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Abstract In the present study, the feasibility of soil used as a
low-cost adsorbent for the removal of Cu2+, Zn2+, and Pb2+

ions from aqueous solution was investigated. The kinetics for
adsorption of the heavy metal ions from aqueous solution by
soil was examined under batch mode. The influence of the
contact time and initial concentration for the adsorption pro-
cess at pH of 4.5, under a constant room temperature of 25±
1 °C were studied. The adsorption capacity of the three heavy
metal ions from aqueous solution was decreased in order of
Pb2+>Cu2+>Zn2+. The soil was characterized by Fourier
transform infrared (FTIR) spectroscopy, scanning electron
microscopic-energy dispersive X-ray (SEM-EDX), and
Brunauer, Emmett, and Teller (BET) surface area analyzer.
From the FTIR analysis, the experimental data was
corresponded to the peak changes of the spectra obtained be-
fore and after adsorption process. Studies on SEM-EDX
showed distinct adsorption of the heavy metal ions and the
mineral composition in the study areas were determined to be
silica (SiO2), alumina (Al2O3), and iron(III) oxide (FeO3). A
distinct decrease of the specific surface area and total pore
volumes of the soil after adsorption was found from the
BET analysis. The experimental results obtained were ana-
lyzed using four adsorption kinetic models, namely pseudo-
first-order, pseudo-second-order, Elovich, and intraparticle
diffusion. Evaluating the linear correlation coefficients, the
kinetic studies showed that pseudo-second-order equation de-
scribed the data appropriable than others. It was concluded

that soil can be used as an effective adsorbent for removing
Cu2+, Zn2+, and Pb2+ ions from aqueous solution.

Keywords Adsorption . Heavymetal ions . Soil . Kinetic
models

Introduction

The problems of the ecosystem are growing with developing
technology and heavy metal pollution is one of the main prob-
lematic issues (Uzun and Güzel 2000). The widespread exis-
tence of heavy metal in water environment either from natural
or anthropogenic sources, has deposited considerable public
and political discussion relating to potential impacts on human
health and wildlife as well as aquatic habitats (Orisakwe et al.
2012).

Prolonged exposure to heavy metals such as cadmium,
copper, lead, nickel, and also zinc can cause deleterious health
effects in humans (Singh et al. 2011). Significant worldwide
research efforts are stimulated toward developing methods for
heavy metal removal from drinking water due to the height-
ened awareness of the toxicity and regulatory modification
(Tilson 2013).

Each of the current technologies has its own merits and
demerits besides playing an important role in preventingwide-
spread heavy metal toxicity in nature. Adsorption has been
widely used for purification, separation, and compliance pur-
poses in many industries at large scales (Shah et al. 2013). The
fact that adsorption can be used with liquid process stream
with high efficiency, low cost, and friendly operating condi-
tions have made it a usual process in various industries is
undeniable. Activated carbons (ACs), polymeric adsorbents,
and zeolites are the main categories of adsorbents used to
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adsorb long range of adsorbates with varying concentrations
(Shah et al. 2013).

Properties that make an adsorbent effective in removing
certain species from water are high specific surface area and
with an affinity for a desired sorbate (Payne and Abdel-Fattah
2005). Consideration on using soil as viable process for heavy
metal removal is discussed in this study. The feasibility of soil
component, kaolinite used as a low-cost adsorbent for the
removal of heavy metal ions from aqueous solution was stud-
ied (Shahmohammadi-Kalalagh et al. 2011).

In order to make sound decisions regarding heavy metal
removal fromwater environments by using soil, it is necessary
to have a thorough understanding of the adsorption mecha-
nisms of heavy metal adsorption over extended periods to
comprehend the migration of heavy metals in the soil matri-
ces. The distribution of chemicals in soils is governed by
chemicals and soil properties (Dube et al. 2000).

Therefore, knowledge of heavy metal ion adsorption is
essential for estimating the fate and behavior of heavy metal
in the soil environments. It is vital to fully understand the
metal-binding properties of the soil, and develop and validate
procedures for metal speciation in soils before deciding to
employ appropriate models for the evaluation of adsorption
kinetic data. Various parameters of the adsorption process, the
mechanism for heavy metals removal along with the kinetics
of adsorption with the modeling aspects, are discussed.

Accordingly, the main aim of this work was to conduct
kinetic studies at different initial concentrations at constant
pH. Confirmatory tests using scanning electron microscopic-
energy dispersive X-ray (SEM-EDX) and instrumental analy-
ses of Fourier transform infrared (FTIR) and Brunauer,
Emmett, and Teller (BET) surface area to study the properties,
for example, mineral structure of soil were performed. The
kinetic adsorption data can be processed to understand the
dynamics of the adsorption reaction in terms of the order of
the rate constant. Furthermore, the prediction of adsorption
rate is essential in providing important information modeling
the processes.

