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a b s t r a c t
Today, environmental pollution by various pollutants such as dyes is one of the most important issues 
of the world. Colored wastewaters are entering to the environment by many industries (for instance, 
textile and paper industries). Various technologies have been used to remove these pollutants. In this 
study, we have demonstrated the effectiveness of bentonite nanoparticles as a low cost adsorbent for 
removal of Reactive Yellow 15 (RY15) and Reactive Yellow 42 (RY42). The effects of variables such as 
pH, contact time, dye concentrations, adsorbent dosage and solution temperature, on the removal 
process have been studied. Residual of RY15 and RY42 dyes concentration was measured using a 
spectrophotometer set in 420 and 430 nm wavelengths, respectively. Also, the bentonite nanoparticles 
were characterized by scanning electron microscopy, Fourier transform infrared spectroscopy, X-ray 
diffraction and Brunauer–Emmett–Teller. Finally, the data were examined by isotherms of Langmuir, 
Freundlich, pseudo-first-order and pseudo-second-order kinetics and thermodynamic parameters. 
The maximum amount of adsorption for both dyes was at the pH = 3. With increasing the contact 
time and concentration of dye, adsorption capacity increased as well. Also, increasing the adsorbent 
dosage resulted decreasing the adsorption capacity. In optimum conditions, the maximum absorption 
capacity was 156.9 mg/g for RY15 and 170.7 mg/g for RY42. It was shown that removal of dyes of RY15 
and RY42 follow, respectively, Freundlich isotherm and Langmuir isotherm and pseudo-second-order 
kinetics. The results of examining temperature and thermodynamics of the process showed that ΔS° 
and ΔH° are negative for both dyes. However, ΔG° was positive or negative for different temperatures. 
Since bentonite nanoparticles of this research were effective, cheap and available, so it can be used as 
an effective adsorbent for removal of RY15 and RY42.
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1. Introduction

Today, environmental pollution is one of the most 
important global issues [1]. Industrial wastewaters are 

among the most important pollutants and since these pol-
lutants have different compositions (and elements in their 
composition), so their treatment is difficult [2]. Among 
these pollutants, dyes are among the compounds that about 
one million tons of them are produced in different aspects 
of modern life [3]. Dye wastewaters are being produced 
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in many industries (such as textile, paper, printing, food 
industries, health and cosmetic materials) and entered into 
the environment [4,5].

Textile dyes are the biggest category of synthetic dyes 
that are solvable in water and their chemical structures 
have the most diverse structures [6]. Based on chemical 
structure, dyes are divided to azo, anthraquinone, hetero-
cyclic, phthalocyanine dye and based on their application 
method, they are divided to reactive, acidic, direct, vat, 
disperse and etc [7].

Dyes are distinguishable in small quantities and can 
cause harm on the life of marine life and public health [8]. 
Studies have shown that textile dyes can cause cancer and 
genetic mutations also can cause allergy, dermatitis and skin 
irritation [9,10]. Also, entering of the colored wastewaters to 
the waters is damaging the aesthetic nature of the environ-
ment [11]. Dyes form chemical compounds with metallic ions 
and therefore can form compounds that are poisonous for 
fish and other microorganisms that live in water [12].

Various techniques, such as coagulation, chemical oxi-
dation, biological treatment, electrochemical, ion exchange, 
adsorption, ozonation–coagulation and coagulation–ion 
exchange have been used for the removal of dye from waste-
waters [13,14]. The common methods of wastewater treat-
ment (such as coagulation and chemical sedimentation) are 
not considered as effective methods for removal of dyes, 
because most of textile dyes are non-biodegradable and also 
because these methods produce a lot of sludge [15]. Advanced 
treatment processes are usually expensive and require expert 
personnel to be implemented [16]. Biological treatment is 
not satisfactory, because many of dyes are complex chemical 
structure and synthetic organic origin. [17].

Among other methods, the adsorption process has a high 
potential in removing the fine-molecular materials such as 
heavy metals and dyes, and it seems that this method is one 
of the best methods for the treatment of wastewaters [18,19]. 
The adsorption process has many benefits over other con-
ventional methods. These include low sensitivity to currency 
changes, absence of poisonous materials in the process, high 
flexibility in the design and operation of the process [20].
Most adsorbents that used for removal of various dyes from 
wastewater are chitin and chitosan [21], single-wall carbon 
nanotubes [22], bone char [23], activated carbons from wal-
nut shells [24].

