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ABSTRACT

Industrial effluents that carry dyestuff into natural water systems are serious environmental
concern. The complex aromatic structures of dyes make them more stable and more difficult
to remove from the effluents discharged into water bodies. Dyes are known pollutants that
not only affecting esthetic merit but also reducing light penetration and photosynthesis, and
some are considered toxic and even carcinogenic for human health. This study examined the
feasibility of removing reactive blue 29 dye (RB29) from aqueous solutions using multiwall
carbon nanotubes (MWCNTs) and oxidized MWCNTs. The effects of RB29 dye concentra-
tion, MWCNT and MWCNT-COOH dosage, and pH on adsorption of RB29 by both
MWCNTs and MWCNT-COOH were also evaluated. Also, the adsorption isotherms of this
dye on to carbon nanotubes (CNTs) and related constants were studied. Results showed that
adsorption capacity of pristine MWCNTs was higher than oxidized MWCNTs due to nega-
tive charge put on the surface of MWCNT-COOH. The adsorption capacities of MWCNTs
and MWCNTs-COOH in the best conditions were 49 and 34mg/g, respectively. The results
also demonstrated that adsorption capacity of RB29 on CNTs was higher in lower pHs due
to significantly high electrostatic attraction exists between the positively charged surface of
the adsorbent and negatively charged anionic dye. And finally the Freundlich isotherm
showed the best conformity to the equilibrium data.
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1. Introduction

Many industries, including textile companies, dye
manufacturers, food-processing companies, paper and
pulp mills, and electroplating factories, release waste-

water containing dyes and thereby contaminate water
resources [1].

Dyes are color organic compounds that can be
used as color-agent for the colorization of other
substances, such as textile, string and clothes in textile
industries. The complex aromatic structures of dyes
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make them more stable and more difficult to remove
from the effluents discharged into water bodies [2].

The waters containing color compounds are esthet-
ically objectionable for drinking and other purpose
[3]. Dyes can cause allergy, dermatitis, skin irritation
[4], and also provoke cancer [5] and mutation in
humans [6,7].

Nonetheless, dyes are extensively used in textiles,
paper, rubber, plastics, leather, cosmetics, pharmaceu-
ticals, and food industries, resulting in a steadily
growing demand and production. Due to the regula-
tions worldwide have grown stricter, the effluents of
textile and related industry have to be treated care-
fully before discharge [8,9].

There are several methods to remove dyes, such as
physical chemical and biological processes, to treat
wastewaters including organic pollutant and dyes
[10,11]. Examples of these processes including coagu-
lation/flocculation [12], ozone treatment [13], chemical
oxidation [14], membrane filtration [15], ion exchange
[16], photocatalytic degradation [17], and adsorption
[18]. Although chemical and biological approaches are
effective in removing dyes, they require special equip-
ment and are usually energy intensive; additionally,
these processes often generate large amounts of
byproducts [19]. The most commonly used methods
for color removal are biological oxidation and chemi-
cal precipitation. However, these processes are effec-
tive and economic only in the case where the solute
concentrations are relatively high.

Among all existing techniques, the adsorption
processes has proven to be an effective and attractive
process for the treatment of these dye-bearing waste
waters. The adsorption characteristics of dyes on vari-
ous adsorbents have been extensively investigated for
many purposes involving separation and purification
[20].

It is well known that adsorption is based on
equilibrium separation process. The common adsorbents
primarily include activated carbons, zeolites, clays,
industrial by-products, agricultural wastes, biomass,
and polymeric materials [21]. However, these adsorbents
described above suffer from low adsorption capacities
and separation inconvenience. Therefore, efforts are still
needed to carry out investigation for new promising
adsorbents. Among the adsorbent, carbon nanotube
(CNT) materials have been proposed for the successful
removal of dyes from aqueous effluents [1].

According to the grapheme layer, CNTs can be
classified into single-wall CNTs (SWCNTs) and multi-
wall CNTs (MWCNTs) [22].