Materials and methods

Preparation of adsorbent

The soil samples were collected around the waterfall area in
Kampung Assum. The village was located in the remote area
of Padawan, approximately 80 km from the city center,
Kuching. The site was included in one of the proposed devel-
opment projects by the Ministry of Infrastructure
Development and Communications. Apart from that, the sam-
pling point was in areas away from industrial site, without
apparent anthropogenic influence.

Few soil analysis tests were carried out for soil data collec-
tion. Surface treatment was conducted by flushing the soil
samples using distilled water before carrying on the tests.
Soil testing in this study was comprised of three steps: collec-
tion of a representative soil sample; laboratory analyses of the
soil sample; and interpretation of analytical results.

Firstly, the soil samples were spread out in a clean, warm,
dry area, and dried for 3 days. The air-dried soils were then
broken into smaller sizes and ground to pass through 1-mm
stainless steel sieve. The sieving was done to ensure that the
soil was of uniform grade throughout the experiment. Next,
the soil samples were stored in reagent bottles for subsequent
analysis and experiments.

Chemicals

All chemicals used were of analytical reagent grade. The ad-
sorbates, copper(II) sulfate (CuSO4), zinc sulfate (ZnSO4),
and lead(II) nitrate (Pb(NO3)2) are purchased from Sigma-
Aldrich Co. LLC., Malaysia. The stock solutions of
1000 mg/L of the heavy metal ions are prepared daily by
dissolving a certain amount of CuSO4, ZnSO4, and
Pb(NO3)2 in 1-L volumetric flask with deionized water and
diluted to the mark. All working solutions are prepared by
diluting the stock solution with deionized water to the desired
concentration.

Adsorption kinetic studies

Kinetic batch experiments were conducted to determine ad-
sorption isotherms for heavy metal ion to the soil samples at
constant room temperature of 25±1 °C under aerobic condi-
tions. To study the kinetics of heavy metal adsorption on soil,
initial heavy metal concentrations were selected to meet the
following criteria: (i) the desired reaction pH should be within
the range of 4 to 8, which is a common range for natural soils,
to promote heavy metal ion as the predominant species of
heavy metal in solution and (ii) the concentration of heavy
metal in solution must be high enough to be in the detection
range for analysis via AAS. With reference to the soil profile
and groundwater contamination, a low pH for solution was
chosen.

Three initial concentrations, C0 (20, 50, and 100 mg/L) of
each heavy metals, Cu2+, Zn2+, and Pb2+, were prepared using
CuSO4, ZnSO4, and Pb(NO3)2, respectively. The batch exper-
iments were initiated by mixing 0.5 g of air-dried soil with
50 mL of desired heavy metal solution in several 250-mL
conical flasks. The experiments were conducted at initial pH
4.5 which is adjustable with 1 M hydrochloric acid (HCl) or
1 M sodium hydroxide (NaOH) solution. These acid or base
additions changed the total volumes by <2 %. The final solid-
solution ratio was 10 g/L.
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The mixtures were shaken at 150 rpm in a refrigerated
incubating shaker (Thermo Scientific 491, Japan) to prevent
any possible sedimentation and were sampled at definite time
intervals from the start of the experiment. After each certain
time interval, the mixture was filtered usingWhatman grade 1,
cellulose filter paper, and the filtrate was analyzed for remain-
ing metal ion concentration using atomic absorption spec-
trometry (AAS). Stock solution concentrations were also con-
firmed via the AAS. The tests were performed in triplicate for
each input concentration C0 in order to better understand the
system.

The average amount of heavy metal adsorbed was ana-
lyzed. The amount of metal adsorbed by each soil was calcu-
lated by the mass balance equation of heavy metal ions before
and after the adsorption as expressed by Eq. (1).

q ¼ C0−Ceð ÞV
M

ð1Þ

where q is the amount of adsorbed species (mg/g), C0 is the
initial concentration of the species in solution (mg/L),Ce is the
equilibrium concentration of the species in solution (mg/
L), V is the solution volume (L), and M is the weight of
air-dried soil (g).

Results and discussion

Effect of contact time

The contact time is an important parameter to identify the
possible rapidness of binding and removal processes of the
metal ions by the adsorbent and also to obtain the optimum
time for complete removal of the target metal ions. The time
profiles of heavy metal ions adsorption were plotted as shown
in Fig. 1.

It can be seen that the adsorbed concentrations were zero at
the beginning. Within a short time period, the amount of
adsorbed species was varied considerably and then ended up
with a very gradual and quite narrow variation range. There
was an increase in adsorptionwith increase in contact time and
maximum adsorption takes place at 120, 30, and 150 min
contact time for Cu2+, Zn2+, and Pb2+, respectively. The equi-
librium was reached after the contact period mentioned.

