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Application of different functional groups of banana
peels for enhanced dye removal in textile effluents

Prakash Arul Jose™ ©, Parvathi Rajalekshmi? ©, Anandakumar Daisy Sheena3

ABSTRACT
The presence of deionized chemical contaminants in waterways poses significant threats to aquatic ecosystems and human populations. This research
investigates the efficacy of banana peel (Musa spp) as a natural adsorbent for treating textile dye-contaminated water. Isotherm and kinetic model types showed
that chemisorption was the rate-limiting phase in monolayer adsorption. The maximum adsorption was 287 mg/g. Hydroxyl, amine, and carboxy! functional
groups detected in the FTIR spectrum provide active sites that promote the adsorption of dye molecules onto the adsorbent. The usual solution eliminated
92.8% of dyes under optimal conditions. The experimental results identified optimal treatment parameters of 05 g adsorbent dosage, 70 pH, 100 mg/L initial
dye concentration, and 60 min contact time. Under these conditions, the system achieved 839% dye removal efficiency. While the low dye adsorption capacity
in industrial effluent (839%) compared to synthetic solutions (92.8%) reflects matrix complexity, banana peels remain effective for real-world textile wastewater
treatment. Significantly, a simple acid-base process enables 95% dye recovery, demonstrating both the adsorbent’s reusability and circular economy potential for

sustainable water treatment.

Keywords: banana peel adsorbent; textile dye removal; adsorption isotherms and kinetics; FTIR functional groups; wastewater treatment.

m)

INTRODUCTION

The rapid expansion of industrial activities and population growth has led to
severe water pollution, posing significant threats to both environmental integ-
rity and global water security. Despite water covering 71% of Earth’s surface, only
0.03% of the planet’s freshwater resources are readily available for human con-
sumption and industrial use, making their protection from contamination criti-
cally important (Leal et al., 2018). The direct discharge of untreated industrial
effluents constitutes a primary source of aquatic contamination, introducing toxic
chemicals, heavy metals, and synthetic dyes into freshwater systems. This uncon-
trolled release not only compromises water quality but also disrupts aquatic eco-
systems and threatens public health through bioaccumulation in the food chain
(Nuithitikul et al., 2010; Leal et al., 2018; Wong et al, 2020). The textile indus-
try discharges an estimated 5,000-10,000 metric tons of reactive dyes annually,
contributing to approximately 17-20% of total industrial wastewater pollution
(Yagub et al., 2014; Pirkarami; Olya, 2017; Wong et al, 2020). Most of these col-
ors block sunlight from reaching all sections of a water body, threatening aquatic
life and populations around badly polluted water. This stresses the necessity for
eco-friendly textile wastewater treatment (Kabir et al., 2019; Wong et al, 2020).
Adsorption is a common and advanced decolorization method intended
for textile effluent due to its simplicity, low price, as well as great effectiveness,
particularly for supersaturated dye solutions (Kabir, 2018; Naushad et al., 2019).

Biodegradable and commercial adsorbents for wastewater Color adsorption

0

(Arami et al., 2005). As these materials are difficult to treat and expensive,
researchers must find new adsorbents that match performance requirements.
Activated carbon and organic resins are excellent dye adsorbents (Gimbert
et al., 2008). Current research shows that replacing traditional materials with
cheap, environmentally friendly biowaste-derived adsorbents has considerably
decreased the adsorption mechanism’s expenditure (Gimbert et al., 2008; Wong
etal,, 2018; Li et al., 2019; Biswas et al., 2020). The separation of heavy metals
from textile industry wastewater using biosorbents has been widely investigated
(Naushad et al., 2015; Kabir et al., 2019). These findings prompted the creation
of inexpensive, eco-friendly adsorbents that remove the majority of hazardous
Color compounds from textile effluent.