Due to their large specific surface area, small
size, and hollow and layered structures, CNTs have
been proven to possess great potential as superior

adsorbents for removing many kinds of organic and
inorganic contaminant [23].

Understanding the kinetic and equilibrium of the
adsorption is critical for the development of more
efficient adsorbents suitable for real environmental
applications.

According to literature review, no study has
determined the parameters that govern adsorption of
reactive blue dyes on to MWCNT and MWCNT-COOH.
Therefore, the use of MWCNT and MWCNT-COOH for
reactive blue dye adsorption requires new studies on
this topic.

This study elucidates the equilibrium of adsorption
of Reactive Blue 29 dye (RB29) by MWCNTs
and MWCNT-COOH. The Langmuir and Freundlich
Isotherms were utilized to fit equilibrium data of
adsorption, and the adsorption rates were determined
quantitatively.

The objectives of this study are to (1) determine
the effects of initial dye concentration, effect of pH on
adsorption of RB29 onto MWCNTs and MWCNT-
COOH, (2) measure the coefficients of Langmuir and
Freundlich isotherms, and (3) comparison efficiency of
MWCNT and MWCNT-COOH in the removal of
RB29 from aqueous solution.

2. Materials and methods

2.1. Materials

MWCNTs were prepared through a special Com-
bustion chemical vapor deposition method in
Research Institute of Petroleum Industry (RIPI), Teh-
ran, Iran. The MWCNTs were synthesized from the
CH4/H2 mixture by chemical vapor deposition
method at 700˚C using Ni particles as a catalyst. The
outer diameter of MWCNTs was greater than 10 nm,
and the mass ratio of amorphous carbon of MWCNTs
was less than 5%. The Raman spectroscopy was used
for the evaluation of amorphous carbon.

The commercial RB29 (Molecular structure, C31 Cl2
H19 N5 O9 S2 Na2; relative molecular weight 788 g/
mol; maximum absorption wavelength 589 nm) was
supplied from sigma Aldrich Company and was used
without any further purification. Fig. 1 displays the
structure of RB29. The molecular formula of RB29 is
C29H15Cl2N5Na2O9S2. Double-distilled water was used
to prepare all the solution.

2.2. Purification of MWCNTs

In order to purification and removal of the metal
nanocatalysts from CNTs surfaces, the final products
were dissolving in 37% hydrochloride acid solution
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for about 16 h at ambient temperature and then
washed several times with distilled water until the
pH of the solution reached approximately neutral.
Treated MWCNTs were dried in vacuum at 40˚C
overnight. For eliminate the amorphous carbons, all of
the purified MWCNTs were placed in the furnace at
400˚C for 30min.

2.3. Functionalization of MWCNTs

In this work, for functionalization of CNTs, we
used the H2O2 solution and ozone instead of acid
treatment. This method previously reported by Nae-
imi et al. [24]. In this method, 1 g of purified
MWCNTs was added to 150mL of hydrogen peroxide
(30%) and sonicated for 15min. The temperature of
the ultrasound bath was kept at 25˚C with recircula-
tion of water. The suspending mixture was then
placed in a vertical held Pyrex reactor that equipped
with a gas sparger (Mott Company, Multiple Elements
Type 6400 Elements Side Mounted, stainless steel por-
ous media, flow rate 6 gpm). A stream of ozone was
continuously passed through the sample for 4 h. Then,
the resulting mixture was filtered through the 0.2-mm
poly carbonate membrane and washed with a large
excess of methanol to remove any remaining H2O2.
The product was dried in an oven at 120˚C for 5 h.

2.4. Batch adsorption experiments

Adsorption kinetic experiments were conducted by
preparing a 250-mL glass bottle containing 50mg of
MWCNT and different concentration of RB29 solution
to determine the minimum time required for adsorp-
tion to reach a steady-state condition. The bottles were
placed on a magnetic shaker and were shaken until
reach to equilibrium.

