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ABSTRACT

This study describes the synthesis of calix[6]arene hexaester appended Amberlite XAD-4
(resin 2) and its application for the removal of reactive blue-5 (RB-5) and direct black-38
(DB-38) azo dyes from aqueous media. The newly synthesized resin 2 was characterized by
using various analytical techniques such as FTIR spectroscopy, elemental analysis, scanning
electron microscope, and thermogravimetric analysis. In this approach, adsorption efficiency
of resin 2 for azo dyes was explored by optimizing various parameters such as pH, adsor-
bent dose, role of electrolytes, and contact time. From results it has been observed that per-
centage adsorption of these azo dyes is highly dependent on pH of the solution. The
maximum adsorption of RB-5 and DB-38 was achieved at pH 3 and pH 9, respectively. Iso-
therm evaluation has judged that adsorption behavior can be better demonstrated by Lang-
muir and D–R models. The kinetic studies revealed that removal process of selected dyes
follow pseudo-second-order kinetic model. The positive and negative values of ΔH and ΔG,
respectively, confirm the endothermic and spontaneous nature of this adsorption process.
Moreover, results shows that resin 2 has proved highly effective adsorbent for the removal
of azo dyes from aqueous environment.
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1. Introduction

Since inception of this universe, humans have been
employing different natural sources of colorants for
dyeing or painting of their clothes, homes, surround-
ings etc. From inspiration of their increasing demand
and usage a new horizon of synthetic dyes originated
after mid of the nineteenth century. According to
recent reports, approximately more than 10,000 differ-
ent dyes and pigments have been synthesized across
the world so far with a total annual production over
7 × 105metric tons per year [1,2]. Industrial globaliza-

tion of dye stuffs has led to great enhancement in
their utilization. According to some estimation, about
280,000 tons of textile dyes are annually liquidated as
industrial outflows. Industrial effluent substantially
produces non-aesthetic pollution even though these
colored substances are present below 1 ppm. As the
result of various chemical reactions taking place inside
of aqueous environment where they generate eutro-
phication and dangerous by-products [3,4]. Thus it
increases environmental hazards as water pollution
[5]. Out of total dye consumption azo dyes contributes
70% which reflects them as the largest and representa-
tive class of colorants used in various fields such as
textiles, fibers, leather, pharmaceutics, pulp and paper,*Corresponding author.
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dyeing, paint, laser, liquid crystalline display, inkjet
printer, and electro-optical devices. Azo dyes are
formed by a coupling reaction of aromatic compounds
with an aromatic amines via (–N=N–) linkages [6,7].
Reactive black-5 is a reactive azo dye; however, its
extensive applications in textile industry have some
drawbacks for human. Its longer exposure causes
allergic reactions to respiratory tract and even led to
cancer [8].

Direct black-38 (DB-38) belongs to benzidine-based
azo dye which is one of the challenging and bio resis-
tant organic toxins [9]. Short term toxicity results in
eyes irritation while long term exposure causes liver,
intestines, and bladder cancer, and human mutation
[10]. Even though azo molecules are biologically inac-
tive, they constitute into corresponding aromatic
amines by the action of liver enzymes and intestinal
micro flora in human body [11,12]. Moreover, these
colored compounds are able to bind DNA molecules,
and thus, recognized as the root cause of genotoxicity
(mutagenecity), carcinogenicity, and direct intoxication
of organisms in water [13,14]. Hence, the European
Parliament has banned 22 different azo dyes and their
harmful intermediates [15]. Certainly, azo dyes are
directly related to the environmental pollution,
and therefore, the decolorization and reclamation of
waste water is an imperative issue of environmental
safety [16].

In this regard, considerable efforts have been expe-
rienced to flush out colored toxicants from industrial
effluents [17–22]. Great devotion has paid by the num-
ber of scientists regarding to wastewater treatment by
using different technologies including chemical (oxida-
tive processes, Fenton oxidation, H2O2, ozonation, and
electrochemical process), biological (decolorization by
white-rot fungi and other microbial cultures), and
physical (membrane filtration, coagulation/floccula-
tion) [23–26]. Notwithstanding their stumpy removal
efficiency along with lofty operational costs as well as
disposal problems have constrained them in terms of
their applications. However, adsorption has proved an
efficient and important method that is very useful for
the purification of waste water effluents [27–32].
Therefore, several natural and synthetic adsorbents
have been utilized for decontamination of industrial
wastewater include charcoals, activated carbons [33],
zeolites [34], clays [35], chitin [36], chitosan [37], starch
and its derivatives [38], peat [39], wheat straw [40],
peanut husk [41], lignocellulosic waste [42], bagasse
[43], agriculture waste [44], waste orange peel [45],
and polymeric resins [46]. By virtue of relatively low
adsorption efficiency along with regeneration prob-
lems have limited their use in the field of separation
science [47–49]. Therefore, investigations are still

underway for the development of some innovative,
regenerable, and highly efficient adsorbents. Hence,
the main goal of this work is to find out an alternate
adsorbent with distinct benefits with respect to higher
selectivity and enhanced dyes removal capacity.
Adsorption by regenerable resins is comparatively
more economical and environment friendly [26,50].