Activated carbon is among the most used adsorbents that 
is applicable for adsorbing of dyes, but regarding to high 
cost and difficulty of its regeneration, there are some stud-
ies underway to get some adsorbents that have less expenses 
and higher rates of removal [25]. 

Elmoubarki et al. [26] studied the effectiveness of clay for 
removal of textile dyes from water solutions; it was shown 
that with increasing the adsorbent dosage, contact time and 
decreasing the pH, removal of dye increased. Also, Tahir 
and Rauf [27] performed a research and showed that ben-
tonite clay is effective for removal of malachite green (max-
imum adsorption 90%). In another study by Nourmoradi 
et al [10], the removal of NB (navy blue CE-RN) dye by 
combined process of coagulation–flocculation followed by 
adsorption, it was shown that removal of NB dye has been 
done well and in acidic pH. Finally, the results of this study 
showed that C–F followed by adsorption techniques can be 

considered as an excellent alternative for the treatment of 
NB containing wastewaters, this removal process was better. 
In another study by Afkhami and Moosavi [28], the removal 
of congo red by maghemite nanoparticles, it was showed 
that the maximum adsorption occurred at pH 5.9. Also, the 
results of this study show that Langmuir model is almost 
more successful in representing experimental isotherm 
data for the adsorption of CR on maghemite nanoparticles. 
According to the isotherm, maximum adsorption capacity 
was 208.33 mg/g.

Today nanotechnology methods are being considered 
more and more. Nanoparticles are very small size, have large 
surface areas, are crystal shaped and have high reactivity; 
therefore, these nanomaterials can be used for removal of 
the pollutants [29]. In recent years, a lot of studies have been 
done on the usage of clay for removal of various pollutants 
from environment. Nanoclay is one of the low cost nanoma-
terials. It has some characteristics like not being poisonous 
for the environment, high adsorption capacity and high spe-
cific surface area [30]. In this study, bentonite nanoparticles 
were used to remove Reactive Yellow 15 (RY15) and Reactive 
Yellow 42 (RY42) dyes from aqueous solutions. Parameters 
such as pH, contact time, dye concentration, adsorbent dos-
age, temperature and thermodynamics of the process were 
examined. In addition, isotherm and kinetics of removal were 
studied.

2. Materials and methods 

2.1. Materials

In this study, bentonite nanoparticles were purchased 
from Pishgaman Nano Materials Company (Iran). The 
characteristics of bentonite nanoparticles were determined 
using scanning electron microscopy (SEM), Fourier trans-
form infrared spectroscopy (FTIR), X-ray diffraction (XRD) 
and Brunauer–Emmett–Teller (BET) analyzes. The dyes 
that were used in the study (RY15 and RY42) were sup-
plied by Alvansabet Company (Iran). Chemical structures of 
these dyes have been shown in Figs. 1 and 2, respectively. 
Maximum wavelength of adsorption for RY15 is 420 nm and 
for RY42 is 430 nm. Other chemicals used in this study were 
from Merck (Germany).

2.2. Adsorption experiments

For adsorption stage experiments, a stock solution of dye 
was prepared (1,000 mg/L) by dissolving required amount 
of RY15 or RY42 dyes in distilled water. We used UV/VIS 
spectrophotometer (UV/VIS spectrophotometer T80+, PG 
Instrument Ltd., British) for measuring the removal of dye. 

 

Fig. 1. Chemical structure of Reactive Yellow 15 (RY15) [32].
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For adjusting the pH of the solutions, we used HCl and 
NaOH 1 N (pH meter Knick, 765 cliamatic). These experi-
ments were done in batch system and examined parameters 
including initial pH (3–11), contact time (2–120 min), initial 
concentration of dye (20–60 mg/L), solution temperatures 
(288, 298, 308, and 323 K) were all studied.

