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Abstract

The pollution of surface and drinking water with dyes is one growing problem. The present
manuscript explains the application of a macroporous polystyrene resin called Amberlyst
A21, as a new effective adsorbent in the removal of Remazol Brilliant Blue R dye from
aqueous solutions. The Remazol Brilliant Blue R adsorption on the Amberlyst A21 was
characterized based on various parameters such as solution pH, initial dye concentration,
contact time and adsorbent dosage. The best adsorption conditions were: solution pH 2,
contact time 150 min, Amberlyst A21 dosage of 1.0 g/L at 25 °C. The morphology of
Amberlyst A21 was analyzed by FTIR and SEM techniques. Amberlyst A21 exhibited
enhanced Remazol Brilliant Blue R removal behavior with maximum adsorption capacity
0f 208.33 mg/g based on the Langmuir isotherm model, which was higher than those of
other previously reported adsorbents. Kinetic investigations showed that a pseudo-first
order model was more suitable than the pseudo-second order model. The results indicate
that Amberlyst A21, as an adsorbent, has great potential especially in the area of dye
removal.
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Article Highlights

» Amberlyst A21 is a promising adsorbent for dye removal from wastewater.

» Adsorption capacity of Amberlyst A21 for Remazol Brilliant Blue R was high compared to other
adsorbent materials.

» Langmuir monolayer capacity of Amberlyst A21 was calculated as 208.33 mg/g.
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1 Introduction

Nowadays, different pollutants such as pesticides, dyes, heavy metals, and pharmaceuticals
have contaminated the water resources due to agricultural applications, industrialization and
rapid population growth (Vakili et al. 2019). Dyes are extensively used as a colorant in textile,
plastic, leather, paper, rubber, printing, cosmetics, and food industries. Dyes are well-known
water pollutants, which gives non-aesthetic or repelling look, and also various health problems
for humans, animals and aquatic life (Suganya et al. 2017). Effluents with dye presence even at
small concentrations (<1 mg/L) is highly discernible and recalcitrant (Jothirani et al. 2016).
The large-scale production and widespread use of these dyes can cause serious environmental
problems, making it an important public concern (Malik and Grohmann 2012). Thus, the
effective removal of the dye Remazol Brilliant Blue R from water sources is highly desirable
for environmental security and public health. Various physical, chemical and biological
techniques, including adsorption (Senthamarai et al. 2013; Youcef et al. 2019; Giil and Silah
2014; Tharaneedhar et al. 2017), flocculation (Guo et al. 2019), ozonation (Hassani et al.
2019), advanced oxidation (Navarro et al. 2019), membrane filtration (Liu et al. 2018), ion-
exchange (Wawrzkiewicz et al. 2018), photocatalytic degradation (Abdelrahman et al. 2019),
and biosorption (Canizo et al. 2019) have been used for the treatment of dye containing water.
Among these wastewater treatment methods, adsorption is attractive and considered to be
promising because of its easy operation and lack of secondary pollution (Cui et al. 2019).
Recently, the adsorption method has become more popular for wastewater treatment because
of its efficiency in the removal of a wide range of pollutants that are stable to biological
methods (Pavithra et al. 2019; Kyzas and Kostoglu 2014).

Anthraquinone dyes, which contain anthraquinone chromophore groups in the molecular
structure, are mostly used within the textile industry. These dyes have complex and stable
structures and are resistant to degradation (Li et al. 2019). The anthraquinone dye, Remazol
Brilliant Blue R (RBBR), is one synthetic dye that is widely used in the textile industry and
applied to fabric such as wool, nylon, and silk to ensure a wide range of colorfast and brilliant
colors hues (Table 1). RBBR is further used in other dyeing processes such as paper and
leather (Rahmat et al. 2016). The presence of dyes in water, especially azo and anthraquinones,
causes serious risks for the environmental media and human health (Simoes et al. 2019).