As far as the recognition and remediation of harm-
ful and toxic species are concerned, promising syn-
thetic materials such as “Calixarenes” with multivariate
functionalies and its immobilization onto polymeric
surface have enriched separation science with
new enthusiasm [51–54]. In continuation of our
previous studies on selected azo dyes remediation,
[47,48,50,55,56] herein, we report the synthesis and
adsorption study of calix[6]arene based hexaester
appended Amberlite XAD-4 resin (resin 2). The main
focus of this study is to enhance the adsorption effi-
ciency of Amberlite XAD-4 resin toward selected azo
dyes from aqueous environment.

2. Experimental

2.1. Reagents

The commercial textile dyes remazol black B/reac-
tive black-5 (991.82 g/mol, C26H21N5Na4O19S6)
and chlorazol black/DB-38 (781.73 g/mol, C34H25N9

Na2O7S2) azo dyes (Fig. 1) was purchased from
Sigma-Aldrich (St. Louis, MO, USA) commercially
available source and used as adsorbates without any
further purification. The wastewater samples were col-
lected from textile and dyes manufacturing industries.
The appropriate amount of (0.1 N) HCl/NaOH was
used to maintain the desired pH. All chemicals used
were of analytical grade. Silica gel (230–400mesh) was
procured from Fluka (Germany). Analytical TLC was
performed on precoated silica gel plates (SiO2, Merck
PF254). Deionized water that had been passed through
a Milli-Q system (Elga Model Classic UVF, UK) was
used for the preparation of solutions.

2.2. Apparatus

Elemental analyses were performed using a CHNS
elemental analyzer (model Flash EA 1112, 20090-
Rodano, Milan, Italy). Melting points were determined
on a Gallenkamp apparatus model (MFB. 595. 010M
England). IR spectra were recorded on a Thermo
Nicollet 5700 FTIR spectrometer (WI. 53711, USA) as
KBr pellets. Scanning electron microscopic (SEM)
studies were performed using JSM-6380 instrument.
UV–vis spectra were obtained with Perkin Elmer
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(Shelton, CT06484 USA) Lambda 35 UV–vis spectro-
photometer. The pH measurements were made with
pH meter (781-pH/Ion meter, Metrohm, Herisau Swit-
zerland) with glass electrode and internal reference
electrode. A Gallenkamp thermostat automatic
mechanical shaker (model BKS 305-101, UK) was used
for batch study.

2.3. Synthesis

The synthesis of compounds I–III were carried out
by using previously reported procedures [57–59].

2.3.1. Grafting of hexaester calix[6]arene (III) onto
modified Amberlite XAD-4 resin (1)

Synthesis of diazonium derivative of Amberlite
XAD-4 (1) was carried out by using previously
reported method [60].

The diazotized resin 1 (2 g) was reacted with calix
[6]arene (III) (2 mmol, 1.06 g) in 400mL of glacial ace-
tic acid and acetone (3:1) at 0–3˚C for 30 h. The result-
ing grayish colored beads of resin 2 were filtered off,
washed with distilled water as well as chloroform in
order to remove the excess or unreacted calix[6]arene
(III) and then dried in vacuum oven. 15.5% of calix[6]
arene (III) immobilized onto the surface of Amberlite
XAD-4™.

2.4. Adsorption procedures

2.4.1. Batch method

For RB-5 and DB-38 azo dyes removal efficiency of
resin 2 from aqueous media was carried out by apply-
ing batch test methodology. Different parameters such
as amount of dosage, pH, contact time, temperature,
dye concentration, and effect of electrolytes were also
optimized. The experiments were conducted in 25mL
Erlenmeyer flasks with glass cap which contained par-
ticular amount of the adsorbents as well as specific
concentration of adsorbate. Each test consisted of 10
ml of (2 × 10−5 M) azo dye solution. For equilibrium,
the Erlenmeyer flasks containing 10ml azo dye solu-
tion were stirred on a horizontal shaker operating at a
constant speed (120 rpm) at 25˚C for 1 h. The mixture
was filtered off and residual concentration of the
organic moiety was determined by means of a UV–vis
spectrophotometer. Absorbance values were recorded
as λmax for each of the solution at 597 nm for RB-5 and
592 nm for DB-38.

