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ABSTRACT

Surfactants are a very important group of compounds that are used extensively in modern
life and have adverse effects on human health and aquatic life. The aim of this study was to
evaluate the adsorption characteristics of sodium dodecyl sulfate (SDS) on standard acti-
vated carbon (SAC) and NH4Cl-induced activated carbon (NAC). It was found that, in the
batch experiment conducted at 50 mg/L initial concentration of SDS, pH of neutral, and
adsorbent dose of 1 g/L, SAC and NAC could remove up to 81 and 99% of SDS from the
solution. The removal of SDS by both adsorbent followed the pseudo-second-order reaction
kinetics. Results of the equilibrium experiments revealed that the adsorption of SDS onto
SAC and NAC was better fitted by the Langmuir model. The maximum adsorption capacity
of SDS onto SAC and NAC was 117.2 and 178.6 mg/g, respectively. The results suggested
that NAC is suitable as a sorbent for the adsorption of SDS from aqueous solutions in view
of its effectiveness and high capacity.
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1. Introduction

Surfactants are the substances that decrease the
surface tension of a solvent. They have cleaning and
solubilization features [1]. These compounds contain
both hydrophobic and hydrophilic groups. The
hydrophobic group is usually a hydrocarbon radical
with 10–20 carbon atoms. The hydrophilic part based
on the type of surfactant may or may not be ionized
[2]. Surfactants based on the charge of molecular chain
are classified into four groups: anionic, cationic,
zwitterionic, and non-ionic [3].

Due to simple synthesis and low production costs,
anionic surfactants are the main class of surfactants
that are used in detergent formulations [4]. Alkylben-
zene sulfonate, linear alkylbenzene sulfonate, and lin-
ear alkyl sulfate are the major classes of anionic
surfactants. One of the examples of linear alkyl sulfate
is sodium dodecyl sulfate (SDS). Today, synthetic
surfactants are widely used in domestic washing deter-
gents, personal care products, textiles, paints, poly-
mers, pesticide preparations, medicines, mining, oil
recovery, and paper industries [1].

It has been estimated that the amount of surfactant
which is produced worldwide is about 10 million ton
per year, and anionic surfactants account for about
60% of them. Textile industries consume 10% of the*Corresponding author.
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surfactant produced in the world, and the wastewater
of these industries contains high concentration of sur-
factant [4]. Surfactants are harmful for both terrestrial
and aquatic life and cause health threats such as der-
matitis and eye irritation. Furthermore, surfactants
persist in biota for a long time [5], and the presence of
these compounds in aqueous media diminishes the
quality of water, causes unpleasant taste and odor,
produces foams in rivers and wastewater treatment
plants, and causes both short- and long-term disorders
in the receiving ecosystems. Surfactants reduce the
surface tension of water, which contributes to their
easy penetration into in vivo of aqueous media and
thus adversely affects aquatic life. Also, they have
been found to interact synergistically with other toxic
chemicals [6]. Some of them are biodegradable, but
many of them are not [7]. Due to their toxic nature,
surfactant concentrations in water and wastewater
should be reduced to acceptable levels [7]. Many envi-
ronmental organizations have set 0.5 mg/L as the
standard level for anionic detergents in drinking water
and up to 1.0 mg/L for other purposes [2].

The conventional methods that are used for surfac-
tant removal from water include physical, chemical,
and biological processes. They are chemical or electro-
chemical oxidation [8], membrane technology [9], liq-
uid–liquid extraction [10], chemical precipitation [11],
photocatalytic degradation [12], biological degradation
[13], and adsorption or electrosorption [3]. Some of
the surfactants are biodegraded partly under aerobic
conditions; but, most of them are not biodegradable
[3]. Chemical processes are cost-intensive; thus, they
are not appropriate for scale application or are inca-
pable of meeting the permissible limits of surfactants
[3,6]. Accordingly, the physical techniques might be
the method of choice for removing water contami-
nants including surfactants. Adsorption is one of the
most conventional physical methods used for remov-
ing pollutants, especially organic compounds, from
water and wastewater [7]. Adsorption is efficient, sim-
ple for design and operation, unaffected by toxicity,
and inexpensive for the accumulation of organic com-
pounds from contaminated streams into a solid mate-
rial. Saturated adsorbent is separated and
regenerated/disposed using an appropriate method
[14]. Due to the main features of adsorption, this
method is frequently used in full scale for the removal
of organic and refractory compounds from water and
wastewater [15].