This may be due to the fact that initially, all adsorbent sites
were vacant and thus leading to increase in concentration gra-
dient between adsorbate in solution and the adsorbent surface.
As time proceeds, the heavy metal ions uptake rate by adsor-
bent was decreased significantly due to the decrease in num-
ber of adsorption sites as well as ions concentration.

Moreover, in most agitation periods, Pb2+ ion adsorption
rate was higher than that of Cu2+ and Zn2+ ions, demonstrating
higher capability of Pb2+ ion in competition with Cu2+ and
Zn2+ ions for the occupation of adsorption sites in the studied
soils.

Effect of initial concentration

The rate of adsorption is a function of the initial concentration
of the adsorbate, which makes it an important factor to be
considered for effective adsorption. The time of reaching equi-
librium also depends on the initial concentration of the metal.
The lower was the initial concentration, the shorter the equi-
librium time interval.

It was also shown that increases in initial metal ions con-
centration increased the amount of metal ions uptake per unit
weight of soil (mg/g), as was expected. However, the
adsorptivity was decreased with the increasing of initial heavy
metal ion concentration. This was due to the fact that as con-
centration was increased, more ions were available for adsorp-
tion on surfaces; hence, retention becomes more difficult as
competition from other ions was decreased for adsorption on

Fig. 1 Effect of contact time and
initial concentration on
adsorption of Cu2+, Zn2+, and
Pb2+ ions
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the same sites. The removal capacity of heavy metal ions
decreased in the order as follows: Pb2+>Cu2+>Zn2+.

The fast adsorption rate at the initial stage may be ex-
plained by an increased availability in the number of active
binding sites on the adsorbent surface. The adsorption was
rapidly occurred and normally controlled by the diffusion pro-
cess from the bulk to the surface.

With the lapse of time, the surface adsorption sites were
exhausted. The remaining vacant sites were difficult to be
occupied by the cations due to repulsive forces between ad-
sorbate present in solid and bulk phases. The adsorption was
likely an attachment-controlled process due to less available
adsorption sites. Similar results have been reported in litera-
ture (Das et al. 2013).

In addition, the adsorptivity of Pb2+ was higher compared
to Cu2+ and Zn2+ significantly. This may be due to the phe-
nomenon that phosphate did not form strong complexes with
Cu2+ and Zn2+, but it was strongly adsorbed to soil surfaces,
thus, physically suppressing the adsorption of Cu2+ and Zn2+

by blocking the specific adsorption sites of Cu2+ and Zn2+

(McLean and Bledsoe 1992).

Characterization of adsorbent

FTIR spectroscopy

The functional groups of the virgin adsorbent and adsorbents
loaded with heavy metals were analyzed by Fourier transform
infrared (FTIR) spectroscopy (Shimadzu IRAffinity-1, Japan).
The spectra data are collected in the IR wavelength of 400 to
4000 cm−1. After the adsorption, some peaks are shifted in
terms of wavenumber denoting that these functional groups
are involved or participated in the binding of heavy metals on
the soil. The surface functional group of virgin soil and soils
loaded with heavy metals are shown in Fig. 2.

In the spectra of virgin soil, a peak at 3608.81 cm−1 is
present in the hydroxyl stretching region at 3700–
3200 cm−1. This is likely due to the presence of H2O in the
soil minerals. In fact, heavy metals are adsorbed by a variety
of soil phases with hydroxyl groups on their surfaces and
edges, where adsorption reactions are often more rapid
(Fonseca et al. 2009). The oxygen on each hydroxyl group
may act as a strong Lewis base due to the presence of its
vacant doublet electrons that enable a complex coordination
with the electron-deficient metal ions (Paliwal 2006). The
peak corresponds to the hydroxyl-based group is altered after
adsorption, indicating the involvement in binding of the metal
and adsorbent.

Based on Fig. 2a, a strong peak at 1508.33 cm−1 shows the
presence of carbonate group and the peak is found to shift
from IR spectra of soil loaded with Pb2+. A strong band car-
bonyl group is observed in the region 1850–1640 cm−1 where
the peak at 1695.43 cm−1 is assigned to the appearance of C=
O. Peak abundance at 684.73 and 781.17 cm−1 has been used
to establish the relative amount of carboxyl relative to aromat-
ic structures. Besides, there is a large peak on the multi spectra
around 2300 cm−1 that corresponds to the asymmetrical
stretch of carbon dioxide (CO2), indicating CO2 in atmosphere
is dissolved into the sample.

