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ABSTRACT

In recent years color removal from textile effluents on an industrial scale has received a lot of attention not
only because of its potential toxicity but also because of its visibility issue. The current study investigated the
use of Banana Peel (BP) as a low-cost adsorbent for Reactive Red 43 (RR43) and Malachite Green (MG)
removal from aqueous solution. There are numerous color removal techniques, the most common of which is
adsorption. The practical performance evaluation in a batch reactor is carried out due to its feasibility of
operation. In our batch system, we looked at variables like initial dye concentration, contact time, adsorbent
dose, and solution temperature. Thermodynamic, Kinetic, and adsorption isotherm studies have all been
evaluated. The adsorbent was characterized using different techniques. The equilibrium data was analyzed by
Langmuir and Freundlich isotherm and showed a good fit with the Freundlich isotherm (R?=0.964 for
RR43,0.996 for MG). kinetic data were analyzed using pseudo-first order and pseudo-second order Kkinetic, the
adsorption kinetics data were fitted to pseudo-second order Kinetic with a good agreement with the intra-particle
diffusion model. The parameters of thermodynamic including enthalpy AH®, entropy AS® and free energy AG®
demonstrated that the adsorption process was feasible, spontaneous, and exothermic in nature. The results
clarified that optimized conditions were (2.15, 6.3) solution pH for RR43 and MG respectively,10mg/L initial
dye concentration, adsorbent dose 0.1 gm/20 ml, and adsorption time 80 min,100 min for RR43 and MG
respectively, and (92.82% and 82.52%) of RR43 and MG were removed by BP at experimental optimum
conditions. The experimental results show that BP has good potential as a bio-sorbent to remove the colour from
textile effluent and as an alternate low-cost adsorbent.

Keywords: Dye color removal; adsorption; Banana Peel; adsorption isotherms; thermodynamics.

1. INTRODUCTION [3]. The experimental results show that Banana
Peel (BP) has good potential as a bio sorbent to
remove the colour from effluent and as an
alternate low-cost adsorbent. Dyes can also be
toxic to aquatic life, mutagenic, carcinogenic,
and dangerous to humans, including kidney,
reproductive, liver, brain, and central nervous
system dysfunction [4-6]. Because removing
dyes from wastewater is regarded as an
environmental challenge, there is a constant
need for an effective process that can efficiently

The textile industry alone accounts for two-
thirds of total dye material production. [1,2] The
practical performance evaluation in a batch
reactor is carried out due to its simplicity of
operation, as well as the fact that it involves
fewer economic aspects. The practical utility of
leaf-based adsorbents for dye removal, as well
as their potential applications in the treatment of
industrial wastewater, is extensively emphasized
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remove these dyes. [7]. Conventional methods
for removing dyes include adsorption,
electrocoagulation, ultrafiltration, reverse
osmosis, flocculation, oxidation, ion exchange,
etc. [8,9]. Adsorption is an effective dye
removal method for the removal of various dyes
from water and wastewater [10], and it has a
wide range of applications in wastewater
treatment [11]. Natural adsorbents, such as
agricultural waste, have been the most popular
for wastewater treatment due to their
availability and low cost [12-14].

The main goal of this paper is aimed at
specifying the potentiality of banana peel,
(Banana being a native and abundant fruit in
Egypt) as bio sorbent for the removal of (RR)
and (MG) dyes from a solution. Due to the
chemical composition of the banana peel which
contained a high amount of cellulose, pectin,
hemicellulose, and lignin and contained various
polar functional groups, including hydroxyl,
carboxylic, and phenolic acid groups, it could
serve as an adsorbent for dye removal [15-17].
BP is high in Gallo catechins, making it an
excellent food source for preventing heart
disease and cancer. [18]. The impact of different
reaction conditions, such as the initial dye
concentration, dosages, contact time, and

adsorption temperature of the formulated
adsorbent, as well as the Kinetics,
thermodynamic, and isothermal adsorption

models were investigated to prove their
effectiveness. The future of biosorption with
respect to how productivity and efficiency can
be increased with the advances in modern
technology is also discussed.