The characteristics of adsorbents have an impor-
tant role in the performance of an adsorption process
[14]. Many adsorbents such as alumina [2], zeolites

[16], sediment [17], bentonite [18], sand [19], silica gel
[20], resins [21], rubber granules [22], and activated
carbons [23] have been investigated for the removal of
surfactants [4]. Due to porosity and very high specific
surface area and capacity, activated carbon is the most
widely used adsorbent for removing various com-
pounds from contaminated streams. However, the
main defects of activated carbon are high cost of pro-
duction and regeneration [14]. Therefore, new carbons
must be investigated for introducing a more efficient
and thus cost-effective adsorption process.

In this study, the capability of a newly prepared
NH4Cl-induced activated carbon (NAC) is compared
with the standard activated carbon (SAC) in the
adsorption of SDS from contaminated water. Effects of
the most important variables including solution pH,
adsorption concentration, SDS concentration, and reac-
tion time are evaluated. Also, the equilibrium, kinetics,
and mechanism of SDS adsorption onto SAC and
NAC are determined.

2. Material and methods

2.1. Reagents and adsorbents

SDS (CH3 (CH2)11SO
�
4 Na+, 288 g/mol), Acridine

orange (ACO) chemically known as 3, 6-bis (dimethy-
lamino) acridine, glacial acetic acid, toluene were pur-
chased from Merck Company. All the chemicals that
used in this study had high purity and analytical
grade.

Aqueous solutions of the surfactant were prepared
with deionized water. A stock solution of SDS was
made by dissolving 1 g of analytical grade SDS in dis-
tilled water. In this study, two types of activated car-
bon were used: NAC and SAC. The NAC was
prepared from pomegranate wood waste. The specific
surface area determined by the Brunauer–Emmett–
Teller approach in SAC and NAC were 1,024 and
1,029 m2/g, respectively. Other properties and more
information about SAC and NAC were reported in the
previous works [14]. Activated carbon from Merck
Company was used as the SAC to make a comparison
and highlight the adsorption potential of the NAC
prepared in this study.

2.2. Instrumentations

An electrical balance (One I 160) was used for
weighting. A digital pH meter (Jenway, 3505) was used
for pH measurements. A spectrophotometer (UV–vis,
Unico, 4802) was used for measuring absorbance.
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2.3. Analytical method

A quick and reliable solvent extraction spec-
trophotometric method was used for determining
anionic surfactants. ACO has the capability to make
an ion-pairing agent with anionic surfactants. This
ion-pair component is extractable in toluene. 10 mL of
the sample solution containing SDS in the range of
0.1–6.0 ppm was transferred to a 25 mL separating
funnel. ACO (0.005 M) and glacial acetic acid, 100 μL
each, were then added and 5 mL of toluene was
added to it and shaken for 1 min. After 5 min, the
aqueous layer was discarded and the toluene layer
was used for absorbance measurement at 467 nm
[2,24].

2.4. Batch adsorption studies

All the batch tests were carried out using synthetic
SDS solutions at room temperature. Solutions of 1 M
HCl or NaOH were used to adjust the solution pH prior
to the reaction to achieve an optimum pH. Parameters
of this test were as follows: solution pH (2.0–12.0), ini-
tial SDS concentration (50–500 mg/L), and reaction time
of 1–60 min in kinetic experiment and 2 h in equilib-
rium tests. All the tests were conducted in duplicate,
and mean of these two measurements was taken to
represent each evaluation. The experimental runs and
conditions are given in Table 1.