Anion exchange Amberlyst A21 is a weak macroporous polystyrene resin, with an
exchange capacity of 1.25 eq. L™! and tertiary amines —NR; representing more than 85% of
the functional groups (Dupoiron et al. 2018; Guimardes and Ledo 2014). In the recent years,

Table 1 Properties of Remazol Brilliant Blue R

Molecular formula Chemical Molecular CAS No. | Amax
structure weight (g/mol) (nm)
CyHi6N2Nay 01183 0 NH O 626.54 2580-78-1 590
P )-‘\,,\\ ,‘SfONa
\
\\\\/\ \\(J\/ 0 .
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there is an increasing interest in applying Amberlyst 21 as an adsorbent due to its specific
physical and chemical structure as well as its highly selective properties. Amberlyst A21 resin
has been used for the removal and recovery of various pollutants such as chromium (VI)
(Karekar and Divekar 2017), palladium (II) (Hubicki and Wolowicz 2009; Nagireddi et al.
2018), zinc (Machado et al. 2015), sulphate (Guimaraes and Ledo 2014), CoCl, (Dunnewijk
et al. 2006) acetic acid (Han et al. 2006; Sar1 and Ozmen 2018; Chen et al. 2017), phenol
(Chen et al. 2017), butyric and oxalic acids (Sart and Ozmen 2018).

To the best of our knowledge, there are not many reports on using Amberlyst A21
adsorbent for removal of dyes. The main objectives of this manuscript were to evaluate
the adsorption potential of a macroporous polystyrene resin called Amberlyst A21
surface for removal of RBBR from aqueous solutions and to investigate the adsorption
isotherms and kinetics of RBBR. The morphology of Amberlyst A21 was analyzed by
Fourier transform infrared spectroscopy (FTIR) and Scanning Electron Microscopy
(SEM) techniques. The adsorption parameters for RBBR which affect dye removal,
including solution pH, contact time, adsorbent dosage and initial concentration of RBBR,
were investigated thoroughly. The adsorption mechanism of RBBR onto Amberlyst A21
adsorbent was determined by applying the Langmuir, Freundlich and Temkin isotherm
models. Besides, the adsorption of RBBR was investigated kinetically to determine the
adsorption rate in order to define the adsorption behavior.

2 Experimental
2.1 Materials

Amberlyst A21 (216410 CAS 9049-93-8) was supplied from Sigma-Aldrich (Germany) as an
adsorbent. RBBR dye used as an adsorbate was also supplied by Sigma-Aldrich. Sodium
hydroxide (NaOH) and hydrochloric acid (HCl) were purchased from Merck, Germany. All
chemicals were used in analytical grade. Deionized water was used throughout the experiment.

2.2 Characterization of Amberlyst A21

The morphology of the Amberlyst A21 was investigated by using Scanning Electron Micros-
copy (SEM, Zeiss Supra 40 V). Before analysis, Amberlyst A21 was fixed on stubs by carbon
tape and then coated with an Au/Pd layer. Additionally, Amberlyst A21 was characterized by
FTIR. The FTIR of the Amberlyst A21 was conducted before and after adsorption of RBBR in
the range 400-4000 cm™! with resolution of 4 cm™ using an FTIR spectrometer (Perkin Elmer,
Spectrum 100 model). The samples were analyzed with ATR technique.

2.3 Batch Adsorption Characteristics of RBBR

A Remazol Brilliant Blue R stock solution of 1000 ppm was prepared by dissolving 1.0 g of
RBBR dye in 1000 mL of deionized water. The desired pH value of solution was adjusted
using hydrochloric acid (0.1 M) and sodium hydroxide (0.1 M). The adsorption experiments
were conducted in batch to determine the optimal conditions for adsorption processes of
RBBR on Amberlyst A21; solution pH (2.0-10.0), contact time (5—180 min), adsorbent
dosage (0.25-2.00 g/L), and initial RBBR concentrations (50-250 ppm). For batch adsorption
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experiments, a certain amount of Amberlyst A21 was added to 50 mL aqueous dye solutions
of required initial RBBR concentration in Erlenmeyer flasks.

