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Graphical abstract

Abstract
The present communication attempts to explore the
adsorption potential of Mixed Fruit Peel Waste (MFPW) to
remove Sunset Yellow FCF dye from an aqueous solution.
The MFPW is a low-cost adsorbent prepared from the peels
orange, watermelon and banana. The characterization of
MFPW was made through FTIR, SEM and BET studies. The
FTIR studies revealed the presence of functional groups
such as nitro, carboxyl, ester, ether, phenol and alkyne that
are solely responsible for adsorption. The surface
morphology exposed the clear and well-developed pores of
MFPW. Batch adsorption studies resulted in a maximum
adsorption capacity (qmax) of 200 mg/g at optimum pH 3.0,
contact time of 100 minutes, and adsorbent dose of 2.0 g/L
with an initial dye concentration of 40 ppm. Sunset Yellow
FCF dye removal was discovered to be spontaneous and
endothermic in nature, with the Langmuir isotherm and
pseudo-second-order-kinetics providing the best fit. In
summary, mixed fruit peel waste adsorbent can be used as
a low-cost, environmentally friendly and sustainable
adsorbent to decolorize sunset yellow FCF dye.
Keywords: Adsorption, sunset yellow, mixed fruit peel
waste adsorbent.
1.

Introduction

Dye effluents are released during the dyeing process in the
textile, food, printing, leather, plastic, and cosmetic
industries [Hejun Gao et al., 2013; Yu Zhiyong et al., 2013].
These dye effluents have an impact on groundwater quality
by altering parameters like Biological Oxygen Demand
(BOD), Chemical Oxygen Demand (COD), Total Organic
Solids (TOS), Total Dissolved Solids (TDS), and Total
Suspended Solids (TSS) [Garba Z.N et al., 2019; Xiaoduo Liu
et al., 2019]. It is also known that dye effluents cause
eutrophication (the blocking of sunlight), depleting
nutrients in the water and endangering aquatic life.
Nonetheless, consuming such polluted water has a
significant impact on terrestrial life, resulting in serious
health issues such as asthma, cancer, skin and throat
irritation, and so on. As a result, proper treatment of dye
effluents from industries has become critical
[Rangabhashiyam et al., 2017].
There are currently several treatment options available,
including filtration, precipitation, membrane separation,
ion exchange, coagulation, flocculation, and adsorption,
with the adsorption method being versatile, cost-effective
and ease of operation [Jayalakshmi and Jeyanthi, 2021;
Zhifeng Jiang et al., 2014; Yonggang Liu et al., 2010].
Researchers have developed various adsorbents to remove
dye effluents from the environment, such as activated
carbon, sawdust, bagasse fly ash, guava seeds,
nanocomposites, lignocellulosic biomass, and agricultural
byproducts such as fruit peels, wheat, and rice bran. But
many adsorbents fail to meet the minimum requirements
for wastewater recycling, such as high selectivity and good
adsorption capacity for wastewater recycling [Garg et al.,
2003; Mall, Indra et al., 2006]. However, due to its high
adsorption capacity, various fruit waste has been
highlighted as an adsorbent in previous studies [Husseien
et al., 2007; Ranjithkumar et al., 2017].
Among other adsorbents, fruit waste adsorbents are costeffective, sustainable, biocompatible, easy to scale up and
environmentally friendly, making them a promising
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candidate for wastewater treatment. Moreover, water
material utilization can bridge the gap between the waterenergy-food circular economies [Hossain et al., 2020;
Solangi et al., 2021]. Previous research has shown that
noncarbonized guava seeds effectively adsorb selective azo
and anthraquinone dyes. Similarly, Methylene Blue,
Eriochrome Black T., and Alizarin S dyes can be removed
using dried prickly pear cactus cladodes adsorbent [Barka
et al., 2009; Machrouhi et al., 2017]. The peels of Punica
granatum L. were found to adsorb 98.07 %of Pb (II) ions
and 94.76 % of Acid Blue 40 from industrial wastewaters.
Rhodamine B and Methylene Blue were removed using
digested fruit waste [Hussain et al., 2016; Bhatnagar, Amit
et al., 2009].
The adsorbent behavior of mixed fruit biomass for
removing dyes in the literature was insignificant so far.
However, the effectiveness of activated carbon derived
from fruit waste as an adsorbent was reported in many
studies [Wong et al., 2018; Sahu et al., 2020; Ramalingam
et al., 2020]. Moreover, the studies reported that biomass
could be a potential substitute for activated carbon,
reducing operational costs [Rebitanim et al., 2012].
Therefore, an attempt was made to prepare mixed fruit
peel waste biomass cost-effectively and efficiently, without
chemical or thermal activation in this study. Furthermore,
its
corresponding
adsorptive
behavior for dye removal was studied. Moreover, the
reported adsorption capacity of mixed fruit peel waste is
higher when compared to other fruit waste as well as
activated carbons [Lim et al., 2020; Nguyen et al., 2020].
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were ground into a fine powder in a mixer grinder and
sieved through a 150 µm mesh sieve to obtain uniformly
sized particles. Finally, the powdered mixed fruit peel
waste was stored in an airtight container for future use.
[Bhatnagar et al., 2021; Khaskheli et al., 2021].
2.2. Characterization of prepared adsorbent
FTIR spectra were used to investigate the chemical
functional groups of the adsorbent, and the adsorbent was
loaded as KBr discs and recorded in a Fourier Transform
Infrared Spectrophotometer (PerkinElmer Spectrum Two).
A surface area analyzer was used to investigate mixed fruit
peel waste’s pore size, surface area, and pore volume
(BELSORP-Mini II). The adsorbent's surface morphology
was investigated using a scanning electron microscope
(ZEISS). A UV–Visible spectrophotometer (Systronics) was
used to measure the absorption of sunset yellow dye
(λmax=482 nm). The pH of the aqueous solutions was
determined using a Labman model pH metre with a glass
electrode [Ahmad et al., 2021; Almeida-Naranjo et al.,
2021].
2.3. MFPW point of zero charge determination
The salt addition method was used to determine the
adsorbent's net neutral charge. Using 0.1M HCl/NaOH, the
initial pH of the 0.1M potassium nitrate solutions was set
in the range of 2.0 – 10.0. 0.1 g of MFPW adsorbent was
added and agitated at 120 rpm for 24 hours. The final pH of
the solution was recorded. The zero-point charge of the
adsorbent was determined by drawing a graph between
ΔpH and initial pH [Solangi et al., 2021].