It was performed by introducing a mass of SAC and
NAC into a glass conical flask containing 100 mL of an
aqueous SDS solution with 50, 100, and 200 mg/L
concentrations. The solution was agitated by a
magnetic stirrer at 100 rpm for the desired period.
Then, the separation was filtered with 0.2-μm pore size,
and the filtrate was analyzed by UV–vis spectroscopy
at the wavelength of 467 nm to determine the residual
concentration of SDS. The adsorbed amount of SDS
was obtained by measuring the SDS concentration solu-
tion before and after exposing using SAC and NAC.
The amount of SDS adsorbed by the SAC and NAC qe
(mg/g) is computed as (Eq. (1)):

qe ¼ V C0 � Ceð Þ
M

(1)

The removal efficiency is expressed by (Eq. (2)):

R ¼ C0 � Ceð Þ
C0

(2)

where V is the volume of the solution in L, C0, and Ce

are initial and equilibrium concentrations in mmol L−1,
respectively, M is the mass of NAC in g, and R is
removal efficiency of SDS.

2.5. Adsorption isotherms

The adsorption isotherm determines the equilib-
rium condition of the process [20]. The adsorption iso-
therm experiment was done at room temperature with
100-mL solutions of SDS at varying initial concentra-
tions (50–500 mg/L) while keeping SAC and NAC
doses fixed at 0.5 g/L. The flasks were shaken at
100 rpm for 2 h to attain equilibrium, after which the
suspension was analyzed as described in Section 2.3.
The equilibrium adsorption of SDS onto the prepared
SAC and NAC was modeled using isotherm models
(Langmuir and Freundlich) by fitting results from the
experiment onto the models.

2.6. Adsorption kinetics

Kinetic study is very significant in batch experi-
ments to determine the optimum contact time of the
adsorbent with adsorbate and to assess reaction rate
coefficients. For designing adsorption system, kinetic
is a key parameter which is needed to choose opti-
mum operating situations for batch studies [6]. The
kinetic study was done on the SDS solution (initial
concentration: 100 mg/L) with SAC and NAC as the
adsorbent (dose 0.4 and 0.6 g/L) and the shaking time
was varied from 1 to 60 min. The amount of adsorbed

Table 1
The experimental runs and conditions

No. Run experiment SDS concentration (mg/L) pH

Adsorbent dose
(g/L)

Contact time (min)SAC NAC

1 Effect of solution pH 50 2–12 1 1 30
2 Effect of SDS concentration 50–200 Natural 0.1–1 0.1–1 30
3 Equilibrium adsorption 50–500 Natural 0.5 0.5 120
4 Adsorption kinetic 100 Natural 0.4, 0.6 0.4, 0.6 1–60
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surfactant was determined by measuring the solution
concentration after the equilibrium with the adsorbent.

3. Results and discussion

3.1. Influence of process variables

3.1.1. Effect of adsorbent dose on adsorption

The amount of SDS that can be removed from a
solution by adsorption using SAC and NAC depends
on the process variables used in batch systems such as
adsorbent dosage, initial SDS concentration, and con-
tact time [6]. In any adsorption process, the amount of
adsorbent plays an important role. It is very necessary
to find optimum adsorbent dose and contact time for
the maximum possible removal of the adsorbate. The
effect of SAC and NAC doses was examined at vari-
ous SDS concentrations of 50, 100, and 200 mg/L with
a varying dose (0.1–1 g/L) of adsorbent. Percentage of
SDS removal against adsorbent dose, after 30 min, is
shown in Fig. 1. It can be observed that the removal
of SDS was increased with the increase of SAC and
NAC dose. At the SDS concentration of 50, 100 and
200 mg/L with 0.1 g NAC, removal efficiency was 99,
92.8, and 62.6%, respectively, while in SAC and simi-
lar situation, removal efficiency was 81, 42.5, and
29.1%, respectively.