2.2.1. Effect of initial pH

The effect of pH on dye removal was studied by vary-
ing the pH of the dye solution from 3 to 11 (dye concentra-
tion 40 mg/L and dosage adsorbent 0.4 g/L). The solutions 
(100 mL) were put in 250 mL Erlenmeyer flasks and were 
put on the orbital shaker (Orbital shaker, Mode KS260C) 
and shaken with the speed of 250 rpm for 60 min. After this 
time, the concentration of dye was determined by UV–Visible 
spectrophotometer.

2.2.2. Effect of contact time and concentration of dye

After determining the optimal pH of dye, the effect of ini-
tial concentration on the removal of dye was examined using 
various dye concentrations from 20 to 60 mg/L with adsor-
bent dosage of 0.4 g/L and at times of 2–120 min.

2.2.3. Effect of dosage adsorbent

The effect of dosage adsorbent on the adsorption pro-
cesses was executed from 0.2 to 0.6 g/L with optimal pH, 
contact time and optimal concentration of dye. After equi-
librium, the adsorbent was separated by filtration and the 
filtrate was analyzed spectrophotometrically.

The adsorption capacity (qe) was calculated using the 
following equation:

q
C C
m

Ve
e=

−0   (1)

where qe (mg/L) is the capacity of adsorption of dye, C0 (mg/L) 
is the initial concentration of dye, Ce (mg/L) is the concentra-
tion of remaining dye, m (g) is adsorbent dosage and V (L) is 
the sample volume [33].

2.3. Temperature and thermodynamics of adsorption process

The effect of temperature and thermodynamics of 
the adsorption process with keeping constant of optimal 

parameters (pH, contact time, adsorbent dosage and dye 
concentration) at different temperatures of 288, 298, 308 
and 323 K were studied. For this stage, the shaker incubator 
(COMBI-SHAKER, Model NB-101MT) was used. Different 
thermodynamic constants of adsorption such as Gibb’s free 
energy (ΔG°), entropy (ΔS°) and enthalpy (ΔH°) were deter-
mined using Eqs. (2), (3) and (4). 
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In above equations, R is the universal constant of the 
gases (8.314 J/mol K), T is the absolute temperature and kd is 
the thermodynamics equilibrium [5].

2.4. Adsorption isotherms

Isotherms were obtained by measuring the dye concen-
tration at equilibrium (dye concentrations 20–60 mg/L). The 
Langmuir and Freundlich models were used to fit the exper-
imental equilibrium adsorption data. The equations of these 
models are as follows [34]:

q K Ce f e
n=
1

 (5)

where qe (mg/g) is the amount of adsorbed dye in adsorbent, 
Ce (mg/L) is the concentration of remaining dye in the solu-
tion at equilibrium time and Kf are constants of Freundlich 
equation.
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  (6)

where Qm is the maximum amount of adsorbed dye in adsor-
bent (mg/g), KL is the constant of Langmuir equation [35].

2.5. Kinetics of adsorption

The kinetics of adsorption (pseudo-first-order and pseudo- 
second-order of kinetics) was determined at five different 
dye concentrations from 20 to 60 mg/L. The kinetics equa-
tions are as follows:

d
d
q
t

K q qt
e t= −1( )  (7)
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e t= −2
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In these equations, qe (mg/g) is the amount of adsorbed 
dye at equilibrium time, qt (mg/g) is the amount of adsorbed 
dye at time, K1 (1/min) is the constant of pseudo-first- 
order kinetics and K2 (g/mg min) is the constant of pseudo- 
second-order kinetics [36].

 

Fig. 2. Chemical structure of Reactive Yellow 42 (RY42) [33].
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3. Results and discussion 

3.1. Characteristics of adsorbent

SEM is a main and powerful magnification tool for study 
of the morphological structure of adsorbents [37]. Fig. 3 
shows SEM images of bentonite nanoparticles. The images 
show that bentonite nanoparticles have layer structure. The 
thickness of this layer is estimated between 29 and 62 nm.

The results of the BET analysis showed that the surface 
area of bentonite nanoparticles is 46.58 m2/g (Fig. 4).

