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Dyes are one of the most hazardous chemical compound classes found in industrial effluents and need to be treated since their
presence in water bodies reduces light penetration, precluding the photosynthesis of aqueous �ora. In the present study, single-
walled carbon nanotubes (SWCNTs) was used as an adsorbent for the successful removal of Reactive Red 120 (RR-120) textile dye
from aqueous solutions. e effect of various operating parameters such as initial concentration of dye, contact time, adsorbent
dosage and initial pH was investigated in order to �nd the optimum adsorption conditions. Equilibrium isotherms were used to
identify the possible mechanism of the adsorption process. e optimum pH for removing of RR-120 dye from aqueous solutions
was found to be 5 and for this condition maximum predicted adsorption capacity for RR-120 dye was obtained as 426.49mg/g.
Also, the equilibrium data were also �tted to the Langmuir, Freundlich and BET equilibrium isotherm models. It was found that
the data �tted to BET (𝑅𝑅2 = 0.9897) better than Langmuir (𝑅𝑅2 = 0.9190) and Freundlich (𝑅𝑅2 = 0.8819) model. Finally it was
concluded that the single-walled carbon nanotubes can be used for dye removal from aqueous solutions.

1. Introduction

Environmental pollution has recently become a severe prob-
lem worldwide [1]. Dyes are one of the most hazardous
chemical compound classes found in industrial effluents
and need to be treated since their presence in water bodies
reduces light penetration, precluding the photosynthesis of
aqueous �ora [2, 3]. ey are also aesthetically objectionable
for drinking and other purposes [4] and can cause allergy,
dermatitis, skin irritation [5] and also provoke cancer [6] and
mutation in humans [7].

Reactive dyes represent an important portion of the
commercial synthetic dyes, mainly because of their excellent
binding ability initiated by the formation of a covalent bond
between their reactive groups and the surface groups of the
textile and cellulose �bers.ey are used extensively in textile
industries, and their release in the ecosystem represents

increasing environmental danger, because of their toxicity,
mutagenicity, and nonbiodegradability [8–10]. Also, reactive
dyes are, in general, the most problematic among other dyes,
as they tend to pass through conventional treatment systems
unaffected [10, 11]. Additionally, reactive dyes are resistant
to natural biodegradation, due to the aromatic rings in their
structure [12]. Among dyes used in textile industry, Reactive
Red-120 (RR-120) is one of the frequently used dyes in textile
industries and is a potential threat to the aquatic environment
due to its poor biodegradability [1].

Improper treatment and disposal of dye-contaminated
wastewaters from textile, dyeing, printing, ink, and related
industries have provoked serious environmental concerns all
over the world [13, 14]. Removal of dye in wastewater has
been made by physical, physicochemical, biological, and/or
chemical processes [15–17].e conventional treatment pro-
cess of textile effluents involves numerous stages due to the
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T 1: Some characteristics of the investigated dye.

Characteristic Reactive Red-120 (RR-120)
Molecular formula C44H24C12N14Na6O20S6
Color index name Reactive Red-120
Molecular weight 1469,34 g/mol
Water solubility 70 (g L−1)
𝜆𝜆max 515
Class Diazo (–N=N– bond)

characteristics of the production process [18]. Conventional
treatment involves a process of coagulation/�occulation.
is is a versatile process, which can be used alone or
combined with biological treatments, as a way of removing
suspended solids and organic material, as well as promoting
the extensive removal of dyes from textile industry effluents
[19, 20]. However, this approach presents the disadvantage
of generating a large volume of sludge. is sludge is rich in
dyes, as well as other substances used in the textile process.
is is a problem, as the waste must be discarded properly
to avoid environmental contamination [18]. Also, biological
treatment and enzymatic treatment [21–23], ozone treatment
[24, 25], chemical oxidation, photocatalytic processes [14,
26], sonochemical processes [27], nanoparticles [28], and
membrane processes [29] were used for removal of dye from
textile effluents. However, some of these methods are limited
due to their high operational costs and problems.

e most efficient procedure for removal of synthetic
dyes from industrial effluents is the adsorption procedure,
because the dye species are transferred from the water
effluent to a solid phase, diminishing the effluent volume to a
minimum. Subsequently, the adsorbent can be regenerated
or kept in a dry place without direct contact with the
environment [3]. Also, adsorption has proven to be a reliable
treatment methodology due to its low capital investment
cost, simplicity of design, ease of operation, and insensitivity
to toxic substances, but its application is limited by the
high price of some adsorbents and the large amounts of
wastewater normally involved. Activated carbon [30, 31],
mesoporous carbon [8], clay minerals [32], hydrotalcite [11],
biopolymers such as chitosan beads [33] and quaternary
chitosan [9], and agricultural by-products [34, 35] are a few
of the adsorptive materials that have been tested for the
treatment of wastewaters.