The increase of removal efficiency should be due
to the increase of adsorption sites available when

more adsorbent is used. It must be noted that the
removal extent of SDS could not be further increased
when the adsorbent increases excessively, which
might be due to the particle interaction, such as
accumulation, resulting from high adsorbent concen-
tration. Such accumulation causes a decrease in the
total surface area of adsorbent and an increase in dif-
fused path length [25]. Furthermore, surface chem-
istry of activated carbon plays a more important role
in controlling the adsorption of a relatively hydropho-
bic molecule from dilute aqueous conditions than
pore size distribution [26]. According to the previous
work, FTIR spectrum showed greater density of func-
tional groups observed on the surface of NAC than
SAC. Also, the surface area of NAC was more than
that of SAC. The surface morphology of NAC and
SAC was different: NAC surface had a fibrous struc-
ture consisting of a series of long parallel, similarly
shaped channels with a smooth surface, but SAC had
a smooth surface with scattered hollows of various
sizes [14]. Also, the total volume and size of pores in
NAC were around 10% greater than those in SAC.
The role of NH4Cl can be attributed to the destruction
of the carbon texture likely due to the generation and
release of the excessive gas related to the evaporation
and volatilization of ammonium impregnated onto
carbon at high activation temperature [14]. For these
reasons, adsorption capacity of NAC was greater than
SAC’s.

3.1.2. Effect of SDS concentration on adsorption

The adsorption of SDS depends on the initial SDS
concentration (Ci), because it provides the driving
force to overcome mass transfer limitations onto SAC
and NAC surfaces [6]. The effect of initial SDS concen-
tration in the range 50–500 mg/L, while keeping the
SAC and NAC dose fixed at 0.5 g/L, was examined.
The residual SDS concentrations were determined
after reaching the equilibrium. It has been observed
that the removal of SDS decreased gradually with the
increase of initial SDS concentration. But, the amount
of the SDS adsorbed onto SAC and NAC was
increased with an increase in the initial SDS concentra-
tion, because with increasing initial SDS concentration,
the driving force of the concentration gradient was
also increased [6]. At low SDS concentrations, the
active binding sites were occupied fast or bound to
the surface mainly by electrostatic attraction, while at
higher SDS concentrations, the active binding sites got
saturated and formed monolayer or bilayer patches on
the surface that contributed to the increased adsorp-
tion and mass transfer from the liquid to solid phase
[27,28].
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Fig. 1. The adsorption of various concentrations of SDS
onto NAC and SAC as a function of adsorbent mass.
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3.1.3. Effect of solution pH and adsorption mechanism

The pH of the aqueous solution is an important
controlling parameter in adsorption by various adsor-
bents [19], because it affects the surface charge of the
adsorbent, degree of ionization, and species of adsor-
bate. In many works that have been carried out in
order to clarify the mechanism of organic molecules
from aqueous solutions on carbon-based materials, a
complex interaction between electrostatic and non-
electrostatic forces has been reported. Also, these
interactions depend on the characteristics of the adsor-
bent and adsorbate as well as the chemical properties
of the solution. It has been observed that adsorption
capacity is negatively influenced by the presence of
similar groups on adsorbent surface and adsorbate
molecule [29]. In the present study, the effect of pH
on the adsorption of SDS (initial concentration:
(50 mg/L) by SAC and NAC (dose: 1 g/L) was stud-
ied within the pH range of 2.0–12.0. The residual SDS
concentrations were measured after 30 min of adsorp-
tion. The results of the adsorption of SDS on SAC and
NAC at different pH levels are plotted in Fig. 2. In
our study, no significant influence of pH on SDS
adsorption by NAC was observed and removal effi-
ciency at all pH levels was 98–99%. In contrast, in
SAC, with increasing pH, the removal efficiency was
decreased. The maximum removal was observed at
pH 2 with 81.8% and the minimum removal was
obtained at pH 12 as 56%, because pH change has no
effect on SDS adsorption proposes that, along with the
ionic interaction, there must be some hydrophobic
interactions between the hydrophobic functions of the
adsorbate and adsorbent molecules [6]. Raval and
Desai [24] reported the maximum adsorption of SDS
on alumina at pH 4.