This study investigates the utilization of mixed fruit peel
(orange, watermelon, and banana waste peels) as
adsorbents for removing sunset yellow FCF dye. First, the
mixed fruit peel waste adsorbent’s morphology and
chemical properties are well-characterized using FTIR
spectroscopy and SEM analysis. Then, batch adsorption
studies were conducted to assess its adsorptive behavior
for sunset yellow FCF dye from an aqueous solution. And
the biosorption efficiency of mixed fruit peel waste
adsorbent is evaluated by optimizing the effects of pH,
contact time, adsorbent dosage, initial dye concentrations
and temperature. Finally, the results from the batch
adsorption studies were validated using isotherm, kinetics,
and thermodynamic studies.

2.4. Biosorption experiments

2.

Two grams of adsorbent were used in a series of conical
flasks with initial dye concentrations (10-50mg/L) at pH 3.0
for adsorption equilibrium studies. In a rotary orbital
shaker (Scigenics), the flasks were incubated for 60 minutes
at 120 rpm. The concentration of the treated SY FCF dye
solution was determined at 482nm using a UV-Visible
spectrophotometer after the adsorbent was removed from
the supernatant. The equilibrium adsorption rate (q e) was
given in equation 1, and the percentage of dye removal was
calculated from equation 2:

Experimental set up

2.1. Methods and materials
This study only used analytical-grade chemical reagents.
The Sunset Yellow FCF (SY FCF) textile dye was purchased
from Sigma-Aldrich and used without further purification.
Deionized water was used to prepare the Sunset yellow dye
stock solution, then used to prepare various concentrations
of solutions. The pH was adjusted with a solution of HCl and
NaOH. Each experiment necessitated the use of brand-new
dilutions. Orange, watermelon, and banana peels were
purchased from a nearby juice shop and washed in
deionized water. They were finely chopped into small
pieces to make crushing easier. The peels were kept in a
hot air oven at 70°C for 48 hours. After drying, the pieces