Carbon nanotubes (CNTs), ever since their discovery,
have attracted extensive attention due to their unique physic-
ochemical and electrical properties. CNTs include single-
walled carbon nanotubes (SWCNTs) andmultiwalled carbon
nanotubes (MWCNTs) depending on the number of layers
comprising those [36]. CNTs, which are considered to be
extremely superior adsorbents due to their high speci�c
surface area and large micropore volume, have been utilized
for the sorption of a number of different organic compounds
and inorganic ions [37–45], since the �rst report of their
successful removal of dioxin [46]. For the �rst time Long
and Yang reported that CNTs could be used as superior

adsorbents for dioxin and the removal capacity of CNTs was
found to be higher than that of activated carbon [46].

In the present study, single-walled carbon nanotubes
(SWCNTs) were chosen as sorbent for removal of RR-120
dye. e aim of this study is to investigate the adsorption of
RR-120 dye on single-walled carbon nanotubes (SWCNTs)
under various conditions. So, the in�uence of several oper-
ating parameters such as initial concentration, contact time,
adsorbent dosage, and initial pH of solution was investigated.
Equilibrium isotherms were used to identify the possible
mechanism of the adsorption process. is information will
be useful for designing and operating color removal systems
based on different local water qualities.

2. Experimental

2.1. Chemicals and Reagents. e model textile reactive dye
(Reactive Red 120) was purchased from Merck Company
(Germany). e chemical structure and some properties of
the Reactive Red-120 dye are presented in Table 1 and Figure
1. Also, all other chemicals and reagents used were analytical
grade (Merck Company, Germany). Stock solution of RR-120
dye (1000mg/L) was prepared by dissolving the dye in 1 L
double distilled water. For treatment experiments, the dye
solutions with concentrations in the range of 10–200mg/L
were prepared by successive dilution of the stock solution
with double distilled water.

2.2. Adsorbent Preparation. SWCNTs (provided from
Research Institute of Petroleum Industry (RIPI), Tehran,
Iran) were selected as adsorbents to study the adsorption
characteristics of RR-120 dye from aqueous solutions. On
the basis of the information provided by the manufacturer,
the SWCNTs were synthesized by catalytic chemical vapor
deposition (CVD) method. e morphologies of SWCNTs
were examined by using SEM (JEOL microscope, model
JSM-6700F) (see Figure 2). e size of the outer diameter
for the SWCNTs was 1-2 nm. e length of SWCNTs was
10 𝜇𝜇m. Furthermore, speci�c surface area of SWCNTs was
more than 700m2/g, and the mass ratio of the amorphous
carbon of SWCNTs was less than 5%.

Because carbon nanotubes had the amorphous carbon
and therefore the adsorption rate is very low, therefore,
carbon nanotube should be puri�ed. In order to functionalize
SWCNTs, 0.3 g of the SWCNTs was dispersed in 25mL of
nitric acid (65wt%) in a 100mL roundbottom�ask equipped
with a condenser and the dispersion was re�uxed under
magnetic stirring for 48 h. Aer that, the resulting dispersion
was diluted in water and �ltered. e resulting solid was
washed up to neutral pH, and the samplewas dried in vacuum
at 40∘C overnight.

2.3. Dye Removal Experiments. Dye removal experiments
with the synthesized SWCNTs were carried out as batch tests
in 250mL �asks under magnetic stirring. e experiments
were conducted individually for each of the model dyes, but
the same procedurewas used for both, as detailed below. Each
test consisted of preparing a 100mL of dye solution with a
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T 2: Isotherm parameters for adsorption of RR-120 onto SWCNTs at 23 ± 2∘C.

Langmuir isotherm Freundlich isotherm BET isotherm
𝑞𝑞𝑚𝑚 (mg/g) 𝑘𝑘𝐿𝐿 (L/mg) 𝑅𝑅2 𝑘𝑘𝑓𝑓 𝑛𝑛 𝑅𝑅2 𝐴𝐴 𝑋𝑋𝑚𝑚 (mg/g) 𝑅𝑅2

2500 0.031 0.9190 134.8 1.07 0.8819 384.6 0.00025 0.9897
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F 1: e chemical structure of the Reactive Red-120.

