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ABSTRACT

Momordica charantia (bitter gourd) waste (BGW) as a low-cost adsorbent was successfully used to
remove malachite green (MG) dye from aqueous solution in batch adsorption experiment. BGW
was characterized by scanning electron microscopy and Fourier transform infrared spectroscopy.
Optimal experimental conditions were ascertained for contact time, medium pH and ionic strength.
Of the six models used, adsorption isotherm studies confirmed that the Sips model fitted well to the
experimental data. Maximum adsorption capacity (g, _ ) of BGW for MG dye based on the Langmuir
and Sips models was 96.4 and 240.0 mg g™, respectively. The BGW-MG kinetics fitted well to the
pseudo-second-order model. Adsorption of MG onto BGW was influenced, to some extent, by the
presence of salts (KCl, KNO, and NaCl). Studies showed that 0.1 mol dm™ NaOH was able to regen-
erate BGW and improve its adsorption capability to 95% dye removal at 1st cycle, and subsequently
maintaining its high adsorption ability throughout the five consecutive cycles.

Keywords: Momordica charantia (Bitter gourd) adsorbent; Adsorption isotherm; Cationic dye; Malachite
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1. Introduction

In the olden days, prior to the existence of manufactur-
ing industries, plants and animals were the sources of dyes
used for dying textiles. However, with man-made synthetic
dyes becoming more readily accessible, the use of these
synthetic dyes has outweighed the natural dyes. As a result
of growing population and booming industries, thousands of
tons of dye wastewater are being discharged to the environ-
ment annually [1]. Therefore, from the environmental stand
point, it is challenging to treat dye effluents because of their
synthetic origins and complex aromatic structures, which
are biologically non-degradable and many of these dyes are
detrimental and toxic to health.

* Corresponding author.

For wastewater treatment, adsorption technique has
become more popular among the industries as it has been
found to be superior to other techniques in terms of cost,
simple design, ease of operation and insensitivity to toxic
harmful substances [2]. As a result, numerous studies on
agricultural wastes [3-8], fruit wastes [9-13] and industrial
residues [14,15], and many others [16-21] have been tested
for the removal of dyes and heavy metals from aqueous
solutions. Despite many reported adsorbents, there is still
a continuous search for better, cheaper and more effective
low-cost adsorbents.

Malachite green (MG), whose structure is shown in Fig. 1, is
a cationic dye that belongs to the class of triphenylmethane
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Fig. 1. Structure of malachite green dye.

dyes. MG appears as blue-green color in aqueous solution
with a maximum absorbance at 618 nm. As it is widely used
by textile industries to dye cotton, paper, silk and wool,
the extensive usage of MG dye has been reported to cause
damage to the liver, spleen, kidney and heart [22,23]. Hence,
there is a need for it to be removed from wastewater as it
poses a threat to human health.

Momordica charantia, otherwise known as bitter gourd,
is very popular in Asia and South East Asia. In Brunei
Darussalam, the flesh is usually fried or cooked as a curry dish
while the center pith and seeds are being discarded as waste.
Very few studies based on bitter gourd as an adsorbent in the
treatment of wastewater were found. Main reports were on
the use of bitter gourd peroxidase for the treatment of water
contaminated with aromatic amines [24], phenols [25] and
also for the removal of anthracene [26], while the removal of
heavy metals from aqueous solutions was carried out using
the bitter gourd seed powder [27]. To date, there is only one
report on the use of bitter gourd waste (BGW) for the removal
of crystal violet dye [28].

In this study, the focus was on the use of BGW as the
adsorbent for the removal of MG dye from simulated aqueous
solution containing the dye. The adsorption characteristics of
BGW toward MG dye removal such as effects of pH, ionic
strength, shaking time, were investigated. Data obtained
from the batch adsorption studies were analyzed with vari-
ous adsorption isotherm and kinetic models. Spent BGW was
tested to see if BGW could be regenerated and reused. Such
information would, therefore, provide insight as to whether
BGW has the potential to be utilized as a low-cost adsorbent
in the real life treatment of wastewater.

2. Materials and methods
2.1. Sample preparation and chemical reagents

The BGW, consisting of the inedible seeds and pith, was
cleaned with distilled water and dried at 80°C in an oven
until a constant mass was reached. The dried BGW sample
was then blended and sieved to <355 um particle size using
laboratory metal sieves. Malachite green (MG) (molecular
formula C,,H,,CIN,, molecular weight 364.91 g mol™) was
purchased from Sigma-Aldrich (USA), and used without
further purification.

