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Although several approaches have been explored for the removal of dyes and other toxic materials from water as well as the entire
environment, notwithstanding, researchers/scientists are still pursuing novel, low-cost, and eco-friendly biosorbents for the
eﬀective removal of such contaminants. Herein, clove leaves (CL) were utilized as a biosorbent for the sequestration of
malachite green (MG) from a water-soluble solution. The CL was subsequently activated using potassium hydroxide (KOH)
and characterized using the FTIR and FESEM to determine the functional groups on the activated clove leaves (CL-KOH) and
the morphology of the adsorbent. The adsorption of MG was observed to be relatively dependent on the dosage of sorbent
utilized, initial MG concentration, and sorption process contact time. The adsorption process of MG to CL was ideally
described using the Dubinin–Radushkevich and Elovich models with the determination of maximum sorption capacity of
approximately 131.6 mg·g-1. Furthermore, the thermodynamic parameters calculated showed that the adsorption of MG to the
adsorbent was exothermic with the process involving physical sorption as well as chemical sorption processes with negligible
adsorption energy. In conclusion, the study has revealed that the CL is a cost-eﬀective biosorbent with high adsorption
eﬃciency for the sequestration of MG from a water-soluble solution and can be recycled for further usage.

1. Introduction
The obliteration of the quality of water, soil, and air due to
the fast-growing global population and industrialization is

critical for life sustenance on earth. Water quality has exceptionally declined owing to the untreated eﬄuents discharged
into streams, oceans, and lakes, by the processes of mining,
textile, paint and dye productions, and metal plating [1].
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Among these noxious and aromatic contaminants released
into water bodies devoid of the preceding appropriate treatment, the textile industry is a primary user of synthetic or
noxious dyes for product colouring [2].
Dye is a major source of serious contamination owing to
fast industrial development and extensive utilization [3].
Major consideration has been drawn by pollution of water
by dye discharge from paper production, food processing,
textile dyeing, paints, and cosmetic industries owing to community health and ecosystem hazards. At present, the worldwide colourant market is about 32 billion United States
Dollars (USD) and is projected to grow to 42 billion USD
in 2021. Yearly, the total of synthetic dyes manufactured is
estimated to be over 700,000 tons, and over 15% of these synthetic colourants are yearly discharged into water. Water polluted by these dyes is noxious, xenobiotic, and carcinogenic,
and they are grouped according to their chromophore structure into the solvent, reactive, basic, vat, and direct dyes.
Exclusively, 47% of synthetic dyes are decomposable [4].
MG is a cationic dye and is positively (+ve) charged in a
water-soluble solution. It has a three-benzene ring structure
compound as shown in Figure 1, with a molecular formula
of C23H25CIN2 and a molecular weight of 364.917 g/mol [5,
6]. It is a synthetic triarylmethane dye and a natural compound utilized as a dyestuﬀ and has appeared as a contentious
agent in aquaculture as an ectoparasiticide and fungicide
owing to its eﬀectiveness and minimal cost. It is conventionally employed as a dye for materials like silk, wood, acrylic,
paper, and leather. However, their intense colour causes a horrible colour to water bodies, and it is intractable to degrade by
light and other oxidizing agents, heightening concerns for the
environment and making its conﬁscation challenging. It is
extremely noxious to animal cells, carcinogenic, and mutagenic and causes inﬂammation to the skin. Various health
problems associated with the use of MG include a reduction
in red blood cell (RBC) count (dyscrasia) and enhanced white
blood cell count (leukocytosis), haemoglobin (anemia), and
interruption of blood coagulation, eye blisters, wild breathing, and copious sweating. Also, associated with MG utilization is the impairment to the kidney, liver, spleen, and heart
and inﬂiction of lacerations on the skin, eyes, lungs, and
bones which produces teratogenic impacts [1, 3, 5, 7]. Therefore, there is an urgent need for the adaptation of eco-friendly
approaches for the treatment of MG eﬄuents before their
release into water bodies and streams to safeguard the ecosystem [1].
Dye sequestration from water bodies has substantial
importance to the ecosystem, and developing eﬀective and
cost-eﬀective removal techniques is an ongoing and continuous eﬀort. These methods comprise the adsorption of dye
pollutants to mineral or carbon-based matrix [8], photocatalysis or oxidation processes [9], chemical precipitation [10],
ion exchange [11], microbiological or enzymatic decomposition [12], coagulation [13], reverse osmosis [14], membrane
ﬁltration [15], biological treatment [16], etc.
Among these existing methods, adsorption is more eﬃcient due to its eﬀortlessness, operational ease, and the reality that it does not produce sludge, thus ensuring a safe
environment [8]. The process of adsorption is a distinctive