Banana peel is a popular adsorbent because of its year-round availability.
Banana peels acquire cationic and anionic compounds from diverse functional
groups (Munagapati et al., 2020). Most bio-waste banana peels can extract heavy
metals, pharmaceuticals, radioactive elements, phenolic chemicals, and more.
Numerous scholars have examined the efficacy of banana peels (Achak et al.,
2009; Silva et al., 2013; Oyewo et al., 2016; Vilardi et al., 2018). Previous studies
have recorded that banana peels demonstrate effective remediation potential for
textile industry effluent treatment (Memon et al., 2008; Palma et al., 2011; Kamar
etal,, 2018; Mondal; Kar, 2018; Munagapati et al., 2018; Oyekanmi et al., 2019;
Hashem et al., 2020). Color removal from real industrial effluents was relatively

limited compared to synthetic dye solutions. However, banana peel effectively
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removed color from aqueous dye solutions in most experiments. The combined
dye solutions exhibited appropriate adsorption behavior, and textile effluents
containing the same dyes were also successfully treated under optimized condi-
tions. The study confirms banana peels’ efficacy in color removal, though cost
factors present challenges for commercial adoption in wastewater treatment
(Ma et al., 2015). Industrial water disinfection requires study on banana peels.

A shocking amount of reactive dyes, which are frequently used to Color
cotton, are being released into the environment. In this study, reactive Colors
were taken out of textile effluent using banana peels. The banana peel’s adsorp-
tion capacities were evaluated for the Fourier transform infrared spectroscopy
(FTIR) study with respect to the pH of the solution, adsorbent dose, the initial
amount of dye, and retention time. Using a standard solution, the best adsorption
characteristics were identified. For the purpose of demonstrating the adsorption
of textile effluent Colors by banana peel, experimental data were appropriately

matched with isotherm and kinetic models.

MATERIALS AND METHOD

The important source material of fresh red banana peels (Musa acuminata) was
procured from local markets in Kanyakumari, Tamil Nadu, India. A well-estab-
lished textile dying facility in the city of Tirupur in the Indian state of Tamil
Nadu provided wastewater together with the powder of three different reactive
dyes in succession. These dyes were named Deafiz Red ME 6BL, Firsfix Yellow
3RS, and Deazol Black B EAN. Figure 1 presents the chemical makeup of a num-
ber of different dyes that are available for purchase and belong to comparable
generic groupings. In order to achieve the desired pH level for the solutions,
Surya Fine Chem (India) provided both NaOH and HCIL.
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Figure 1- (a) Sudan Black B, (b) Direct Red 6BL, (c) Deazol Black B EAN.

Preparation of an adsorbent

The banana peels were initially cut into smaller pieces before being cleaned,
dried, crushed, and then screened in order to commence the process of pre-
paring them before adsorption. Before being heated for 8 h at 80°C in an IFB
23L microwave oven, the peels were washed well by using deionized water
(DI-water), allowed to air dry for 48 h, and then cleaned again. The dried peels
were mixed in an airtight polythene container and sieved through a 100 mesh

(149 pum) using an Indian Preethi electric blender.

Determination of chemical composition

The proportion of the dye solution was recorded using a ultraviolet (UV)-Vis
spectrophotometer (HACH, Loveland, CO, USA). A Hach-Sension-MM156
was used to determine the solution’s pH, with subsequent calibration performed
with a portable multi-parameter and a glass electrode. LabTech magnetic stir-
rer from Hopkinton, Massachusetts, USA, was utilized to keep the solution
homogeneous, while high-sensitivity mercury-cadmium-telluride (MCT)
Tracer-100 FTIR equipment was used to monitor the solution for chemical
changes (Shimadzu, Tokyo, Japan). LabSolutions IR was implemented for use
as a peak analysis instrument. Prior to FTIR analysis, all samples were uni-
formly prepared by thoroughly homogenizing each specimen with potassium
bromide (KBr) at a 1:100 (w/w) ratio to ensure spectral consistency. The result-
ing KBr pellets provided transparent matrices suitable for infrared spectros-
copy analysis while minimizing potential interference from atmospheric water

vapor or CO, absorption.