2.2. Adsorption studies

Optimization of parameters for contact time (0-240 min),
pH (3-8), effect of salt concentration (0-1 mol dm™
salt) and batch adsorption experiments for isotherm
(0-1,000 mg L™ MG) and kinetics (100 and 500 mg L™ MG)
were carried out following the methods as described by
Dabhri et al. [29] with slight modification. Agitation of the mix-
ture was performed using the Stuart Scientific Flask Shaker
SF1 (UK) with speed of 250 rpm at room temperature. All
experiments were carried out in duplicate with the mixture of
adsorbent-MG solution in ratio 1:500 (weight:volume), unless
otherwise stated, and the average data are presented. The
absorbance of MG dye was recorded at wavelength of 618 nm
using the Shimadzu UV-1601PC spectrophotometer (Japan).
The determination of the concentration of MG in each solu-
tion before and after adsorption experiments was performed
with the aid of a properly constructed calibration curve of at
least five standard MG solutions whose linear dynamic range
included the concentration of MG to be determined.

2.3. Regeneration studies

Regeneration of the adsorption capacity of BGW was
studied according to the procedure as described by Chieng
et al. [30] using three different washing solutions (distilled
water, 0.1 mol dm HNO, and 0.1 mol dm™ NaOH). Briefly,
the adsorbent (1.0 g) was treated with 100 mg L MG and the
mixture was shaken at its optimum shaking time. After the
shaking process, the mixture was filtered, the spent adsor-
bent was collected and dried in an oven as preparation to
study the ability of BGW in adsorbing MG for several cycles.
The dried dye loaded sample was divided into four fractions
and three of them were treated by using the stated washing
solutions. The mixture of the spent sample and the washing
solution was shaken for 1.5 h, filtered and washed further
by using distilled water until the color of the filtrates dis-
appeared. The washed adsorbents were thereafter placed
back in an oven. A fraction of the spent adsorbents was kept
untouched to be used as a control for the next adsorption
process. Another cycle of adsorption for the four fractions of
the spent adsorbent was then continued and the regeneration
studies were carried for five consecutive cycles.

2.4. Characterization of adsorbent

The Tescan Vega XMU (Czech Republic) scanning
electron microscope was used for surface morphological
analysis of BGW and dye-treated adsorbent (samples were
prior coated with gold). Three different samples (original
adsorbent, the dye-treated adsorbent and dye solid) were
analyzed by Fourier transform infrared (FTIR) spectroscopy
to determine the presence of functional groups.

3. Results and discussion

3.1. Optimization of parameters for contact time, medium pH and
effect of salt concentration

The adsorption of MG was studied as a function of con-
tact time in order to determine the time required for the
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BGW-MG system to reach equilibrium. Rapid adsorption of
MG occurred within the first half an hour (Fig. 2), which is
most likely due to the fact that initially all the sites on the
adsorbent’s surface were vacant and the solute concentration
gradient was high. Over time, these active sites are gradu-
ally being filled, thereby resulting in the slowing down of the
adsorption process of MG until an equilibrium is eventually
reached. According to Fig. 2, it is clear that 3 h of shak-
ing were sufficient to ensure complete equilibrium of the
BGW-MG system.

The pH factor is very crucial in dye adsorption studies,
where it affects both the degree of ionization of the dye and
the surface properties of the adsorbent [31]. As a result,
the ability of an adsorbent to adsorb dye would vary with
the pH of the medium. BGW showed a 37.8% dye removal
at the untreated pH (3.6) of 100 mg L™ MG dye (Fig. 3). The
adsorption capacity of BGW increased with increase in solu-
tion pH and the maximum adsorption for MG was observed
at pH 8, as depicted in Fig. 3. At high OH~ions concentration,
deprotonation of the surface functional groups can take place
causing the adsorbent’s surface to be more negatively charged
when the solution pH increases. Therefore, electrostatic
interaction between negatively charged adsorbent’s surface
and cationic MG molecules could account for the observed
increase in adsorption. Furthermore, when the solution pH is
above the zero point of charge (pH,, = 5.5) [28], the negative
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Fig. 2. Contact time required for the BGW-MG system to
reach equilibrium (mass of BGW = 0.050 g; volume of MG
solution = 25.0 mL; concentration of MG = 100 mg L7).
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Fig. 3. Adsorption of MG onto BGW in different medium pH
(mass of BGW = 0.050 g; volume of MG solution = 25 mL;
concentration of MG =100 mg L.
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charge density on the surface of BGW increases favoring the
adsorption of the cationic dye.