3. Results and discussion

3.1. Characterization

3.1.1. FTIR spectra

Newly synthesized resin 2 was characterized by
FTIR spectroscopy. Some important characteristics
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Fig. 1. Chemical structure of RB-5 and DB-38 azo dyes.
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bands for different functional groups were observed
in the spectrum of resin 2. The band observed at
3,451 cm−1 was assigned to –OH stretching. While the
band observed at 2,916, 1,735, 1,600, 1,437, and 1,368
cm−1 are assigned to the asymmetrical stretching for
C–H, C=O, N=N, C=C, C–C, and –C–N groups,
respectively. Therefore, presence of characteristic
vibration bands of newly synthesized resin 2 for C=O,
N=N, and –C–N groups can be clearly observed at
1,735, 1,600, 1,437, and 1,368 cm−1, respectively. These
diagnostic peaks confirms the immobilization of hexa-
ester derivative of calix[6]arene (III) onto the resin 2.

3.1.2. SEM

Fundamental physical properties and surface mor-
phology of adsorbent surface is generally characterized
by SEM. It has been used for determining the particle
shape, porosity, and appropriate size of the adsorbent.
The morphological characteristics of resin 2 was deter-
mined through SEM by applying 05 kV electron acceler-
ation voltage. The spherical shape XAD-4 resin beads
were covered by a thin layer of immobilized material,
i.e. (III). The presence of attached calix[4]arene moiety
as a thin shining layer onto the smooth surface of pure
XAD-4 (1) confirm the immobilization.

3.1.3. Thermo gravimetric analysis (TGA)

TGA was used to examine the thermal stability of
resin 2. Thermal degradation curve of resin 2 shows
two main steps. The first step (ranging from 35 to
130˚C) was assigned to the loss of physically adsorbed
water. During this step, only 8% of the total weight was
lost. The second step (ranging from 200 to 440˚C) was
recognized to the calix[6]arene (III) ring combustion.

3.2. Adsorption studies

3.2.1. Effect of adsorbent dosage

The effect of adsorbent dosages of pure Amberlite
XAD-4, hexaester calix[6]arene (III) and resin 2 for the
removal of selected azo dyes RB-5 and DB-38 was
investigated by varying adsorbents dosage that ranges
from 25 to 150mg and keeping fixed concentration
(2 × 10−5M) 10ml of azo dyes as shown in (Fig. 2).
From experiments, it was deduced that percentage
adsorption of azo dyes increased by increasing the
resin 2 dosage. It was observed that 88% adsorption of
RB-5 dye was achieved only by using 50mg of the
resin 2. There was only a minor increase in percentage
adsorption up to 75mg and it remained almost con-
stant at higher dosages, i.e. 50–150mg. Similarly, in

the case of DB-38, 77% of dye was removed by using
just 50mg of resin 2 and there was no increment in
adsorption with the rise of dosage from 50–150mg.
Means at 50mg, resin 2 surface has been fully satu-
rated with azo dyes and after 50mg, there was no
more adsorbent surface available for azo dyes adsorp-
tion. Thus, all the experiments were carried out at a
fixed amount of resin 2, i.e. 50mg.

3.2.2. Influence of NaCl concentration on the adsorption
of azo dyes

The influence of ionic strength on the adsorption
capacity of resin 2 toward selected RB-5 and DB-38
azo dyes was also monitored by varying the molar
concentration of NaCl as 0–0.4 mol/L as in (Fig. 3(a)).
It was noticed that with the addition of NaCl to dye
solution adsorption capacity of resin 2 increased
greatly. This is due to the fact that NaCl provides an
ionic balance between the solid and liquid phases.
Beside this, NaCl increases the solubility of azo dyes

Fig. 2. Effect of adsorbent dosage (25–150mg) on the per-
cent adsorption of RB-5 and DB-38 azo dyes (60min of
contact time, 0.3M of NaCl and 10mL of dye concentra-
tion 2 × 10−5 M).

Fig. 3(a). Effect of NaCl concentration on RB-5 and DB-38
azo dyes adsorption (50mg of resin 2, 1 h of contact time
and 10mL of dye concentration 2 × 10−5 M).
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through common ion effect resulting in an increased
and facilitated uptake onto resin 2 surface [61]. These
two factors are responsible for enhanced adsorption
behavior of resin 2 toward selected azo dyes.

