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High adsorption capacity of MWCNTs for removal of
anionic surfactant SDBS from aqueous solutions
Seyede Shima Mortazavi and Abbas Farmany

ABSTRACT
Multi-walled carbon nanotubes (MWCNTs) are an effective adsorbent for removing various organic
and inorganic contaminants because of their high surface area. In this study, MWCNTs were used to
investigate the removal of sodium dodecyl benzene sulfonate (SDBS) in industrial wastewater. The
effect of pH, adsorbent dosage, dispersion time and temperature on the kinetics and equilibrium of
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SDBS sorption on MWCNTs were examined. Consistent with an endothermic reaction, an increase in
the temperature resulted in a decreasing SDBS adsorption rate. The adsorption kinetic was well ﬁtted
by the pseudo second-order kinetic model. The adsorption isotherm data could be well described by
the Freundlich equations. The results suggest that MWCNT could be employed as an efﬁcient
adsorbent for the removal of SDBS from aqueous media.
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INTRODUCTION
Surfactants have speciﬁc physico-chemical properties, such

high capital and operational costs, and generation of sec-

as solubility in polar/non-polar liquids, the ability to form

ondary wastes that are difﬁcult to dispose of. For these

micelles and adsorption to phase boundaries. They are econ-

reasons, cost-effective alternative technologies for treatment

omically important due to speciﬁc properties that allow

of metal-contaminated waste streams are needed. Adsorp-

them to be used as washing, wetting, emulsifying and disper-

tion has proved to be an appropriate method, as it is a

sing agents. Surfactants are widely used in industry and in

simple, selective and economical process for the removal

the household. Huge volumes of surfactants are entering

of surfactants from aqueous solutions. Silica gel (Pura-

the environment, where these compounds and/or their

kayastha et al. ), resins (Yang et al. ), bentonite

degradation products may cause damage depending on

(Gunister et al. ), zeolites (Savitsky et al. ), sand

their concentrations (Emmanuel et al. ; Murphy et al.

(Khan & Zareen ) and activated carbons (Wu & Pen-

). Surfactants are non-degradable and toxic in nature,

dleton ; Gonzalez-Garcia et al. ) have been used

so their removal from aqueous solutions and industrial efﬂu-

for removal of surfactants.

ents is a matter of great concern (Eichhorn et al. ).

Among other adsorbents, carbon nanotubes, due to their

Several treatment processes have been developed over the

large speciﬁc surface area (SSA), small size, highly porous,

years to remove surfactants in water and wastewaters,

hollow structure and light mass density, have been used

such as chemical precipitation (Shiau et al. ), electro-

for the removal of organic and inorganic contaminants

chemical treatment (Lissens et al. ), membrane

from water (Long & Yang ; Merkoci ). The aim of

ﬁltration (Kowalska et al. ), and photocatalytic degra-

this study was to evaluate the adsorption capacity of sur-

dation (Zhang et al. ). However, these techniques

face-oxidized multi-walled carbon nanotubes (MWCNTs)

have disadvantages including incomplete metal removal,

for the removal of sodium dodecyl benzene sulfonate

high consumption of reagents and energy, low selectivity,

(SDBS) from industrial wastewater.
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MATERIALS AND METHODS

(%R) was determined as follows:

Chemicals

%R ¼

All chemicals used were of analytical reagent grade and
were used without further puriﬁcation. Double-distilled
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C0  Ce
× 100
C0

where C0 and Ce are the initial and the ﬁnal SDBS concen-

water was used throughout this study. An anionic surfactant,

tration (μg g1). All adsorption experiments were performed

SDBS, used in adsorption studies, was purchased from

in triplicate.

Merck (Darmstadt, Germany). MWCNT (purity >95%;
external and internal diameter: 10–20 nm and 5–10 nm)

The effects of pH, adsorbent dosage, dispersion time and
temperature on the adsorption of SDBS were studied. To

was purchased from Merck. To prepare oxidized MWCNT,

study the effect of pH, 0.1 mol L1 HCl or NaOH solution

10 g of MWCNT was added to 100 mL concentrated

were used to vary pH in the range 1–9, at 15 min intervals

HNO3 solution, and the mixture was reﬂuxed for 48 h at

and with 20 mgL1 SDBS as the initial surfactant concen-

120 C. After cooling at room temperature, the suspension

tration.

was ﬁltered through a 0.45 μm ﬁlter membrane and then

(adsorbent dosage) was studied at room temperature with

W

rinsed with deionized water until the pH reached neutral.
W

Finally, the sample was dried in an oven for 2 h at 100 C.
Synthetic wastewater was prepared by dissolving SDBS.
The synthetic wastewater was treated using H2O2 and ultraviolet to investigate the adsorption process.

