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Brilliant green is a cationic dye used for several objectives,
such as serving as a biological stain, dermatological agent and
veterinary medicine, as well as having broad use in the textile
and paper printing industries [2]. The dye is harmful to the skin,
eyes and digestion system and, if inhaled, can be poisonous to
the lungs [3]. Furthermore, carbon dioxide, sulfur oxides and
nitrogen oxides may be produced as the chemical degenerates
[3]. The removal of brilliant green from water is thus
necessitated [4].
The removal of dyes from textile wastewater can occur via
physical, chemical or physicochemical processes [5]. Physical
treatment methods are principally used for the primary
treatment of wastewater and include filtration and separation,
dilution, gamma irradiation, etc. [5]. Chemical treatment
techniques include oxidation, reduction, chlorination, etc.
Physicochemical treatment processes include adsorption,
coagulation, flocculation, ion exchange, reverse osmosis etc.
[5].
A biosorbent is defined as an adsorbent which consists of
biomass [6]. Biosorption provides a cost-effective and safe way
for the treatment of wastewater [6]. Biosorption is economical
relative to many other available treatment options [6],[7], as the
preparation of adsorbents from biowaste is moderately
inexpensive and the generated adsorbent is reusable in many
instances [6]. Compared to many other wastewater treatment
options, biosorption is beneficial as it is uncomplicated,
produces less waste and is generally very efficient in removal
of contaminants from water [6]. Less chemicals are required
than in the case with chemical treatment, which reduces the
chances of environmental pollution that can be caused by the
chemicals [7],[8].
Banana peels appear to be suitable as choice for biosorbent
and is an attractive option for the development of a wastewater
treatment option. It is a plant-based waste and generally
available locally in many areas, consequently it is an
inexpensive raw material [8]. The use of banana peel in
wastewater treatment methods will provide a more economical
means of purifying water, as less expensive chemicals or
technology will be required [8].
Banana peels exhibit several properties adequate for the
treatment of wastewater. The fibers in banana peel, which
constitute approximately 40% of the peel, have shown to have
high water selectivity, which will be advantageous for water
purification purposes [1]. In comparison, less chemicals are
required to guarantee peels are adequate for wastewater
purification purposes; this decreases the chances of further
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I. INTRODUCTION
Dyes can be generally classified as anionic or cationic, with
the latter considered to be the more toxic of the two [1].
Decolorization of water in industry is important for the
provision of drinking water of adequate quality [1]. Chemicals
that add color to water usually have complex structures, which
causes the removal thereof from water to be difficult and
expensive [1].

Elvis Fosso-Kankeu is with Water Pollution Monitoring and Remediation
Initiatives Research Group, School of Chemical and Minerals Engineering,
North-West University, Potchefstroom-South Africa.
Marcus Quintus Keulder is with Water Pollution Monitoring and
Remediation Initiatives Research Group, School of Chemical and Minerals
Engineering, North-West University, Potchefstroom-South Africa..
Enoch Akinbiyi Akinpelu is with Water Pollution Monitoring and
Remediation Initiatives Research Group, School of Chemical and Minerals
Engineering, North-West University, Potchefstroom-South Africa.

https://doi.org/10.17758/EARES8.EAP1119268

102

17th JOHANNESBURG Int'l Conference on Science, Engineering, Technology & Waste Management (SETWM-19) Nov. 18-19, 2019 Johannesburg (S.A.)

deionized water or by dissolving 0.1250 g of dye in 500 mL
deionized water. Volumes of the stock solution were diluted
with deionized water to prepare dye solutions with different
desired concentrations. Solutions with dye concentrations of 50
mg/L, 75 mg/L, 100 mg/L, 125 mg/L, 150 mg/L, 175 mg/L and
200 mg/L were used for experiments. Dye solutions with a
concentration of 10 mg/L, 25 mg/L, 50 mg/L, 100 mg/L and
150 mg/L were required to obtain the necessary calibration
curves.

environmental pollution by introducing less chemicals to the
environment when the membrane is used [8].
The purpose of this study was to investigate the effectiveness
of banana peel for the adsorption of brilliant green from
aqueous solution. The chemical composition of banana peel
was studied by Fourier transform infrared spectroscopy
(FT-IR). The effect of contact time between adsorbent and
solution and temperature on the removal efficiency were
studied under continuous stirring. The results were modelled
with two different kinetic models, namely pseudo-first order
and pseudo second order.