3.2.3. Role of electrolytes on the adsorption of azo dyes

No doubt, electrolytes play an important role in
dye removal by affecting the solution chemistry. To
investigate the effect of ionic strength, adsorption
experiments were carried out in the presence of four
different electrolytes of 0.2M concentrations: NaOH,
Na2CO3, Na2SO4, and NaHCO3. It can be observed
from (Fig. 3(b)) that RB-5 dye removal efficiency of
resin 2 remain almost same in the presence of Na2SO4.

While its capacity decreases with the addition of other
electrolytes. The electrolytes affect in the order of
NaHCO3 <Na2CO3 <NaOH. It means Na2SO4

increases adsorption by increasing salting out itself
and due to common ion effect. The decline in dye
removal efficiency may be due to the disturbance of
pH of the solution by these electrolytes. Likewise, DB-
38 dye removal efficiency of resin 2 also increases by
the addition of NaOH and Na2SO4. This salting out as
well as common ion effect stimulates the adsorption
of DB-38 azo dye. On the other hand, NaHCO3 and
Na2CO3 decrease the efficiency of DB-38 azo dye
removal.

3.2.4. pH effects on azo dyes adsorption

pH is one of the most important variables affecting
factor that influences not only surface charges of
adsorbent but also dye solution chemistry, i.e. the
degree of ionization of dye molecule present in solu-
tion along with the dissociation of functional groups

at active sites of the adsorbent [62]. In this study,
influence of pH on adsorption behavior of the selected
azo dyes was investigated with different adsorbents
such as pure XAD-4 (1), (III), and resin 2 as repre-
sented in (Fig. 4(a)). Observations were carried out at
different pH (3,5,7,9, and 11) with a contact time of 1
h. The results indicate that the maximum adsorption
95% of RB-5 onto the resin 2 occur at pH 3. Thus
acidic pH was more favorable for adsorption of RB-5
onto resin 2. Contrary to this, RB-5 dye removal effi-
ciency of resin 2 reduced to 60% at basic pH, i.e. 11.
That means, by increasing the pH, adsorption of RB-5
azo dye decreased dramatically. Furthermore, at basic
pH, number of negatively charged sites increase and
number of positively charged sites decrease as well. A
negatively charged surface site of resin 2 does not
favor adsorption of dye anions due to electrostatic
repulsion. Moreover, adsorption efficiency of resin 2
over all was found greater than 1 and (III) may be
due to the greater surface area and appropriate projec-
tion of binding sites of calixarene moiety in resin 2.

As pH has a great contribution in separation
science, hence influence of the initial solution pH on
percent adsorption of DB-38 dye onto resin 2 revealed
in (Fig. 4(b)) which shows significant adsorption of
DB-38 azo dye occurs in a wide range of pH 3 to pH
11. As it has been noticed that adsorption of DB-38
azo dye increased continually with the rise of pH,
while DB-38 adsorbed maximally 91% at pH 11. At
acidic pH, positively charged H+ ions are present in
excess that competes with the dye cation for adsorp-
tion sites. Because at lower pH values due to electro-
static repulsion of positively charged surface sites of
resin 2 do not favor the adsorption of dye cations. On
the other hand, as the pH of the system increased,
(3–11) the number of positively charged available sites

Fig. 4(a). pH effect on the adsorption of RB-5 (50mg of
resin 2, 1 h of contact time, 0.2M of NaCl and 10mL of
dye concentration 2 × 10−5 M).

Fig. 3(b). Role of different electrolytes in the adsorption of
RB-5 and DB-38 azo dyes (50mg resin 2, 60min of contact
time and 10mL of dye concentration 2 × 10−5 M).
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decreases while the number of negatively charged
sites increases. In this phenomenon, negatively
charged sites of ester functionality at lower rim of the
calix[6]arene in resin 2 show binding ability toward
the sodium ions of DB-38 azo dye. The negatively
charged sites favor the adsorption of dye cation due
to electrostatic attraction with metal ion coordination
between resin 2 and dye molecule. This implies an
ion-pair extraction mechanism in which Na+ ions coor-
dinates with negatively charged oxygen atoms of ester
functional group, i.e. anionic sites resin 2. While rest
of the azo dye molecule inserts into the hydrophobic
calix[6]arene cavity of resin 2.

3.2.5. Optimum shaking time

The adsorption efficiency of resin 2 for selected
azo dyes as a function of shaking time was carried out
at different temperatures (293–313 K); as shown in
(Fig. 5). It has been found that adsorption capacity of
resin 2 increases with the rise of temperature and
shaking time. It indicates that the adsorption process
is temperature dependent. For RB-5, the equilibrium
was established within 5min at different temperatures
and only minor increment in percent adsorption was
observed up to 20min. While for DB-38 azo dye, 15
min were quite sufficient for equilibrium to be
obtained and slight enhancement was also noticed in
adsorption up to 30min. Thus, further experimental
work was carried out for 1 h of shaking time in order
to avoid any error.