Soil minerals are represented by silicate, SiO3
2− and

orthosil icate, SiO4
4− stretch at 499.56 cm−1 and

1026.13 cm−1. These functional groups appear to play an im-
portant role in the adsorption process of all three heavy metals
studied, especially of Pb2+, since these bands tend to overlap
for the contaminated samples (Fonseca et al. 2009). There is
an obvious change on the shape of the spectra where the peaks
at 1022.27, 1028.06, and 1018.41 cm−1 are observed after
adsorption of Cu2+, Zn2+, and Pb2+ ions, respectively.
Moreover, a slight change of peak at 497.63 cm−1 is noticed
from Fig. 2c.

Fig. 2 FTIR spectra of the
adsorbent (a) before and after
adsorption of (b) Cu2+, (c) Zn2+,
and (d) Pb2+ ions at the maximum
adsorption capacity [experimental
conditions: pH 4.5, initial
concentration 100 mg/L]
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In addition, the band at 990–1050 cm−1, present in the
virgin soil sample, can be assigned to the stretching vibrations
of Si(Al)-O. This band is sensitive to the content of structural
Si and Al (Shin et al. 2014). The analysis has proved that the
Si(Al)-O bond is involved in heavy metal adsorption.

Scanning electron microscopic-energy dispersive X-ray

Determination of the structural characteristics of the adsorbent,
soil was done by means of a JEOL JSM-6390LA scanning

electronmicroscope (SEM) equippedwith an energy dispersive
X-ray (EDX) analyzer. The high resolution surfacemorphology
of soil before and after Cu2+, Zn2+, and Pb2+ ions adsorption
were characterized by SEM. On the other hand, the elemental
compositions of soil were determined by randomly selecting
areas on the solid surfaces and analyzing by EDX. SEM-EDX
system was employed to quantify and map elemental spatial
distributions on the surfaces of soil (Shin et al. 2014).

SEM-EDX determined the microstructure of soil formation
and particle intact condition well in all soil samples. The soil

Fig. 3 SEM micrographs of the
adsorbents before and after heavy
metal ion adsorption: a raw soil, c
Cu2+, e Zn2+, and g Pb2+

(X2000); b raw soil, d Cu2+, f
Zn2+, and h Pb2+ (×5000) at the
maximum adsorption capacity
[experimental conditions: pH 4.5,
initial concentration 100 mg/L]
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particles in spherical shape (Fig. 3a) were shown in the
SEM micrograph. Soil structure is resulted from the binding
together of soil particles into aggregates or clumps of vary
sizes and shapes (Yadav and Tyagi 2006). The aggregation
of small spherical particle allowed maximum space for air
and water movement. This was proved by the micrograph of
soil obtained from SEM, representing a large surface area for
heavy metal ions adsorption. The porous and irregular surface
structure of the adsorbent can be clearly observed in the SEM
images displayed in Fig. 3a, b.

There was clear demarcation in the surface morphology of
soil after adsorption as can be observed from Fig. 3c–h. As
illustrated in Fig. 3d, f, h, SEM images of soil loaded with
Cu2+, Zn2+, and Pb2+were taken at a magnification capacity of
×5000 and a scale bar of 5 μm. It can be seen that agglomer-
ation of particles has taken place due to the addition of copper
through precipitation, adsorption, and ion exchange reactions.
It can be seen that, physically, the pore or air spaces have
reduced and the mixture has gained strength.

Meanwhile, the SEM of soil minerals that was shown in
Fig. 3c, e, f revealed numerous small discrete particles
scattered among the micro aggregate. It was found that the
soil minerals have a rough surface. The additions of Cu2+,
Zn2+, and Pb2+ have increased the particles size slightly with-
out significant changes in the surface morphology.

On the contrary, the EDX analyses were conducted under
high vacuum conditions using an accelerating voltage of
15 kV, a probe current of 1 nA to minimize the risk of sample
damage. Based on Fig. 4, EDX revealed the energy spectrum
of the X-ray character emitted from the element of carbon (C),
oxygen (O), magnesium (Mg), aluminum (Al), potassium (K),
silicon (Si), calcium (Ca), phosphorus (P), sulfur (S), and iron
(Fe). The percentage of all elements was investigated in the
following order: C>O>Si>Al>Fe>K>Mg>P>Ca>S. All
elements were readily observed and mapped using Smiling
program.

Based on Table 1, C, Si, and O have a high content. For the
same sample, Al and Fe were presented in lesser quantities
whereas K, Mg, P, Ca, and S having a lowest content. EDX
has shown the dominant elements to be C, O, and Si whose
percentage compositions are 31.65, 28.02, and 26.4 %, re-
spectively. This analysis indicated that the mineral com-
position in the study areas were silica (SiO2), alumina
(Al2O3), and iron(III) oxide (FeO3). Moreover, no de-
tectable presence of any heavy metals was shown in
EDX spectra of virgin soil.