According to Fig. 5, the band of 3,435.61 cm–1 assigned 
as amine N–H stretching. Primary amines produce two N–H 
stretching adsorptions, secondary amides only one, and ter-
tiary none. The band of 1,637.30 cm–1 is related to alkenyl 
C=C stretching. The band of 1,035.32 cm–1 is related to Si–O 
stretching, clay minerals. Furthermore the bands at the range 
of 680–860 cm–1 can be assigned as aromatic C–H bending. 
Also the band at 530.46 cm–1 belongs to Fe–O, Fe2O3 and 
Si–O–Al stretching. The bands at 468.61 cm–1 can be assigned 
to Si–O–Si bending. FTIR analysis characterizes materials, 
and is especially useful in recognizing inorganic mixtures. 
FTIR, as Raman spectroscopy, can provide the molecular and 
structural information about organic and inorganic materials.

XRD patterns of the bentonite nanoparticles show a medium 
peak at 2θ = 6.05° and also a sharp peak at 2θ = 27.80° that corre-
sponds to the nanostructures of the adsorbents (Fig. 6).

3.2. Effects of pH on the removal of dye

Amount of pH of solution is one of the important param-
eters that affect the adsorption capacity of the adsorbents 
[38,39]. pH of the solution is very important in the adsorption 
process of dyes, because it affects the chemical sites of adsor-
bent surface area and also it affects the surface charge of the 
adsorbent, molecular structure of dye and ionization degree 
of different pollutants [40]. In order to examine the effects of 
pH on the adsorption of dye by the bentonite nanoparticles, 
we prepared solutions with the concentration of 40 mg/L, 

Fig. 3. SEM images of the bentonite nanoparticles. Fig. 6. XRD pattern of the bentonite nanoparticles.

Fig. 5. FTIR spectra of the bentonite nanoparticles.

Fig. 4. BET analysis of the bentonite nanoparticles.
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pH (3–11) and adsorbent dosage of 0.4 g/L for 60 min, and the 
results can be seen in Figs. 7 and 8. According to the results, 
with increasing the pH, adsorption decreased. As it can be 
seen in these results, the maximum amount of adsorption 
for both dyes (RY15 and RY42) was at the pH = 3, when the 
adsorption capacity was 66.3 mg/g for RY15 and 81.2 mg/g 
for RY42. At higher pH, because OH– is abundant, the pos-
sibility of repellent force between the adsorbent and dye is 
high, because both of them have negative charges [41]. On 
this issue, Asgher and Bhatti [42] have reached to the similar 
results.

3.3. Effects of contact time and concentration on the removal of dye

In this study, effects of contact time were studied by 
changing time from 2 to 120 min, pH = 3, initial amount of 
adsorbent 0.4 g/L, dye concentrations (20–60 mg/L). As it can 
be seen in Figs. 9 and 10, as contact time and concentration 
of dye increased, adsorption capacity increased as well and 
the maximum amount of adsorption occurred at the first 
moments. According to the results, maximum amount of 
adsorption for these dyes occurred at the concentration of 
60 mg/L and time of 15 min and after this time the adsorp-
tion does not increase much and reaches to the equilibrium. 

This object is because of many empty holes on the adsorbent 
surface and after those holes is filled by dye molecules, and 
then the repellent force between the adsorbent and dyes 
increases and adsorption decreases [43]. These results agree 
with the studies of Bhattacharyya and Ray [5] and Cengiz 
and Cavas [44]. Also, the results of effects of concentration of 
dye on the rate of adsorption show that with increasing the 
concentration of dye, the adsorption capacity for both dyes 
increases (Figs. 9 and 10), as when time = 15 min and pH = 3, 
then increasing the concentration of dye from 20 to 60 mg/L 
increases the adsorption level for RY15 from 40.8 to 89.8 mg/g 
and this amount increases from 40.2 to 119.4 mg/g for RY42. 
This can happen because with increasing the concentration 
of dyestuff molecules, the contact between the dyestuff mole-
cules and adsorbent molecules increases and this can increase 
the adsorption of dye by adsorbent. And this finally increases 
the adsorption capacity [45]. The results of a study by Khattri 
and Singh [46] confirm the results of this study.