D. Calibration of Brilliant Green Standard Curve
Stock solutions for brilliant green with a dye concentration
of 250 mg/L were prepared and diluted to obtain solutions with
respective dye concentration of 10 mg/L, 25 mg/L, 50 mg/L,
100 mg/L and 150 mg/L. A UV-Visible spectrophotometer
(model: Genesys 10S UV-Vis) was used to measure the
absorbance of the diluted solutions at a wavelength of 425 nm
for the brilliant green.
Graphs for absorbance as function of dye concentration for
brilliant green was drawn and used as standard curve to
measure the dye concentration in all solutions used during
experiments. To determine the concentration of dye present in a
solution, the absorbance of the solution was measured using the
UV-visible spectrophotometer and was then related to the
concentration of the dye solution.

II. EXPERIMENTAL
A. Materials
Ripe and unripe bananas were bought from local
supermarkets in the Potchefstroom-area in North West,
South-Africa.
The brilliant green used for experiments were obtained from
Sigma Aldrich, South Africa. Brilliant green solutions were
prepared using deionized water.
B. Preparation of Adsorbent
The bananas were peeled. The peels were cut into reaps and
washed with deionized water to remove any contaminants that
may be present on the surface. The banana peels were dried in
an oven until completely dry. The peels were crushed into
smaller pieces using a bowl and mortar, followed by the
pulverizing thereof into a powder using a coffee bean grinder.
The peels were separated according to particle size. Meshes
with pass sizes of 106 μm, 250 μm, 500 μm, 710 μm and 1.18
mm were used to accomplish this. The peels were sieved using
a sieve shaker for a period of one hour. The banana peel powder
on each sieve were collected and stored separately.
For the adsorption of brilliant green, a mixture of the banana
peel powders with the smallest size fractions were used, in
other words, a mixture of the powder with a pass size of 250 μm
and 106 μm were used.
The banana peel powder was washed with water to remove
any colorants to ensure it does not add color to any substance it
is added to. Amounts of banana peel powder were placed in 250
mL deionized water in an Erlenmeyer flask, which was then put
on an orbital shaker and allowed to stir for thirty minutes at a
rotational speed of 200 rpm. The solution was then transferred
from the Erlenmeyer flask to various centrifuge tubes. The
solution was centrifuged at a rotational speed of 4000 rpm for a
period of five minutes, which caused the banana peels to settle
at the bottom of the centrifuge tubes. The liquid resting on top
of the powder was decanted from the centrifuge tube and was
discarded. The banana peel powder was transferred from the
centrifuge tube to a pan. After all banana peel powder in the
original solution had been transferred to the pan, the pan was
placed in an oven and allowed to dry.
The dried banana peel powder was collected from the pan
and stored in an air-tight container.

E. General Procedure of Experiments
The banana peels were tested for the adsorption of brilliant
green from water. The same general experimental procedure
applies for all parameters studied and is discussed
subsequently.
Dye solutions with a volume of 100 mL were used for all
experiments, with the dye concentration varying depending on
the parameter studied. The 100 mL dye solution was sampled
from a prepared 250 mL stock solution and placed into a 500
mL Erlenmeyer flask.
The required amount of banana peel powder was weighed. A
mass of 50 mg of banana peel powder was used for all
experiments conducted. The size fraction used was a mixture of
the banana peel powder with a pass size of 250 µm and 106 µm.
The banana peels were washed to remove all colorant and dried
prior to use.
The suitable amount of banana peel powder was transferred
to the Erlenmeyer flask which contains the dye solution.
Hereafter, the Erlenmeyer flask was placed on an orbital shaker
and stirred at a rotational speed of 160 rpm. The stirring was
allowed to commence for a certain period of time and at a
certain temperature, which both depended on the particular
parameter studied and experiment conducted as well.
The Erlenmeyer flask was removed from the orbital shaker
and approximately 30 mL of the solution was centrifuged. The
solution inside the centrifuge tube was centrifuged using a
centrifuge (model: Rotofix 32 A) at a rotational speed of 4000
rpm for a period of ten minutes to ensure that the adsorbent
separates from the rest of the mixture and settles at the bottom
of the tube. As much of the solution as possible was transferred
to a clean centrifuge tube without relocating any of the
adsorbent. The treated solution, which is separated from the