The result from SEM-EDX showed that the concentration
and distribution of elements were different. High percentage
of elements (C, O, Si, Al, and Fe) may distribute in cluster.
Though, the low percentage of elements (Mg, K, P, Ca, and S)
has widely distribution.

Comparing the spectra of the soil loaded with Cu2+, Zn2+,
and Pb2+ with that of unloaded one from Figs. 5, 6 and 7, the
Cu, Zn and Pb peaks could be observed accordingly. It was
suggested that the heavy metals have been adsorbed on the
surface of soil successfully.

Surface area analysis

Brunauer, Emmett, and Teller (BET) surface area is a mea-
surement of the accessible surface area per unit mass of soil
minerals and equals to the sum of internal and external surface
area (Heggy et al. 2013). The BET isotherm is a basis for
determining the extent of nitrogen adsorption on the particle
surface. The BET specific area and total pore volume of the
adsorbent were determined by standard multipoint techniques
of nitrogen adsorption, using the BET surface area analyzer
(Quantachrome Autosorb-iQ, USA) at the temperature of
77 K. The analysis is tabulated in Table 2.

The surface area of the virgin soil was determined to be
287.171 m2/g by N2-BET analysis. However, the surface area
of soil loaded with Cu2+, Zn2+, and Pb2+ were found to be
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Fig. 4 EDX spectra of the virgin
soil
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2.144 m2/g, 2.329 m2/g, and 1.312 m2/g, respectively.
Additionally, a distinct decrease of the total pore volumes of
the soil after adsorption was observed. It was believed that the
decrease in total adsorption surface area available to
heavy metal ions was resulting from overlapping or ag-
gregation of adsorption sites. Hence, it can be conclud-
ed that the heavy metal ions were almost completely
adsorbed onto the surface of adsorbent throughout the
introduced dosage of soil.

Kinetic modeling

Pseudo-first-order kinetic model

The pseudo-first order equation has been adequately
employed to describe reactions. However, it is typically

expressed in a range of reaction only. The data for the adsorp-
tion of heavy metal by using soil was plotted as in Eq. (2), and
the results are shown in Fig. 8.

log qe−qtð Þ ¼ logqe −
k1t

2:303
ð2Þ

where qe and qt (mg/g) are the adsorption capacities at
equilibrium and time t (min), respectively. Meanwhile, the
pseudo-first-order rate constant for the kinetic model is repre-
sented by k1 (min−1).

The plot log (qe–qt) versus t should give a linear relation-
ship; k1 and qe can be calculated from the slope and intercept
of the plot, respectively. The linearity of the plots were not so
high (correlation coefficients, R2=0.7238–0.9976). The
pseudo-first-order theoretical qe values, obtained from the

Table 1 Mass and atomic percentage of elements in soil

Element Virgin Soil Soil Loaded with Cu2+ Soil Loaded with Zn2+ Soil Loaded with Pb2+

Mass (%) Atomic (%) Mass (%) Atomic (%) Mass (%) Atomic (%) Mass (%) Atomic (%)

C 31.65 45.89 6.87 12.42 28.49 41.60 32.14 46.56

O 28.02 30.50 33.42 45.38 31.21 34.22 30.05 32.68

Si 26.40 16.37 27.09 20.96 29.15 18.20 22.62 14.01

Al 6.39 4.12 14.75 11.87 5.68 3.69 5.54 3.57

Fe 4.20 1.31 7.19 2.80 2.43 0.76 2.08 0.65

K 0.98 0.44 5.14 2.86 0.73 0.33 1.48 0.66

Mg 0.73 0.52 1.79 1.60 0.26 0.19 0.61 0.44

P 0.66 0.37 1.20 0.84 0.87 0.49 0.43 0.24

Ca 0.53 0.23 0.59 0.32 0.04 0.02 0.74 0.32

S 0.46 0.25 0.86 0.58 0.68 0.37 1.10 0.60

Cu – – 1.11 0.38 – – – –

Zn – – – – 0.46 0.12 – –

Pb – – – – – – 3.20 0.27
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Fig. 5 EDX spectra of the soil
loaded with Cu2+ at the maximum
adsorption capacity [experimental
conditions: pH 4.5, initial
concentration 100 mg/L]
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intercept of the linear plots, were also compared with the ex-
perimental qe values (Table 3).

It was shown that the pseudo-first-order kinetic model suf-
fered from inadequacies when applied to heavymetals adsorp-
tion by using soil at varying heavy metal ion concentrations.
The experimental qe values differed from the corresponding
theoretical values. Owing to the low linearity of the plots
obtained from this study and the discrepancies noted in the
theoretical and experimental values of qe, chemisorption
pseudo-second-order kinetic model was also used to test the
data obtained from the same studies.