Batch adsorption studies using mixed fruit peel waste
powder were carried out to optimize process parameters
such as pH, contact time, adsorbent dosage, initial dye
concentration and temperature. The pH was adjusted with
HCl and NaOH, and residual concentrations were
determined using a standard graph in a UV-Visible
spectrophotometer.
The
experiments
were
carried out with a stock dye solution containing 20mg/L of
SY-FCF, and parameters such as contact time (5.0 – 200
minutes), adsorbent dosages (0.5-2.0g), and pH were
varied (3-10).
2.5. Isotherm and kinetic studies

qe =

(C0 − Ce ) * V
m

(1)

where qe (mg/g) is defined as the quantity of dye adsorbed
per unit mass of adsorbent, Co & Ce are initial and final dye
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concentration (mg/L), V is the volume of the SY FCF dye
solution and m is the mass of the adsorbent, respectively
[Gupta et al., 2021]. Meanwhile, Removal efficiency is
calculated as follows.
%Removal =

3.

(C0 − Ce )
C0

*100

(2)

Results and discussion

corresponding to O-H, C-O, C-H, and C-C bonds were found.
After adsorption, the peaks at 2937.82cm-1 and 13001600cm-1 vanish, indicating that the C-C stretching of the
alkyne group and C-H bending in a carboxylic acid
functional group is responsible for SY FCF adsorption onto
MFPW [Idris et al., 2011; Sunet al., 2010]. Furthermore, the
rest of the peaks in MFPW have shifted to lower intensity
after the SYFCF adsorption onto MFPW. Adsorption is
attributed to functional groups such as nitro, carboxyl,
ester, ether, phenol, and alkyne groups.

3.1. Characterisation of adsorbent
3.1.1. FTIR Studies
FTIR peak of the MFPW adsorbent before and after
adsorption (Figure 1) was evaluated to identify the
functional groups responsible for SY FCF adsorption.

Figure 2. SEM micrograph of MFPW and dye-loaded MFPW.

3.1.2. Surface morphology

Figure 1. FTIR spectra of MFPW and dye-loaded MFPW.

Table 1 shows the FTIR spectrum of MFPW and dye-loaded
MFPW. The adsorption capacity may be affected by the
chemical reactivity of the surface functional group. The
fruit peel comprises cellulose and pectin, and signals

Before and after SY FCF adsorption, the surface
morphology of the mixed fruit peel waste was observed at
2 µm magnification of the adsorbent. Figure 2(a) showed
that the surface morphology is clear and has welldeveloped pores. The pore development could be due to
the activation of pores during thermal expansion. These
pores allow dye molecules to come and sit on its.
Therefore, the MFPW’s adsorption capacity may be
influenced by the pore size and pore volume of adsorption
sites to accumulate a more significant number of dye
molecules. [Auta et al., 2011; Aksu et al., 2010; Shoukat et
al., 2017]. Figure 2(b) shows that the surface of MFPW was
covered with dye molcules.

Table 1. Different functional groups identified by FTIR spectra before and after adsorption
Functional group
O-H stretching of hydroxyl group
C-C stretching of alkyne group
C-O stretching vibrations in quinine structure
C-O group stretching in ester, ether or phenol groups
C-N stretching of aliphatic primary amines
CH3 or CH2 groups bending vibration in carboxylic acid
C-H bending in functional group

The
MFPW
was
investigated
using
N2
adsorption/desorption isotherm studies to study the
porosity and surface area. And the corresponding BET plot
was depicted in Figure 3. The MFPW's surface area, total
pore volume, and mean pore diameter before and after
adsorption were found to be 2.5 m2/g, 0.0045cm3/g,
7.25nm, and 0.2 m2/g, 0.00024cm3/g, 4.06nm,
respectively. It is understood that raw adsorbents have a
larger surface area and pore volume, indicating that the
adsorption cavities are receptive to dye molecules.