3.4. Effects of adsorbent dosage on the removal of dye

Adsorbent dosage is an important parameter in adsorp-
tion process, because it determines the capacity of adsorbent 
for a concentration of pollutant [47]. At this study, the effects 
of adsorbent dosage were studied on the adsorption of dye 
at pH = 3, contact time = 15 min, dye concentration 60 mg/L 
and we examined five different dosages (0.2–0.6 g/L). 
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Fig. 8. Effects of pH on the removal of dye (RY42) by bentonite 
nanoparticles.
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Fig. 7. Effects of pH on the removal of dye (RY15) by bentonite 
nanoparticles.  
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Figs. 11 and 12 have shown the effects of adsorbent dosage 
on the removal of RY15 and RY42. As it can be seen from 
Fig. 11, with increasing the adsorbent dosage of 0.2–0.6 g/L, 
the adsorption capacity decreased from 157 to 61 mg/g. And 
with increasing the adsorbent dosage for RY42, the adsorp-
tion capacity decreased from 170 to 82 mg/g (Fig. 12). For 
interpreting this result, it can be said that with increasing 
the amount of adsorbent in similar situation, the active 
sites for the interactions between the adsorbent and pollut-
ant increases [48] and along these lines, adsorption capac-
ity by bentonite nanoparticles decreases and this can be 
because of not using the entire capacity of the adsorbent 
and with increasing the adsorbent, some active places of 

the adsorbent remain unsaturated and so the adsorption of 
the pollutant decreases [49]. Jarusiripot [50] reached to the 
similar results.

3.5. Effects of temperature and thermodynamics

At this stage, the effects of temperature on the removal 
dye by bentonite nanoparticles were studied. For this mat-
ter, the dyed solution with concentration = 60 mg/L, pH = 3, 
dosage adsorbent = 0.2 g/L, contact time = 15 min, was in tem-
peratures of 288, 298, 308 and 323 K and the results are shown 
in Table 1.

The results of the thermodynamics studies are shown in 
Table 1. For RY15 dye, the negative amount of ΔH° for all 
temperatures shows that adsorption of RY15 by bentonite 
nanoparticles is an exothermic process. Also, the negative 
amount of ΔG° shows that dye adsorption by bentonite 
nanoparticles is a spontaneous reaction and positive amount 
of this parameter shows that the process is possible but 
non-spontaneous. The value of ΔS° is negative which means 
that the dye molecules at the solid–liquid interface are more 
organized than those in the bulk solution phase [52].

3.6. Isotherm of adsorption

Isotherms are significant for describing the parti-
tioning of pollutants in environmental systems [53]. The 
results of Langmuir and Freundlich models for RY15 and 
RY42 were studied and are shown in Table 2. As shown in 
Table 2, adsorption of RY15 dye by bentonite nanoparticles 
with R2 = 1 follows the Freundlich isotherm (R2 = 1) to a great 
extent and this shows that the surface of bentonite nanopar-
ticles is heterogenous and the adsorption of RY15 dye was 
layer by layer. Observations other researchers confirm the 
results of this study [54]. However, adsorption of RY42 dye 
by bentonite nanoparticles followed the Langmuir isotherm 
(R2 = 0.94) and according to this model, the dye adsorption 
was single layer and homogenous. Langmuir model esti-
mated the maximum amount of dye adsorption around 
315 mg/g and this number is close to the equilibrium capac-
ity of this research. Inclination of adsorption of RY42 dye by 
adsorbent was examined by a non-dimensional parameter 
(RL) that was derived from Langmuir model. If RL = 0 then 
the adsorption is irrevocable and if RL = 1 the adsorption 
is linear, if 1 < RL then the adsorption is unfavorable and if 
0 < RL < 1 then the adsorption is favorable. According to the 
results of Langmuir isotherm for RY42, RL is between 0 and 
1, so the adsorption process by bentonite nanoparticles is 
favorable [55]. 
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Fig. 11. Effects of increasing the adsorbent dosage on the removal 
of RY15 by bentonite nanoparticles.
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Table 1
Thermodynamic parameters of adsorption of RY15 and RY42 by bentonite nanoparticles

RY42RY15T (K)
R2∆S° (J/mol K) ∆H° (kJ/mol)∆G° (kJ/mol)R2∆S° (J/mol K) ∆H° (kJ/mol)∆G° (kJ/mol)
0.79–131.55–39,171.7–0.630.75–62.15–18,851.5–0.60288

