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AbstractA novel adsorbent of modified nanoclay was synthesized by covering of alum on the montmorillonite
nanoclay (Al/nanoclay). Al/nanoclay was applied as an efficient superadsorbent to remove Direct Red 23 (DR23) from
colored wastewater. The adsorbent was characterized by Fourier transform infrared spectroscopy, energy-dispersive X-
ray spectroscopy, and zeta potential analysis. The effects of various operating parameters, such as contact time, initial
dye concentration, adsorbent dose, pH and ionic strength on the performance of adsorption, have been studied. The
adsorption experiments showed that pH has an obvious effect on the adsorption efficiency and the highest percentage
of DR23 dye removal was observed at pH 2. Zeta potential measurement confirmed that the adsorption mechanism is
ascribed to electrostatic interaction between sulfonic groups of the anionic dye and the positive surface charge of the
adsorbent. The pseudo-second-order kinetic model and the Langmuir isotherm were found to best describe the DR23
adsorption and the maximum monolayer adsorption capacity at the conditions of pH 2 and the adsorbent dose of
0.05 g/L was 2,500 mg/g. The findings recommend that Al/nanoclay can be successfully used for DR23 dye removal
from the colored wastewater.
Keywords: Adsorption, Direct Red 23 Dye, Mechanism, Modified Montmorillonite Nanoclay

INTRODUCTION

Pollution of surface and groundwater resources by synthetic dyes
is a severe environmental concern for human health and the eco-
system [1]. Many industries, such as textiles, cosmetics, plastic, and
paper are widely using dyes in their processes. Researches indicate
that approximately 10-15% of synthetic dyes used annually across
the globe are lost during processing operations [2]. Azo dyes are
one of the largest and most important classes of synthetic dyes
containing naphthalene and/or benzene aromatic rings [3]. Efflu-
ents containing azo dyes are dangerous due to their toxicity and
carcinogenicity, so elimination of them from the effluent stream is
essential [4]. However, it is difficult to remove these dyes due to
their complex aromatic structures [5]. There are many technologies
to treat textile wastewater such as biological processes [6], coagula-
tion and flocculation [7], electrochemical [8], membrane filtration
[9], ozonation [10], advanced oxidation [11] and adsorption pro-
cesses [12]. Due to the low rates of biodegradability of dyes, biologi-
cal treatment alone is not very effective [13]. Also, other mentioned
techniques have certain disadvantages, including high cost, high
sludge production, high energy demand, technical constraints, and
the formation of hazardous byproducts [14]. The adsorption pro-
cess has been considered as an efficient and inexpensive choice for

dye removal from wastewater [15]. Different adsorbents like acti-
vated carbon [16], zeolites [17], fly ash [18], and other porous materi-
als have been prepared and used in the adsorption of dye. Clay
minerals and their derivatives have also been widely used as adsor-
bent due to their cost-effectiveness, natural abundance, non-toxic-
ity and environmental friendliness [19].

Montmorillonite is a type of natural clay mineral with the chem-
ical formula of (Na, Ca)0.33(Al, Mg)2(Si4O10)(OH)2 XH2O [20]. It is
classified as 2 : 1 clay which consists of alumina (Al3+) octahedral
sheet sandwiched between two silica (Si4+) tetrahedral sheets [21].
However, the layers of montmorillonite carry a permanent nega-
tive charge due to isomorphous substitution of Al3+, Si4+, Mg2+, and
Fe3+ ions. Some other 2 : 1 clay minerals (less than 1%) have a pos-
itive charge that is caused by broken bonds along particle edges and
pH-dependence [22-24]. So, pristine montmorillonite is unsuitable
for removing anionic pollutants from aqueous solutions. The changes
in the molecular structure and properties of these compounds could
lead to significant differences in the clay efficiency, which are suit-
able for removing organic pollutants [25].

Different chemical components have been used for surface modi-
fication of nanoclay to eliminate various types of dyes from waste-
water. Dimethyl dialkyl amine [26], dodecyl trimethylammonium
bromide [19], and octadecylamine [27] are some of the materials
utilized for modification of nanoclay.

Direct Red 23 (DR23) azo dye is an anionic dye widely used for
dyeing in several industries, especially the textile industry [28]. In
the present study, alum was used to modify the nanoclay mineral
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surface properties. It has been used as a high capacity adsorbent
for removing DR23 anionic dye. The effect of some different oper-
ational parameters, such as contact time, adsorbent dose, initial
adsorbate concentration, pH, and ionic strength on the removal
efficiency and adsorption capacity of DR23 was investigated.