Before adsorption
Wavenumber(cm-1)
3787.72
2937.82
1610.12
1243.79
1065.35
1369.76-1578.51
535.29

After adsorption
Wavenumber(cm-1)
3637.18
1605.59
1237.17
1069.47
470.78-672.44

Furthermore, the values in the recovered adsorbents are
reduced following the adsorption studies. This corresponds
to the BET surface area of P. granatum L. peels [16]. The
surface area and pore diameter of the adsorbent are highly
dependent on the adsorption sites, which are highly
advantageous for effective dye adsorption. Since the
mixture of fruit peel waste has a different surface area, the
dye molecules can easily attach to the adsorption site,
which can be predicted using the sample's pore volume
[Idris et al., 2011].
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Figure 3. BET studies for MFPW and dye-loaded MFPW.

Figure 4. PZPC of the biosorbent.
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hydroxyl ions are present, pH above 5.9 is negatively
charged, allowing anions to be repelled under these
conditions. The biosorption of an anionic dye sunset yellow
was found to be optimal at pH 3.0, indicating that positively
charged ions on the surface of an adsorbent are favourable
for anion attraction, as demonstrated by the results of this
study. The adsorption capacity of sunset yellow dye was
measured at 136.16mg/g at pH 3.0 and gradually
decreased to 87.7mg/g at pH 10.

Figure 6. Effect of biosorbent dose for the adsorption of sunset
yellow dye using MFPW adsorbent.

3.3. Effect of biosorbent loading:
Figure 6 shows the effect of MFPW dose on SY FCF removal.
The experiments were conducted under the conditions of
pH 3.0, initial dye concentration 50mg/L, shaking speed
120rpm and adsorbent dose 0.5-2g/100ml) for 120 minutes
at 30°C.

Figure 5. Effect of pH for the adsorption of sunset yellow dye
using MFPW adsorbent.

3.2. Point of Zero charge and effect of pH
Figure 5 shows the effect of pH on SY FCF adsorption using
mixed fruit peel waste. And the adsorption was conducted
with initial concentration 50mg/L, shaking speed 120rpm,
adsorbent dose 2.0 g/100mL, pH 3-10, contact time 120
mins, temperature 30°C.
MFPW biosorbent was discovered to have a PZPC of nearly
5.9, as shown in Figure 4. As a result, pH levels above and
below 5.9 may be optimal for dye adsorption. Because the
proteins and amino acids in the mixed fruit peel waste are
easily ionised in dye solutions, they affect the charged
surface of the adsorbent [Aksu et al., 2010; Shoukat et al.,
2017]. Pzpc of the biosorbent is more positively charged at
acidic pH, making it more attractive for the adsorption of
sunset yellow, which belongs to the anionic dyes. Because

The biosorbent dose is regarded as a critical parameter in
the process for ensuring the viability of the adsorption
process. The MFPW adsorbent doses ranged from 0.5 to
2.0 g/100mL. Initially the experiment was carried out with
a dye concentration of 50 mg/L at pH 3.0. Sunset yellow dye
adsorption required 2.0g of mixed fruit peel waste due to
the large number of surface adsorption sites [Shoukat et
al., 2017]. Therefore, the percentage removal of dye was
slightly increased between 0.5 and 1.5 g/100 mL of dye
solution because there were fewer adsorption sites. Still, it
reached its maximum at 1.5-2.0 g/100 mL of dye solution
due to the large number of active sites on its surface, as
shown in Figure 6. As a result, biosorbent dose of up to 2.0
g/100mL is recommended for future experiments.
3.4. Effect of initial dye concentration and biosorption
isotherms:
Langmuir, Freudlich, Temkin, Dubinin-Radushkevich and
Harkins -Jura adsorption isotherm model to study the
adsorption of Sunset Yellow FCF dye onto mixed fruit peel
waste adsorbent.
Langmuir isotherm model is represented by the equation 3
Ce
C
1
=
+ e
qe bqmax qmax

(3)
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Where Ce (equilibrium concentration), qe (adsorption
capacity), qm (Langmuir maximum adsorption capacity).
The Langmuir constants qm and KL are calculated from the
slope and intercept of linear plot between Ce/qe vs Ce.
The linear form of Freundlich isotherm model is given by
equation 4
1
logqe = logK f + logCe
n

(4)

The plot between Log qe versus Log Ce provides the slope
1/n and the intercept Kf in the graph. Kf is the Freundlich
constant, and n is the exponent of the Freundlich number.