C. Preparation of Dye Solutions
Stock solutions of brilliant green with a concentration of 250
mg/L were prepared by dissolving 0.0625 g of dye in 250 mL
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adsorbent, can be subjected to further tests.
The absorbance of the treated solution was measured using
the UV-Vis spectrophotometer. If needed, the treated solution
was diluted to ensure its concentration falls into the range of the
standard curve. The spectrophotometer related the absorbance
to the concentration by utilization of the calibration curve.
F. Effect of Contact Time
The effect of contact time on the adsorbent’s brilliant green
removal efficiency was determined by varying the exposure
time of the adsorbent to the dye solution. The contact times
studied were 20 minutes, 40 minutes, 60 minutes, 80 minutes,
100 minutes and 120 minutes respectively. The general
experimental procedure as described above were used to
perform experiments.

Fig. 1. FT-IR analysis of banana peel.

The pseudo-first order and pseudo-second order kinetic
models were utilized to describe the behaviour of the
experimental results.
The linear form of the pseudo-first order kinetic model is
given in 7 [10]. A plot with log(qe) as independent variable and
log(qe-qt) as dependent variable was used to determine the
applicable parameters.

G. Effect of Temperature
The effect of temperature on the dye removal efficiency of
banana peel was considered by varying the temperature by the
following values: 25°C, 35°C, 45°C and 55°C. The general
experimental procedure as described previously was used to
execute experiments. For each temperature, each experiment
was conducted at each different concentration as well.
H. Determination of Effectiveness of Adsorbent
The amount of adsorbate adsorbed to the adsorbent at any
specific time t, denoted by qt, was calculated by utilization of
(1) [9]. The removal efficiency (R) of the adsorbent on the
brilliant green solutions were calculated using (2) [9].

(3)
In (3), qt is the amount of adsorbate adsorbed to the surface
of the adsorbent (in mg/g) at any time t (in minutes), qe
represents the amount of adsorbate adsorbed on the surface of
the adsorbent (in mg/g) at equilibrium and kS1 is the rate
constant for pseudo-first order adsorption (in min-1).
The linear form of the pseudo-second order kinetic model is
given in (4) [10]. The related parameters are determined with a
plot of t/qt as function of t.

(1)

(2)

(4)

In (1) and (2), C0 is the initial concentration (in mg/g) of the
dye in the aqueous solution, Ct is the concentration (in mg/L) of
the brilliant green solution after treatment with banana peel for
a specific time t, m is the mass of the adsorbent (adsorbent
dosage) (in g) and V is the volume of the dye solution (in L).

In (4), qt is the amount of adsorbate adsorbed to the surface
of the adsorbent (in mg/g) at any time t (in minutes), qe is the
amount of adsorbate adsorbed to the surface of the adsorbent
(in mg/g) at equilibrium and kS2 is the rate constant for
pseudo-second order adsorption (in g/(mg∙min)).
The amount of adsorbate adsorbed to the surface of the
adsorbent at any specific time (qt) is calculated with (1), while
the amount of adsorbate adsorbed to the surface of the
adsorbent at equilibrium (qe) is evaluated with (5) [3].
The amount of adsorbate adsorbed onto the adsorbent at
equilibrium (qe) is given in (5) [4].