The standard solution and the calibration curve

Adsorption efficiency can be optimized by determining the ideal combina-
tion of key parameters, including pH, contact time, initial dye concentration,
and adsorbent dosage. The optimal conditions (pH 7.0, 60-min contact time,
100 mg/L initial dye concentration, and 0.5 g banana peel dosage) were estab-
lished through systematic experimentation. Elemental concentrations in textile
wastewater were quantified using calibration with standard solutions of known
concentrations. The synthetic wastewater solution was prepared by combining
equal volumes of three different dye solutions with DI water. Each dye stock
solution was standardized by dissolving 1.0 g of dye in 1.0 L of DI water. The
resulting mixed solution contained equivalent concentrations of all the three dye
components, simulating balanced textile wastewater conditions. To ensure dye
dispersion, the stock solution was magnetically stirred for 60 min at 180 rpm.
Using the maximum wavelength of adsorption, the absorbance of a standard
solution was measured and converted into a component of the solution’s con-
centration. Comparison between water absorption and wavelength is shown in
Figure 2a. As shown in the graph, the maximum value occurs at a wavelength
of 601 nm. The maximum value from this experiment was used in all spectro-
photometric calculations. Stock solution ranging from 25 to 225 mg/L at pH 7
was used in the calibration experiment. The absorbance of each solution was
determined at a constant temperature of 25°C (Figure 2b). Data were well-fit to
a horizontal line with an R? of 0.995, demonstrating a constant molar absorp-

tion rate across the whole dose range.

Adsorption investigation
This study examined absorption of dyes by banana peels from textile waste-

water. After adjusting adsorption parameters with a standard solution, banana
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peels were used to remove Color from wastewater. To determine the ideal pH
range between 2.0 and 10.0 for maximum adsorption, 0.5, 0.75, and 1.0 g of the
adsorbent were added to 250 mL of a dye solution (50 mg/L) in amber bottles.
After an hour of magnetic stirring at 180 rpm and 25°C, the mixtures were fil-
tered using No. 1 Whatman filter paper. Using the calibration curve, the UV-Vis
spectrophotometer was able to provide an instantaneous determination of the
final concentration of the solutions that were filtered. 0.1-0.8 g of M, banana
peels was added to 250 mL of a 50 mg/L dye solution with a pH of 7 in amber
bottles, and adsorbent consumption was calculated. pH testing was done similarly.

Four concentration levels (C, = 25.0, 50.0, 100.0, and 150.0 mg/L) were
used in adsorption studies to establish equilibrium. A magnetic stirrer was
used to stir banana peels added to 250 mL dye solution for 2 h at 25°C. At pre-
determined intervals (t = 0, 10.0, 20.0, 30.0,45.0, 60.0, 90.0, and 120.0 min),
spectrophotometric samples were collected. The final solution concentration
remained constant as the adsorption period lengthened, indicating equilibrium.
For the purpose of determining the adsorption capacity (q) and the effective-

ness (% dye removal), Equations 1 and 2 were utilized (Gimbert et al., 2008).

Effectiveness of removal (%) = (Clc;cf) % 100 (1)
Effectiveness absorption (ﬂ) N Chd)) XV )
g Maas
where:

Ci: initial dye solution concentration (mg/L);
C: the final dye solution concentration (mg/L);
V: the solution volume (L);

M,,: the weight (g) of the adsorbent.

Isotherms of adsorption

The experimental adsorption data were analyzed using both Langmuir and
Freundlich isotherm models to establish a theoretical framework for industrial
wastewater treatment applications. The adsorption process was best described
by the Langmuir isotherm model (Equation 3) (Gimbert et al., 2008), indicat-

ing monolayer dye adsorption occurring at homogeneous binding sites with

equivalent energy. This model assumes no intermolecular interactions or migra-
tion between adsorption sites, with surface saturation achieved at maximum
monolayer coverage.

Ce Co 1

de dm N KLqm

3

Where:

q,,: the maximum amount of mass that can be adsorbed per unit of weight.

The adsorption equilibrium ability is denoted by the symbol q , while the Langmuir
isotherm constant is denoted by KL. C /q, was plotted over C_to calculate q_and KL.
KL is the intercept, and Q,_ is the inverse slope. Dye adhesion on banana peels may be
quantified by computing a non-dimensional separation factor (RL) using the Langmuir
isotherm model. Equation 4 (Unuabonah et al., 2009) demonstrates this point.