3.2.6. Adsorption isotherms

Design and analysis of adsorption behavior
through isotherm models is the most significant piece
of information to understand surface chemistry.

Different parameters of these equilibrium models
demonstrate the interaction of adsorbate and adsor-
bent matrix. It often provides some insight into the
surface properties and affinity of adsorbent to adsor-
bate and help to identify adsorption mechanism. In
the present work, the adsorption efficiency of resin 2
for selected azo dyes has been estimated by means of
three equilibrium models, i.e. Langmuir, Freundlich,
and Dubinin–Radushkevich (D–R) isotherm equations.

The adsorbate ions chemically adsorbed on the
predetermined number of well-defined sites. It sug-
gests monolayer adsorption on an energetically homo-
geneous surface without mutual interactions between
the adsorbate molecules [63]. The Langmuir isotherm
was tested to evaluate the adsorption behavior of
azo dyes onto resin 2; Eq. (1) is the linear form of
Langmuir isotherm as given below:

Ce

Cads

� �
¼ 1

Qb

� �
þ Ce

Q

� �
(1)

A plot of (Ce/Cads) vs. Ce exhibits a straight line with
slope of (1/Q) and intercept (1/Qb).

The essential factor in terms of a dimensionless
constant is a separation factor “RL” can be estimated
from the value of Langmuir constant b which
describes the type of isotherm and is defined by
applying Eq. (2).

RL ¼ 1

ð1þ b CiÞ (2)

The value of RL assess the favorability and unavoid-
ability of adsorption process which can be justify as
favorable (0 < RL < 1), unfavorable (RL > 1), and linear
(RL = 1).

Fig. 4(b). pH effect on the sorption of DB-38 (50mg of
resin 2, 1 h of contact time, 0.2M of NaCl and 10mL of
dye concentration 2 × 10−5M).

Fig. 5. Adsorption curves of RB-5 and DB-38 azo dyes onto
resin 2 as a function of shaking time at different tempera-
tures, i.e. 293–313 K.
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The comparison of correlation coefficients (R2) for
RB-5 and DB-38 indicates that the Langmuir adsorp-
tion model yields a better fit for the experimental data
of RB-5 as compared to DB-38. It proposes the mono-
layer coverage of RB-5 dye on the surface of resin 2.
The value of Q mmol/g and the Langmuir constant b
mol/L has been calculated which are also given in
Table 1.

The Freundlich isotherm model is in empirical
expression describing the dispersion of active sites
and their energies, characteristic of heterogeneous sur-
face and infinite surface coverage [64]. Eq. (3) is a lin-
ear form of this isotherm

ln Cads ¼ ln Aþ 1

n
ln Ce (3)

The values multilayer adsorption capacity A and 1/n
have been calculated from the intercept and slope of
graph by plotting ln Cads vs. ln Ce.

From the data correlation coefficients (R2) value of
RB-5 and DB-38 indicates that these dyes have exactly
same experimentally data for Freundlich adsorption
model. The constant values of 1/n and A was calcu-
lated and is given in Table 1 where values n suggests
the favorability of Freundlich isotherm model.

The D–R isotherm is a more general model which
helps to differentiate physico-chemical nature of
adsorption [65]. It assumes heterogeneity of energies
over the surface. The linear form of D–R equation is
represented as:

ln Cads ¼ ln Xm � be2 (4)

e ¼ RT ln 1þ 1

Ce

� �
(5)

where R is the gas constant in kJ/mol K and T is the
temperature in Kelvin.

The value of E can be calculated from the value of
constant b by applying of D–R isotherm model Eq. (6)
as follows

E ¼ 1ffiffiffiffiffiffiffiffiffi�2b
p (6)

where β is related to mean energy of adsorption and
described as free energy for the transfer of one mole
of dye molecule from infinity to the surface of resin 2.
A plot of ln Cads vs. ε2 gives a straight line. The satu-
ration limit Xm may represent total specific micropore
volume of the resin 2. Most importantly, magnitude of
E (free energy) plays a significant role in determining
the type of adsorption. If the value lies between 0 and
8 kJ/mol, it implies physiosorption. While value lies in
between 8 and 16 kJ/mol, the mode of adsorption can
be explained by ion exchange mechanism or chemi-
sorption. Hence, in this case, the value of E is deter-
mined as 9.449 kJ/mol for RB-5 and 10.885 kJ/mol for
DB-38. This illustrates that adsorption process of both
azo dyes onto resin 2 follow chemisorption mecha-
nism and explains the applicability of experimental
data for the D–R isotherm.