F 2: SEM image of SWCNTs sample.

desired initial concentration and pH by diluting the stock dye
solutions with double distilled water, and transferring it into
the beaker on themagnetic stirrer.e pH of the solution was
adjusted using 0.1 NHCl or NaOH solutions by a pH meter
model E520 (MetrohmHerisau, Switzerland). A knownmass
of SWCNTs powder (adsorbent dosage) was then added to
the solution, and the obtained suspension was immediately
stirred for a prede�ned time. A�er the mixing time elapsed,
the suspension was allowed to settle and the supernatant
was analyzed using a double beamUV/vis spectrophotometer
(Shimadzu, Tokyo, Japan;Model 1601) at 515 nm for Reactive

Red-120. en the amount of dye (RR-120 dye) adsorbed, 𝑞𝑞𝑒𝑒
(mg/g), was obtained as follows:

𝑞𝑞𝑒𝑒 =
𝐶𝐶0 − 𝐶𝐶𝑒𝑒𝑉𝑉
𝑀𝑀
, (1)

where 𝐶𝐶0 and 𝐶𝐶𝑒𝑒 are the initial and equilibrium liquid phase
concentration of dye (mg/L), respectively. 𝑉𝑉 is the volume of
the solution (L) and𝑀𝑀 is the amount of adsorbent used (g).

To express the percent of dye removal, the following
equation was used:

% =
𝐶𝐶0 − 𝐶𝐶𝑓𝑓
𝐶𝐶0
× 100, (2)

where 𝐶𝐶0 and 𝐶𝐶𝑓𝑓 represent the initial and �nal (a�er
adsorption) dye concentrations, respectively. All tests were
performed in duplicate to insure the reproducibility of the
results; the mean of the two measurements is reported. Fur-
thermore, all experiments were performed at room tempera-
ture (23 ± 2∘C). e investigated ranges of the experimental
variables were as follows: dye concentration (10, 50, 100, 150,
200mg/L), initial pH of solution (3–12), SWCNTs dosage
(0.01–0.05 g/L), and mixing time (30, 60, 90, 120, 150, 180,
210, 240min).

3. Results and Discussion

3.1. Effect of Initial pH. It is known that the solution pH
can affect the surface charge of the adsorbent, the degree
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F 3: Effect of initial pH on the adsorption of RR-120 to
SWCNTs. (𝐶𝐶0 = 50mg/L, contact time = 180min, adsorbent
dosage = 0.01 g/L, temperature = 23 ± 2∘C).
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F 4: Effect of adsorbent dosage on RR-120 adsorption onto
SWCNTs. (𝐶𝐶0 = 50mg/L, contact time = 180min, pH = 5, tempera-
ture = 23 ± 2∘C).

of ionization of the different pollutants, the dissociation of
functional groups on the active sites of the adsorbent as well
as the structure of the dye molecule [38]. e solution pH
would affect both aqueous chemistry and surface binding
sites of the adsorbent. So the solution pH is an important
parameter during the dye adsorption process.

At present study, the effect of pH on the RR-120 dye
adsorption capacities of the SWCNTs was conducted at
varying pH (pH 3–12) with 50mg/L �xed initial dye con-
centrations and adsorbent dosage 0.01 g/L for 180min. As
can be seen from Figure 3, the adsorption of RR-120 dye
onto SWCNTs is intimately dependent on initial pH of
solution. e adsorption capacity of RR-120 dye increases
with increasing solution pH from 3 to 5 and decreases
slightly when solution pH is above 5. erefore, in order to
continue the adsorption studies, the initial pH was �xed at
5. e maximum adsorption capacity of the SWCNTs was
426.49mg/g at pH 5, initial dye concentration of 50mg/L and
23±2∘C, when 85.3% of the dye was removed. Similar results
were reported by other researchers [47–50].
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F 5: Effect of contact time on RR-120 adsorption onto
SWCNTs. (𝐶𝐶0 = 50mg/L, adsorbent dosage = 0.04 g/L, pH = 5,
temperature = 23 ± 2∘C).
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F 6: Effect of initial dye concentrations on RR-120 adsorption
onto SWCNTs. (Adsorbent dosage = 0.04 g/L, contact time =
180min, pH = 5, temperature = 23 ± 2∘C).

It is well known that the surface of CNTs contains some
oxygen groups such as carboxylic groups (–COOH) and
hydroxyl groups (–OH) aer acid treatment [51]. At lower
pH values, due to the protonation of electron 𝜋𝜋 rich regions
on the surface of SWCNTs, the positive surface charge can
be formed. Under these conditions, the uptake of negative
charged dyes (RR-120) will be high. When pH increases, the
carboxylic groups are ionized and the negative charge density
on the surface increases, resulting in reduced removal of dyes.