After shaking and reaching to equilibrium time,
the suspension was filtered through a 0.45-lm filter,

and the filtrate was analyzed by UV–vis spectropho-
tometer in wave length of 589 nm. The amount of
RB29 dye adsorbed by MWCNTs was calculated from:

q ¼ ðC0 � CeÞV
m

ð1Þ

where q is the amount of RB29 dye adsorbed by
MWCNTs (mg/g); C0 is the initial RB29 dye concen-
tration (mgL�1); Ce is the final RB29 dye concentration
after a certain period of time (mgL�1); V is the initial
solution volume (l) and m is the MWCNTs dosage (g).

The influence of solution pH values on dye
removal was also studied by adding defined amount
of the MWCNT adsorbents in to the glass bottles con-
taining 50mL of different dye solution with pH values
ranging from 2 to 12. Dye adsorption isotherms were
determined at the optimum of pH, and the initial con-
centrations of reactive dyes were varied from 5 to
30mgL�1.

2.5. Determination of oxygen groups

The surface groups of the studied carbon materials
were determined by the Boehm titration method.
The acidic sites were determined by mixing small
quantities (0.1 g) of each carbon material with 10mL
of different bases (0.1M NaOH, 0.1M NaHCO3, or
0.05M NaCO3) in 25-mL beakers. The beakers were
sealed and shaken for 24 h. The solutions were then
filtered and titrated with 0.05M H2SO4. Similarly, the
basic sites were determined by mixing 0.1 g of each
carbon material with 10mL of 0.1M HCl. The
obtained solutions were titrated with 0.1M NaOH.

3. Results and discussion

3.1. Properties of adsorbents

MWNTs were prepared with diameter ranging
from 10 to 50nm, lengths varying from 1 to 3mm.
The diameters and lengths of MWCNTs were determi-
nate by Raman spectroscopy and atomic force micros-
copy. SEM images and XRD spectra of MWCNTs and
functionalized MWCNTs are shown in Figs. 2 and 3,
respectively.

Fig. 3 indicates that XRD patterns of functionalized
MWCNTs are similar to that of unmodified MWCNTs.
It can be concluded that functionalized MWCNTs still
had the same cylinder wall structure as unmodified
MWCNTs. The peaks at 20, 24, and 43 relate to graph-
ene structure of CNTs that were sharper in functional-
ized nanotubes.

Fig. 1. Molecular structure of reactive blue 29 dye.
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The amount of carboxylic groups on oxidized
MWCNT which analyzed by Bohem titration method
was increased from 0.7mmol/gonpristine tubes to
5.2mmol/g on oxidized MWCNTs.

3.2. Effect of pH on adsorption

The effect of pH on the adsorption of Reactive
Blue dye by MWCNTs was studied by varying the
pH of the dye solution from 2 to 12 for an initial con-
centration of 30mg/L and MWCNTs dosage of 50mg
(Fig. 4).

Maximum adsorption occurs at acidic pH (pH 2).
The lower adsorption of RB 29 at alkaline pH is
because of the presence of excess OH� ions competing
with the dye anions for the adsorption sites. At pH 2,
a significantly high electrostatic attraction exists
between the positively charged surface of the adsor-
bent and negatively charged anionic dye [25]. As the
pH of the system increases, the number of negatively
charged sites increases and the number of positively
charged sites decreases. A negatively charged surface
site on the adsorbent did not favor the adsorption of
anionic dye due to electrostatic repulsion. A similar

result was observed for the adsorption of acid red 14
by soy meal hull [26] and Congo red by baggese fly
ash [27].

3.3. Effect of contact time and initial concentrations

Figs. 5 and 6 present the effect of initial concentra-
tion for the adsorption of RB29 on MWCNTs and
MWCNTs-COOH. As shown in these figures, the
amount of RB29 adsorbed on to CNTs increased with
contact time for all RB29 concentrations.