MATERIALS AND METHODS

1. Materials
DR23 with C35H25N7Na2O10S2 chemical formula and molecular

weight of 813.7 g/mol was purchased from Ciba Company. Differ-
ent concentrations of DR23 were obtained from a stock of 1,000
mg/L dye solution. The montmorillonite nanoclay was provided
by Nanosav Company, Iran. All the other chemicals used in this
study, including HCL, NaOH, NaCl, and alum (Al2(SO4)3·18H2O),
were supplied from Merck (Germany). According to the supplier
datasheet, the montmorillonite interlayer space was about 5 nm
and its density value was 0.6 g/cm3.
2. Modification of Montmorillonite Nanoclay

To modify nanoclay, 1.5g nanoclay and 0.375g alum were poured
into 10mL distilled water and mixed at room temperature for 1hour.
The resulting product was placed in the oven for 1 hour at 120 oC
to dry. Then it was put in the furnace for 2 hours at 420 oC. The
modified nanoclay powder was kept in the desiccator for later use.
3. Adsorption Experiments

Adsorption equilibrium experiments were conducted by add-
ing different amounts of Al/nanoclay (0.05-0.4 g/L) into an Erlen-
meyer flask containing 50 mL of synthetic wastewater with desired
DR23 dye concentration (25-200 mg/L). The solution pH was ad-
justed by adding 0.1 M HCl or NaOH in the range of 2-10. The
samples were shaken at the constant agitation speed of 250 rpm at
different time intervals (2-90 min). An incubator shaker (Innova40,
Germany) was used to control the temperature at 25 oC. After the
adsorption process, the samples were taken from the shaker at a

predetermined time and filtered through a 0.45m filter. The con-
centration of DR23 dye was determined by UV-Visible spectrome-
ter (HACH, DR6000, USA) at a wavelength of 505 nm. The con-
centration of the DR23 before and after the adsorption process
was used to calculate the amount of dye adsorption. The percent-
age removal of dye (%) and adsorption capacity (q) were calcu-
lated using the following equations:

(1)

(2)

where C0 (mg/L) is the initial dye concentration, C is the dye
concentration at time t (min) [29], Ce (mg/L) is the equilibrium
concentration of dye remaining in the solution, V (L) is the vol-
ume of the aqueous solution and M (g) is the mass of Al/nano-
clay [30,31].
4. Characterization of the Adsorbent

Zeta potential of modified nanoclay and DR23 dye solution was
measured by using a zeta potential analyzer (Malvern, ZEN 3600,
UK). The composition of the modified nanoclay was determined
by energy dispersive X-ray spectroscopy (EDX). Fourier-transform
infrared (FTIR) spectroscopy (Spectrum Two, Perkin Elmer Co,
USA) was used to obtain the infrared spectrum of Al/nanoclay.

RESULTS AND DISCUSSION

1. Characterization of Al/Nanoclay
The FTIR spectrum of modified nanoclay was recorded in the

wavenumber range between 400 and 4,000 cm1. The infrared spec-
trum of Al/nanoclay is shown in Fig. 1. The presence of the strong
peak at 1,044cm1 was assigned to Si-O stretching vibrations. Also, the
peaks at 797cm1 and 916cm1 could be attributed to Si-O stretching

Dye removal efficiency %    
C0   C

C0
-------------- 100

Adsorption capacity mg/g   
C0   Ce

M
----------------V

Fig. 1. FTIR spectrum of Al/nanoclay.
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vibrations [20]. The bands at 3,437 cm1 and 3,612 cm1 correspond
to H-O-H regarding adsorbed water for water present at the inter-
layer and Al-OH bond stretching, respectively. The band at 1,629
cm1 was attributed to O-H bending, which confirmed the pres-
ence of hydration water [32]. The peaks at 472 and 539 cm1 were
attributed to Si-O-Si and Si-O-Al stretching vibrations, respectively.