Moreover, on the basis of correlation coefficient
(R2), the adsorption process of these dyes by resin 2
described in Table 1. It has been noticed that the
order of favorability on the basis of R2 value for RB-5
and DB-38 is as: Langmuir (0.99) and (0.98),
Freundlich (0.98) and (0.98), D–R (0.99) and (0.99),
respectively. Therefore, each isotherm has specific
qualities to elucidate the potency of resin 2 for these
azo dyes adsorption. From these observations, it may
be concluded that higher adsorption capacity of resin
2 for RB-5 and DB-38 azo dyes is in good agreement
with Langmuir and D–R isotherm models which
specify the monolayer coverage of RB-5 and DB-38
azo dyes through ion-exchange mechanism onto
energetically homogeneous surface of resin 2.

3.2.7. Adsorption kinetics

In order to analysis the kinetics for adsorption of
RB-5 and DB-38 azo dyes onto resin 2, the experimen-
tal data was employed to different kinetic equations
such as Lagergren pseudo-first-order, pseudo-second-
order equation [66,67] and diffusion models [68,69].

Table 1
Langmuir, Freundlich and D–R characteristic constants for RB-5 and DB-38 azo dyes

Azo dye
Langmuir Freundllich D–R

Q (mmol/g) b × 104L/mol RL R2 A (mol/g) n 1/n R2 E Xm R2

RB-5 1,485.66 0.60 0.99 0.99 856.84 1.68 0.59 0.98 9.44 0.01 0.99
DB-38 0.11 7.23 0.1–0.99 0.98 5,908.80 1.84 0.54 0.98 10.88 136.79 0.99
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The pseudo-first-order equation can be expressed
as,

ln ðqe � qtÞ ¼ ln qe � Kt (7)

Experimental data also evaluated by utilizing the
pseudo-second-order equation and is expressed as
follows:

dq dt ¼ K2ðqe � qtÞ2 (8)

For same boundary conditions the integrated form of
Eq. (8) becomes Eq. (9).

1

qt
¼ 1

k2q2e

� �
þ 1

qe

� �
t (9)

Kinetic parameters along with correlation coefficients
values of kinetic models are given in Table 2. It has
been considered that values of correlation coefficients
R2 of the pseudo-first-order kinetic model at various
temperatures, i.e. 293, 303, and 313 K for RB-5 and
DB-38 azo dyes onto resin 2 do not describe the
adsorption kinetics of this system. While in the case of
pseudo-second-order model correlation coefficients R2

values explains this adsorption behavior significantly
and these selected azo dyes follows pseudo-second-
order kinetic model. The pseudo-second-order kinetic
model is based on the assumption that the rate limit-
ing step may be chemical adsorption involving an
electrostatic interaction between adsorbent surface
functional groups and adsorbate molecules. Further-
more, pseudo-second-order kinetic model suggests
that adsorption phenomenon of selected azo dyes
is purely chemical in nature which is supported by
electrostatic interactions between resin 2 and dyes
molecules.

3.2.8. Adsorption mechanism

The pseudo-first and pseudo-second-order kinetic
models could not identify the diffusion mechanism
and the kinetic results were then analyzed by using
the diffusion models.

The Reichenberg equation was utilized to analyze
the adsorption of azo dyes RB-5 and DB-38 took place
through either film interaction or intrapartical diffu-
sion mechanism; the Reichenberg equation is given as
under:

Q ¼ 1� 6e� Bt=p2 (10)

Bt ¼ �0:4977� lnð1�QÞ (11)

The plot of Bt vs. time t follows the linearity. For
adsorption, straight line of this plot is employed to
differentiate between external transport (film diffu-
sion) and transport-controlled rates (intraparticle dif-
fusion). In case of both dyes, the results clearly
indicates that at different temperatures, all lines are
linear and do not pass through the origin which sug-
gests that adsorption of these azo dyes onto resin 2
took place via film diffusion which is a rate-limiting
process.

The kinetics of adsorption was also examined by
using Morris–Weber equation

qt ¼ Rd

ffiffi
t

p
(12)

where qt is the sorption concentration of azo dyes that
at time t and Rd is the rate constant of intraparticle
transport. The qt (mol/g) was plotted against √t.