I. Characterization of Adsorbent
The chemical composition of the banana peel was
determined with use of Fourier Transform Infrared
Spectroscopy (FT-IR).
J. Adsorption Kinetics
The adsorption kinetics of banana peel adsorbing brilliant
green from aqueous solution was studied at a temperature of
25oC The following times were selected to vary the contact
time between adsorbent and solution: 20, 40, 60, 80, 100 and
120 minutes. For each experiment, 50 mg adsorbent was added
to 50 mL dye solutions and an initial concentration of 150 mg/L
and was subsequently stirred at a rotational speed of 160 rpm
for the designated contact time.
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presence of a phenol group.
The adsorption peak visible at 1018.72 cm-1 implies the
stretching of a C-N group, which indicates the possible
presence of an amine group, or the stretching of an S-O group,
which suggests the presence of a sulfoxide group [12].
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B. Effect of Contact Time & Temperature on Removal
Efficiency
The effect of contact time and temperature on the removal
efficiency of brilliant green by banana peel was tested
simultaneously. Contact times studied were 20, 40, 60, 80, 100
and 120 minutes, while temperatures examined were 25°C,
35°C, 45°C and 55°C. The removal efficiency as a function of
contact time for different temperatures is presented in Fig. 2,
while the removal efficiency as a function of temperature for
different contact times are shown in Fig. 3. From both Fig. 2
and Fig 3. it is evident that the range of the removal efficiency
of the adsorbent at 55°C differs significantly from the range of
removal efficiencies at other temperatures.
From Fig. 2 and Fig. 3, it can be observed that the optimum
temperature is 25°C. The removal efficiency ranges between
84% and 92% for all contact times at the lower three
temperatures, while the removal efficiency falls between 42%
and 49% for the contact times at a temperature of 55°C.
The removal efficiencies as a function of contact time at
temperatures of 25°C, 35°C and 45°C are compared in Fig. 2.
At a temperature of 25°C, the removal efficiency increases with
an increase in contact time and reaches maximum efficiency at
a contact time of 60 minutes. The removal efficiency remains
approximately constant for throughout the 120 minutes contact
times. At a temperature of 35°C and 45°C, the removal
efficiency increases slightly as the contact time increases from
20 minutes to 40 minutes, subsequently decreases up to a

Fig. 3. Effect of temperature on removal efficiency at different contact
times.

The appropriateness of each model to predict adsorption
behaviour is determined by the coefficient of determination
(R2) [11].
III. RESULTS & DISCUSSION
A. Characterization of Banana Peel Powder with FT-IR
The FT-IR spectra obtained for the untreated banana peel
powder is displayed in Fig. .
The strong, broad adsorption peak at 3279.27 cm-1 falls in the
frequency range of 3300-2500 cm-1, which is indicative of the
stretching bands of O-H groups that are present in the banana
peel [12]. The peak also shows the presence of a carboxylic
acid.
The adsorption peak at 2918.23 cm-1 suggests the stretching
of the bands of two possible groups, namely O-H or N-H, and
the possibility of three different compound classes, namely
carboxylic acid, alcohol or an amine salt [12].
The bending of a N-H group, which is representative of the
presence of an amine, or the stretching of a C=C group, which
indicates the presence of a cyclic alkene, is presented by the
adsorption peak visible at 1598.84 cm-1 [12].
The bending of an O-H group is suggested by the adsorption
peak found at 1374.67 cm-1 [12]. This suggests the possible
https://doi.org/10.17758/EARES8.EAP1119268
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contact time of 80 minutes and afterwards increases, where it
reaches a maximum at a contact time of 100 minutes and
subsequently starts decreasing.

Temperatures of 25°C, 35°C and 45°C all lead to removal
efficiencies of more than 80%, while a temperature of 55°C
results in very low removal efficiency. A temperature of 25°C
was found to be the most optimal temperature, both in removal
efficiency and economically.
The adsorption behaviour and capacity of banana peel was
found to be modelled adequately with the pseudo-second order
kinetic model, while the pseudo-first order kinetic model does
not describe the data adequately.
From the results obtained, it can be concluded that banana
peel may serve as sufficient adsorbent for brilliant green from
wastewater. It may be further assumed that banana peel will be
adequate for the removal of cationic dyes in general.
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Fig. 5. Pseudo-second order behaviour for adsorption of brilliant green
onto banana peel.
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