The relationship between effects of SAC and NAC
in SDS adsorption and solution pH can be described
by considering both the surface charge of the adsor-
bent and the dissociation constant (pKa) of SDS The
pHpzc of SAC and NAC were 7.4 and 6.6, respectively.

SDS has pKa 1.9. At this pH, the adsorption capacity is
almost zero. At low pH, the SAC and NAC particles
become more positive and hence there is an increase in
adsorption at lower pH.

3.2. Adsorption behaviors and kinetics of SDS

The kinetic adsorption was determined by contact-
ing SDS concentration of 100 mg/L and SAC and
NAC with dose in the range 0.4 and 0.6 g/L for
1–60 min. The results in Table 2 indicate that the
uptake of SDS was increased with an increase in con-
tact time. Afterward, the SDS concentration stayed
almost unchanged and equilibrium was reached.
Adsorption kinetics describes reaction pathways and
rate of adsorbate uptake on the adsorbent to reach the
equilibrium [30]. In order to predict the adsorption
kinetic model for SDS onto SAC and NAC, pseudo-
first-order, pseudo-second-order, and intraparticle
diffusion kinetic models were applied to the data at
different doses of adsorbents.

The pseudo-first-order model equation:

ln qe � qtð Þ ¼ ln qe � k1t (3)

The pseudo-second-order model equation:

t

qt
¼ 1

k2q2e
þ t

qe
(4)

where k1 and k2 are adsorption rate constants, qt is
adsorption capacity at time t, and qe is adsorption
capacity in equilibrium conditions. In order to test these
models, linear regression analysis was applied to plot
ln (qe − qt) and t/qt vs. t data for the pseudo-first-order
and pseudo-second-order, respectively. The parameters
and regression coefficients of the respective models are
given in Table 2. It can be concluded that the kinetic of
SDS adsorption onto the SAC and NAC from the solu-
tion obeys the pseudo-second-order model with the R2

value of 0.99 for both adsorbents. The qe values calcu-
lated from the model were also in good agreement with
the experimental values. The fitting experimental data
from this study with the pseudo-second-order model
implies that the availability of adsorption sites on the
SAC and NAC plays an important role in adsorption
rather than SDS concentration in bulk solution [31]. The
magnitudes of SDS removal at the initial concentration
of 100 mg/L by SAC and NAC at different adsorbent
doses (0.2, 0.4, and 0.6 g/L) are presented in Fig. 3. For
the first 30 min, the removal rate by NAC was very fast
and then it was gradually slowed down.
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Fig. 2. Equilibrium uptake of SDS at different solution pH
values in 50 mg/L initial concentration.
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The two main steps involved in mass transfer in
the adsorption of organic molecules onto adsorbents
are the liquid phase mass transport (film diffusion)
and the intraparticle mass transport (pore diffusion or
intraparticle diffusion) phases [14]. Prediction of the
rate-limiting step is an important factor to be consid-
ered in adsorption process. The adsorption process of
the adsorbate molecules from the bulk liquid phase
onto the adsorbent surface is presumed to be com-
posed of three stages: (1) Mass transfer of the adsor-
bate molecules across the external boundary layer; (2)
intraparticle diffusion within the pores of the adsor-
bent; and (3) adsorption at a site on the surface. The
intraparticle diffusion model provided the rate for
intraparticle diffusion by a relationship between qt and
square root of time, t1/2, as shown in (Eq. (5)) [32].

qt ¼ kidt
0:5 þ C (5)

In these equations, kid is the constant of intraparticle
diffusion. By plotting qt vs. t

0.5 for intraparticle diffu-

sion model, a very poor linear fit was found. The
results showed that the model was not fit and it was
concluded that the intraparticle diffusion model is not
the rate controlling step.