A T80 Model UV/VIS Spectrophotometer (PG Instruments) was used for determination of
the concentration of RBBR in aqueous solutions. Value of A, for RBBR was taken as
590 nm. The amount of RBBR adsorbed on unit weight of Amberlyst A21 g, (mg/g) was
calculated by using the following equation:

(CO_Ce)
g ==y (1)
where C, (ppm) and C, (ppm) represent the initial and the equilibrium concentrations of
RBBR dye, respectively, and V (L) is the volume of dye solution and m (g) is the mass of
Amberlyst A21. Also, removal (%) of RBBR was calculated using the following equation:
(CO_CL’)

Removal (%) = Y 100 (2)

For the measurement of the regeneration capacity of the Amberlyst A21, RBBR loaded
materials were separated by centrifugation. RBBR loaded resin samples were washed in
several cycles using deionized water. Thereafter, specific quantities of resins were kept in
Erlenmayer flasks and a specific quantity of eluent volume (50 mL) was added and the
mixture was subjected to mechanical shaking (100 rpm) at room temperature. Eventually,
the final RBBR concentration was measured for the determination of desorption-based
RBBR recovery.

2.4 Adsorption Isotherm and Kinetics Models

Isotherm and kinetics models of adsorption studies are of great importance to define the mode
of adsorption process. In the present study, three isotherm models, i.e., Langmuir, Freundlich
and Temkin, were used to investigate the equilibrium data of RBBR adsorption on the
Amberlyst A21. Also, several kinetics models such as the pseudo-first order and pseudo-
second order kinetic models were studied in detail.

3 Results and Discussion
3.1 Characterization of Amberlyst A21

The adsorption capacity of any adsorbent primarily depends on the adsorbent morphology
such as the porosity and the functional groups available on adsorbent surface (Kumar et al.
2014a, b). Fourier transform infrared spectrophotometer (FTIR) was used to identify the
different functional groups present on the Amberlyst A21. The FTIR of the Amberlyst A21
was taken before and after adsorption of RBBR. Figure 1 shows that the FTIR spectra of
Amberlyst A21 and RBBR loaded Amberlyst A21.

As shown in Fig. 1, presence of C-H stretching vibrations of alkane was confirmed by its
bending vibration peaks in the range of 3000-2850 cm™' (at 2935 and 2857 cm™!) for free
Amberlyst A21 resin. Moreover, the band at 1362 cm™! is an indication of the presence of C-N
stretching vibration of amine. There are also bands characterizing aromatic stretching
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Fig. 1 FTIR spectra of free Amberlyst A21 and RBBR loaded Amberlyst A21

vibrations of C=C and = C-H bending vibrations of alkene assigned at 16001400 and 1000—
675 em™!, respectively (Nagireddi et al. 2018). Meaningful shifts in the spectral peaks were
observed when comparing the spectrum of Amberlyst A21 before and after RBBR adsorption.
Noticeable new peaks were seen such as at 1573 cm™L. These shifts occur due to the binding of
RBBR ions with functional groups of Amberlyst A21 surface. Thus, changing of wavenumber
of peaks confirms the adsorption of RBBR on the surface of Amberlyst A21.

SEM images of fresh and RBBR loaded Amberlyst A21 are presented in Fig. 2. Figure 2a
shows the SEM image of pure Amberlyst A21, where some porous structure is seen on the
surface of Amberlyst A21. In Fig. 2b, the RBBR adsorbed by the adsorbent surface can be
clearly visible. After the dye adsorption, surface of Amberlyst A21 appears smoother. The
results observed from the SEM analysis identified that Amberlyst A21 has an appropriate
morphology for RBBR dye adsorption.