1
(1 +KLCy)

RL (©)

The separation factor (RL) exhibits binary behavior, exclusively assum-
ing values of either 0 or 1, corresponding to irreversible or linear adsorption
isotherms, respectively. In contrast, the Freundlich isotherm model describes
multilayer adsorption characterized by significant intermolecular interactions
occurring on energetically heterogeneous surface sites. The linearized form

of the Freundlich isotherm is presented in Equation 5 (Gimbert et al., 2008).
1 ©)
In(ge) = In(ks) +-In (C,)

The Freundlich isotherm notates two quantities, KF (mg/g) and 1/nF (het-
erogeneity factor of adsorption capacity). Using a straight line fit to the data
of the In(qe) like a function of the In(Ce), which would be analogous to the
Langmuir isotherm, we were able to estimate KF (from the intercept) and nF
(from the slope). Most of the time, 1/nF has a value between 0 and 1, but outside
of that range, the concentration and adsorption of the dye solution change to a
great extent. If nF = 1, the adsorption is linear; otherwise, it is either chemical
or physical (1/nF or more) (Gimbert et al., 2008). Adsorption of dye onto the

adsorption surface increases 1/nF by 1 (Unuabonah et al., 2009).

Source: Elaborated by the authors.

Figure 2 - (a) Determining the wavelength for the most absorption, (b) method for the determination of normal dye concentrationat pH-7,A__ =601nm,and T = 25°C.

Cr Eng Sanit Ambient v. 31, e20240137, 2026




Jose, PA.; Rajalekshmi, P; Sheena, AD.

Kinetics of adsorption

The adsorption kinetics were investigated by examining the equilibrium rela-
tionship between adsorption capacity and contact time. Both pseudo-first-order
(PFO, Equation 6) and pseudo-second-order (PSO, Equation 5) kinetic models
demonstrated excellent correlation with experimental data when applied in their
linearized forms (Equation 7). The PFO model showed dependence on the ini-
tial solution concentration, while the PSO model exhibited stronger correlation
with the square of the solution concentration (Wong et al., 2020), suggesting

different rate-limiting mechanisms in the adsorption process.

ks
2303

ln(qe - qt) = ln(qe) -

t 1

1
= —t )
qt k2qez e

where:

q;: the adsorption capacity at instant time (mg/g);
t: time (min).

K1: the adsorption rate for PFO.

K2: the adsorption rate for PSO.

Study of desorption

When the banana peel had absorbed the dye at a concentration of 0.5 mg/L,
it was removed from the mixture using a vacuum filter. Whether used alone
or in combination, adsorbents proved useful in both basic and acidic environ-
ments. The preparation of the adsorbent began with treatment using 0.1 M
HCl and NaOH solutions. After washing three times with distilled water and
drying at 80 °C for 12 hours, the adsorbent was obtained free from residual

acidic or basic reagents.

RESULTS AND DISCUSSION

FTIR analysis

The FTIR spectrum of banana peel shown in Figure 3 illustrates the presence of
distinct functional groups. The largest peak, at 3,393.8 cm™, demonstrates coor-
dinated motion in the O-H (hydroxyl) and N-H (amine) stretches of both amino
acids and alcohols. Several alkane C-H stretching peaks were found in the region
of 2,850-3,000 cm™ (Pavia et al., 2015). FTIR analysis identified characteristic
vibrational modes of aldehydes and carboxylic acids, with distinct peaks corre-
sponding to C=0 stretching (1736.9 cm™), O-H bending (160.2 cm™), and sym-
metric -COO- stretching (1,399.4 cm™). The amine N-H deformation, alkene C-H
stretching, and aromatic C-O stretching are responsible for the 1000- 1350 cm,
925-850 cm™ and 650-1000 cm™ bands, respectively (Memon et al., 2008; Pavia
et al,, 2015). The hydroxyl and carboxylic groups of cellulose and the amines of
hemicellulose were detected in the FTIR spectrum of banana peel. Hydrogen bonds
are formed between the positively charged functional groups in the banana peel
(-COOH, -NH,, -OH, etc.) and the negatively charged atoms on the dye surface
(N, O, etc.) (Laskar et al., 2017; Oyekanmi et al, 2019).

Effect of the pH solution
Banana peels’ ability to absorb reactive Colors from solutions depends on the pH of

the solution and the adsorbent’s surface (ionic or neutral). pH is a factor in adsorption.