Dabhri et al [8] reported that at extreme pH (2 and 10),
the adsorption intensity of MG was greatly affected. Hence,
the study range was limited to pH between 3 and 8 and no
pH adjustment was made as to avoid error resulted from the
reduction of intensity by the change of pH.

Wastewater effluent commonly contains higher salt
concentration which makes it necessary to study the effects
of ionic strength on the adsorption of dye. The salts, NaCl,
KCI and KNO,, were chosen as the understudied salts and
the adsorption of MG was investigated at different salt con-
centrations ranging from 0 to 1 mol dm™. It was observed
(Fig. 4) that of the three salts, NaCl showed the greatest
reduction whereby the adsorption capacity decreased to
~13% and eventually reached a constant value with increased
concentration of NaCl in the medium. This can be due to the
presence of Na' ions which competes with the MG cationic
dye for the sites available for adsorption. Unlike NaCl, both
KCl and KNO, initially showed a decrease in adsorbing
efficiency, after which the removal of MG was increased as
the concentration of salts increased in the dye solution. The
observed increase in the adsorption of MG dye could be due
to the presence of anions from the salts causing electrostatic
repulsion [32]. Similar behavior was also reported for the
removal of crystal violet dye with BGW [28].

3.2. Adsorption isotherm

Investigation of the adsorption ability of BGW toward
MG dye was carried out by batch adsorption isotherm
studies. The results were further evaluated by fitting the
experimental data obtained to five different adsorption
isotherm models namely Langmuir [33], Freundlich [34],
Temkin [35], Sips [36] and Redlich-Peterson (R-P) [37] mod-
els (Table 1) in order to determine the best fit isotherm model
for the removal of dye by the BGW.

Briefly, the Langmuir isotherm model is valid for
monolayer adsorption onto a homogenous surface while the
Freundlich model is suitable for the adsorption on heteroge-
neous surface and multilayer adsorption to the binding sites
on the surface of the adsorbent. The Temkin model depicts a
linear decrease of heat of adsorption with increasing surface
coverage due to the adsorbate—adsorbent interactions.
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Fig. 4. Effect of ionic strength using NaCl (=), KCl (®) and KNO,
(m) (0.050 g of BGW; 25.0 mL of 100 mg L' MG solution).
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Table 1

Linearized isotherm models with their linearized equations and their corresponding plots

Adsorption isotherm model

Linearized isotherm equation

Linear plot

L . C, 1 . C,
angmuir —~£=
K e K Jonan 9.
Freundlich logg, = llog C,+logK, loggq, vslogC,
n
Temkin q,= RT InK, + RT InC, g, vsInC,
bT bT

Sips 1n[‘7f] ~Linc sk, h{ 4. ] vs1nC,

Iax =9 ) 1 Tinax ~ 9.

K,.C K.C
Redlich-Peterson (R-P) 1H[Re - 1j =nInC, +Ina, In ['“ - 1] vsInC,

9. 9.

q,... is the maximum adsorption capacity; K, (L mg™), K, (mg g (L mg™)""), K, (L mg™),

K, (Lmg™) and K (L g™') are the isotherm constants

with respect to the Langmuir, Freundlich, Temkin, Sips and R-P isotherm models, respectively; n is the empirical parameter which is related
to the adsorption intensity; g, is the amount of dye adsorbed (mg g™); C, is the equilibrium dye concentration in solution (mg L™); 1/n is the

Sips model exponent; a, (L mg™) is the R-P constant.

However, the R-P model incorporates three parameters
into an empirical model combining the features of both the
Freundlich and Langmuir isotherm models. Similarly, the
Sips model is also a combination of both the Freundlich and
Langmuir models. When the concentration of adsorbate
approaches a low value, the Sips isotherm effectively reduces
to Freundlich and reduces to the Langmuir monolayer
adsorption characteristic at high adsorbate concentration.

Determination of the best fit isotherm model was based
on three criteria namely (1) highest regression coefficient, R?,
(2) comparison of experiment isotherm data with simulation
plots and (3) error analyses using six error functions whose
equations are shown in Table 2

Table 3 shows that of the five isotherm models employed
to describe the adsorption process of MG dye onto BGW, the
Sips model has the best fit based on its highest value of linear
regression coefficient (R?), followed by Freundlich > Langmuir
> R-P > Temkin models. These observations are in line with
the simulated plots, as shown in Fig. 5, where the Temkin
model clearly deviated from the experimental isotherm data,
thereby indicating its unsuitability to describe the adsorp-
tion of MG onto BGW. According to the results from the
error analyses, as shown in Table 3, the Sips model is overall
the best fit model which leads to the maximum adsorption
capacity (g, ) of 240.0 mg g™ for MG adsorption onto BGW.