3.2 Effect of Solution pH and Contact Time

The adsorption of organic species and metals is significantly affected by the solution pH,
because pH determines properties of adsorbent and adsorbate molecules such as the surface
charge of the adsorbent and ionization degree of the adsorbate molecule. Therefore, the effect
of solution pH on RBBR adsorption onto Amberlyst A21 was studied in the pH range from 2.0
to 10.0. Figure 3a indicates that the adsorption efficiency of RBBR dye by Amberlyst A21

Fig. 2 SEM images of (a) fresh Amberlyst A21, and b RBBR loaded Amberlyst A21 resin
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Fig. 3 Effect of (a) solution pH, b adsorbent dosage, ¢ contact time, and d initial dye concentration on the
removal percent of RBBR dye using by Amberlyst A21 adsorbent

decreased as solution pH increased, and at pH 2 Amberlyst A21 adsorbent had the highest
removal rate at 89.23% for 100 ppm initial RBBR concentration.

It can be seen that the removal of RBBR on to the surface of Amberlyst A21 adsorbent is
dependent on solution pH, which is similar to previous results in the literature (Jiang et al.
2014; Saputra et al. 2017). In the presence of H*, the primary amino groups existing on the
Amberlyst A21 adsorbent become protonated, as seen as Fig. 4 (Nagireddi et al. 2018; Saputra
et al. 2017). Simultaneously, the RBBR is dissolved in an aqueous solution after which its
contained sulfonate groups (Dye-SOs;Na) become dissociated and converted into anionic dye

H H
c—cC C—C

pH<7

+H;0" —> NH@
CH,
H H2 H H2
c—cC -c—cC + —S0;
rcm rcH3 Y
l\t@ + Dye—SO3 — = NH® ~
CHs kCH3

Fig. 4 Adsorption mechanism of RBBR on to the Amberlyst A21 surface
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ions (Dye-SO;37). In this situation, strong electrostatic interaction exists between the cationic
Amberlyst A21 adsorbent and anionic RBBR dye ions (Jiang et al. 2014). When the pH of the
solution changed from 2 to 6, the adsorption efficiency significantly decreased from 89.23% to
37.75%. The reduction in the adsorption of dye at pH greater than 2 can be attributed to the
decrease of the positively charged sites on the surface of the Amberlyst A21 at alkaline
medium. Moreover, the competitions for adsorption on active sites of Amberlyst A21 occurred
between anionic RBBR dye ions and hydroxyl ions with increasing pH of solution. It is seen
that this experimental data is consistent with the literature (Guimardes and Ledo 2014).
Electrostatic attraction between the charged surface and charged dye molecule may be
considered as the principal adsorption mechanism.

The other important factor of adsorption experiments that strongly effects the
removal of dyes is the contact time (Fig. 3c). Effects of contact time on RBBR
adsorption by Amberlyst A21 was evaluated from 5 to 180 min at 100 ppm initial
dye concentration with a fixed Amberlyst A21 dosage (1.0 g/L) at pH 2.0. When the
contact time increased from 5 to 60 min, the adsorption percent of RBBR increased
from 11.10 to 60.39%, and the adsorption reached equilibrium at about 150 min with
89.23% of removal efficiency. The experimental results showed that the adsorption
percent values of RBBR did not change much in contact times after 150 min. This
observation may be explained by the presence of more than enough adsorption
binding sites on the surface of Amberlyst A21 that simplifies rapid attachment of
RBBR ions on Amberlyst A21 surface and penetration in the Amberlyst A21 pores in
short time (Yusuff 2019). Thus, an optimal contact time of 150 min was selected for
further adsorption studies of RBBR.