3.3. Equilibrium of SDS and adsorption isotherms

For understanding the adsorption process, the
equilibrium isotherms are very important. Adsorption
isotherm expresses the relationship between the
amount of a solute adsorbed at constant temperature
on adsorbent and its concentration in the equilibrium
solution. It gives important physiochemical data for
evaluating the applicability of the adsorption process
as a complete unit operation [32]. Many theoretical
and empirical models have been published to describe
the various types of adsorption isotherms. The
Langmuir and Freundlich isotherm have been widely
used to explain the relationship between the amounts
of adsorbate that is adsorbed and its equilibrium con-
centration in the solution [30]. The equilibrium
adsorption results were evaluated using Langmuir
and Freundlich isotherm as given in Eqs. (6) and (7):

Langmuir isotherm:

Ce

qe
¼ 1

bqmax
þ Ce

qmax
(6)

where qe (mg/g) is the equilibrium amount of SDS
adsorbed per gram of SAC and NAC, Ce (mg/L) is the
equilibrium concentration of SDS, qmax (mg/g) and b
(L/mg) are maximum adsorption capacity for adsor-
bent and the energy constant related to the heat of
adsorption, respectively. By plotting linear regression
Ce/qe vs. Ce, values of qmax and b are determined. The
Langmuir parameters can be used for predicting
affinity between adsorbate and adsorbent by the dimen-
sionless separation factor (RL) expressed below:

RL ¼ 1

1þ bCi
(7)

Table 2
The kinetics information of SDS adsorption onto NAC and SAC

Adsorbent Adsorbent dose (g/L)

Pseudo-second-order kinetic

qe-test R2 qe (mg/g) K2 × 103 (g/mg min)

SAC 0.4 82.6 0.994 87.3 0.35
0.6 62.4 0.992 72.5 0.42

NAC 0.4 125.7 0.996 126.6 2.2
0.6 122.4 0.999 122 4.3
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Fig. 3. Adsorption kinetic profiles for SDS (Ci = 100 mg/L)
removal on NAC and SAC at different adsorbent dose.
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where RL is the dimensionless separation factor and Ci

is the initial concentration of the adsorbate (mg/L).
The adsorption system can be favorable if (0 > RL >
1), unfavorable (RL > 1), linear (RL = 1), and irre-
versible (RL = 0).

Freundlich isotherm:

ln qe ¼ ln kf þ 1

n
lnCe (8)

where Kf is a characteristic parameter of the adsorp-
tion capacity (mg/g) and n refers to the adsorption
intensity. These two constants were obtained by plot-
ting ln qe vs. ln Ce. The lower fractional values of 1/n
[0 < (1/n) <1] show that weak adsorptive forces were
effective for the surface of activated carbon. Values of
n> 1 represent a favorable adsorption condition, suit-
able for highly heterogeneous surfaces [33].

The equilibrium adsorption isotherms of SDS were
determined at room temperature with 0.05 g adsorbent
and SDS concentration in range of 50–500 mg/L for
2 h. The parameters and coefficients obtained from the
experimental data are shown in Table 3. The results
obtained from the Langmuir equation demonstrated
better correlation to the experimental data than the
Freundlich equation. The correlation coefficients (R2)
for the linear equation were greater than 0.99. The
maximum adsorption capacity (qmax) at room tempera-
ture for SAC and NAC was 117.2 and 178.6 mg/g,
respectively. The validity on the Langmuir isotherm
depicted the monolayer adsorption onto the surface
containing a finite number of identical sorption. A
similar behavior has been obtained in a number of
studies [22,34]. In two adsorbents, RL expresses that
the isotherm has a favorable behavior.

A comparison of the maximum SDS uptake in this
study (qmax) with those reported in the literature for
other adsorbents is presented in Table 4. It shows that
the uptake capacity of NAC was comparable to other
adsorbents and it can be considered as a low-cost
alternative to commercially activated carbons for the
removal of SDS from water. Also, NAC had higher
adsorption capacity of other adsorbents.