The EDX elemental mapping images of Al, Si, O, Mg, Na, Fe,
K, Ca, and S for AL/nanoclay can be seen in Fig. 2. The elemental
analysis maps reveal the homogeneous distribution of all elements
in the structure of nanoclay (Fig. 2). The weight percentages (wt%)
of Al, Si, O, Fe, Na, Mg, Ca, and K elements within the nanoclay
were 10.44, 32.78, 47.08, 5.53, 0.79, 1.32, 1.56 and 0.5%, respec-

Fig. 2. Elemental analysis maps for (a) Al, (b) Si, (c) O, (d) Mg, (e) Na, (f) Fe, (g) K, (h) Ca, (i) S, and (j) the EDX spectrum of modified nanoclay.
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tively [33]. Based on Fig. 2(j), the weight percentages (wt%) of Al,
Si, O, Fe, Na, Mg, Ca, K, and S compounds within the Al/nano-
clay were 12.9, 29.27, 45.38, 5.22, 0.61, 1.1, 1.37, 0.42 and 3.73%,
respectively. The results show that the principal elements of Al/
nanoclay were O, Si, and Al. In comparison to the nanoclay, the
percentage content of Al in modified nanoclay was higher than
raw nanoclay and the percentage content of Si, O, Fe, Na, Mg, Ca
and K in the Al/nanoclay structure was lower. This may be due to
the exchange of Al3+ ions with Na and Ca in the nanoclay struc-
ture. The result of FTIR and EDX reflected that the aluminum cov-
ering on the surface of nanoclay was successfully achieved.
2. The Effect of Contact Time on Dye Removal

The effect of contact time on the rate of sorption of DR23 by
Al/nanoclay was investigated at different adsorbent doses (0.05,
0.1, and 0.2 g/L) and at time intervals ranging from 2 to 90 min.
Fig. 3 shows the dye removal efficiency and the adsorption capac-
ity as a function of contact time. As can be seen from Fig. 3, the
adsorption rate was rapid in the initial stages of the adsorption pro-
cess but before reaching the equilibrium it became slower. In addi-
tion, with increasing contact time, the adsorption capacity increased
to a certain level and then remained almost constant. This may
have been due to the large number of vacant surface sites which
were available on the Al/nanoclay adsorbent at the preliminary
stage of adsorption, but later the vacant sites were occupied by dye
molecules which could create a repulsive force between the solute
molecules on the adsorbent surface and bulk phase, so the dye
adsorption by the remaining vacant sites was difficult [34]. A simi-
lar trend was observed for DR23 dye adsorption on biochar [35].
3. The Effect of Adsorbent Dose

The influence of adsorbent dose on DR23 adsorption was exam-
ined at two different initial dye concentrations of 50 and 200 mg/
L. The Al/nanoclay doses varied from 0.05 to 0.4 g/L. It can be
seen from Fig. 4 that the removal efficiency of DR23 dye increased
sharply at a concentration of 200mg/L with an increase in the adsor-
bent dose from 0.05 to 0.2 g/L. At 50 mg/L concentration, the per-
centage of dye removal increased at a slower rate. These results may
be due to the availability of larger amounts of dye per unit of adsor-

bent at higher initial dye concentrations [36]. However, at a higher
dose of 0.2 g/L, the adsorption efficiency was almost constant. This
is probably because, as the Al/nanoclay adsorbent dose increased,
a greater number of active sites and greater surface area were avail-
able; thus the adsorption rate was higher. But at higher doses, no
significant changes in dye adsorption were observed, which is prob-
ably attributed to overlapping or accumulation of adsorption sites
[37]. According to Fig. 4, the adsorption capacity decreased with
the increase in Al/nanoclay dose. At low adsorbent dose, the active
sites on the adsorbent surface were fully accessible for dye mole-
cules, resulting in having higher adsorption capacity. But at higher
adsorbent doses, most of the adsorption sites with low energy were
first taken up by dye molecules. As a result, the number of available
high-energy adsorption sites decreased, which reduced the adsorp-
tion capacity [38]. The result was in agreement with the previous
study on dye adsorption [39].
4. The Effect of Initial Dye Concentration

Adsorption experiments with an initial dye concentration of 25-

Fig. 3. Effect of contact time on the percent removal of DR23 (DR23
concentration: 50 mg/L, pH: 2, temperature: 25 oC).

Fig. 4. Effect of adsorbent dose on the removal of DR23 (DR23 con-
centration: 50 and 200 mg/L, pH: 2, temperature: 25 oC).