3.3 Effect of Adsorbent Dosage

Adsorbent amount is one of the main experimental parameters to determine the capacity uptake of
dyes by adsorbents. The effect of adsorbent amount on the uptake of RBBR dye was studied in the
range from 0.25 to 2.00 g/L while keeping the other experimental conditions constant. It was seen
that the removal percent of 100 ppm RBBR ions increased from 28.76 to 99.80% with the
increase in Amberlyst dosage from 0.25 to 2.00 g/L.. The result is similar with previous studies and
this can be attributed to the increase of the number of active binding sites and surface area of the
adsorbent with the increase of the amount of the adsorbent (Kumar et al. 20144, b; Sathishkumar
etal. 2012). As shown in Fig. 3b, further increase in Amberlyst A21 dosage after 1.50 g/L did not
cause significant improvement in removal efficiency. This may be due to the binding of RBBR
ions to the adsorbent and the establishment of equilibrium between the RBBR ions bound to the
sorbent and those remaining unadsorbed by Amberlyst A21 in the aqueous solution. For
adsorption of RBBR on Amberlyst A21, the adsorbent dosage was chosen as 1.0 g/L with the
percent removal of 89.23% at 100 ppm initial dye concentration.

3.4 Effect of the Initial RBBR Concentration

The initial concentrations of dyes in the solution significantly effects dye adsorption. The
affect of the initial RBBR concentration on the removal performance of Amberlyst A21 was
studied in the concentration range from 50 to 250 ppm using a 1.00 g/L. Amberlyst A21 dosage
at 25 °C. The percent adsorption decreased from 94.84% to 70.98% as the initial RBBR
concentration increased from 50 to 250 ppm (Fig. 3d). This may be due to saturation of the
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adsorption sites and increase in the number of RBBR ions competing for the available binding
sites on the Amberlyst A21 surface. Also, the equilibrium adsorption capacity for Amberlyst
A21 was increased from 47.54 to 177.45 mg/g as the RBBR concentration in the solution was
increased from 50 to 250 ppm. This phenomenon is due to an increase in the driving force of
the concentration gradient, as an increase in the initial dye concentration (Kumar and
Ramalingam 2013).

3.5 Adsorption Isotherm Study

Adsorption isotherm models are a description of the relationship between the adsorbate-
adsorbent interactions at given temperature under equilibrium conditions; these models help
the design of adsorption procedures (Ahmed et al. 2019; Kallel et al. 2016). To understand the
adsorption mechanism of RBBR from an aqueous solution by the Amberlyst A21, we studied
several adsorption isotherm models, and three, i.e., Langmuir, Freundlich and Temkin, were
used to define the most appropriate isotherm model for the adsorption of RBBR onto
Amberlyst A21. The Langmuir isotherm model is one of the most extensively applied models
in adsorption studies to describe the adsorption of an adsorbate onto solid adsorbent surface.
This isotherm model assumes that adsorption is limited to one monolayer, the energy of
sorption is equal for all binding sites, and the adsorption of adsorbate ions is a process
occurring on a homogenous adsorbent surface without any interplay between adsorbed ions
(Can et al. 2016). Also, the maximum adsorption capacity (qm.) Of adsorbents can be
investigated using by the Langmuir adsorption isotherms. The Langmuir isotherm equation
can be expressed as follows (Langmuir 1918):

c, G, 1
c=— (3)
e Dmax  Gmax Kr

Freundlich isotherm model is applied to heterogeneous adsorbent surface where the active
binding sites are nonequivalent and multiple adsorptive layers occur on interaction between
adsorbate molecules (Siddiqui et al. 2019). The equation of Freundlich isotherm model is as
follows (Freundlich 1906):

1
Ing, = nKp +—1InC, (4)
nr

The Temkin isotherm model was widely used to decide the free energy of adsorption as a
function of adsorbent surface coverage assuming a uniform distribution of the binding energy
and the heat of the adsorption of all adsorbate molecules in the layer decreases linearly rather
than logarithmically with the surface of adsorbent coverage due to adsorbate-adsorbent
interactions (Jasni et al. 2017). The Temkin isotherm model is given as follows:

q, =AInKr + A InC, (5)

In the above equations, g is the maximum adsorption capacity (mg/g), q. is the adsorption
capacity (mg/g), Ky is the Langmuir constant (L/mg), Ky is the Freundlich constant and n is a
parameter related to adsorbate-adsorbent affinity, Kt is the Temkin isotherm equilibrium
binding constant, A is the constant related to heat of adsorption.
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Fig. 5 Isotherm models of (a) Langmuir, b Freundlich, and ¢ Temkin for the adsorption of RBBR on Amberlyst
A21

Equilibrium isotherm graphs and parameters for RBBR dye were obtained at pH 2.0 and
25 °C (Fig. 5). The Langmuir, Freundlich and Temkin adsorption parameters calculated for
RBBR are presented in Table 2.