From slope of the plot, values of rate constant of
intrapartical transport (Rd) were estimated for RB-5
azo dye as 0.622, 0.771, and 0.944mol/g/min with the
correlation coefficients 0.947, 0.959, and 0.969 and for

Table 2
Comparisons of pseudo-first-order and pseudo-second-order kinetic models

Pseudo-first-order kinetic model Pseudo-second-order kinetic model

K1 (1/min) qe (mol/g) R2 K1 (1/min) qe (mol/g) R2

RB-5 dye
20 0.11 2.36 0.81 3.44 × 10−11 9.46 × 10−2 0.99
30 0.84 1.99 0.42 4.21 × 10−12 8.95 × 10−5 1
40 1.54 1.36 0.22 5.03 × 10−11 9.15 × 10−5 1

DB-38 dye
20 891.34 95.23 0.48 7.96 × 10−5 3.41 × 10−13 0.99
30 703.83 85.47 0.43 5.33 × 10−5 8.33 × 10−5 0.99
40 539.32 75.18 0.44 6.10 × 10−5 8.57 × 10−5 0.99
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DB-38 found as 0.062, 0.064, 0.072mol/g/min with the
correlation coefficients 0.835, 0.745, and 0.755, respec-
tively from 293 to 313 K. However, linear plots in this
study also do not pass through the origin. This indi-
cates that for adsorption of selected azo dyes onto
resin 2 intraparticle diffusion is not only the rate limit-
ing step and some degree of boundary layer also con-
trols the process.

3.3. Thermodynamics of adsorption

The thermodynamic parameters including change
in the enthalpy (ΔH), entropy (ΔS), and Gibbs free
energy (ΔG) are the actual indicators for practical
application of a process which can explain the adsorp-
tion mechanism [70]. Thus, the effect of temperature
on adsorption of RB-5 and DB-38 azo dyes onto resin
2 was explored at different temperatures (i.e. 298, 308,
and 318 ± 1 K). It has been found that adsorption
capacity (qe) also increases with increase in tempera-
ture. The plot of ln Kc vs. 1/t gives a straight line with
correlation coefficients of (R2) 0.99 for RB-5 and DB-38
dyes as shown in (Fig. 6).

The thermo dynamic parameters ΔH, ΔS, and ΔG
were calculated from the slope and intercept of the
linear plot of ln (qe/Ce) vs. 1/t by using the following
Eqs. (13 and 14).

ln Kc ¼ �DH
RT

þ DS
R

(13)

DG ¼ �RT ln Kc (14)

From Fig. 5, it has been concluded that the percent
adsorption increases rapidly with increasing the tem-
perature from at 293, 303, and 313 K. The increase in
adsorption capacity of resin 2 was attributed to the
enlargement of pore size and activation of the resin 2
surface with temperature. Besides, this rise in temper-
ature increases the mobility of large dye ions and

reduces the swelling effect, thus, enabling the large
dye molecule to penetrate further [71]. The numerical
values of ΔH and ΔS were and ΔG was determined
from Eqs. (13) and (14). These values obtained are
listed in Table 3. The ΔG value is negative as
expected for a spontaneous process under the applied
conditions confirms that these azo dyes adsorbed
spontaneously onto the surface of resin 2.
Endothermic nature of adsorption can be analyzed
form positive value of ΔH. Values of ln Kc for both
dyes increases at different temperatures, i.e. for RB-5
(2.07, 2.58, and 2.97 and for DB-38 1.49, 1.80, 2.01 at
293, 303, and 313 K, respectively) with increase of
temperature showing that both azo dyes adsorbed
endothermally onto the surface of resin 2. It can be
suggested that the driving force for adsorption process
is an entropy effect and slightly positive value of
entropy (ΔS) implies the increased degree of freedom
at the solid/solution interface during the adsorption
of RB-5 and DB-38 dyes onto resin 2.

3.4. Field applications of resin 2

Dye removal efficiency of resin 2 was evaluated by
carrying out field study of real wastewater samples
containing azo dyes. Batch experiments were per-
formed with 50mg of resin and 10mL of real sample
containing these dyes. The mixture of resin 2 and
waste effluent was shaken at 160 rpm for 1 h at 30˚C.
The remaining concentration of azo dyes was deter-
mined before and after treatment of dyes wastewater
with resin 2 through spectrophotometerically at their
respective specific wavelengths, i.e. 597 and 592 nm.
The obtained results are summarized in Table 4.

From results, it is quite clear that lower concentra-
tion of azo dyes remained in waste effluents after the
treatment with resin 2. Besides this, resin 2 also
decreases the other important parameters like pH,
TDS, conductivity, and salinity of real water samples
as shown in Table 5. It has been concluded that resin
2 is an efficient adsorbent for the removal of selected
azo dyes which can be successfully employed for the
purification of aqueous environment.