Fig. 5. Effect of initial dye concentration on the removal of DR23
(pH: 2, temperature: 25 oC).
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200 mg/L were performed by different doses of the adsorbent. The
effect of the initial DR23 concentration on the dye removal and
adsorption capacity of the Al/nanoclay is illustrated in Fig. 5. As
shown, the removal and adsorption capacity of the DR23 was dif-
ferent. As the initial dye concentration increased, the adsorption
capacity increased while the dye removal efficiency decreased. This
phenomenon is related to the number of active sites on the Al/
nanoclay surface and the availability of DR23 molecules occupy-
ing the active sites. The higher dye adsorption efficiency at lower
concentrations was due to the lower ratio of dye molecules in solu-
tion to the active sites and consequently, more adsorption sites
were available, so the percentage of dye removal increased. The rate
of dye adsorption decreased with increasing initial dye concentra-
tion, which may have been due to the adsorption sites being occu-
pied by dye molecules and the sufficient number of active sites
required for dye adsorption was reduced [40,41]. The results also
show that at high concentrations of dye the adsorption capacity
was high. It seems that increasing the concentration of the adsor-
bate leads to an increase in the driving force, which increases the
amount of dye diffusion [42]. Similar observations have also been
reported by other researchers [16,26].
5. The Effect of pH

The dye adsorption process is greatly affected by the solution
pH due to its impact on the surface binding sites of adsorbent and
ionization of the dye molecules [43]. The quantity of DR23 adsorp-
tion on Al/nanoclay at different pH values from 2 to 10 was stud-
ied for various doses of adsorbent using an initial dye concentration
of 50 mg/L, as illustrated in Fig. 6. The maximum adsorption of
DR23 was achieved at pH 2. The adsorption capacity and dye
removal efficiency were significantly reduced by increasing the pH
of the solution from 2 to 10. That is because, at low pH, the pres-
ence of hydrogen ions (H+) can improve the positive charge of the
Al/nanoclay surface; as a result, the adsorption capacity and effi-
ciency of the DR23 anionic dye increased [44,45].

These results suggest that the dominant mechanism of DR23
dye adsorption by Al/nanoclay may be electrostatic attraction. The
zeta potential can, to some extent, confirm the adsorption mecha-

nism. The zeta potential of Al/nanoclay at a pH of 2 was +21 mV,
while the zeta potential of DR23 was 23 mV. The positive zeta
potential of Al/nanoclay might have been related to the Al3+ cov-
ered on the adsorbent. The negative zeta potential of DR23 was
due to the presence of two sulfonic groups in its structure. DR23
dye in aqueous environment dissociated to the sulfonate anions
(R-SO3

) and the sodium ions (Na+). Although sulfonic groups at
acidic pH can be protonated to the neutral form (R-SO3H), but
because the pKa values of sulfonic groups are below zero even in
acidic solutions, they maintain their negative charge [46]. Hence,
the results obtained by zeta potential confirm that the adsorbent
surface is suitable for the adsorption of negative dye molecules, and
strong electrostatic interaction is formed between the adsorbent
and anionic adsorbate.

Besides, at low pH values, the aluminol groups on the surface
of Al/nanoclay are protonated to the cationic form AlOH2+, which
enhances the adsorption of the negatively charged dye through

Fig. 6. Effect of pH on the removal of DR23 (DR23 concentration:
50 mg/L, temperature: 25 oC).

Fig. 7. Schematic mechanism of DR23 dye adsorption on the adsorbent.
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electrostatic attraction. The mechanism of DR23 dye adsorption
by Al/nanoclay is presented in Fig. 7. Similar findings have been
reported for the DR23 dye adsorption onto graphene oxide [46]

Fig. 8. Effect of ionic strength on the removal of DR23 (DR23 con-
centration: 50 mg/L, pH: 2, temperature: 25 oC).

Fig. 9. (a) Pseudo-first-order, (b) pseudo-second-order, and (c) intra-particle diffusion kinetics for the adsorption of DR23 onto Al/nanoclay.

and corn stalk [47].
6. Effect of Ionic Strength on DR23 Dye Adsorption

Some ionic species which naturally exist in water can disrupt
the adsorption process by competing with pollutants for binding
to active sites [48]. The effect of ionic strength on uptake of DR23
dye was investigated by adding different NaCl concentrations rang-
ing from 0 to 500 mg/L at different doses of Al/nanoclay. As is
clear from Fig. 8, the amount of DR23 removal by Al/nanoclay
was decreased with increasing concentration of NaCl in solution.
The decline of the adsorption rate may be ascribed to the compe-
tition between chloride ions and the sulfonate groups of dye mole-
cules for active sites of the Al/nanoclay surface [49]. Thus, the ad-
sorption efficiency decreases by increasing ionic strength. How-
ever, the effect of the NaCl concentration on the adsorption capac-
ity was not remarkable, and the high adsorption capacity of Al/
nanoclay was maintained even at high salt concentration. Increas-
ing ionic strength would be undesirable to the adsorption of anionic
dye, as had previously been observed [50,51].
7. Kinetic Study