The data showed that the RBBR adsorption process was well defined by the Langmuir
adsorption isotherm model, and better than the Freundlich and Temkin adsorption isotherm
models, based on the higher determination coefficient (R2) values obtained for the Langmuir
model (0.9954 compared to 0.9852 and 0.9836, respectively). So, the adsorption isotherm of
RBBR onto Amberlyst A21 fits better the Langmuir isotherm model. The result shows that
adsorption of RBBR on Amberlyst A21 occurs on a homogenous surface by monolayer
coverage (Janaki et al. 2012). Also, the Langmuir isotherm model was used to estimate the
maximum adsorption capacity (qmax) corresponding to complete monolayer coverage on the
Amberlyst A21 surface. ., determined from the Langmuir isotherm defines the total capacity
of the Amberlyst A21 for the RBBR as 208.33 mg/g. This value was also comparable to the
adsorption capacities of some other adsorbent materials for RBBR (Table 3). Amberlyst A21
showed a higher adsorption capacity compared to the amino functionalized organosilane,
mesoporous active carbon, and magnetite nanoparticles. The easier preparation conditions
and relatively high adsorption capacity suggest that Amberlyst A21 is a potential adsorbent
material for dye removal from aqueous solutions.

Table 2 Isotherm parameters of Langmuir, Freundlich and Temkin models for RBBR adsorption on Amberlyst
A21

Langmuir Equation R? Qmax K
% =0.0048 C.+0.0576 0.9954 208.33 0.083
Freundlich Equation R2 I/n ng Kg
Inge = 0.3968 InC.+3.5284 0.9852 0.3968 2.52 34.07
Temkin Equation R? A Kr
qe =39.668 InC.+2.5286 0.9836 23.14 1.61
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Table 3 Comparison of maximum dye adsorption capacities for RBBR by several adsorbents

Adsorbent Omax (Mg/g) References

Amino functionalized organosilane 21.30 Saputra et al. (2017)

Mesoporous activated carbon 33.47 Silva et al. (2016)

Magnetite nanoparticles 74.40 Khoshhesab and Modaresnia (2019)
Biochar derived from 85.30 Vijayaraghavan and Ashokkumar (2019)
Turbinaria conoides

Amberlyst A21 208.33 This study
Poly[2-hydroxy-3-(1-naphthyloxy)propyl|methacrylate 238.10 Torgut et al. (2017)

ZnO powder 345.00 Ada et al. (2009)

According to the Freundlich isotherm model, the significance of the ng value is as follows:
ng < 1 means that adsorption is a chemical process, np = 1 means that adsorption is linear, and
ng> 1 means that adsorption is a physical process (Kumar et al. 2014a, b). The obtained ng
value for the RBBR-Amberlyst A21 system was 2.52. This confirms that the adsorption of
RBBR dye on Amberlyst A21 is a physical process.

An important characteristic of the Langmuir isotherm model concerns the separation factor
(Rp) which is a dimensionless parameter specifying the adsorption phenomenon. It can be
calculated from the following equation:

1

R ——
L7175k, ¢,

(6)

where K| is a Langmuir isotherm constant and Cy is the initial RBBR concentration. The value
of Ry provides an indication on if the adsorption phenomenon is favorable (0 <Ry <1),
unfavorable (R > 1), linear (R = 1) or irreversible (R; =0). In this regard, the dimensionless
parameters were calculated for the adsorption of RBBR on Amberlyst A21 in the range 0.057—
0.194 for dye, suggesting that the adsorption process is favorable (Satilmig and Uyar 2018) and
Amberlyst A21 can be used for RBBR removal.