2. MATERIALS AND METHODS

BP for the study was obtained from
agricultural waste, (Egypt), RR43 (C.I. 179125),
and MG. (C.I. 42000) dyes were purchased
from Sigma Aldrich (USA), Egypt. Distilled
water was used throughout the work and all
reagents used in our analysis are of analytical
grade and high purity.

2.1. Preparation of the Adsorbent

BP were removed and washed under
running water to get rid of dirt and surface

impurities. The sample was put in air drying for
3 days and then oven-dried for 24 hours at 100°.
It was then ground into powdered and sieved
using a 75 pum sieve and finally stored in an
airtight plastic bottle labeled according to the
sizes.

2.2 Preparation of Simulated Wastewater

To avoid interfering with other elements in
actual wastewater, the experiments in this study
were conducted using simulated synthetic
aqueous solutions of various dyes. Simulated
dye solutions of 1000 mg/L were prepared by
accurately weighing 1.0g dye and dissolving it
in 1000 ml distilled water. Following that,
whenever another concentration was required, it
was prepared by diluting the stock solution.
Table 1 summarizes the properties of the two
dyes.

2.3. Characterization of Adsorbent

The adsorbent was characterized using
Scanning  Electron  Microscope (SEM) in
conjunction with Energy Dispersive X-ray
(EDX) and  Fourier-Transform  Infrared
Spectroscopy (FTIR).

2.3.1. Zero Surface Charges -The
Characteristic Analysis of Banana Peel (BP).

The influence on the solution pH on the dye
uptake can be explained on the basis of the pH
zero-point charge or isoelectric point of the
adsorbent. The value of the pH necessary to
affect a net zero charge on a solid surface in the
absence of specific sorption is called the point
of zero charge, pHzec. The zero-surface charge
of BP was determined by using the solid
addition method [19]. The experiment was
conducted in a series of 250 mL glass Stoppard
flasks. Each flask was filled with 50 mL of
different initial pH 0.01N KNOs solutions and
0.1 g of mixed nanocomposite. The pH values
of the KNOs solutions were adjusted between 2
to 10 by adding either 0.1 M HCI or 0.1 M
NaOH. The suspensions were then sealed and
shaken for 48 h at 150 rpm. The final pH values
of the supernatant liquid were noted. The
difference between the initial pH (pHo) and
final pH (pHf) values (ApH = pHo — pHf) was
plotted against the values of pHo. The point of
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Table (1): Some of the physical properties of C.l. Reactive Red 43 and Malachite Green.

C26H17CIN7Naz011S3 804.07

503 ) lf Jl /OSO;Nl
H

Ca23H25CIN2 364.9

617

intersection of the resulting curve with abscissa,
gave the pHzpc.

2.4. Batch Adsorption Studies

Batch adsorption experiments were carried
out at 25°C to investigate the effect of key
parameters such as pH, adsorbent dose, contact
time (t), and initial dye concentration (C,) on
the adsorptive removal of RR43and MG dyes.
The effect of solution pH was investigated using
0.1 M HCI and 0.1M NaOH solutions within a
pH range of 2-10. To look into the effect of
adsorbent dose, a dye solution of 20 ml of a
known concentration was in contact with
varying amounts of adsorbent from 0.05-
0.5¢/20ml, until equilibrium was reached. To
determine  the  concentrations,  various
concentrations of each dye ranging 5-60 mg/L
were prepared and calibration curves were
plotted. At 25°C, all mixtures were agitated at a
constant speed of 250 rpm in a temperature-
controlled  environmental  orbital  shaker
incubator. All samples were centrifuged for 10
minutes before being analyzed for residual dye
concentration. The absorbance of the RR43and
MG was measured at 503,617 nm, respectively.