–0.22–0.48298
0.06–0.39308
4.221.70323
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3.7. Kinetics of adsorption

Also in this study, pseudo-first-order and pseudo- 
second-order kinetics were studied. According to Table 3, by 
comparing the amounts of R2 for RY15 and RY42, it is clear 
that the adsorption of dye for these dyes follows the pseu-
do-second-order kinetics. On the other hand, with studying 

the pseudo-second-order equations, it can be seen that there 
is little difference between capacity of adsorption under 
empirical equilibrium conditions (qcal) and the capacity of 
adsorption under calculation based conditions (qexp). Hence, 
pseudo-second-order kinetic model can be used properly for 
explaining the kinetics of these dyes with bentonite nanopar-
ticles. The findings of Gök et al. [56] confirm these findings.

3.8. Comparison of the adsorbent with other adsorbents

Table 4 compares the maximum absorption capacity of 
this adsorbent with other adsorbents used to remove various 
dyes.

4. Conclusions

This study showed that bentonite nanoparticles can be 
an effective adsorbent for removal of RY15 and RY42 dyes. 
In the optimal conditions of the experiment (pH = 3, contact 
time = 15 min, dye concentration = 60 mg/L, adsorbent dos-
age = 0.2 g/L), the adsorption capacity for RY15 = 156.9 mg/L 
and RY42 = 170.7 mg/L. Finally, since bentonite nanoparticles 
are low cost and available, so it can be used as an effective 
adsorbent for removal of RY15 and RY42 dyes.

Table 2
The results of isotherm calculations for RY15 and RY42 
adsorption onto bentonite nanoparticles

Isotherm Constants Values
RY15 RY42

Freundlich R2 1.00 0.93
Kf (mg/g) 16.81 9.71
n 1.95 1.07
1/n 0.51 0.93

Langmuir R2 0.98 0.94
RL 0.13 0.37
KL (L/mg) 0.085 0.012
qmax (mg/g) 124.06 787.59

Table 4
Comparison of the maximum adsorption capacity (qe,max) of bentonite nanoparticles for removal of RY15 and RY42 dyes with other 
adsorbents used to removal of Reactive Yellow dye

Adsorbent Adsorbate qm (mg/g) Reference

Bentonite nanoparticles Reactive Yellow 15 156.9 This study
Bentonite nanoparticles Reactive Yellow 42 170.7 This study
Setaria verticillata carbon Reactive Yellow 15 138.6 [32]
Citrus sinensis biomass (free) Reactive Yellow 42 36.3 [42]
Citrus sinensis biomass (immobilized) Reactive Yellow 42 51.4 [42]
Citrus sinensis biomass (acetic acid treated) Reactive Yellow 42 106.3 [42]
Magnetite nanoparticles Reactive Yellow 145 76.9 [57]
Hydroxypatite Reactive Yellow 84 50.2 [58]
Calcined alunite Reactive Yellow 64 236 [59]
Fly ash Reactive Yellow HED 37.2 [60]

Table 3
Kinetic constants calculations for adsorption of RY15 and RY42 onto bentonite nanoparticles

Dye C0 (mg/L) Pseudo-first-order Pseudo-second-order qe,exp (mg/g)
K1 (min–1) qe,cal (mg/g) R2 K2 (g/mg min) qe,cal (mg/g) R2

RY15 22 0.00 2.55 0.00 0.06 42.04 1.00 44.47
29 0.01 8.18 0.25 0.01 57.32 0.99 59.19
41 0.00 2.61 0.03 0.04 65.39 1.00 70.36
54 0.01 6.24 0.12 0.01 83.09 1.00 85.96
64 0.00 3.75 0.02 0.07 88.95 1.00 92.37

RY42 20 0.00 4.05 0.02 0.02 37.77 0.95 47.15
32 0.00 6.90 0.02 0.01 61.05 0.97 71.70
42 0.00 5.40 0.04 0.35 86.02 0.99 90.94
52 0.00 4.89 0.02 0.07 101.42 0.99 109.88
63 0.01 12.47 0.16 0.01 124.14 0.99 130.73
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