3.2. Effect of SWCNTs Dosage. e adsorbent concentration
is an important parameter because this determines the
capacity of the adsorbent (SWCNTs) for a given initial RR-
120 dye concentration. In order to attain the optimal amount
of SWCNTs for the adsorption of RR-120 dye, 0.01–0.05 g/L
adsorbent (SWCNTs) was used for adsorption experiments at
�xed initial pH (pH 5), initial dye concentration (50mg/L),
and temperature (23 ± 2∘C) for 180min.



Journal of Chemistry 5

0

0.001

0.002

0.003

0.004

0.005

0.006

0 0.1 0.2 0.3 0.4 0.5
−0.001

F 7: Langmuir isotherm for sorption of RR-120 onto SWCNTs
(𝑅𝑅2 = 0.9190).
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F 8: Freundlich isotherm for sorption of RR-120 onto SWC-
NTs (𝑅𝑅2 = 0.8819).

As it can be seen from Figure 4, it was found that the
adsorption percentage increased with the increasing amount
of SWCNTs, and when the amount exceeded 0.05 g, the
adsorption percentage reached 88.28% (adsorption capacity
882.83mg/g). An increase in adsorption rate with adsorbent
dosage can be attributed to increased surface area and the
availability of more adsorption sites [52]. Similar results
were reported by other researchers [47, 53]. Nevertheless,
as the removal efficiency of dye at adsorbent dosage 0.04
and 0.05 g/L was not signi�cant, thus, for equilibrium studies
the mean dosage (0.04 g/L) of SWCNTs was selected as the
optimum dose.

3.3. Effect of Contact Time. Contact time is one of the
most important parameters for practical application. Figure
5 shows the effect of contact time on the adsorption capacity
and percent removal of RR-120 dye onto the SWCNTs at pH
5 and 0.04 g/L adsorbent dosage for initial dye concentration
50mg/L. e adsorption capacity and percent removal of
RR-120 dye onto the SWCNTs drastically increase during
the initial adsorption stage and then continue to increase
at a relatively slow speed with contact time until a state
of equilibrium is attained aer 180min. e maximum
adsorption efficiency of RR-120 dye onto SWCNTswas found
to be 89.33% (1116.62mg/g) at contact time of 180min.
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F 9: BET isotherm for sorption of RR-120 onto SWCNTs (𝑅𝑅2
= 0.9897).

Hence, in the present study, 180min was chosen as the
equilibrium time. Generally the removal rate of sorbate is
rapid initially, but it gradually decreases with time until it
reaches equilibrium. is phenomenon is attributed to the
fact that a large number of vacant surface sites are available
for adsorption at the initial stage, and aer a lapse of time,
the remaining vacant surface sites are difficult to be occupied
due to repulsive forces between the solute molecules on the
solid and bulk phases. Similar �ndingswere reported by other
researchers [47, 54].

3.4. Effect of Initial Dye Concentration. e initial concen-
tration provides an important driving force to overcome all
mass transfer resistance of the dye between the aqueous and
solid phases [55]. At present study, the effects of initial dye
concentration on adsorption were studied at 23 ± 2∘C and
0.04 g/L adsorbent concentration for 180min.

Remarkably, the adsorption capacity of RR-120 dye
increases (Figure 6), but the percent removal of RR-120 dye
decreases with the increase in initial concentration, sug-
gesting that the adsorption of RR-120 dye onto SWCNTs is
highly dependent on initial dye concentration. As can be seen
from Figure 6, when the initial RR-120 dye concentration
increases from 10 to 200mg/L, the equilibrium sorption
capacities of SWCNTs increase from 189.27 to 3738.4mg/g.
e maximum adsorption efficiency of RR-120 dye onto
SWCNTs was found to be 89.12% (1114.0mg/g) at contact
time of 180min.ese results is in accordance with obtained
�ndings by other researchers [47, 54, 55].

e initial dye concentrations provide an important
driving force to overcome the mass transfer resistance of the
dye between the aqueous phases and the solid phases, so
increasing initial concentrations would enhance the adsorp-
tion capacity of dye. On the other hand, the dye adsorption
process generally involves the �rst transport of dyemolecules
from bulk solution through liquid �lm to the exterior surface
of adsorbent and then from the exterior surface to the pores
of the adsorbent, which re�ects that the adsorption of dye
onto the adsorbent is relevant to the initial concentration.
In general, the total number of available adsorption sites is
�xed for a given adsorbent dose. It is reasonable to particulate
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that the larger ratio of active adsorption sites of the adsor-
bent is available at lower initial concentration. erefore,
the percentage removal of dye is greater at lower initial
concentration but smaller at higher initial concentration.