Adsorption Science & Technology
Cl– +

N

N

Figure 1: The molecular structure of MG was adopted and
redrawn from [6].

technique for the conﬁscation of contaminants from watersoluble solutions by putting them precisely on the surface
of the adsorbent [17]. Adsorption methods are more costeﬀective when compared to their substitutes if the adsorbent
is local to the treatment area and needs no prior treatment
before its application in the treatment of eﬄuents. While
various biosorbents such as sugarcane waste, neem sawdust,
maize cob, Parthenium weed, jackfruit peel, freshwater algae,
rice husks, ﬂy ash, CL, and spent tea leaves have been
employed for MG dye sequestration from aqueous solutions,
the search for minimal cost waste materials for harmful dye
removal from water-soluble solution before removal lingers.
From a ﬁnancial point of view, the utilization of these waste
materials is crucial [5].
To conﬁscate various noxious metals, dyes, and contaminants, numerous nontraditional low-cost biosorbents from
agriculture and forestry, plant biomass, and microorganisms
are utilized. Agricultural leftover utilization as a biosorbent
is due to the substantial beneﬁt of easy application, minimal
cost, no or low chemical utilization, and elevated eﬃciency
[18, 19].
Syzygium aromaticum (L.) Merr. and L.M. Perry (Syn.
Eugenia caryophyllus) are the Myrtaceae tree family, which
are indigenous to Indonesia. The aromatic ﬂower buds of
this plant are known as cloves and are generally used as a
spice. They are economically garnered in Madagascar, India,
Pakistan, Sri Lanka, Indonesia, Seychelles, Tanzania, and
Comoro Islands. In China and Western nations, they are
employed as medicine against diseases like cough, diarrhoea,
dyspepsia, ﬂatulence, oral or dental diseases, nausea and
vomiting, and stomach distension and for gastrointestinal
spasm controls, pain relief, uterine contraction, and nerve
stimulation. The essential oil resulting from this aromatic
plant acts not only as a fragrance and ﬂavour agent but also
as dietary antioxidants in the prevention of various diseases
caused by free radicals [20].
Cloves (Syzygium aromaticum) comprise a wide variety of
bioactive compounds consisting of oleanolic acid, caryophyllene, eugenol, and eugenin. The active compounds in cloves
have the potential and properties to perform antifungal, antimicrobial, antiseptic, antibacterial, anti-inﬂammatory, anticarcinogenic, and antihistaminic activities to inhibit
recurring metabolic disorders and tumour cells [21, 22].
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Figure 2: The outline of the study.

1000 mL OF 0.1 M KDH

Figure 3: Steps for the synthesis of CL-KOH biosorbent for this study.

Supposedly, there are some existing studies on the
removal of MG. For example, Reference [23] investigated
the concurrent ultrasound-assisted adsorption of two dyes
(MG and safranin O) from aqueous solutions onto copper

nanowires laden on activated carbon (Cu-NWs-AC) with
results revealing that 0.022 g of Cu-NWs-Ac led to the
removal of 15 mg·L-1 of MG and 15 mg·L-1 of safranin within
6 min at pH of 5.5. Similarly, a study by [24] recently
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Figure 4: The FTIR spectra (a) prior to adsorption onto CL-KOH (b) following MG adsorption onto CL-KOH.