The

effect

of

varying

the

MWCNT

mass

20 mgL1 initial SDBS and a pH of 5.6. The adsorption percentage of SDBS onto oxidized MWCNTs was studied to
obtain the dispersion time required to remove 20 mgL1
initial SDBS at pH 5.6 and 0.01 g of adsorbent.
Adsorption isotherms are used for the design of
adsorption systems. Correlation of equilibrium data by
either theoretical or empirical equations is important for

Methods

practical operations. Langmuir and Freundlich equations
were used for further interpretation of the adsorption

Adsorbent characteristics

data obtained.
The Langmuir isotherm is expressed as:

SSA may be obtained using the Brunauer, Emmett and
Teller (BET) method. The SSA of the sample was determined by measuring the amount of adsorbed gas N2 on

Ce
¼
qe



Ce
qm




þ

1
K L qm



the surface of MWCNT corresponding to a monomolecular
layer on the surface. The pore size distribution of MWCNTs
and oxidized MWCNTs was measured using the Barrett,
Johner and Halenda method.

where KL is the Langmuir adsorption equilibrium constant
(L mg1) and Ce is the equilibrium SDBS concentration
(mg L1), qe is the amount of SDBS adsorbed per unit
of adsorbent (μg g1) at equilibrium concentration Ce

Adsorption experiments

and qm is the maximum adsorption capacity (μg g1),
which depends on the number of adsorption sites. The

Batch experiments were performed to evaluate the equili-

Langmuir isotherm assumes that adsorption will increase

brium studies. All experiments were conducted in 25 mL

with increasing metal concentration, but as soon as all

glass ﬂasks. To make up the test solution, 0.01 g of

of the sites are occupied, no further adsorption can take

MWCNTs was added to 20 mgL1 of SDBS, and HCl was

place at that site, as long as there is no interaction

used to adjust the pH to 5.6. The mixed solution was

between the SDBS and the adsorbent, and the adsorption

shaken at room temperature for 15 min and was ﬁltered

is localized in a monolayer (Langmuir ). The corre-

through 0.2 μm membrane ﬁlters, and the residual SDBS

lation coefﬁcients of Langmuir plots (Ce/ qe vs. Ce) are

concentration was determined. The removal percentage

shown in Table 1.
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Isotherm model parameters for SDBS adsorption on MWCNTs

Langmuir model

Freundlich model

qmax

KL

R2

Kf

1/n

R2

250

0.2

0.9166

35.8

0.569

0.9291

The Freundlich adsorption model takes the following
form:

ln qe ¼ lnKf þ

1
ln Ce
n

where Kf is the Freundlich isotherm constant (L mg1), and

Figure 1

|

The scanning electron micrograph of MWCNTs.

n is the Freundlich constant depending on the intensity of
adsorption. When 1/n is in the range 0.1 < 1/n < 1, the
adsorption process is favorable (Freundlich ; Vazquez

Effect of pH

et al. ). The Freundlich isotherm shows monolayer
adsorption but not a saturation-type isotherm, and is suitable

Surfactant removal ratios increased when the pH of the

for adsorption over heterogeneous surfaces (Freundlich

solution increased from 1 to 5.6, and remained constant

).

at higher pH values. This may be due to a chemical reaction between SDBS and the adsorbent. At low pH values,
the Hþ ion concentration in the system increased so the
surface of the MWCNTs could acquire a positive charge

RESULT AND DISCUSSION

by protonation. Positively charged surface sites on the
MWCNTs do not favor the adsorption of SDBS.