Kinetic studies are essential to obtain information about the
mechanisms and rate-controlling steps of adsorption [52]. Pseudo-
first-order, pseudo-second-order [53], and intra-particle diffusion
[54] models were used to analyze the adsorption kinetic of the
DR23 dye (Fig. 9). The equations on the kinetic models are given
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in Table 1.
Where, qt the amount of DR23 adsorbed (mg/g) at time t (min),

k1 is the pseudo-first-order adsorption rate coefficient (1/min) cal-
culated from the slope of linear plot log (qeqt) versus the time. k2

is the rate constant of pseudo-second-order adsorption (g/mg min)
calculated from the slope of the linear plot of t/qt versus t [55]. kid

(mg/g min1/2) is the intra-particle diffusion rate constant calcu-
lated from the slope of the linear plot of qt versus t1/2 [56], and C
(mg/g) is related to the thickness of boundary layer. The higher C
value in lower adsorbent dose indicates a larger boundary layer
effect.

The plots for the pseudo-first-order, pseudo-second-order model,
and intra-particle diffusion models are shown in Fig. 9, respec-
tively. The calculated parameters of these kinetics models for DR23
adsorption are listed in Table 1. Since the plot of qt versus t1/2 does
not provide a straight line, the adsorption process does not follow
the intra-particle diffusion model. The calculated correlation coef-
ficient (R2) of the three models shows that the pseudo-second-
order model was more suitable in DR23 adsorption process for all
adsorbent doses. This is because of the higher correlation coeffi-
cient (R2>0.999) of the pseudo-second-order model than the two
other kinetics models. In addition, the rate coefficient of pseudo-

Table 1. Kinetic parameters for DR23 adsorption onto the Al/nanoclay

Kinetic model Linear form of equation Kinetic coefficient
Adsorbent dose (g/L)

0.05 0.1 0.2

Pseudo-first-order
k1 (1/min) 0.024 0.034 0.005
qe (mg/g) 4.4 3.2 1.02
R2 0.197 0.23 0.118

Pseudo-second-order

k2 (g/mg min) 0.003 0.007 0.177
qe, calculated (mg/g) 909 476.2 250
h 2,500 1,666 1,1111
R2 0.999 0.999 0.999

Intra-particle diffusion
kid (mg/g min1/2) 59.11 42.73 77.86
C (mg/g) 514.2 243.1 51.26
R2 0.368 0.4 0.725

qe  qt   qelog   
k1t

2.303
------------log

t
qt
----  

1
k2qe

2
----------  

t
qe
----

qt  kidt1/2
  C

Table 2. Isotherm parameters for DR23 adsorption onto the Al/nanoclay

Adsorption isotherm Linear form of equation Isotherm coefficient
Adsorbent dose (g/L)

0.05 0.1 0.2

Langmuir
qmax (mg/g) 2,500 2,000 1,111
b (L/mg) 0.19 0.227 0.5
R2 0.998 0.992 0.996

Freundlich
KF (mg/g)(L/mg)1/n 567.9 356.2 318.1
n 7.11 1.66 1.57
R2 0.83 0.98 0.99

Dubinin-Radushkevich

 (mol2/J2) 6×107 3×107 1×107

qm (mg/g) 1,696.8 1,160.6 675.6
E (kJ/mol) 0.91 1.29 2.23
R2 0.89 0.79 0.87

1
qe
----  

1
qmax
---------  

1
bqmax
------------

1
Ce
-----

qe  kf  
1
n
--- Celogloglog

qe  qm  
2lnln

E   
1

2 
1/2

---------------

second-order (k2) increased by increasing adsorbent dose, which
indicated the adsorption process was faster at higher doses of Al/
nanoclay because there were more active sites on the adsorbent
surface.
8. Isotherm Study

The Langmuir, Freundlich, and Dubinin-Radushkevich iso-
therms models have been used to describe the interaction behav-
ior and to estimate the maximum adsorption capacity of Al/nanoclay
for DR23 dye adsorption. The Langmuir isotherm describes the
monolayer adsorption of pollutants onto the homogeneous adsorp-
tion sites on the solid surface where all the adsorptive sites are
energetically equivalent [57]. Freundlich isotherm model can be
applied to describe multilayer sorption at the heterogeneous adsor-
bent surface where each adsorptive site has specific bond energy
[58]. Dubinin-Radushkevich (D-R) isotherm is used to describe
the adsorption mechanism with a Gaussian energy distribution on
the heterogeneous surfaces [34,59].