1
ε = RTln  1 + 
Ce 


(7)

Harkins -Jura isotherm investigates the multilayer
adsorption model and it accounts for the heterogenous
pore distribution phenomenon. It is represented in
Equation 8
1 B
1
= −
2
qe A AlogCe

(8)

Figure 8. Effect of contact time for the adsorption of sunset
yellow dye using MFPW adsorbent.

Figure 7. (a) - Langmuir isotherm plot; (b) Freundlich isotherm
plot; (c) Temkin isotherm plot; (d) Dubinin Radushkevich
isotherm; (e) Harkins - Jura isotherm plot for the removal of
sunset yellow dye.

Equation 5 represents the Temkin isotherm model in its
non-linear form.
X
= BlnA + BlnCe
m

(5)

Where, BT denotes the Temkin isotherm constant related
to the heat of biosorption (KJ/mol). AT represent Temkin
isotherm equilibrium binding constant (L/g).
Dubinin-radushkevich
Equation.6
lnqe = lnqD − BD ( ε )

2

isotherm model is

given

by

(6)

where ε represents the mean free energy of adsorption
(kJ/mol) can be determined by using Equation 7

Figure 7 shows the isotherm plots for SYFCF adsorption
onto MFPW and their corresponding kinetic parameters
and regression coefficients are presented in Table 2. From
Table 2, the higher order of regression coefficient follows:
Langmuir > DR > Freundlich > Temkin > HJ isotherm. There
was an indication of chemical adsorption if free mean
energy (E) was between 8 and 16 kJ/mol. According to the
literature, in this study, the free energy value of 0.5kJ/mol
is lower than 8 kJ/mol. Hence, it is understood that this
might be due to electrostatic or van der Waals interactions,
and the adsorption of sunset yellow FCF dye onto MFPW
adsorbent was concluded to be a physisorption process.
Based on regression coefficients of 0.99, it can be
concluded that the Langmuir isothermal model showed the
best fit with a maximum adsorption capacity of 200 mg/g
for adsorption of sunset yellow FCF dye onto MFPW.
3.5. Effect of contact time and kinetic studies:
Figure 8 shows the effect of contact time for SY FCF dye
adsorption onto MFPW. And the experiments were
conducted at varying contact with pH 3.0, 50mg/L of initial
dye concentration, and a shaking speed of 120 rpm at 30ºC.
It was discovered that the maximum adsorption capacity
increases from 20 minutes to 100 minutes, and saturation
occurs when the number of vacant sites reaches 100
minutes. During the first 100 minutes, the biosorption
capacity increased from 70.8 mg/g to 124.7 mg/g due to
the presence of ions that may precipitate the dye
molecules.

ADSORPTION ISOTHERM AND KINETIC STUDIES FOR THE DECOLORIZATION

281

Table 2. Estimated constants of Langmuir, Freundlich, Temkin, Dubinin–Radushkevich and Harkins-Jura isotherms for adsorption of
sunset yellow dye
Isotherm
Langmuir

Freudlich

Temkin

Dubinin–Radushkevich

Harkins – jura isotherm

Parameters
qm (mg g−1)
B(Lmg−1)
R2
KF
N
R2
A (L g−1)
RT/bT
R2
qs(mg/g)
k ad (mol2 /J2)
E (kJ/mol)
R2
A
B
R2

log ( qe − qt ) = logqe −

Values
200
0.35
0.99
71.88
3.70
0.925
6.296
32.53
0.90
5.004
2x10-6
0.5
0.989
1 x 105
3 x 1010
0.752

k1
t
2.303

(9)

Pseudo-first-order model constant k1 represents the
adsorption capacity (mg/g) at equilibrium time and the
adsorption capacity (mg/g) at any point in time. [Husseien
et al., 2007]
3.5.2. Pseudo-second-order model
Electron-sharing between dye and adsorbent functional
groups forms the basis of this model, which assumes that
adsorption occurs after chemisorption. The following is the
formula:
t
1
t
=
+
qt k2q2e qe
Figure 9. Pseudo first order kinetics (b) Pseudo second order
kinetics (c) Intraparticle diffusion for the removal of Sunset
yellow dye using MFPW adsorbent.