The curves reveal that the adsorption kinetics of
reactive dye 29 on CNTs mainly consists of two
stages: an initial rapid stage related to the instanta-
neous external surface adsorption of metal ions. The
second slower stage is the gradual adsorption stage
that takes place before metal ion uptake attains equi-
librium. The high adsorption rate during the initial
period of 15min is due to the number of available
adsorption sites of the bare surface of adsorbents. As
these sites became progressively covered, the rate of
adsorption decreased.

According to Figs. 5 and 6 in low initial concentra-
tions, the slight differences in amount of adsorption
between both adsorbents were observed. But the
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Fig. 4. Effect of pH for the adsorption of RB 29 dye onto
MWCNT and MWCNT-COOH.

Fig. 2. SEM (30,000�) images of (a) pristine and (b) oxidized MWCNTs.

Fig. 3. XRD spectra of (a) pristine MWCNTs and (b)
oxidized MWCNTs.
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results of the lower uptake amount for MWNTs-
COOH in high initial concentration (high driving
force) indicate that surface chemical properties rather
than specific surface areas or pore volume are crucial
factors to determine the final adsorption ability of
MWNTs. These figures also show that the adsorption
capacities of MWCNTs and MWCNTs-COOH in the
best conditions were 49 and 34mg/g, respectively.

According to results from XRD spectra and back
titration method, functionalization of MWCNTs with
H2O2 in the presence of ozone made the surface of
MWCNTs negatively charged. Previous studies indi-
cated that carboxylic groups on the surface of
MWCNTs acted as electrons withdrawing groups local-
izing electron from p system of MWCNTs, which might
be expected to interfere with and weaken p–p disper-
sion forces between the aromatic ring of reactive blue
dyes and the graphitic structure of MWCNTs [28].

3.4. Isotherms studies

Adsorption kinetic studies are important in the
treatment of aqueous effluents because they provide
valuable information on the mechanism of the adsorp-
tion process.

In general, the adsorption isotherm describes how
adsorbates interact with adsorbents, and this is critical
in optimizing the use of adsorbents. Two commonly
used isotherms, such as Langmuir and Freundlich,
were selected for this study.

Although the Langmuir and Freundlich isotherms
were firstly introduced about 90 years ago, they still
remain the two most commonly used sorption iso-
therm equations. Their success undoubtedly reflects
their ability to fit a wide variety of sorption data quite
well.

The Langmuir model represents chemisorptions on
a set of well-defined localized adsorption sites, having
the same sorption energies independent of surface cov-
erage and no interaction between adsorbed molecules.
Langmuir isotherm assumes monolayer coverage of
adsorbate onto sorbent. Freundlich isotherm gives an
expression encompassing the surface heterogeneity
and the exponential distribution of active sites and
their energies. This isotherm does not predict any
saturation of the adsorbent surface; thus, infinite
surface coverage is predicted, indicating physisorption
on the surface.

Theoretically, the adsorbent has a finite capacity to
adsorb the adsorbate. Therefore, a saturation value is
reached beyond which no further adsorption takes
place [29]. The monolayer capacity can be represented
by the expression:

qe ¼ QmKLCe

1þ KLCe

ð2Þ

The linear form of the above equation is
represented as follows:

Ce

qe
¼ 1

QmKL
þ Ce

Qm
ð3Þ

where Ce is the concentration of the dye solution
(mg/L) at equilibrium, qe the amount of dye adsorbed
per unit weight of adsorbent (mg/g), and KL is
the constant related to the free energy of adsorption
(L/mg). Qm is the maximum adsorption capacity. The
values of Qm and KL were calculated from the slope
and intercept of the linear plot.

An essential characteristic of Langmuir isotherm
can be expressed in terms of a dimensionless constant
called equilibrium parameter [30]:
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RL ¼ 1

1þ KL
C0 ð4Þ

where KL is the Langmuir constant and C0 is the high-
est initial dye concentration (mg/L). The value of RL

indicates the type of isotherm to be favorable
(0 <RL< 1), linear (RL= 1), unfavorable (RL> 1) or irre-
versible RL= 0.