Experiments with adsorption times of 60 min were conducted at a starting dye con-
centration of 50 mg/L over the pH 2-10 range. Adsorption at concentrations of 0.5,
1.0, and 2.0 g/L was tested. Figure 4 shows the correlation connecting the pH of the
solution, in addition to the amount of Color absorbed by banana peels. The high-
est percentages of dye removal occur ata pH of 7.0 (93.4, 97.1, and 99.6% intended
for 0.50, 0.75, and 1.0 g adsorbents, respectively). A higher pH value decreases
adsorption efficiency. Similar outcomes were achieved with Colors adsorbed onto
the peels of bananas, oranges, shrimp, and sewage sludge (Annadurai et al., 2002;
Abdurrahman et al., 2013; Rahman; Akter, 2016).

AtapH of 7.0, anionic and cationic dye ions were adsorbed on banana peel
adsorption sites, rendering the solution Colorless. Strong electrostatic interac-
tions between functional groups on banana peels and charged molecules in the
dye solution (Na+, Cl-, SO,Na+, -COO, -0, -COOH, -NH,, -SO,, etc.) con-
tribute to the absorption of Colors from waste solutions. To remove Colors that
have been neutralized by H+ and OH ions, found in acidic and basic environ-
ments, respectively, is more challenging.

The relationship between adsorbent dosage and dye adsorption capacity
was systematically investigated, as illustrated in Figure 5. The results demon-
strate that increasing the dosage of banana peel adsorbent significantly enhances
decolorization, with the treated adsorbent achieving 94% adsorption capacity

compared to only 20% for untreated banana peel (Figure 5b). This improvement

Source: Elaborated by the authors.

Figure 3 - FTIR spectra of banana peel.

Source: Elaborated by the authors.

Figure 4 - The different Colors’ adsorption rates on the banana peel pHs.
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can be attributed to the increased availability of active adsorption sites, includ-
ing hydroxyl, carboxyl, and amine functional groups, which facilitate electro-
static interactions and hydrogen bonding with dye molecules. At higher dos-
ages (0.8 g), the adsorption capacity plateaued at 96% (Figure 5a), indicating
that beyond this threshold, additional adsorbent does not substantially improve
performance due to equilibrium limitations.

Interestingly, while adsorption capacity increased with dosage, the adsorp-
tion capacity (q,) exhibited an inverse trend, decreasing from 28.4 mg/gat 0.2 g
dosage to 14.9 mg/g at 0.8 g dosage. This phenomenon occurs because lower
dosages allow for more efficient utilization of active sites, leading to higher dye
uptake per unit mass of adsorbent. At 0.2 g, the adsorbent reaches near satura-
tion, leaving minimal residual dye in solution. However, as the dosage increases
beyond this point, two key factors contribute to reduced capacity:

o Site Saturation and Aggregation Effects: Excess adsorbent leads to particle
agglomeration, which reduces the effective surface area available for dye
binding. This aggregation increases diffusion path lengths, limiting molec-
ular access to active sites;

o Unsaturated Active Sites: At higher dosages, the adsorbent-to-dye ratio
becomes imbalanced, leaving many adsorption sites unoccupied, thereby
lowering the overall capacity per unit mass. These findings align with pre-
vious studies (Kabir et al., 2019), confirming that while higher dosages
improve absolute dye removal, they also introduce diminishing returns in
adsorption efficiency. The optimal dosage range (0.2-0.8 g) balances high
adsorption capacity with practical adsorbent usage, making it suitable for
scalable wastewater treatment applications. Further research could explore
modifications to prevent particle aggregation and enhance adsorbent dis-

persibility, thereby improving performance at higher dosages.