The kinetic studies are helpful to understand the dynamics
controlling mechanism of the adsorption process. The
experimental data were analysed using three kinetic
models (Figure 9) such as pseudo-first-order, pseudosecond-order, and intraparticle diffusion to investigate the
mechanism controlling dye adsorption onto mixed fruit
peel waste. [Husseien et al., 2007]
3.5.1. Pseudo-first-order model
An assumption in the pseudo-first-order kinetic model was
that the rate of adsorbate removal changes with time.
Thus, the adsorption capacity of the adsorbent changes.
This is the linearized form of the pseudo-first-order kinetic
equation.

(10)

Where k2 indicate the rate constant of the pseudo-secondorder kinetic model(g/mg min).
When determining k2, linear plots were drawn, and values
of k2 and qe can be estimated from the slope and intercept
of the respective plot. [Husseien et al., 2007]
3.5.3. Intraparticle diffusion model
The adsorption capacity changes with the square root of
time in an intraparticle diffusion model, as shown in the
following equation.
qt = kid t0.5 + Ci

(11)

Where k3 denotes the constant of intraparticle diffusion
model and C indicate boundary layer thickness (mg/g). This
model helps to analyse the diffusion among the adsorbate
and adsorption. [Machrouhi et al., 2017]
Table 3 lists the kinetic constants and R2 values that were
estimated. An R2 value greater than 0.9 for pseudo-secondorder kinetics that can be seen from the table. Predicted qe
from pseudo-second-order kinetics was in close agreement
with the qe measured. Electrostatic interactions were solely
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responsible for sunset yellow dye being adsorbed by fruit
peel biosorbents, according to pseudo-second-order
adsorption kinetics.
Table 3. Estimated kinetic constants for adsorption of sunset yellow dye using MFPW biosorbent
Kinetics

Parameters
10 ppm
20ppm
Qe(mg/g)
5.82
4.63
Pseudo first order kinetics
K1(min-1)
0.016
0.029
R2
0.83
0.97
Qe(mg/g)
125
142.85
Pseudo second order
K2(min-1)
0.003
0.0024
kinetics
R2
0.95
0.999
K3(mg/g min1/2)
5.5
2.416
Intraparticle diffusion
C (mg/g)
39.81
100.6
model
R2
0.88
0.961
Table 4. Thermodynamic parameters for ST FCF adsorption using MFPW adsorbent
CO(mg/L)
10

20

30

40

T(K)
303
313
323
303
313
323
303
313
323
303
313
323

∆G°(KJ/mol)
-24.347
-26.621
-28.258
-23.725
-25.325
-26.925
-21.117
-22.667
-24.217
-18.751
-20.751
-22.751

30ppm
5.70
0.009
0.88
166.67
0.00052
0.977
4.489
85.87
0.845

40ppm
5.40
0.018
0.96
142.85
0.0010
0.993
3.896
92.50
0.942

∆H°(KJ/mol)

∆S°(KJ/mol)

R2

24.617

0.163

0.95

24.755

0.16

0.99

25.848

0.155

0.90

41.849

0.2

0.99

be both spontaneous and feasible, which does not require
an external source for the process Adsorption of the sunset
yellow dye produced positive enthalpy change (ΔHº) values
at various concentrations. Results were endothermic
because the activation of dye molecules at the aligned sites
of the fruit peels occurred as a result of an increase in
temperature. Adsorption sites in MFPW adsorbent that are
empty become more and more attractive to anions with
increasing temperature. The positive values of entropy
change (ΔSº) indicated less randomness in their structural
arrangement. [Olu-Owolabi et al., 2010].
3.7. Comparison of different adsorbents with mixed fruit
peel adsorbent for the removal of sunset yellow

Figure 10. Thermodynamic studies for the removal of Sunset
yellow dye using FPW adsorbent.