Characterization of the adsorbent
To study the SSA of MWCNTs and oxidized MWCNTs,

Effect of adsorbent dosage and dispersion time and

nitrogen adsorption/desorption isotherms on the adsorbent

temperature

surfaces were obtained. The data were treated according to
the BET theory (Brunauer et al. ; Walton & Snurr

The results of adsorption dosage experiments are shown in

). The results of the BET method showed that the

Figure 2. The adsorption percentage of SDBS increases

2

SSAs of MWCNTs and oxidized MWCNTs were 115 m

from 5 to 76% with an increase in MWCNT mass from

g1 and 158 m2 g1, respectively.

0.001 to 0.01 g due to the availability of adsorption sites

The average pore diameter and pore volume, respect-

(Erdem et al. ; Wang et al. ). The adsorption

ively, were 29 nm and 0.17 cm3g1 for MWCNTs and

capacity was reached with 0.01 g of adsorbent and remained

3 1

36 nm, and 0.24 cm g

for oxidized MWCNTs, respectively

(Yavari et al. ), showing that the pore volume and aver-

constant.
The results of contact time experiments are shown in

age pore diameter of MWCNTs are less than oxidized

Figure 3. In the ﬁrst 15 min of contact time, the adsorption

MWCNTs. This can be explained by considering the struc-

percentage of SDBS increased from 20 to 80% and the

tural change produced in oxidized MWCNTs with HNO3,

entire SDBS became adsorbed. An agitation time of

which can easily break up the MWCNTs into smaller

15 min was selected for further experiments.

pieces with many surface defects and open ends, exposing

When the experimental temperature was varied, it was

the holes through the MWCNTs (see Figure 1) (Li et al.

found that removal efﬁciency decreased from 80% at 25 C

).
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Figure 2

|

Percentage of SDBS removal at different MWCNT dosages.

Figure 3

|

The effect of contact time on the adsorption of SDBS on MWCNTs.

Figure 4

|

Freundlich isotherm plot of SDBS adsorption on MWCNTs (MWCNT dosage ¼ 0.01 g, pH ¼ 5.6, contact time 15 min).
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depends on the temperature, and that the process is exother-

used to ﬁt the experimental data, which can be expressed

mic and occurs by the weakening of bonds between SDBS

as the following (Ho & McKay ):

and MWCNTs at high temperatures (Ribeiro et al. ).

ln ( qe  qt ) ¼ k1 t þ ln qe

Adsorption isotherms
The Langmuir and Freundlich isotherms were obtained by

t
1
t
¼ þ
qt
h qe

using the linear least square regression methods. The results

where qe and qt are the sorption capacity (μg/g) at equili-

showed that the Freundlich isotherm ﬁtted well with the

brium and at time t (min), k is the rate constant, h ¼ k2 q2e

2

SDBS adsorption process (R > 0.92). The Langmuir and

is the initial sorption rate in the pseudo-second order kinetic

Freundlich correlation coefﬁcients and constants are

model. The R 2 values of the ﬁrst-order and pseudo-second

shown in Table 1.

order kinetics models were 0.6559 and 0.9736, respectively

R 2 of the Langmuir and Freundlich isotherms are

(Table 2). Hence the pseudo-second order model (plot of

0.9166 and 0.9291, respectively (Figure 4, Table 1). Our

t/qt vs. t) better represented the adsorption kinetics

results suggest that the adsorption process can be described

(Figure 5), which suggests that the rate-controlling step in

as a homogeneous distribution onto the MWCNTs’ surface,

the adsorption is controlled by chemical processes (Pang

and might occur by a reaction between SDBS and negatively

et al. ).

charged groups of MWCNTs (Gao et al. ).
Adsorption kinetics
In order to investigate the mechanism of adsorption, the
ﬁrst-order and pseudo-second order kinetic models were
Table 2

This study demonstrated that the optimum pH for SDBS
adsorption by MWCNT was 5.6. Equilibrium adsorption

|

Kinetic model parameters for SDBS adsorption on MWCNTs

First-order model

data were very well ﬁtted by the Freundlich model.

Pseudo-second order model

K1

qe, Cal

R2

K2

qe, Cal

R2

0.001

22.56

0.6559

0.07

125.0

0.9736

Figure 5

CONCLUSIONS

|

Pseudo-second order plot for SDBS adsorption on MWCNTs.
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a
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equation with good correlation. The results show that
MWCNTs may be used effectively for removal of SDBS
from aqueous media.
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