sequestered the Yarrowia lipolytica ISF7 strain with a distinctive capability which was employed for the removal of
MG from culture. It was established that the maximum
adsorption capacity occurred around the pH of 6.5-7.5, thus
depicting a low removal percentage of dye in acidic pH
below 5 and above 7.5 for an alkaline state. Furthermore,
Mn-doped CuO-nanoparticle- (NP-) activated carbon (AC)
which was arranged via a simple technique and categorized
employing various procedures for the adsorption of MG
and methyl orange in some single and binary solutions was
reported by [25]. The adsorption mechanism was well ﬁtted
with the Langmuir (LNR) model with a maximum adsorption capacity of 320.69 mg·g-1 and 290.11 mg·g-1 for a single
solution while the binary solution gave 233.02 mg·g-1 and
205.53 mg·g-1 for MG and methyl orange, respectively.
There are also other reported removal procedures of
dyes such as crystal violet and a brilliant green from wastewater using various biosorbents such as live yeast Yarrowia
lipolytica 70562 [26]. Also, these various studies reported
the eﬀectiveness of conﬁscation of azure II and auramine
O from aqueous solutions using Pinus eldarica stalk AC,
while Congo red, phloxine B and fast green FCF, methylene
blue dye, and basic red 46 were adsorbed onto CuS/ZnS
nanocomposites loaded on AC and polyvinyl alcohol/Fe3O4@carbon nanotubes, and Ce doped on TiO2 NPs
which was loaded on AC as biosorbents was also explored
and reported [27–30].
As reported in a recent review study by [31], there are
several existing publications on the utilization of adsorbents
for the elimination of dyes and heavy metals as well as other
contaminants from wastewater and the environment at
large. Notwithstanding, there is still a need for researchers/scientists to continue the pursuit of other novel and ecofriendly biosorbents for the eﬀective removal of such contaminants. Under these recent situations, cheap and eﬀective
biosorbents are needed for the removal of dyes and other
environmental contaminants. Hence, this present paper
summarizes the exploration and application of biosorbent

created from clove leaf (CL) agrowaste activated using potassium hydroxide (KOH) as a novel bioadsorbent with higher
eﬃciency (removal capacity) as well as the cost-eﬀectiveness
trends for MG (Figure 2 shows an outline of the study).
From the research papers/publications reviewed, it is
evident that there is a lack of adequate reports on utilizing/employing CL-KOH as a biosorbent for dye removal, particularly MG from water-soluble solutions; thus, this research
will try to bridge the gap. Consequently, this work examines
the feasibility of dye conﬁscation from water-soluble solution
using CL synthesized at an elevated temperature and activated using KOH. The CL-KOH synthesized was characterized using various procedures such as Field Emission
Scanning Electron Microscope (FESEM) and the Fourier
Transform Infrared Spectroscopy (FTIR). Then, the adsorption studies were systematically examined by enhancing various adsorption parameters such as the adsorbent dosage,
time of contact, and temperature as well as stirring rates.
Finally, the results were ﬁtted to isotherm, kinetic, and thermodynamic models.

2. Experimental
2.1. Materials and Methods. Analytical grade puriﬁed chemicals were used without further distillation. KOH and MG
were purchased from UD, Sumber Ilmiah Persada, Surabaya,
Indonesia.
2.2. Synthesis of Biosorbent. The CL (Syzygium aromaticum)
utilized as a biosorbent for the sequestration of MG dye in
this study were from the extract of CL oil waste obtained
from the community-owned essential oil reﬁneries, Madiun,
East Java, Indonesia. The CL was initially washed carefully
with distilled water (DW) and dried in an oven for 24 hours
(hr) at 60°C. The dried CL was then milled and sieved
through a 60-mesh-size sieve. Afterwards, 25 g of the CL in
powder form was measured and soaked in 1000 mL of
0.1 M KOH solution. The combination was further stirred
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Figure 5: The SEM images of biosorbent (a) before adsorption of MG and (b) after adsorption of MG.
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Figure 6: The contact time eﬀect (condition: initial MG concentration = 0:03 mg · L−1 , dosage of adsorbent used = 0:15 g · L−1 , temperature
= 303:15 K, and shaking speed = 200 rpm).

using a magnetic stirrer at a speed of 400 rpm for 5 hr. The
combination was subsequently ﬁltered and washed with
DW until the ﬁltrate had a neutral pH. The ﬁltrate was airdried in a vacuum oven at 60°C for a day and stored in a desiccator before prior use for batch experiments. Figure 3
shows the steps employed for the preparation of the CLKOH biosorbent.
2.3. Characterization of Biosorbent. The produced CL-KOH
biosorbents were characterized utilizing the FESEM
(Thermo Scientiﬁc Quattro S) to determine the particle size
and morphology of the prepared biosorbent. While the FTIR
spectra of the biosorbent were obtained using PerkinElmer
UATR at a range of 400-4000 cm-1 wavenumber.
2.4. Preparation of Stock Solution of MG. A 1000 mg·L-1 of
MG stock solution was produced by measuring 1 g of the
adsorbate and dissolving it in DW (1000 mL) in a volumetric
ﬂask. To prepare appropriate initial MG concentrations of