3.6. Effect of temperature on dye adsorption
Sunset yellow dye adsorption was studied in the 30-50°C
range, with an adsorbent dose of 2.0 g/100 ml, pH 3.0, and
two hours of contact time. Figure 10 represents the
thermodynamics studies on SY FCF adsorption onto MFPW
for various concentrations at different temperatures. And
a summary of respective thermodynamic parameters ΔGº,
ΔHº, and ΔSº are presented in Table 4. The Gibbs free
energies (ΔGº) were found to be negative, indicating the
adsorption of sunset yellow dye onto MFPW adsorbent to

The maximum adsorption capacity for removing SY FCF dye
using MFPW was compared with other such adsorbents.
And Table 5 summarises the comparision of maximum
adsorption capacities for the removal of sunset yellow FCF
dye using various fruit peel waste. Mixed Fruit peel waste
adsorbent has a higher adsorption capacity (200 mg/g) for
sunset yellow FCF dye uptake than the other adsorbents,
which provides the surface area sites with well-developed
pores for the adsorption of dye.
3.8. Cost evaluation and feasibility of MFPW
The preparation cost of any adsorbent is one of the most
subtle characters to understand the economic feasibility of
the industrial wastewater treatment. Hence, low-cost
adsorbents with enhanced adsorptive properties are
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comparable to the available commercial adsorbents
[Jayalakshmi and Jeyanthi, 2022]. The raw materials here
were collected as waste from the fruit shop, which is
discarded as garbage. Those wastes were collected at nil
cost and hence required energy cost for the transportation
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charge and power consumption of chopping, shredding,
drying and grinding of raw materials. Therefore, it was
estimated to be 200INR/kg, and it was cost-effective
compared to other adsorbents.

Table 5. Comparison of maximum adsorption capacity of sunset yellow dye using fruit peel biosorbent with previous studies
Adsorbent

Adsorbate

Treated fruit waste

Rhodamine B and methylene blue

Pomegranate peel activated
carbon
Green Pea Peels (Pisum sativum)
Coconut (Cocos nucifera) bunch
waste
Papaya seeds
Orange peel carbon
Alligator weed activated carbon
Cadmium Sulfide
Nanoparticle Loaded on Activated
Carbon
Carica papaya wood
Leaf residues of Thymus
numidicus (RTN), Origanum
glandulosum (ROG) and Sapindus
mukorossi pericarp fibre (SMPF)
Positively charged biochar
Zinc oxide nanorods loaded on
activated carbon
Activated carbon derived from
cassava sievate biomass
Steam-activated carbon from malt
bagasse
Copper doped ZnS nanoparticles
loaded on activated carbon
Mixed fruit peel waste

Reference
Parimaladevi et al., 2011

Remazol brilliant blue reactive dye

370.86

Ahmad et al., 2014

Methylene blue

163.94

Dod et al., 2012

Methylene blue

70.92

Hameed et al., 2008

Methylene blue
Direct yellow 12
Sunset yellow

555.557
75.76
271

Hameed, 2009
Khaled et al., 2009
Kong et al., 2017

Sunset yellow

83.3

Mosallanejad et al., 2017

Methylene blue

63.29

Nguyen et al., 2020

Methylene blue

24.2, 33.3 and 41

Djamila Youcef et al., 2021

Sunset yellow

74.07

Mahmoud et al., 2020

Sunset yellow

142.85

Maghsoudi et al., 2015

Sunset yellow

0.091

Chukwuemeka et al., 2021

Sunset yellow

199.7

Lopes et al., 2021

Sunset yellow

85.397

Agarwal et al., 2016

Sunset yellow

200

Present study

The preparation of MFPW is simple since neither special
equipment nor expertise handling is required. Also, it is
biocompatible, sustainable and environmentally friendly
since it is biomass waste. Furthermore, it is cost-effective
and easy to scale up. These results altogether make the
Mixed fruit peel waste a promising candidate for removing
dye from an aqueous solution.
4.

Qmax (mg/g)
34.48
35.71

used as a cost-effective, eco-friendly ansd sustainable
biosorbent for the efficient removal of textile dyes.
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Conclusion

A biosorbent made from prepared mixed fruit peel waste
was used to remove the sunset yellow FCF dye successfully.
According to the batch studies, the maximum adsorption
capacity was 200 mg/g at pH 3.0, contact time of 100
minutes, adsorbent dose of 2.0g, and initial dye
concentration of 40ppm. The regression coefficient for
Langmuir isotherm data was more significant than or equal
to 0.9, making it the best fit. The best adsorption kinetics
are described by pseudo-second-order kinetics. The
adsorption capacity of the mixed fruit peel waste
adsorbent was higher than other such adsorbents. This
study discovered that the highly exposed adsorption sites
facilitate the adsorption mechanism. Therefore, it can be
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