Pseudo-second-order kinetic model

If pseudo-second order kinetics are applicable, the plot of t/qt
against t should give a linear relationship. The plots of t/qt
against t from Eq. (3) are shown in Fig. 9 for the same data.
Besides, the pseudo-second-order parameters, qe and k2,

obtained from the pseudo second order plot are presented in
Table 3. The correlation coefficients, R2 values, at different
concentration are much higher (>0.99) compared to the pseu-
do-first-order.

t

qt
¼ 1

k2qe2
þ t

qe
ð3Þ

where the second-order constants k2 (g/mg.min) can be
determined experimentally from the slope and intercept of plot
t/qt versus t.

The pseudo-second-order equation was based on the ad-
sorption capacity on the solid phase (Ho and McKay 1998).
The behavior over the whole range of studies was predicted,
and it was in agreement with chemisorption being the rate
controlling step. It can be inferred from the plot that the pos-
sibility of the chemisorption playing a significant role in the
rate-determining step cannot be rule out. This fact was attested
to by the very high linearity of the plot.
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Elovich kinetic model

The data obtained from the adsorption experiments were also
tested with the Elovich kinetic model based on Eq. (4). The
linearity values of the plots of qt versus In(t) and the Elovich
parameters are presented in Table 3. The results showed that

this kinetic model described the adsorption process better than
the pseudo-first-order model but not as well as the pseudo-
second-order kinetic model.

qt ¼ 1=βð ÞIn tð Þ þ 1=βð ÞIn αβð Þ ð4Þ

whereα and β are the Elovich coefficients:α represents the
initial sorption rate (mg/g.min) and β is the desorption con-
stant (g/mg) during any one experiment. The Elovich coeffi-
cients can be obtained from the linear plot of qt versus In(t).

If the adsorption of heavy metals by using soil fits the
Elovich model, a plot of qt versus In(t) should yield a linear
relationship with a slope of (1/β) and an intercept of 1/βIn(αβ)
(Oladoja et al. 2008). From Fig. 10, correlation coefficients
obtained by Elovich model showed good linearity. It can also
be observed that Elovich model gave an account of the occur-
rence of desorption process. It can be seen that as the initial
concentration was increasing, the desorption constant, β was

Table 2 Analysis of BET surface area and pore volume of the
adsorbent before and after adsorption process at the maximum
adsorption capacity [experimental conditions: pH 4.5, initial
concentration 100 mg/L]

Adsorbent BET surface area
(m2/g)

Total pore volume
(mL/g)

Virgin soil 287.171 1.543×10−1

Soil loaded with Cu2+ 2.144 1.119×10−3

Soil loaded with Zn2+ 2.329 1.784×10−3

Soil loaded with Pb2+ 1.312 4.656×10−4

(a) 

(b) 

(c) 

Fig. 8 Pseudo-first-order plot of
the effect of initial concentration
on the adsorption of heavy metal
ions: a Cu2+, b Zn2+, and c Pb2+

by using soil
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Table 3 Comparison of kinetic model parameters for adsorption of Cu2+, Zn2+, and Pb2+ ions by using soil

Kinetic models Parameters Copper (Cu) Zinc (Zn) Lead (Pb)

20 mg/L 50 mg/L 100 mg/L 20 mg/L 50 mg/L 100 mg/L 20 mg/L 50 mg/L 100 mg/L

Pseudo-first-order qe (exp) 0.8425 1.2001 1.8303 0.1529 0.7558 0.9630 0.8574 2.7507 3.3002

k1 0.015 0.017 0.050 0.017 0.012 0.124 0.015 0.020 0.026

qe 0.3956 0.6744 1.7386 0.0931 0.2808 1.1434 0.5126 2.2798 1.7418

Pseudo-second-order k2 0.1255 0.1346 0.0623 0.5746 0.2190 0.3194 0.0785 0.0138 0.0407

qe 0.8621 1.2180 1.8975 0.1576 0.7599 0.9784 0.8931 3.0230 3.4153

Elovich α 2.255 10.509 6.555 3.141 549.453 7.162 0.314 0.275 3.904

β 10.152 8.258 4.724 72.463 19.920 9.294 7.112 1.521 2.181

Weber–Morris diffusion kid 0.0438 0.0654 0.1053 0.0085 0.0354 0.0537 0.0533 0.1852 0.1952

Liquid film diffusion k3 0.0144 0.0167 0.0494 0.0172 0.0118 0.1243 0.0155 0.0091 0.0258

(a) 

(b) 

(c) 

Fig. 9 Pseudo-second-order plot
of the effect of initial
concentration on the adsorption
of heavy metal ions: a Cu2+, b
Zn2+, and c Pb2+ by using soil
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decreasing. In other words, adsorptionwas increasing. At low-
er concentrations, many other ions with higher energy of ad-
sorption may compete and desorb the metal ion, whereas at
higher concentration, the number of metal ions for adsorption
is more, and hence, desorption decreases.