The adsorption quantities have been evaluated
from the modification of the concentration of
the solution using the following equation [19]:

Percentage Removal (%R) =

=% x100 (1)

o

The optimum time is calculated by plotting
adsorption capacity versus time using the

formula:
_ G -cv

qt W @)

the amount of dyes adsorbed at equilibrium
time is calculated using the formula:

(G- C)V
e = W 3)

Co, Ct, and C. represent the initial, time, and
equilibrium concentrations of the dye (mg/L),
respectively and W is the weight of the
adsorbent (g), where V is the volume of dye
solution (L). The results have been also
analyzed by various adsorption isotherms
incorporating  Freundlich, Langmuir, and
Temkin isotherms and simulated with different
kinetic models, including pseudo first- order and
pseudo second-order models.
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3. RESULTS AND DISCUSSION
3.1. Characterization

The surface morphology of BP was
characterized by using SEM before and after
adsorption of RR43 and MG as shown in Figure
(1). The micrograph revealed variations in the
SEM of the raw BP, and the particles were
densely packed, with no visible open porous
surface. This is because pectin, lignin, and
viscous compounds are present. [20]. The result
indicated that before adsorption, BP s
characterized with an irregular mesoporous
compact structure comprising the different
number of fine pores as provided in Figure (1a).
The pores fill after the adsorption of dyes onto
BP adsorbent, which can be observed in SEM
image in Figures (1b and 1c) which authenticate
the adsorption process.

Elemental analysis of adsorbent was carried
out, to determine the percentage weight of
chemical compositions available of the BP
adsorbent through EDX analysis before and
after the adsorption process of RR43 and MG
dyes as shown in Figure (2). The highest

amounts of carbon and oxygen corresponded to
the BP composition, which proves the organic
nature of the adsorbent.

FT-IR spectroscopy was used to evaluate
the functional group and structural changes in
the adsorbent. BP's FT-IR spectra matched the
observations [21]. The FT-IR spectra of the dye
loaded BP were provided in Figure (3). Because
of the presence of acidic hydroxyl (OH) groups,
a split band can be seen at 2856 cm™. In
addition, the peaks in the range of 1580 to 1390
cm™t are correlated to stretching vibration of
C=0 carbonyl group of Ketones & carboxylic
acid group and stretching vibration of C=C of
the aromatic ring. The peaks at 1033 and 874
cm® are due to C-O bending vibrations.
However, the change in intensity and position of
peaks in the FT-IR spectrum after MG and
RR43 loading confirms the adsorption process.

3.2. Adsorption Preliminary Studies

To look into the interaction of the
operational parameters for MG and RR43 dye
removal on BP surface, a batch adsorption study
was conducted.

L o S e O3
AccV Spot Magn Det WD Exp FH—— 200um

30.0 KV 8.0 105x BSE 11.3 0

Det WD Exp
BSE 93 0

AccV Spot Magn
30.0kVv 7.0 101x

AccV Spot Magn Det WD Exp
30.0kv 7.0 318x BSE 9.1 0

Fig. (1): SEM Images of BP before adsorption (a) and after adsorption process (b) RR43, (c) MG.
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Fig. (2): EDX of (a) BP before adsorption, (b) BP adsorption of RR43, and (c)BP after adsorption of MG.
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Fig. (3): FTIR spectra of BP adsorbent before and
after RR43 and MG adsorption.