3.5. Adsorption Isotherms. Isotherms study can describe how
an adsorbate interacts with adsorbent.e isotherm provides
a relationship between the concentration of dye in solution
and the amount of dye adsorbed on the solid phase when
both phases are in equilibrium. At present study equilibrium
adsorption data were analyzed by using the Langmuir, Fre-
undlich and BET isothermmodels (Figures 7, 8, and 9). Also,
analysis of isotherms was used to describe the experimental
adsorption data, and then best results can be obtained when
correlation coefficients (𝑅𝑅2) come close to 1. High values
of 𝑅𝑅2 (close or equal to 1) indicate the conformity among
experimental data with model isotherm [47].

e adsorption isotherm models of Langmuir, Fre-
undlich, and BET can be represented in the linear form as
follows:

1
𝑞𝑞𝑒𝑒
=
1
𝑞𝑞𝑚𝑚
+
1
𝑞𝑞𝑚𝑚𝐾𝐾𝑙𝑙
1
𝐶𝐶𝑒𝑒
,

log 𝑞𝑞𝑒𝑒 = log𝐾𝐾𝑓𝑓 +
1
𝑛𝑛
log𝐶𝐶𝑒𝑒,

𝐶𝐶𝑒𝑒
𝐶𝐶𝑖𝑖 − 𝐶𝐶𝑒𝑒 𝑞𝑞𝑒𝑒

=
1
𝐴𝐴𝐴𝐴𝑚𝑚
+
𝐴𝐴 − 1
𝐴𝐴𝐴𝐴𝑚𝑚
,

(3)

where 𝑞𝑞𝑒𝑒 is the amount of dye adsorbed per speci�c amount of
adsorbent (mg/g),𝐶𝐶𝑒𝑒 is equilibrium concentration of RR-120
dye (mg/L),𝐾𝐾𝐿𝐿 is Langmuir constant, and 𝑞𝑞𝑚𝑚 is themaximum
amount of RR-120 dye required to form a monolayer (mg/g).
𝐾𝐾𝑓𝑓 and 1/𝑛𝑛 are the Freundlich constants related to adsorption
capacity and adsorption intensity, respectively.𝐶𝐶𝑖𝑖 is the initial
concentration of dye in solution (mg/L), A is a constant to
describe the energy of interaction between the solute and the
adsorbent surface, and 𝐴𝐴𝑚𝑚 is the amount of solute adsorbed
in forming a complete monolayer (mg/g).

e 𝑅𝑅2 values of Langmuir, Freundlich, and BET models
(Table 2) are 0.9190, 0.8819, and 0.9897, respectively, indi-
cating that the BET model is more suitable for describing
the adsorption equilibrium of Reactive Red-120 dye onto
SWCNTs. In the Langmuir model, it is assumed that the
site energy for adsorption is the same for all surface sites
and does not depend on degree of coverage and that the
largest capacity corresponds to only one monolayer. ese
assumptions are not valid for most adsorbents because, for
example, activated carbon has a wide range of pore size that
continues to adsorb organics as the concentration increases.
While the BET isotherm does allow for multiple layers, it is
assumed in the BET equation that site energy is the same for
the �rst layer and equal to the free energy of precipitation
for subsequent layers. In reality, the site energy of adsorption
varies widely formost adsorbents because adsorbents, such as
activated carbon, are very heterogeneous and the site energy
varies considerably with surface coverage. e Freundlich
equation is used to describe isotherm data for heterogeneous

adsorbents (varying site energies) much better than the
Langmuir or BET equations [56].

4. Conclusions

From the present study, it could be concluded that the
SWCNTs can be used effectively for the removal of the RR-
120 dye from aqueous solutions. e percentage eliminated
was found to depend on the amount of adsorbent, pH,
the initial concentration of the dye, and the dye-adsorbent
contact time.e SWCNTs were able to remove up to 89% of
RR-120 dye from solutionswhose initial concentration varied
between 10 and 200mg/L. e adsorption of RR-120 dye on
SWCNTs has been described by the Langmuir, Freundlich,
and BET isotherm models. Also the results of this study
showed that the BET model is more suitable for describing
the adsorption equilibrium of Reactive Red-120 dye onto
SWCNTs.
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