The correlation coefficients obtained were almost linear
which shown the Elovich model fitted well. The model gave
a good correlation for adsorption on highly heterogeneous
surfaces like soil. Besides, it is also shown that along with
surface adsorption, chemisorption was also a dominant phe-
nomenon taking place.

Intraparticle diffusion kinetic models

Weber–Morris diffusion kinetic model When intraparticle dif-
fusion plays a significant role in controlling the kinetics of the

adsorption process, the plots of qt versus t
1/2 based on Eq. (5)

yield straight lines passing through the origin, and the slope
gives the rate constant kid. In addition, the larger the intercept,
c, the greater is the contribution of the surface adsorption in
the rate controlling step.

qt ¼ k idt
1=2 þ c ð5Þ

where kid is the intraparticle diffusion rate constant
(g/mg.min1/2) and c is the intercept in the plot of qt against
t1/2 that related to the thickness of the boundary layer.

The R2 values given in Table 4 did not confirm that the rate-
limiting step is actually the intraparticle diffusion process for
the data analyzed. However, the linearity of the plots (Fig. 11)
demonstrated that intraparticle diffusion played a role in the
uptake of the heavy metal ions by soil. It can be observed that

Fig. 10 Elovich kinetic model
effect on the adsorption of aCu2+,
b Zn2+, and c Pb2+ ions by using
soil
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Table 4 The comparison between correlation coefficient, R2, among four kinetic models

Kinetic models Correlation coefficient, R2

Copper (Cu) Zinc (Zn) Lead (Pb)

20 mg/L 50 mg/L 100 mg/L 20 mg/L 50 mg/L 100 mg/L 20 mg/L 50 mg/L 100 mg/L

Pseudo-first-order 0.8584 0.9128 0.8644 0.9149 0.7238 0.9976 0.8565 0.9887 0.9388

Pseudo-second-order 0.9992 0.9996 0.9982 0.9955 0.9984 0.9994 0.9961 0.9994 0.9997

Elovich 0.9694 0.9918 0.9014 0.9378 0.9580 0.6389 0.9203 0.9653 0.8531

Intra-particle diffusion Weber-Morris 0.7290 0.7887 0.6912 0.7686 0.6066 0.5711 0.8255 0.9158 0.7617

Liquid Film 0.8583 0.9129 0.8644 0.9149 0.7238 0.9976 0.8565 0.8444 0.9388

(a) 

(b) 

(c) 

Fig. 11 Weber–Morris diffusion
kinetic model effect on the
adsorption of a Cu2+, b Zn2+, and
c Pb2+ ions by using soil
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both surface adsorption and intraparticle diffusion were in-
volved in the rate-limiting step.

Furthermore, there was no sufficient indication about
which of the two steps was the rate-limiting step. It has been
reported that if the intraparticle diffusion was the sole rate-
limiting step, it was essential for qt versus t

1/2 plots to pass
through the origin, which was not the case in this (Mohammed
2012).

Fractional attainment of equilibrium (FAE) and liquid film
diffusion kinetic model It was established that the kinetic the-
ory behind FAE was that it may be used to explain the adsorp-
tion process in terms of adsorption being controlled by film-
diffusion (Horsfall and Vicente 2007). When the transport of
the solute molecules from the liquid phase up to the solid
phase, boundary plays the most significant role in adsorption;
the kinetic model equation may be applied as Eq. (6), where F
as the fractional attainment of equilibrium is corresponded to
qt/qe from Eq. (7).

In 1−Fð Þ ¼ −k3t ð6Þ

where F is the fractional attainment of equilibrium. It is the
ratio of the amounts of metal ion removed from solution after
a certain time (Ct) to that removed when adsorption attained
equilibrium (Ce).

In 1−
qt
qe

� �
¼ −k4t ð7Þ

where qt and qe are the amounts of metal adsorbent at time
(t) and at equilibrium. The overall rate constant is represented
by k4 and can be determined from the gradient of the graphs of
In (1-qt/qe) versus t.

A linear plot of In(1-F) versus t with zero intercept would
suggest that the kinetics of the adsorption process is controlled
by diffusion through the liquid film surrounding the solid
adsorbent. Nevertheless, the deviation of the straight lines
from the origin (Fig. 12) may be due to the difference in the
rate of mass transfer in the initial and final stages of
adsorption.

A non-linear relationship for the plot of In(1-F) versus t
indicated that the diffusion of adsorbate onto the adsorbent
surface is film-diffusion controlled (Horsfall and Vicente
2007). In such condition, an external factor such as high agi-
tation speed may be needed to break the diffusion barrier and
increase adsorbate-adsorbent interaction. The plots in Fig. 12
were non-linear and showed more than one step. The data
shown that film diffusion-controlled process may possibly
be a factor in the ability of metal ions to migrate to the soil
surfaces.

