on the adsorbent surface is rapid, and the
adsorption is endothermic physisorption (Boparailgt2011).

0.0025 0.0026 0.0027 0.0028 0.0029 0.002 0.0021 0.0032 0.0032 0.0024
_3 T T T T T T T 1

y=-1296.6x-0.375

4 . ]\t\ RE-0.9652
-1.5

LI —

1/Tk

Figure 9. Arrhenius Diagram of Cd(Il) Adsorbed on AshkidalSo

4. Conclusions

This study successfully concludes that Cd(ll) can dalsorbed from aqueous solutions in
significant amounts by Ashkida soil. In batch ag$on studies, removal of the metal ions increases
with the increase in contact time, amount of Ashksdil and pH value. The optimum conditions for
Cd(ll) removal are 60min contact time, and pH 7 at 2%&. The increase in initial metal ion
concentration increased the amount of metal uptakeunit weight of the soihfg/g. The equilibrium
data have been analyzed using Langmuir, Freundliemkin and Dubinin-Radushkevich isotherms.
The characteristic parameters for each isotherm @tated correlation coefficients have been
determined. The Freundlich isotherm provides thset lm®rrelation and the lowest total error for
sorption of cadmium onto Ashkida soil. The adsamptcapacity of cadmium is 31.25g/g The
pseudo second-order kinetic model tends to agreg well with the dynamical behavior for the
adsorption onto Ashkida soil for different initedncentrations over the whole range studied. Ttee ra
constant increases linearly with an increase irpature, an indication of endothermic processes ar
involved. The Arrhenius' plot of the rate constayiedds a small value of activation energy indiogti
that cadmium ions are easily adsorbed on the Ash&aill. Therefore, removal at temperatures above
ambient is rather cost ineffective.
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