the adsorbate used for batch experiments, it was achieved
by diluting the stock solution using DW.
2.5. Biosorption Batch Studies. The batch method was
employed in this study to examine the uptake of MG from
water-soluble solutions to CL-KOH. Determining the
impact of the biosorbent dosage employed for the sequestration of MG was explored by contacting varying amounts of
the biosorbent of 0.5-3.0 g/L at a constant temperature of
303.15 K, shaking speed of 200 rpm, initial MG concentration of 0.03 mg/L, pH value of 6, and contact time of
150 min. Determining the equilibrium concentration of
MG after adsorption using the adsorbent was evaluated from
a calibration curve using the GENESYS 10S UV/Vis spectrophotometer at a 617 nm wavelength. The removal eﬃciency
of the CL was evaluated by computing the percentage
removal using
%removal =

C ic − C ec
× 100,
C ec

ð1Þ

6

Adsorption Science & Technology
100
300

Adsorption capacity (mg/g)

200

80

150
70

Removal (%)

90

250

100
50

60

0
50
0.0

0.5

1.0

1.5

2.0

2.5

3.0

Adsorbent dosage (g/L)

Figure 7: The impact of dosage of adsorbent employed in this study (condition: initial MG concentration = 0:03 mg · L−1 , contact time =
150 min, temperature = 303:15 K, and shaking speed = 200 rpm).

Adsorption capacity (mg/g)

70
60
50
40
30
20
10
0.00

0.01

0.02

0.03

0.04

0.05

Initial concentration (mg/L)

Figure 8: The eﬀect of initial concentration of MG (condition: the dosage of adsorbent used = 0:90 g · L−1 , contact time = 150 min,
temperature = 303:15 K, and shaking speed = 200 rpm).

where Cic and Cec signify the initial and equilibrium concentrations of MG (mg/L).
To explore the eﬀect of the contact time on the adsorption of MG to the biosorbent, 0.03 mg·L-1 of MG was treated
with 0.015 g/L of the adsorbent at a temperature of 303.15 K,
shaking speed of 200 rpm, and pH at 6 and under varying
contact times of 0-160 min. The time-dependent quantity
of the MG sorbed by a unit mass of CL at varying contact
times was determined using
qt =

C ic − Ct
× V:
W

ð2Þ

qt , C t , V, and m indicate the time-dependent amount of MG
sorbed per unit of adsorbent mass (mg·g-1), the bulk phase

concentration (mg·L-1) at any time t, the sample volume
(L), and the dosage of sorbent employed (g).
The impact of initial MG concentrations and the adsorption isotherm was determined by contacting 0.9 g/L of the
adsorbent with varying initial MG concentrations of 0.0050.05 mg/L at a temperature of 303.15 K, pH 6, sorption process time of contact of 150 min, and shaking speed of
200 rpm. The equilibrium sorption capacity (qe ) was determined using
qe =

Cic − C ce
× V:
W

ð3Þ

2.6. Desorption and Regeneration. To clarify the nature of the
adsorption process and assess the possibility to recover the
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Table 1: The sorption kinetic models employed for this study.
Kinetic models
PFO

Equations
ln ðqe − qt Þ = ln qe − k1 t
t
1
t
=
+
qt k2 q2e qe

PSO-type 1
PSO-type 4
PSO-type 4

qt
K q2
= K 2 q2e − 2 t
t
qe
qt = K W t

Intraparticle diﬀusion

1/2

+C

Parameters

Values

k1 (min-1)

0.0427

R

0.9631

k2 (g(mg·min)-1) (type 1)

0.0003

k2 (g(mg·min)-1) (type 4)
R2 (type 1)
k2 (g(mg·min)-1) (type 4)

0.00009
0.9824
0.00009

R2 (type 4)

0.07585

K w (mg·g-1·min-1/2)
C

16.6700

R2

0.8912

2

ae (mg(g·min) )
be (g·mg-1)

43.8815
0.0250

R2

0.9804

-1

Elovich

qt =

ln ðae be Þ 1
+
ln t
be
be

sorbate and regenerate/recycle the biosorbent, desorption
experiments were performed on the CL-KOH with preadsorbed MG dye using 0.1 M NaOH and HCI to treat MG
of the 0.03 mg/L concentration dye for a time duration of
one hour at a shaking speed of 200 rpm on a magnetic stirrer. After desorption, the biosorbents were isolated from
the MG solution by centrifugation at 4000 rpm for 10 min,
and the supernatant solution was analyzed using the UVvis spectrophotometer. The percentage eﬃciency was determined using
Uptake in the second run
Efficiency ð%Þ =
× 100:
Uptake in the first run