3.5. Comparison of azo dyes adsorption with other
adsorbents

A comparative evaluation of adsorbent capacity
of resin 2 for the adsorption of RB-5 and DB-38 azo
dyes with various types of adsorbents reported in
literature was made. The maximum adsorption
capacity Q of resin 2 for RB-5 at pH 3 has been
evaluated as 1,485.66mmol/g while for DB-38 atFig. 6. Effect of temperature on the adsorption of RB-5 and

DB-38 azo dyes onto resin 2.
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pH 9 the adsorption capacity has been found as
1,125.36mmol/g. Adsorption capacity Q of Karbon
aktif (cangkang bijiketapang) [72] for DB-38 dye has
only 74.54mg/g adsorption capacity which is very
low as compared to the present work. Similarly,
adsorption capacities of different materials like zeo-
lite, sapiolite [73], biomass [74], nanospinel ZnCr2O4

[75] thermophilic cyanobacterium phormidium sp.
[76], mesoporous carbon [77], and Corynebacterium
glutamicum [78] for RB-5 is 60–600mg/g, but com-
paratively, resin 2 has very high Q value, i.e.
1,485.66mg/g. From the data, it has been concluded
that the adsorption capacity of resin 2 is relatively
high when compared with other reported adsorbent
materials. Therefore, it has been concluded that very
high adsorption capacity of resin 2 is due to the
presence of calixarene moiety. This calix[6]arene
framework provides appropriate binding sites along
with greater surface area in resin 2.

4. Conclusion

This study highlighted the main features of syn-
thesis and application of newly synthesized resin 2
for adsorption of selected azo dyes RB-5 and DB-38
from aqueous media. Resin 2 was characterized by
basic as well as advanced instrumental techniques.
Batch mode was used to optimize some experimental
parameters, i.e. pH, adsorbent dose, contact time,
and temperature. Adsorption of both selected azo
dyes is pH dependent. The equilibrium, kinetic, and
thermodynamic studies were also carried out to
understand the adsorption process. Isotherm models
validation suggests that both azo dyes RB-5 and DB-
38 tend to follow Langmuir and D–R isotherm
models as compared to the Freundlich isotherm.
Kinetic studies for both dyes can be best explained
by pseudo-second-order model. Thermal studies clar-
ify that adsorption process is endothermic as well as
spontaneous in nature. Noticeable high adsorption

Table 3
Thermodynamic parameters for adsorption of RB-5 and DB-38 azo dyes onto resin 2

Azo dye ΔH (kJ/mol) ΔS (kJ/mol K)
ΔG (kJ/mol)

293 K 303 K 313 K

RB-5 0.0384 0.135 −7.74 −6.50 −5.05
ln Kc = 2.07 ln Kc = 2.58 ln Kc = 2.97

DB-38 0.019 0.080 −5.24 −4.55 −3.64
ln Kc = 1.49 ln Kc = 1.80 ln Kc = 2.01

Table 4
Azo dyes concentration in waste water samples before and after treatment with resin 2

S. No Conc. before treatment Conc. after treatment % Removal

1 1.40 × 10−4 5.01 × 10−5 76.11
2 3.70 × 10−5 9.50 × 10−6 69.32
3 2.90 × 10−5 1.30 × 10−5 49.64
4 3.20 × 10−5 9.00 × 10−6 71.12

Table 5
Comparison of pH, TDS, conductivity, and salinity of waste water samples by using resin 2

S. No
Before treatment After treatment

pH TDS (mg/L) Conductivity (µS/cm) Salinity pH TDS (mg/L) Conductivity (µS/cm) Salinity

1 9.2 437 1,663.5 2.1 7.4 230 362.5 0
2 9.5 261 1,800 0.5 8.8 53 527 0
3 10.5 136 1,445 0.9 7.3 52.6 625 0.2
4 9.7 178.5 1,121 3.0 7.1 25 320 0.4
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capacity of resin 2 in comparison to other materials
made it a promising and competent adsorbent for
dyes removal from aqueous media. Moreover, the
field studies also support the resin 2 as an effective
adsorbent for the elimination of azo dyes. Addition-
ally, it also reduces other water quality parameters
like pH, TDS, conductivity, and salinity near to the
drinking water. Hence, results of this study reveals
that resin 2 has high removal capacity to adsorb
RB-5 and DB-38 azo dyes from the wastewater. This
highly recommends that resin 2 can be efficiently
used for the purification of aqueous environment.
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