Effects on initial concentration and contact time

This experiment examined the relationship between dye concentration and
contact time. The time-dependent adsorption behavior of the dye at four initial
concentrations (Ci = 25, 50, 100, and 150 mg/L) is presented in Figures 6a and
6b. Figure 6a demonstrates that after the first 10 min, the rate of % dye elimina-
tion sped up and then leveled out. Except for the 150.0 mg/L solution, all start-

ing concentrations achieved equilibrium within 60.0 min of adsorption. The

adsorption process attained its maximum efficiency within 90 minutes. Rapid
initial adsorption occurs because of the large concentration of active adsorbate
molecules, which facilitates rapid interaction between the dyes and the adsorbent.
As active site loss due to adoption gradually reduces adsorption, a dynamic equi-
librium between adsorption and desorption is reached. With higher dye concen-
trations, there were fewer active sites available despite the fact that the adsorbent
and solution volume remained the same. Inadequate active sites, when present
in greater numbers, reduced dye removal efficiency. Compared to the removal
rates of 56.6, 96.2, and 100% achieved by solutions of 100.0, 50.0, and 25.0 mg/L,
respectively, only 43.4% of dyes were removed by solutions of 150.0 mg/L. This
finding is consistent with that of Arami et al. As there were more dye molecules
in the same volume and mass of the adsorbent, the adsorption power of banana
peels was greater in dye-rich solutions (33.5 mg/g at 150.0 mg/L and 12.50 mg/g
at 25.0 mg/L). Yet, as can be shown in Figure 6b, the adsorption of the banana
peels was parallel to the removal of the dye.

In the subsequent circumstances, adsorption isotherm studies were performed
with 0.5 g of banana peel, a pH of 7, as well as a temperature range of 25°C and a
concentration between 25 and 200 mg/L. Ata speed of 180 rpm, the magnetic stirrer

mixed the adsorbent and adsorbate for 1 h. Equilibrium concentrations, % of removal

Source: Elaborated by the authors.

Figure 6 - () Percentage of dye removal, (b) adsorbed amount of dyes.

Source: Elaborated by the authors.

Figure 5 - (a) Effects of the amount of adsorbent used on the dye’s ability to adhere to the banana peel, (b) Effects of the amount of adsorbent equilibrium.
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efficiency, and the amount of dye adsorbed were calculated using the same approach
employed for the adsorption experiment. In order to fit experimental data to isotherm
equations, the Langmuir isotherm model (Figure 7a) provides a relatively better fit
than the Freundlich model, as illustrated by the higher R? value (Figure 7b). For the
two isotherm models, Table 1 lists the adsorption parameters and related R? values.
The banana peel adsorbent surface is unusual in that it is quite uniform, yet
the Langmuir isotherm model provides a clear explanation of the phenomenon
of single-layer adsorption. A nonlinear adsorption behavior and a reduction in
R? (1/nF 0.114 1) are the outcomes of the saturation of surface adsorbent active
sites, which is predicted by the Freundlich model. When present in large num-
bers, this impact may be seen to its fullest extent. For the purpose of predicting
dye adsorption onto the banana peel, the Langmuir isotherm model was used
(RL versus C,, Figure 8). The value of RL decreased from 0.133 to 0.02 when
the concentration of RL grew from 25 mg/L to 200 mg/L. Peels from bananas
often had RL values that ranged between 0.02 and 0.14, which indicated that
they were able to constantly absorb Color. When 1/nF is smaller than unity, the

Freundlich isotherm for dye adsorption is the same as the Langmuir isotherm.

Kinetics of adsorption

Kinetic tests with three dye concentrations (25.0, 50.0, and 100.0 mg/L) dur-
ing 0-120 min evaluated banana peel adsorption capability. Figure 9 shows the
generalized linear PFO and PSO model equations used to compute the adsorp-
tion response rate for various concentrations. Isotherm experiments confirmed
chemisorption’s greater R? value (Figure 9 compared to PFO). Table 2 compares
rate constants (k1 and k2), theoretical equilibrium adsorption capacity (q,, calc),

and R? values of two kinetic models.

Textile wastewater adsorption

The optimized treatment conditions determined using the stock solution, such as
solution pH, adsorbent dosage, and contact time were applied to textile wastewa-
ter. To begin with, the effluent was diluted to a concentration of 0.612, or 56 mg/L,
since its composition was unknown (as determined using a calibration curve).
During an hour at 180 rpm, 250 mL of wastewater (56 mg/L) and 0.5 g of banana

peel were magnetically swirled together. Adsorption was able to remove 84.3% of

the dye, resulting in an end concentration of 8.2 mg/L (absorbance = 0.087), which
is 9 percentage points below the 50 mg/L concentration of the standard solution.
The adsorption capacity of industrial wastewater may be diminished by the pres-
ence of Coloring agents (salts, alkalies, surfactants, and softeners) that were not
taken into account in the typical dye solution experiments. An increased concen-
tration of dye at the outset leads to diminished elimination. The dye concentration
of the wastewater and the reference solution may influence the calibration curve.
The color adsorption capacity of banana peels and other bio-adsorbents has been
compared across various studies, which used different dosages and concentrations.
While similar removal trends were observed, the percentage and duration of dye

removal varied depending on the mineral composition of the banana peel and the

Table 1- Adsorption isotherm parameters for the color on the banana peel.