ð4Þ

3. Results and Discussions
3.1. Biosorbent Characterization. Figure 4 depicts the FTIR
spectra of CL-KOH before and the adsorption of MG
obtained at a wavenumber range of 400-4000 cm-1. The
characteristic FTIR peaks appearing at 3333.43, 2866.21,
1686.53, 1594.05, 1456.36, 1316.37-1030.96, 1240.75,
912.14, and 433.13-535.95 cm-1 were due to hydroxyl
stretching vibration, asymmetrical patterns of group CH2
of the alcoholic group in the essential oil, C=C stretching
vibration of an aromatic moiety of eugenol, C-C aromatic
ring vibrations of eugenol acetate, -C=C, C-O vibrations of
ether and alcohol functional group of eugenol and eugenol
acetate, C-O-C symmetric expansion of aromatic acid esters
and C-OH vibrational stretching of phenolic compounds,
bending vibration absorption of C-H groups, and C-C of the
amine group (Figure 4(a)) [32–35]. After the adsorption of
MG to the adsorption, there was a redshift of most of the functional groups with FTIR peak values of 3334.26, 2850.11,
1605,48, 1687.16, 1463.02, 1314.96-1031-03, 1268.15, 912.03,
and 429.10-534.92 cm-1 (Figure 4(b)). The wavelength shift
demonstrated that a dye-binding process took place at the surface of the biosorbent.

23.3920

The FESEM images of the biosorbent prior to and subsequently after adsorption are shown in Figures 5(a) and 5(b).
A porous, rough, and irregular surface morphology is
observed. It was observed that there was no signiﬁcant difference in the biosorbent surface form before and after the
biosorption of MG. Images show clearly the action of biosorption on the surface morphology of the biosorbent, which
showed a decreased pore size of the biosorbent owing to MG
impregnation onto the surface of the adsorbent.
3.2. The Contact Time Eﬀect on the Adsorption of MG to CLKOH. The adsorption of MG to CL-KOH at various contact
times is displayed in Figure 6. It was noticed that the sorption capacity was improved with an upsurge in the time of
contact for the sorption process and that equilibrium was
attained after 120 min for MG. At low MG concentrations,
the sorbent surface area available to the ratio of the initial
MG concentration was higher than that of the adsorbate
molecules at low concentration, leading to improved adsorption capacity. Also, the high driving force of the mass of
adsorbent transfer at high concentrations leads to an expansion in the sorption capacity as the initial MG concentration
is enhanced [8, 19].
3.3. The Impact of Dosage of Adsorbent Used on the Sorption
of MG to CL-KOH. The sum of active sites accessible and
ions exchanged for sorption varies with the number of
adsorbent sites in the biosorption process [36]. It was
noticed in Figure 7 that the percentage of MG removed onto
the adsorbent increased with increasing adsorbent dosage.
At a low adsorbent dosage, there were insuﬃcient active
sorption sites to inhabit by the adsorbate and while at a high
adsorbent dosage, there were suﬃcient sorption sites for
occupancy by the adsorbate. The increase in the percentage
of MG removed was attributed to the enhanced amount of
active sites accessible and the enhanced surface area. Above
the dosage of 0.6 g/L that adsorbents used, no further
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Figure 9: The plots of (a) PFO, (b) PSO (type 1), (c) intraparticle diﬀusion, and (d) Elovich and PSO (type 4) models.

remarkable change was observed in the removal percentage
of MG and was ascribed to the overlapping of the active sites
in the biosorbent. Also, with regard to the extent of adsor-

bate sorbed at equilibrium, the sorption capacity decreased
with increasing adsorbent dosage due to the split in the concentration rise between the surface of the adsorbent and the
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Table 2: The sorption isotherm models employed for this study.
Isotherm
models
LNR