Freundlich isotherm is an empirical equation
employed to describe heterogeneous systems. The Fre-
undlich equation is commonly given by:

qe ¼ KFC
1
n
e ð5Þ

where qe is the amount of solute adsorbed per unit
weight of adsorbent (mg/g), Ce the equilibrium con-
centration of solute in the bulk solution (mg/L), KF

the Freundlich constant indicative of the relative
adsorption capacity of the adsorbent (mg/g), and 1/n
is the heterogeneity factor.

The linearized of this equation can be described as
the following:

log qe ¼ logKF þ 1

n
logCe ð6Þ

A plot of log qe vs. log Ce enables the constant KF

and exponent 1/n to be determined from the intercept
and slope of the line, respectively.

The magnitude of 1/n quantifies the favorability of
adsorption and the degree of heterogeneity on the sur-
face of CNTs. If 1/n is less than unity—suggesting
favorable adsorption—adsorption capacity increases
and new adsorption sites form. Higher value for KF

indicates higher affinity for adsorbate and the values
of the empirical parameter 1/n lie between 0.1 < 1/
n< 1, indicating favorable adsorption [31].

Figs. 5 and 6 show the Adsorption Langmuir and
Freundlich isotherms of RB29 on CNTs respectively.
The isotherm parameters are shown also in Table 1.

Based on the linear isotherm equations and accord-
ing to Figs. 7 and 8 and using the constants in Table 1,
the correlation coefficients, R2, in the table indicate
that the Freundlich isotherm data was appropriate to
describe the adsorption characteristics of RB29 onto
both MWCNTs and MWCNT-COOH.

The plots in Fig. 8 are typical and demonstrate
that the Freundlich equation provides an accurate
description of the experimental data, which is further
confirmed by the extremely high values of the correla-
tion coefficients for the dye-CNTs systems. The high
degree of correlation for the linearized Freundlich
relationship describes equilibrium on heterogeneous
surfaces and hence does not assume monolayer capac-
ity. These results are in accordance with PengLuo
et al that examined adsorption of neutral red from

Table 1
Isotherm model constants for the adsorption of RB29 on MWCNTs and MWCNTs-COOH

Adsorbent C0 (mg/l) Freundlich Langmuir

Kf(mg/g) (mg/L)n n R2 qm (mg/g) b (L/mg) R2

MWCNTs 5–30 2.68 1.03 0.99 55.7 9.88 0.77

MWCNTs-COOH 5–30 1.77 1.84 0.99 35.6 3.4 0.70
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Fig. 7. Langmuir isotherm for adsorption of RB29 on
MWCNTs and MWCNT-COOH.

0.0

0.5

1.0

1.5

2.0

-0.1 0.1 0.3 0.5 0.7 0.9 1.1

L
og

 (
x/

m
)

Log (Ce)

MWCNT
MWCNT-COOH

Fig. 8. Freundlich isotherm for adsorption RB29 on
MWCNTs and MWCNT-COOH.

7660 M.H. Dehghani et al. / Desalination and Water Treatment 51 (2013) 7655–7662



aqueous solution on to hallow site nanotubes and
suggested that Freundlich isotherm is more appropri-
ate for describe the adsorption of neutral red on to
nanotubes [32]. Also Crittenden et al reported that
the Freundlich model is used to describe the data for
heterogeneous adsorbent such as activated carbon
[33].

4. Conclusion

In this study, the performance of MWCNTs and
MWCNTs-COOH to remove RB29 from aqueous solu-
tion has been investigated. Equilibrium isotherms
have been measured and analyzed using Langmuir
and Freundlich equations for this reactive dye.

The experimental observations are summarized
below:

• Based on the results from our experiments, by
increasing initial concentration of RB29, the adsorp-
tion of RB 29 dye per unit weight of MWCNTs
increased.

• Due to negative charge created on the surface of
MWCNTs due to hydrogen peroxide and ozone
treatment, the adsorption capacity of MWCNTs-
COOH was lesser than pristine MWCNTs.