Moreover, the degree of fitting of the data to the model
gives an indication of the evolution of the porous texture of

the soil. The data (Table 4) revealed that pore diffusion-
controlled rate-limiting mechanism into the porous structure
of the soil was inadequately applicable for the three metal ions
investigated.

Comparison between kinetic models

Adsorption of metal ions on soil particles follows a three-step
process: (1) film diffusion, (2) intra-pore diffusion, and (3)
adsorption. Metals added to soil were normally retained at
the soil surface. The extent of movement of a metal in the soil
system was intimately related to the solution and surface
chemistry of the soil. The retention mechanisms for metals
added to soil included the adsorption of the metal by the soil
solid surfaces and precipitation.

By evaluating the correlation coefficient, R2, of every ki-
netic model, the results from Table 4 have shown that the
adsorption of heavy metals by using soil was better described
by the pseudo-second-order model with correlation coeffi-
cients, R2>0.99. Intraparticle diffusion model has also proved
the surface adsorption and intraparticle diffusion operated
concurrently during adsorbent and adsorbate interaction.

The experimental results indicated that increasing soil con-
centration increased the uptake of heavy metal ions from
aqueous solution. This agreed with previous results on the
adsorption of copper metal ion in selected contaminated red
soil samples in Palestine (Jodeh and Abu-Obaid 2011).

Furthermore, based on a research related to the adsorption
of Pb2+ ions from aqueous system by kaolinite, which is a clay
mineral, recorded at the a higher adsorptivity than Cu2+ and
Zn2+; the kinetic studies also showed that a pseudo-second-
order model was more suitable than the pseudo-first-order
model (Shahmohammadi-Kalalagh et al. 2011). In addition,
the experimental results obtained from the adsorption of heavy
metal ions from aqueous solution by using soil have been
correlated well to the four kinetic models studied
(Mohammed 2012; Merlain et al. 2013).

Conclusions

In this study, the removal capacity of heavy metal, Cu2+, Zn2+,
and Pb2+ ions from aqueous solution increased with increase
in contact time before equilibrium point while it decreased
with an increase in initial concentration. The adsorption of
heavy metals onto soil was a very rapid process and a major
fraction of the total metal concentration was removed from the
aqueous phase in early stage for a wide range of initial con-
centration of adsorbate. The relative adsorption capacity of the
three heavy metals for the kinetics study by using soil shown
to be increased in the order of Zn2+<Cu2+<Pb2+.

The properties of soil and adsorption characteristics of
heavy metals onto soil were reviewed through several
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instrumental analyses. Studies of the structure of soil after
adsorption process by FTIR shown that some peaks are shifted
in terms of wavenumber, indicating some functional groups
are involved or participated in the binding of heavy metals
onto soil. From SEM micrograph showed the soil particles
in spherical shape and there was a large surface area for heavy
metal ions adsorption. In term of surface morphology, it was
also observed that the clogging of pores of soil occurred after
the adsorption. The mineral composition in the study areas
were determined to be silica (SiO2), alumina (Al2O3) and
iron(III) oxide (FeO3) based on EDX analysis. Additionally,
a distinct decrease of the specific surface area and total pore
volumes of the soil after adsorption was found from BET
analysis.

In the batch mode adsorption studies, the amount of Cu2+,
Zn2+, and Pb2+ ions uptake (mg/g) was found to increase in
contact time and initial concentration. The kinetic data was
analyzed using four adsorption kinetic models, namely

Pseudo-first-order, Pseudo-second-order, Elovich, and
intraparticle diffusion.

In order to obtain parameters related to each kinetic model,
experimental data have been tested with linear forms of these
models. Correlation coefficients obtained adequately fitted
well for all models but the ranking was in the order of
Pseudo-second-order >Elovich>Pseudo-first-order >
intraparticle diffusion. The agreement of experimental data
and the pseudo-second order equation was much better than
those for the other equations, with correlation coefficients,
R2>0.99.

This has implied that Cu, Zn, and Pb adsorption on soil
may occur through a chemical process involving the valence
forces of the shared or exchanged electrons. The resulting
heavy metal adsorption values obtained from this model were
almost the same as compared to the maximum adsorption
capacity experimentally obtained. This was meant by the
chemisorption reaction, or an activated process becomes more

(a) 

(b) 

(c) 

Fig. 12 Mass transfer plot for the
adsorption of heavy metals a
Cu2+, b Zn2+, and c Pb2+ ions by
using soil
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predominant in the rate-controlling step in Cu, Zn, and Pb
systems.

As a result of this study, it may be concluded that soil was
feasible for removal of heavy metal pollution fromwastewater
since it was of low-cost abundantly available adsorbent.
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