FRH

TMN

D-R

Equations
Ce
1
C
=
+ e
qe bQm Qm
1
ln qe = ln K F + ln C e
n

qe = B ln K t + B ln C e

ln qe = ln qs − K D‐R ε2

Parameter
dimensions

Values

Qm

131.5789

b

0.0275

R2

0.1567

KF

3.3108

n

1.0397

R2

0.8117

B

18.3300

Kt

0.5354

R2

0.8318

qs

37.7808

K D‐R

0.000003

E

408.2483

R2

0.9332

solution [37]. The reduction in the sorption capacity with
enhanced biosorbent dosage at a constant dye concentration
and volume will lead to the unsaturation of a speciﬁc number of the active sites on the biosorbent. Also, the decrease
of the sorption capacity may be associated with the particle
aggregation resulting from increased biosorbent dosage.
Such aggregation will result in reduced total surface area
and improved diﬀusion path length to be travelled by the
sorbate inside the biosorbent [38, 39].
3.4. The Impact of Initial MG Concentration on the
Adsorption Process. The eﬀect of the initial MG concentration sorption onto the CL activated using KOH was examined by setting a time of adsorption contact of 150 min
and pH value of 6, and the dosage of the adsorbent used
was 0.09 g/L. With an intensiﬁcation in the initial MG concentration, the sorption capacity was observed to be
enhanced (Figure 8). The biosorbent sorption capacity
improved from 7.675 to 67.102 mg·g-1 by increasing the initial MG concentration from 0.005 to 0.05 mg·L-1. This
increase was ascribed to the high collision between the molecules of the adsorbate (MG) and the active adsorbent sites,
hence improving the driving force of the adsorbate to the
adsorbent surface [40].
3.5. Kinetic Studies. Various adsorption processes occur via a
multistep mechanism which includes the dispersion across
the liquid ﬁlm bordering the particle of a solid (an external
mass transfer coeﬃcient controls this process), the dispersion within the individual particles assumes a mechanism
of pore diﬀusion (intraparticle diﬀusion), and the chemical
and physical sorption occurs at a sorption site. The transitory behaviour of a batch sorption process at various temperatures and initial adsorbate concentrations is generally
studied using the Lagergren ﬁrst-order (also called pseudoﬁrst-order, PFO) and the pseudo-second-order (PSO)

models [41]. Kinetic research is generally employed by several scientists to examine the mechanism of the sorption
process taking place. Preexisting models are applied in most
sorption kinetic research, and this acts as a guide in demonstrating the mechanism of sorption. An extensive range of
standard models exists to rationalize the sorption at various
requirements, and the most appropriate is selected for the
provided experimental terms. The linearized forms and calculated parameters of each kinetic model are presented in
Table 1 [42]. The various linear plots of the individual
kinetic model are displayed in Figure 9. From each model
plot, the rate constants and the calculated correlation coeﬃcients (R2 ) are provided in Table 1. The correlation coeﬃcient of the PSO model gave a superior explanation of MG
sorption to CL-KOH (R2 = 0:9824) when compared to other
kinetic models (R2 ‐PFO = 0:9631, intraparticle diffusion =
0:8912, and Elovich = 0:9804).
The least-square technique was utilized for ﬁnding the
parameters for kinetic models. The fourth form of the linearized forms of the PSO model simple linear regression
could result in various parameter estimates as observed
from the fourth form of the PSO model [43]. Results using
this type 4 PSO model are shown in Table 1. It was observed
from Figure 9(e) that the data substantially deviated from linearity. Hence, the PSO model could not intensively describe
the trend of the experimental data, which was conﬁrmed by
the low value of the coeﬃcient of correlation (R2 = 0:07585).
The R2 obtained employing the PSO kinetic model of type
4 is remarkably lower than those obtained employing type
1. But this model (type 1 PSO model) may lead to incorrect
conclusions mostly when the sorption data are at (or very
close to) equilibrium, and in such cases, the type 1 plot
becomes linear irrespective of the sorption kinetics [44].
The kinetic of MG dye sorption to the biosorbent was governed by the Elovich model, with chemisorption rate (ae )
and surface coverage (be ) constants of 43.8815 mg(g·min)-1
and 0.0250 g·mg-1, respectively. The equilibrium sorption
capacity uptake was 222.222 mg/g for the linear PSO model.
Therefore, the experimental value of the sorption capacity
ﬁtted well with the theoretical sorption capacity values evaluated from the PSO model.
3.6. Isotherm Studies. The association between the solute
equilibrium concentration in the adsorbent and the solute
equilibrium concentration in the solution at a steady temperature is deﬁned by the isotherm [34]. Selecting the ideal
model of isotherm for the process of sorption, the resulting
conditions must be satisﬁed: (i) the model of the isotherm
and the determined equilibrium data must have a superlative
ﬁt, (ii) the isotherm function must be thermodynamically
accurate, and (iii) in ideal situations, the systematic calculation of concentration is from the capacity and the other way
around [42]. The sorption equilibrium data in this study was
assessed using the LNR, Freundlich (FRH), Temkin (TMN),
and D-B isotherm models.
The earliest far-famed equation which described the
sorption technique was the FRH model. It is linked with
an empirical equation and employed for a nonideal natural
process that comprises heterogeneous surface sorption. The
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Figure 10: The sorption of MG to CL-KOH using (a) LNR, (b) FRH, (c) TMN, and (d) D-R isotherm models.
Table 3: The comparison of sorption capacity of CL-KOH with other described/reported biosorbents on MG.
Qm (mg/g)