• Adsorption capacity of RB29 on both MWCNTs
and MWCNTs-COOH was higher in lower pH,
because a significantly high electrostatic attraction
exists between the positively charged surface of the
adsorbent and negatively charged anionic dye.

• The Freundlich isotherm equation gave the best
correlation for the adsorption of RB29 on MWCNTs
and MWCNTs-COOH.

Acknowledgment

The authors are grateful to the Student Scientific
Research Center, Tehran University of Medical Sci-
ences for the financial support as well as all laboratory
staffs of Department of Environmental Health Engi-
neering, Tehran University of Medical Sciences.

References

[1] C.Y. Kuo, C.H. Wu, J.Y. Wu, Adsorption of direct dyes from
aqueous solutions by carbon nanotubes: Determination of
equilibrium, kinetics and thermodynamics parameters, J. Col-
loid Interface Sci. 327 (2008) 308–315.

[2] Y. Yao, F. Xu, M. Chen, Z. Xu, Z. Zhu, Adsorption behavior
of methylene blue on carbon nanotubes, Bioresour. Technol.
101 (2010) 3040–3046.

[3] B. Royer, N.F. Cardoso, E.C. Lima, T.R. Macedo, C. Airoldi,
A useful organofunctionalized layered silicate for textile dye
removal, J. Hazard. Mater. 181 (2010) 366–374.

[4] D.S. Brookstein, Factors associated with textile pattern derma-
titis caused by contact allergy to dyes, finishes, foams, and
preservatives, Dermatol. Clin. 27 (2009) 309–322.

[5] R.O.A. de Lima, A.P. Bazo, D.M.F. Salvadori, C.M. Rech, D.P.
Oliveira, Mutagenic and carcinogenic potential of a textile
azo dye processing plant effluent that impacts a drinking
water source, Toxicol. Environ. Mutagen. 626 (2007) 53–60.

[6] M.H. Dehghani, A.R. Mesdaghinia, S. Nasseri, A.H. Mahvi,
K. Azam, Application of SCR Technology for Degradation of
Reactive Yellow Dye in Aqueous Solution, Water Qual. Res. J.
Can. 43 (2008) 83–187.

[7] P.A. Carneiro, G.A. Umbuzeiro, D.P. Oliveira, M.V.B. Zanoni,
Assessment of water contamination caused by a mutagenic
textile effluent/dyehouse effluent bearing disperse dyes, J.
Hazard. Mater. 174 (2010) 694–699.

[8] L.G. Ji, G.-M. BinWang, C.-P. Zeng, C.-G. Yang, Q.-Y. Niu,
W.-J. Niu, Y. Zhou, Liang, Removal of cationic dyes from
aqueous solution using magnetic multi-wall carbon nanotube
nanocomposite as adsorbent, J. Hazard. Mater. 164 (2009)
1517–1522.

[9] M.H. Dehghani, J. Jaafari, A. Alghasi, G. Porkar, Using med-
ium pressure ultraviolet reactor for removing azo dyes in tex-
tile wastewater treatment plant, World Appl Sci J. 12 (2011)
797–802.

[10] M.T. Sulak, C. Yatmaz, Removal of textile dyes from aqueous
solutions with eco-friendly biosorbent, Desalin. Water Treat.
37 (2012) 169–177.

[11] C.K. Eng, T.O. Siew, T.H. Sie, Removal of basic dyes from
aqueous environment in single and binary systems by sugar-
cane bagasse in a fixed-bed column, Desalin. Water Treat. 37
(2012) 215–222.

[12] E. Guibal, J. Roussy, Coagulation and flocculation of dye-con-
taining solutions using a biopolymer (Chitosan), React. Funct.
Polym 67 (2007) 33–42.

[13] W. Zhao, Z. Wu, D. Wang, Ozone direct oxidation kinetics of
cationic red X-GRL in aqueous solution, J. Hazard. Mater. 137
(2006) 1859–1865.