The linearized form of the isotherm models is represented in
Table 2, where Ce (mg/L) is equilibrium DR23 dye concentration,
qe (mg/g) is the adsorption capacity at equilibrium condition, qm

(mg/g) represents the maximum adsorption capacity and b (L/
mg) is the constant Langmuir related to the free energy of adsorp-
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tion. KF (mg/g)(L/mg)1/n is the Freundlich constant, and n is the
heterogeneity factor denoting the adsorption intensity [60].  (mol2/
J2) is D-R isotherm constant and E (kJ/mol) is the free energy of
adsorption [61].

Fig. 10 shows the plots of Langmuir, Freundlich, and Dubinin-
Radushkevich isotherms. The analysis of the isotherm data is rep-
resented in Table 2. According to the results, the Langmuir model

Fig. 10. (a) Langmuir, (b) Freundlich, and (c) Dubinin-Radushkevich isotherms for the adsorption of DR23 onto the Al/nanoclay.

Table 3. Comparison of adsorption capacity of some modified montmorillonite clays as adsorbent
Modified nanoclay Dye qm (mg/g) Source
Montmorillonite/cationic surfactants Reactive Red 120 183 [66]
Montmorillonite/graphene oxide Crystal violet 746.2 [67]
Montmorillonite/octadecylamine Orange G 39.4 [27]
Montmorillonite/gemini surfactants Methyl orange 16.1-271.7 [68]
Montmorillonite/supported porous carbon Methyl blue 686.9 [69]
Novel kappacarrageenan/poly (vinyl alcohol) nanocomposite hydrogels Crystal violet 151 [70]
Montmorillonite filled composite Congo red 110 [71]
Starch montmorillonite/polyaniline Reactive dye 91.7 [72]
Dodecyl sulfobetaine surfactant modified montmorillonite Methylene blue 150.2 [73]
Lignocelluloseg-poly(acrylic acid)/montmorill onite hydrogel nanocomposites Methylene blue 1,994.3 [74]
Al/nanoclay Direct Red 23 2,500 This study

was the best fit for the adsorption process because its correlation
coefficient (R2) was higher than other isotherm models. Favorable
adsorption is illustrated by a value of n in the range between 1 and
10. Furthermore, 1/n being close to zero indicates a higher hetero-
geneity of the adsorbent surface [62]. The higher n value (lower 1/
n) reflects the presence of high energy sites on the adsorbent sur-
face and stronger adsorbent adsorbate interaction. Also, 1/n values
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were close to 0, suggesting heterogeneous surface of Al/nanoclay
[63].

The maximum monolayer adsorption capacity of Al/nanoclay
for DR23 was found to be 2,500 mg/g, and it is much higher than
the pure nanoclay (166.6 mg/g), which was studied in the previ-
ous study [33]. The maximum DR23 dye adsorption capacity by
other adsorbents, such as corn stalk [47], powdered tourmaline
[46], magnetic multi-walled carbon nanotubes-Fe3C [64] and
CTAB-functionalized aqai stalk [65] was 51.87 mg/g, 153 mg/g,
172.4 mg/g, and 454.9 mg/g, respectively. In addition, Table 3 shows
the comparison of the Al/nanoclay adsorption capacity with other
modified montmorillonite for different types of dyes. From the
results given in Table 3, it is evident that this novel superadsor-
bent, in comparison to other modified clays, is more efficient in
dye removal; thus it can be used as an adsorbent for the purifica-
tion of colored wastewater.

CONCLUSION

The application of alum modified montmorillonite nanoclay
was considered for the adsorption of DR23 dye from aqueous
solution. EDX and FTIR analysis confirmed that Al/nanoclay was
successfully synthesized. The data showed that by increasing con-
tact time and adsorbent dose and decreasing pH, initial dye con-
centration, and ionic strength, dye removal efficiency increases. In
addition, pH has a significant effect on the adsorption process and
the highest percentage of DR23 dye removal (98.8%) was obtained
at pH 2. Zeta potential measurement showed that the zeta poten-
tial of Al/nanoclay was +21 mV, while the zeta potential of DR23
was 23 mV. This result indicates that high-efficiency removal of
DR23 is attributed to the electrostatic interaction between the ad-
sorbent and the anionic dye. The pseudo-second-order kinetic
model and the Langmuir isotherm were found to best describe
the DR23 adsorption, and the maximum monolayer adsorption
capacity was 2,500 mg/g. The findings indicated that Al/nanoclay
could be considered as an effective super adsorbent for the treat-
ment of colored wastewater.
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