References

85.21
243.90
5.620
12.00
714.30 and 1250.00
39.683
320.69 (single solution) and 233.02 (binary solution)
35.00
15.00
131.5789

[50]
[51]
[52]
[53]
[54]
[1]
[25]
[24]
[23]
This study

Biosorbents
°

Typha australis at 21.4 C
Baker’s yeast-MnO2 composites
AC of khat (Catha edulis)
Activated rice husks
Untreated and treated oil palm empty fruit bunch
Coconut shell derived ZnCl2 AC
Mn-doped CuO-NPs loaded on AC
Yarrowia lipolytica ISF7 strain 25°C
Copper nanowires loaded on AC
CL-KOH

FRH model’s expression is given in Table 2, where K f and n
are FRH constants representing the sorption capacity and
the sorption intensity, respectively [45]. The LNR model is
employed to deﬁne the sorption of the adsorbate by presuming that the monolayer sorption ensues on a similar surface
without the sorbed ions interacting [19].

The TMN model predicts that the energy of sorption is
reduced linearly with the surface coverage owing to the
interaction between the adsorbent and adsorbate. Sorption
is considered by the bonding energies up to the optimum
binding energy regular distribution [46], while the D-R
model predicts that the sorption is multilayered and
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Figure 11: The plot of In K c against 1/T was employed to determine the thermodynamic study parameters.
Table 4: The thermodynamic parameters for this study.
ΔGo (kJ·mol-1)

ΔH o (kJ·mol-1)

ΔSo (kJ·mol-1)

303.15
308.15
313.15

-5.4551
-4.0699
-2.6846

-8.9442

-0.2771

comprises the van der Waals forces which are related to the
processes of physical sorption [47]. The linearized forms of
the models are illustrated in Table 2.
The various plots for each isotherm using their linearized
forms are shown in Figure 10, and based on their correlation
coeﬃcient values for all models, the highest calculated correlation coeﬃcient value was for the D-R model, which was 0.9332
when compared to other models (LNR -0.1567, FRH -0.8117,
and TMN -0.8318). The magnitude of E gives valuable evidence on the mechanism of adsorption like physical adsorption (E < 8 kJ/mol), ion exchange (8 < E < 16 kJ/mol), and
chemical adsorption (E > 16 kJ/mol) [48, 49]. The sorption
energy (E) obtained from the D-R model (408.2483 kJ·mol-1)
was greater than 16 kJ/mol. From the D-R results reported in
this study, the sorption process of MG to CL-KOH was a result
of the chemisorption process. The maximum sorption capacity values of various biosorbents for the removal of MG as
described/reported in various publications compared with
the present study result are shown in Table 3. It can be
observed that the maximum sorption capacity of CL-KOH
as biosorbents for the removal of MG (131.6 mg·g-1) is among
the highest values obtained in MG studies reported.
3.7. Thermodynamic Studies. The assessment of the three key
thermodynamic parameters (change in enthalpy (ΔH ° ),
Gibbs free energy change (ΔG° ), and entropy change (ΔS° )
are employed to explain the conditions of thermodynamic
sorption. The net change in enthalpy is associated with Δ
G° and ΔS° as ΔG = ΔH − TðΔSÞ, and the slope and intercept
of the plot of In K c vs. 1/T are used to also determine ΔS°
(Figure 11) [55, 56]. The determined thermodynamic
parameters for the sorption of MG to CL-KOH are given
in Table 4. The negative value of ΔG° for the interaction of
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Figure 12: The cycles of adsorption-desorption of MG.