The Temkin isotherm model defines the interactions between adsorbent and adsorbate
assuming that the free energy sorption is a function of the surface coverage. The obtained
values (Table 2) for Temkin isotherm model confirm the strong interaction between the
reactive functional groups on the Amberlyst A21 surface and RBBR ions.

(a) (b)
2 ee 2
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Fig. 6 Kinetic models of (a) pseudo first-order and b pseudo second-order for the adsorption of RBBR
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Table 4 Kinetic parameters for the adsorption of RBBR onto Amberlyst A21

Pseudo first-order kinetic Pseudo second-order kinetic
model model
Initial concentration  ge,y, qecal k; (min!) R2 qecal k; (gmg  R2
(ppm) (mg/g)  (mg/g) (mg/g)  dak)
Amberlyst 80 69.04 63.59 223x10* 09810 8621 2.96x10* 0.9871
A21 100 87.45 85.17 1.98x10* 0.9918 114.94 1.66x10* 0.9881
150 128.54  138.04 2.49x10* 09645 16420 1.40x10* 0.9825

3.6 Adsorption Kinetics

To determine the maximum adsorption capacity of adsorbents, two types of kinetics models
are widely used and compared, namely the pseudo first-order and pseudo second-order kinetic
model. The equations of these kinetics models are respectively given as follows (Ho and
Mckay 1999):

k
log(q,=q) = 533t + loga (7)
t 1 1
— = _ 8
% koqg Qe )

where g, and q; are the amount of RBBR adsorbed onto Amberlyst A21 at equilibrium and any
t time (mg/g), and k; and k; are the rate constants of pseudo first-order and pseudo second-
order, respectively.

Kinetic graphs and data for adsorption of RBBR on Amberlyst A21 were obtained at
pH 2.0 and 25 °C (Fig. 6). Parameters of the pseudo first- and pseudo second-order kinetic
model calculated for RBBR are given in Table 4.

As shown in Table 4, experimental data of kinetic studies showed that the theoretical g,
value (ge,,;) from pseudo first-order kinetic model was more consistent with the experimental
qc value (ge.y,) than that calculated from the pseudo second-order kinetic model. Also, the
value of the determination coefficient R? acquired from the pseudo first-order kinetic model
was 0.9918 and higher than that from the other kinetic model. For these reasons, the kinetics of
adsorption of RBBR onto Amberlyst A21 is described better with the pseudo first-order kinetic
model well. The pseudo first-order model is the earliest developed equation that explains
reversible equilibrium between adsorbate and adsorbent. It also assumes that the rate in which
the sites become occupied is exactly equal to number of vacant sites (Awad et al. 2019).

3.7 Desorption Studies

Adsorption of RBBR was conducted at the optimal pH condition (pH = 2) and desorption was
conducted at 0.1 M NaOH and 0.1 M KOH. The RBBR desorption efficiency was found to be
61.3% and 60.0%, respectively. The significant amount of RBBR desorbed from the RBBR-
loaded Amberlyst A21 at 0.1 M NaOH and 0.1 M KOH can be helpful for recycling the spent
adsorbent.
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4 Conclusions

In this study, a macroporous polystyrene resin, Amberlyst A21, was used as an
adsorbent for the removal of Remazol Brilliant Blue R. Under optimal adsorption
conditions, i.e., solution pH 2.0, 150 min contact time at 25 °C, and adsorbent dosage
1.0 g/L, the maximum adsorption capacity was determined at 208.33 mg/g. The
adsorption isotherm studies showed that the adsorption of Remazol Brilliant Blue R
is described well by the Langmuir isotherm model. Also, calculated values of the Ry
showed that the adsorption of Remazol Brilliant Blue R onto Amberlyst A21 was
favorable. The kinetic analyses indicate that the adsorption of dye follows a pseudo
first-order kinetic model. Amberlyst A21 as a potential and good adsorbent is prom-
ising for removal of dyes from wastewater.
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