[14] K. Dutta, S. Mukhopadhyaya, S. Bhattacharjee, B. Chaudhuri,
Chemical oxidation of methylene blue using a Fenton-like
reaction, J. Hazard. Mater. 84 (2001) 57–71.

[15] G. Capar, U. Yetis, L. Yilmaz, Membrane based strategies for
the pre-treatment of acid dye bath wastewaters, J. Hazard.
Mater. 135 (2006) 423–430.

[16] C.H. Liu, J.S. Wu, H.C. Chiu, S.Y. Suen, K.H. Chu,
Removal of anionic reactive dyes from water using anion
exchange membranes as adsorbers, Water Res. 41 (2007)
1491–1500.

[17] M. Muruganandham, M. Swaminathan, TiO2-UV photocata-
lytic oxidation of reactive yellow 14: effect of operational
parameters, J. Hazard. Mater. 135 (2006) 78–86.

[18] R. De Lisi, G. Lazzara, S. Milioto, N. Muratore, Adsorption of
a dye on clay and sand. Use of cyclodextrins as solubility-
enhancement agents, Chemosphere 69 (2007) 1703–1712.

[19] X.-H. Xu, M.-L. Li, Y. Yuan, Treatment of direct blending dye
wastewater and recycling of dye sludge, Molecules 17 (2012)
2784–2795.

[20] X.S. Wang, H.Q. Lin, Adsorption of basic dyes by dried waste
sludge: kinetic, equilibrium and desorption studies, Desalin.
Water Treat. 29 (2011) 10–19.

[21] G. Crini, Non-conventional low-cost adsorbents for dye
removal: A review, Bioresour. Technol. 97 (2006) 061–1085.

[22] M. Trojanowicz, Analytical applications of carbon nanotubes:
A review, Trend Anal. Chem. 25 (2006) 480–489.

[23] A. Naghizadeh, S. Nasseri, S. Nazmara, Removal of trichlo-
roethylene from water by adsorption on to multiwall car-
bon nanotubes, Iran. J. Environ. Health Sci. Eng. 8 (2011)
317–324.

[24] H. Naeimi, A. Mohajeri, L. Moradi, A.M. Rashidi, Efficient
and facile one pot carboxylation of multiwalled carbon nano-
tubes by using oxidation with ozone under mild conditions,
Appl. Surf. Sci. 256 (2009) 631–635.

M.H. Dehghani et al. / Desalination and Water Treatment 51 (2013) 7655–7662 7661



[25] V.K. Garg, M. Amita, R. Kumar, R. Gupta, Basic dye (methy-
lene blue) removal from simulated wastewater by adsorption
using Indian Rosewood sawdust: A timber industry waste,
Dyes Pigm. 63 (2004) 243–250.

[26] M. Arami, N.Y. Limaee, N.M. Mahmoodi, N.S. Tabrizi, Equi-
librium and kinetics for the adsorption of direct acid dyes
from aqueous solution by soy meal hull, J. Hazard. Mater.
135 (2006) 171–179.

[27] I.D. Mall, V.C. Srivastava, N.K. Agarwal, I.M. Mishra,
Removal of Congo red from aqueous solution by bagasse fly
ash and activated carbon: Kinetic study and equilibrium iso-
therm analysis, Chemosphere 61 (2005) 492–501.

[28] J.S. Qiu Liao, T. Lian Gao, The adsorption of resorcinol from
water using multi-walled carbon nanotubes, Colloids Surf. A:
Physicochem. Eng. Aspects 312 (2008) 160–165.

[29] Y.C. Wang, Y.S. Szeto, W.H. Cheung, G. McKay, Equilibrium
studies for acid dye adsorption onto chitosan, Langmuir 19
(2003) 7888–7894.

[30] Y. Bulut, H. Aydin, A kinetics and thermodynamics study of
methylene blue adsorption on wheat shells, Desalination 194
(2006) 259–267.
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