Table 4 shows a comparison of q__ values of different
adsorbents reported for the removal of MG dye. It can be
observed that BGW shows a much better adsorption capac-
ity than many other low-cost adsorbents do, and its value is
comparable with some of the modified adsorbents reported.
Another important aspect is that BGW used in this study
was not subjected to any activation or surface modification,
except only oven drying at 80°C. Therefore, BGW still has the
potential to further enhance its adsorption capacity through
physical activation and chemical surface modification.

The removal of MG dye was performed at five different
temperatures at 298, 313, 323, 333 and 343 K using three
different dye concentrations (100, 300, and 500 mg L™) for
the determination of thermodynamic parameters as shown
in Fig. 6. The parameters were obtained with the following
equations with the aid of Fig. 7 [52].

AG" =AH" -TAS’ 1)

Table 2
A total of six error functions used

Type of errors Equations
100 <~ (9e.meas — G cal
Average relative error (ARE) o qi
i=1 e, meas i

2
Hybrid fractional error function 100 & (qe,meas - qe/cal)

(HYBRID) n-pia e meas
Sum of absolute error (EABS) z Ao meas — 9o cal
2
Marquardt’s percent standard o qe meas ~ Je.cal
deviation (MPSD) n—pc 1 Ty meas

2 (G ~oen )

i=1 qe,meas

Non-linear chi-square test (x?)

4, ess 18 the experimental value, g, , is the calculated value, 7 is the
number of data points in the experiment and p is the number of
parameters of the model.
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Table 3 Table 4
Adsorption isotherm parameters of MG dye for different models =~ BGW and a list of selected reported adsorbents with their g
and their error values values for the adsorption of MG dye
Model Value ARE HYBRID EABS MPSD x* Adsorbent 0o (Mg g™) Reference
Langmuir 1996 76.75 4096 2496 18.76 Bitter gourd waste 240.0 (Sips) This work
9. (Mg ™) 96.4 96.4 (Langmuir) This work
K, (Lmg™) 0.005 Walnut shell 90.8 [7]
R? 0.9623 SDS-treated Artocarpus
Freundlich 1074 4177 3300 1385 2835 odoratissimus skin 1008 (1]
K, (mg="Lig?) 161 EDTA-tre.at.ed ArtoFarpus
" 1.69 odoratissimus skin 116.8 [11]
R 0.9819 NaOH-tr?at‘ed Artocarpus
odoratissimus skin 157.6 [11]
Temkin 98.48 1,527.68 128.99 174.11 63.81 Artocarpus odoratissimus leaves 254.9 [18]
K. (Lmg™) 0.11 Casuarina equisetifolia needle 77.6 [29]
b, (Jmol™) 158.56 Leaves of Solanum tuberosum 333 [38]
R 0.8963 Wood apple shell 34.6 [39]
Sips 1074 4218 3160 1504 2438  Mangoseed husks 47.9 [40]
T (MG 87) 240.00 Lemon peel 51.7 [41]
K, (Lmg") 0.01 Rattan sawdust 62.7 [42]
1n 0.67 Azolla pinnata 87.0 [43]
" 1.49 H,PO,-treated Azolla pinnata 292.1 [43]
R2 0.9828 NaOH-treated Azolla pinnata 109.6 [43]
Rice straw char 148.7 [44]
Redlich-Peterson 10.75 4535 3299 1433 2828 Modified rice straw 2825 [45]
Ky (L g™ 50.00 Peat 1437 [46]
@ 0.41 Nanoparticles synthesized on
a, (L mg™) 30.44 the ash produced from the
R 0.9621 leaves of Rosa canina L. 500.0 [47]
Activated carbon 509.0 [48]
100 Chemically modified
breadnut peel 353.0 [49]
%0 Artocarpus altilis
S w . = (Breadfruit) skin 55.2 [50]
%n 0 Jackfruit seeds 66.0 [51]
s
2 2
% 0 T T T T T T T T ) 40
100 200 300 400 500 600 700 800 900
-20
C,(mol L)
40 g
Fig. 5. Comparison of simulation plots between the various g
isotherm models of Langmuir (—), Freundlich (—), Temkin % , |
(), R-P(—) and Sips (—) with experimental data (®) (massof g
BGW =0.050 g; volume of MG solution = 25.0 mL; concentration 3
of MG =0-1,000 mg L-%). 5
AG’ =-RTInK ) 0]
C 25 ' 40 ' 50 ' 60 ' 70
K= C—S 3) Temperature (°C)