gm (ma/g) | KL (L/mg) R? RL 1/nF | KF(mg/g) R?

2879 0.261 09762 | 0021-0142 | Om3 64 08256

Source: Elaborated by the authors.

Source: Elaborated by the authors.

Figure 8 - Graphical representation of the separation factor (RL) against initial dye
concentration.

Source: Elaborated by the authors.

Figure 7 - (@) Langmuir isotherm model plots (b) Freundlich isotherm model plots.
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Source: Elaborated by the authors.

Figure 9 - (a) Adsorption kinetics using pseudo-first-order dynamics, (b) adsorption kinetics using pseudo-second-order dynamics.

Table 2 - The dye’s adsorption kinetic characteristics on the banana peel.

Preliminary Dye Content (mg/L)

The Kinetic Model Variables
250 [ 500 | 1000 |
R? 09120 09650 09762
Pseudo-first- order K1 (min" 00591 0048 0046
qg,calc (mg/g) 541 2081 2104
R? 09998 09991 09993
Pseudo-second-order ey (M) 12.84 2785 3061
(SN Ggylelle) 1251 2412 2843

Source: Elaborated by the authors.

initial dye concentration (Amela et al., 2012; El-Maghraby; Taha, 2014; Sousa et al.,
2014; Hashem; Amin, 2016; Djiani et al., 2019; Ahmed; Makewska-Nowak, 2020).

Study of adsorbent regeneration

The adsorbent surface (shown in Figure 10) was bleached with 0.1 M HCL (A)
and NaOH (B) solutions. Recovery rates for HCI (51.19, 3.21%) and NaOH solu-
tions (47.91, 4.62%) were comparable. This was demonstrated by the fact that
the dye solution included an equal number of positive and negative hydroxyl
groups, and that the maximum adsorption occurred at pH = 7.0, indicating that
both basic and acidic media were required to generate extreme conditions and
desorb Colors from the adsorbent. Dye desorption from an adsorbent surface
under extreme circumstances requires both basic and acidic media. When placed
in an acidic environment, H+ will displace the negatively charged dye molecules.
The dye molecules’ positive functionality is removed by the basic medium. Hence,
the most efficient order for acid and base is acid, followed by base. This acid-base
treatment recovers only 96.1% when compared to individual acid and base treat-

ments (99.1%), due to the neutralization of leftover HCl and NaOH solutions.

CONCLUSION
Banana peel absorbs textile wastewater Color well. Before treating wastewater,
a typical solution that constitutes a mixture of the three primary Colors was

used to optimize parameters. This experiment yielded the following findings.

Cr Eng Sanit Ambient v. 31, e20240137, 2026

Source: Elaborated by the authors.

Figure 10 - (@) HCL, (b) NaOH, and (c) addition of HCl and NaOH.

o Results from FTIR spectroscopy of banana peels indicated the presence of
several hydroxyl, amine, and carboxylic groups. Effective dye removal and
high adsorption capacity were both achieved by strong adsorbent-adsor-
bate interactions;

«  The anions and cations of the wastewater solution suggest a pH of 7 for
adsorption. Adsorption capacity accelerated with dosage; however, it was
limited above 0.5 g;

o Adsorption reached the steady state in 60 min, although solutions with
concentrations above 100 mg/L needed more adsorption sites;

o Chemical adsorption removed the banana peel Color. PSO kinetic and
Langmuir isotherm models fit experimental adsorption data;

«  This study shows that banana peels can absorb textile Colors while being
a cheap and renewable biowaste. Using acid and basic treatments, 95% of

banana peels can be used for Color adsorption.
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