4. Conclusions

In this study, the effectiveness of activated carbon
prepared from pomegranate and induced by NH4Cl
for the uptake of SDS from water solution was
evaluated. It was found that NAC, due to mesoporous
particle with a higher volume of pores, greater surface
area of functional groups, and greater interaction with
SDS, can remove this compound efficiently from SAC
in water solutions. The adsorption was not affected by
pH solution, and the highest removal was observed in
neutral conditions. Kinetics of SDS adsorption onto the
NAC and SAC was found to follow pseudo-second-
order model. Isotherm data were fitted to Langmuir
model better than the Freundlich one.
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Denoyel, A.M. Gallardo-Moreno, L. Labajos-Broncano,
J.M. Bruque, Ionic surfactant adsorption onto activated
carbons, J. Colloid Interface Sci. 278 (2004) 257–264.

[16] M.J. Schwuger, W. Von Rybinski, P. Krings, Adsorp-
tion from Solution, Academic Press, New York, NY,
1983, pp. 185–196.

[17] K. Urano, M. Saito, C. Murata, Adsorption of surfac-
tants on sediments, Chemosphere 13 (1984) 293–300.

[18] Y. Zhang, Y. Zhao, Y. Zhu, H. Wu, H. Wang, W. Lu,
Adsorption of mixed cationic-nonionic surfactant and
its effect on bentonite structure, J. Environ. Sci. 24
(2012) 1525–1532.

[19] M.N. Khan, U. Zareen, Sand sorption process for the
removal of sodium dodecyl sulfate (anionic surfactant)
from water, J. Hazard. Mater. 133 (2006) 269–275.

[20] S. Koner, A. Pal, A. Adak, Utilization of silica gel
waste for adsorption of cationic surfactant and adsol-
ubilization of organics from textile wastewater: A case
study, Desalination 276 (2011) 142–147.

[21] W.B. Yang, A. Li, J. Fan, L. Yang, Q. Zhang, Adsorption
of branched alkylbenzene sulfonate onto styrene and
acrylic ester resins, Chemosphere 64 (2006) 984–990.

[22] P.D. Purakayastha, A. Pal, M. Bandyopadhyay,
Adsorption of anionic surfactant by a low-cost adsor-
bent, J. Environ. Sci. Health., Part A 37 (2002) 925–938.

[23] O. Duman, E. Ayranci, Adsorptive removal of cationic
surfactants from aqueous solutions onto high-area
activated carbon cloth monitored by in situ UV spec-
troscopy, J. Hazard. Mater. 174 (2010) 359–367.

[24] P.V. Raval, H.H. Desai, Removal of anionic surfactant
sodium dodecyl sulphate (SDS) from aqueous solution
by using alumina, J. Environ. Res. Dev. 7 (2012)
851–862.

[25] A. Shukla, Y.H. Zhang, P. Dubey, J.L. Margrave, S.S.
Shukla, The role of sawdust in the removal of
unwanted materials from water, J. Hazard. Mater. 95
(2002) 137–152.

[26] S.H. Wu, P. Pendleton, Adsorption of anionic surfac-
tant by activated carbon: Effect of surface chemistry,
ionic strength, and hydrophobicity, J. Colloid Interface
Sci. 243 (2001) 306–315.

[27] S. Mubarik, A. Saeed, Z. Mehmood, M. Iqbal, Phenol
adsorption by charred sawdust of sheesham (Indian
rosewood; Dalbergia sissoo) from single, binary and
ternary contaminated solutions, J. Taiwan Inst. Chem.
Eng. 43 (2012) 926–933.

[28] X. Gao, J. Chorover, Adsorption of sodium dodecyl
sulfate (SDS) at ZnSe and alpha-Fe2O3 surfaces: Com-
bining infrared spectroscopy and batch uptake
studies, J. Colloid Interface Sci. 348 (2010) 167–176.

[29] C.A. Rey-Mafull, J.E. Tacoronte, R. Garcia, J. Tobella,
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