. . Fig. 6. Adsorption of MG onto BGW at 100 mg L' (m), 300 mg L
Ik oAS _AH (4) (@) and 500 mg L' (m) MG concentrations (0.050 g of BGW in
R RT 25.0 mL of MG) at different temperatures.
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Fig. 7. Van't Hoff plots for the adsorption of MG onto BGW at
100mgL™(¢),300mgL" (¢) and 500 mg L' (+) MG concentrations
(0.050 g of BGW in 25.0 mL of MG).

where AG® is the Gibbs free energy, AH® is the enthalpy
change, AS° is the entropy change, T is the temperature in
Kelvin (K), K being the adsorption distribution coefficient,
C, is the adsorbed dye concentration at equilibrium
(mg L), C, is the remaining dye concentration in solution
at equilibrium (mg L), and R is the gas constant (] mol™ K).
The thermodynamic parameters evaluated are given
in Table 5.

Increasing positive values of AG® were obtained with
temperature in the adsorption of MG indicating that the
adsorption process is favored at lower temperatures. The
entropy (AS°) values were also found to be negative for all the
three concentrations of MG dyes investigated with increasing
temperature from 298 to 343 K, thereby suggesting that there
may be an increased orderliness in the system. Further, the
adsorption of MG is exothermic process, as indicated by the
negative AH® values.

3.3. Adsorption kinetics of MG onto BGW

In order to investigate the potential rate-controlling steps
involved in the process of adsorption, the experimental data
were fitted onto two kinetic models namely the Lagergren
pseudo-first-order [53] and pseudo-second-order [54] with
their linear equations as shown below.

Pseudo-first-order:

1 -qg.)=1 -—1 ¢

08(7.~49,) =108(9.ca) = 5355 )
Pseudo-second-order:

t 1

=L (6)
q ka. 4.

Table 5

where g, and g, are the amount of dye adsorbed (mg g™)
at equilibrium and at time t, respectively, and k, (min™)
and k, (g mg™” min™) are the rate constants of adsorp-
tion for pseudo-first and pseudo-second-order kinetics,
respectively.

Under the experimental conditions employed, simu-
lation plots of kinetics data from experiment for both dye
concentrations are closer fitted to that of the pseudo-second-
order kinetics, as can be seen from Fig. 8. This can be further
confirmed by the higher R? (Fig. 9), lower error values and
compatible ¢, , and g, values (Table 6) as compared
with the pseudo-first-order. Hence, it can be concluded
that the adsorption of MG onto BGW follows the pseudo-
second-order kinetics. The decrease in rate constant k, with
increasing concentration of MG is also in line with litera-
ture where equilibrium will be reached at longer time when
higher initial dye concentration is used [55].

«©
*
[ 2
*0

V] 50 100 150 200
t (min)

.0.. * ‘
o .00 [ ]
a‘.‘.

0 - T T T
0 50 100 150 200

t (min)

Fig. 8. Comparison of kinetics experiment data (®) with
pseudo-first (©) and pseudo-second (¢) order kinetics for the
adsorption of MG onto BGW at 100 mg L™ (a) and 500 mg L™
(b) (mass of BGW = 0.050 g; volume of MG solution = 25.0 mL).

Thermodynamic parameter values for the adsorption of MG onto BGW

Conc. (mg L) AH® (k] mol™) AS° (J mol? K™) AG® (k] mol™) R?
298 K 313K 323K 333K 343K

100 —4.85 -22.59 1.89 2.20 247 2.64 2.92 0.990

300 -9.64 —-40.19 2.39 2.83 3.35 3.80 4.14 0.984

500 -9.07 -39.70 2.87 3.28 3.64 4.06 473 0.934
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Fig. 9. Linear plots of Lagergren pseudo-first order (a) and
pseudo-second-order (b) models for the adsorption of MG onto
BGW at 100 mg L (®) and 500 mg L (®) MG concentrations
(mass of BGW =0.050 g; volume of MG solution = 25.0 mL).