MG with the adsorbent at all temperatures showed that the
interaction was spontaneous in standard conditions and
thermodynamically promising and reasonable [57]. The
respective decrease in the ΔG° value from -5.4551 to
-2.6846 kJ/mol with intensiﬁcation in temperature (303.15313.15 K) observed was due to physical process (ΔG° values
between −20 and 0 kJ/mol) [48]. The negative value of ΔH °
indicated an exothermic in nature interaction between MG
and the CL-KOH which reinforced that the reduction in
sorption capacity increases with temperature due to heat
being released to the system; the equilibrium changes are
in parallel direction to the reaction. The value of ΔH ° was
<40 kJ/mol, which was suggestive that a physisorption process was involved in the sorption of MG to CL-KOH [48,
58]. While the negative values for ΔS° were indicative of
the degree of nonrandomness of the sequestration of MG
to the adsorbent, which corresponds to the sorbed species
degree of freedom [59], which reinforced that the reduction
in sorption capacity increases with temperature due to heat
being released to the system, the equilibrium changes are
in parallel direction to the reaction.
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Figure 13: Proposed mechanism of MG adsorption to the biosorbent.

3.8. Desorption and Regeneration. Extreme desorption eﬃciency and excellent reusability after sorption are required
for a sorbent; hence, the desorption studies are essential to
describe the nature of sorption and evaluate the spent sorbent and dye recycling [60]. The desorption and regeneration processes of the spent biosorbent using 0.1 M of
NaOH and HCl are shown in Figure 12. It was observed that
0.1 M NaOH was more eﬀective in the regeneration of the
biosorbent when compared to 0.1 M HCl. Three cycles of
adsorption-desorption were carried with a maximum
desorption eﬃciency of 94% and a minimum desorption
eﬃciency of 80% observed in the ﬁrst and last cycles. Hence,
the CL-KOH biosorbent showed excellent sorption performance and regeneration, and its utilization can be extended
to environmental applications for eﬄuent treatment.
3.9. Proposed Mechanism of Adsorption of MG to the
Biosorbent. The selection of the most promising biosorbent
types from an exceptionally sizeable collection of freely
accessible materials is a major task for the adsorption ﬁeld.
The subsequent real task is the recognition of the mechanism of adsorption [61]. The biosorption of MG to the biosorbent (CL-KOH) was sturdily dependent on diﬀerent
polar functional groups on the sorbent surface like hydroxyl,
phenol, amine, carboxyl, and aromatic groups which are
supported by the FTIR spectra in Figure 4. As observed from
Figure 4, there was a small shift in the FTIR spectral position
and a change in its intensity. Various active functional
groups that show essential impacts on the sorption of MG
were on the surface of lignin, pectin, cellulose, and hemicellulose. These results were indicative of the binding of the
MG dye to potential active accessible sites of the functional
groups like hydroxyl, amine, C=O, C=C, C–O, C-C, C-OC, and phenols via a weak electrostatic interaction or van
der Waals forces, π-π interaction, n-π interaction, and
hydrogen bonding [62, 63]. These functional groups cause
the intake of positively charged molecules of MG to the biosorbents. These were observed in the sorption of MG to lowcost Gibto (Lupinus albus) seed peel waste and AC of Catha
edulis stem, as these sorbent surface functional groups may
be neutral upon protonation or deprotonation and charged

and multiple bonded upon delocalization [52, 60]. The possible or proposed mechanism of the MG dye to the biosorbent surface through electrostatic attraction is depicted in
Figure 13.

4. Conclusion
In this study, the ability of CL-KOH to conﬁscate MG from
water-soluble solutions was investigated. Working parameters like initial MG concentration, adsorbent dosage, and
contact time were determined to aﬀect the sorption eﬃciency of CL-KOH. The D-R isotherm and Elovich kinetic
models were found to ideally explain the sorption process
of MG to CL-KOH and the established recorded sorption
capacity was 131.5789 mg·g-1. Also, the adsorption of MG
to CL-KOH was found to be exothermic. The main mechanism of MG sorption to the biosorbent was attributed to
chemisorption and physisorption processes according to
results from the D-R isotherm and thermodynamic parameters. The present study shows that the synthesized CL-KOH
biosorbent could be applied as an eﬃcient and inexpensive
adsorbent for the sequestration of dye molecules from
industrial dye eﬄuents and the treatment of real wastewater
contaminated with MG. Consequently, this recent study has
further demonstrated the use of CL-KOH as an eﬀective biosorbent for the removal of dyes, and it can be recycled/regenerated and reused, thus lowering operational costs and
safeguarding the environment. Therefore, recommendations
on further research studies and progression towards enhancing adsorption capacity should be encouraged.
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