Table 6
Kinetic parameters and error values for the adsorption of MG
onto BGW at two different dye concentrations

Concentration (mg L™) 100 500
Pseudo-first-order kinetics

ARE 88.76 81.77
HYBRID 1,479.28 3,419.52
EABS 252.02 595.41
MPSD 76.03 72.30
1 236.68 547.12
k, (min™") 0.008 0.012
R? 0.4199 0.7329
ocn (M &) 3.58 14.45
Pseudo-second-order kinetics

ARE 13.11 19.50
HYBRID 45.14 249.39
EABS 36.70 136.66
MPSD 16.24 24.20
N 7.22 39.90
k, (g mg7 min™) 0.016 0.005
R? 0.9915 0.9915
q,..(mggm) 17.75 47.80
T, p (M g7 20.78 69.63

3.4. Regeneration of spent BGW

In this study, MG dye-loaded BGW were subjected to
three different treatments, that is, with HCl, NaOH and
washing with distilled water. A control for comparison was
prepared. Fig. 10 shows that at the 5th cycle, maximum
reduction was observed for the control experiment followed
by the spent BGW which was subjected to washing with dis-
tilled water. A reduction of ~4% was observed at the 5th cycle
in treatment with HCI, indicating that the spent BGW can be
regenerated and reused. Among the three methods studied,
NaOH treatment was found to be the best for regenera-
tion maintaining >95% removal throughout the five cycles.
Although base treatment, in general, leads to enhanced
removal for cationic dyes partly due to deprotonation of
functional groups present in the adsorbent [56], the obser-
vation made that NaOH treatment of BGW shows the best
regeneration ability which can be explained due to the fact
that the adsorbent could be denatured during the treatment
with 0.1 M NaOH solutions, thereby significantly changing
adsorption characteristics.

3.5. Characterization of BGW

The scanning electron microscopy (SEM) micrographs
of BGW at ~500x magnification showed that the surface of
BGW (Fig. 11a) is a combination of both smooth and rough
texture and many irregular folds were present within the
rough surface, which could increase the surface area and
be potential active adsorption sites for the adsorption of
dye. After treatment with MG, the surface of BGW clearly
shows a distinct difference (Fig. 11b), indicating that the dye
molecules have adsorbed onto the surface of BGW.

The FTIR spectra of MG-treated BGW when compared
with that of untreated BGW are shown in Fig. 12, while Fig. 13
is the comparison between the MG dye and the BGW loaded
with MG dye. The broad peak at 3,391 cm™ represents OH
and NH stretching vibration whereas the peak at 1,650 cm™
represent the C=C group. The carbonyl group (C=0) is seen
at 1,743 cm™. After treatment with MG dye, the broad peaks
of C=C and C=0O were shifted to 3,356, 1,658 and 1,744 cm,
respectively.

100

(o5}
(=
L

Removal of MG (%)
(=)
S

|
40 1
: ° u n u [
20 * * .
0 T T T T T
0 1 2 3 4 5 6

No. of cycle

Fig. 10. Regeneration of BGW showing five consecutive cycles
using different treatment methods: HCl (m), NaOH (¢),
H,O (#) and control (©) (mass of BGW = 0.050 g; concentration
of MG =100 mg L).
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Fig. 11. Surface morphology of BGW (a) before and (b) after treatment with MG dye at 500x magnification.
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Fig. 12. FTIR spectra for functional group characterization of
BGW (top black) and BGW-MG (bottom green).
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Fig. 13. FTIR spectra for functional group characterization of MG
(top green) and BGW-MG (bottom blue).

The positive indication of the adsorption of MG onto
BGW is the appearance of bands of C=C stretch of benzene
ring and C-N stretch of aromatic tertiary amine at 1,586 and
1,371 cm™, respectively. The resulting prominent shifts indi-
cate that these functional groups might be involved in the
adsorption of MG onto the BGW’s surface.

4. Conclusion

This study concludes that the BGW has the potential to
act as an adsorbent for malachite green (MG) dye based on
its high maximum adsorption capacity of 240.0 mg g as
determined by the Sips isotherm model, the most suitable
model according to regression coefficient and error functions.
The adsorption capacity can be further enhanced when the
adsorbent is treated under basic conditions. The presence of
salts, especially NaCl, influenced the adsorption of MG onto
BGW. The adsorption kinetic data were best described by
the pseudo-second-order kinetics. Regeneration experiments
showed that BGW has the potential to be regenerated and
reused while maintaining its ability to adsorb especially
under both acidic and basic conditions, adding to its value as
a potential low-cost adsorbent.
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