3.2.1. Effect of pH on adsorption

Figure (4a), it is clear that the point of zero
charges (pHpz) of BP is 5.2. This result
demonstrates that at a pH below 5.2, the surface
of the BP shows positive charges, while at a pH
above 5.2, the surface of the BP has a negative
charge. When compared to other peels, the
pHpzc value and surface pH of BP is closer to
neutral pH. As a result, BP can be used to
adsorb both cationic and anionic moieties.[22].
The effects of different initial solution pH
values on the adsorption of RR43 and MG onto
BP are shown in Figure (4b) and show that the
adsorption of RR43 on BP increases as the
solution's pH decreases while the adsorption of
MG increase with increase solution's pH [23].
The charge on the adsorbent surface may be
affected by the initial pH, altering its adsorption
capacity [24]. At low pH (< pHpz, i.e. <5.2) the
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Fig. (4): (a) zero-point charge of BP adsorbents (b) effect of pH on Removal % and adsorption capacity.

adsorbent surface became highly protonated and
was suitable for adsorption of anionic dye
causing increased removal percentage of dye.
Also, at high pH (> pHp, i.e. > 5.2) the surface
of adsorbent more negative charge so suitable
for adsorption of cationic dye as MG. the
Incremental dye removal was not observed
beyond pH 2.15 and was chosen for further
investigation in the case of RR43 dye, but the
optimum pH solution for MG dye is 6.3. The
foregoing factors, sorption capacity decreased,
resulting in a decrease in percentage
adsorption., same observations were considered
by other researchers [25-27].

3.2.2. Effect of Adsorbent Dose

Figure (5a) shows a plot of the percentage
of adsorption versus adsorbent dose mass
ranging from 0.05 to 0.5 g/20ml while keeping
contact time at 100 minutes, dye concentration
at 30 mg/L, and temperature at 25°C, pH 2.15
for RR43 and 6.3 for MG with agitation speed
at 250 rpm. The percentage of dye adsorption by
BP adsorbent was 31.82-92.8 percent for RR43
and 29 -88.7 percent for MG. Adsorption
percentage increased with increasing the amount
of adsorbent (g) from (0.05- 0.2g9/20ml) due to
increased binding site at higher amounts of
adsorbent [28]. A gradual increase in the
percentage adsorbed occurred as the adsorbent
dose increased, and an additional increase in the
adsorbent dose had no effect on dye removal. It
has been reported elsewhere that as the
adsorbent dose increases, the movement of dye
ions to the energetic adsorption sites becomes
restricted, resulting in decreased adsorption so
the optimum adsorbent dose for all dyes is
0.1g/20ml. [28].

3.2.3. Effect of initial dye concentration. and
contact time

From the Figure (5b), it is obvious that the
removal percentage decreased with the increase
in initial dye concentration. This phenomenon is
attributed to the fact that the available sites for
adsorption are higher at lower adsorbate
concentrations. However, when the
concentration is increased, the available sites
become fewer [29].

The removal of the aqueous solution
effluents is mainly dependent on their contact
time with the adsorbent. According to the
current research, the influence of time was
investigated between 2 to 120 min and different
concentrations, 10 to 60 mg/L. Figure (5 c, d)
show effect of contact time on removal
percentage. Rapid adsorption of dye in the first
20 min, the adsorption rate slowly increases to
reach equilibrium in about 80 min for RR43
while 100 min for MG. This can be explained
by the fact that the adsorption sites were vacant
and easily accessible at the beginning so dye
molecules could easily interact with these sites,
but after 80, 100 min for RR43 and MG
respectively, the removal of dye got constancy
due to equilibrium establishment.

3.2.4. Effect of Temperature

We investigated the impact of temperature
in this work on the adsorbed amount of RR43
and MG on BP between 30 and 50°C Figure
(5e). This Figure shows that the amount of dye
that has been adsorbed decreased slightly from
92.82 to 90.2 mg.g* RR43 and from 87.52 to
82.9 mg.g! for MG by increasing the
temperature from 30 to 50°C. The adsorption
capacity of BP decreases by increasing the
temperature of the range studied, revealing that
the adsorption of RR43 and MG on the BS is
exothermic in nature.
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3.2.5. Adsorption Kinetics
The kinetics of adsorption of different initial
concentrations of RR43 and MG solutions were

studied using pseudo-first-order, pseudo-
second-order, and intra-particle  diffusion
models [30].

In{qg, — q;) = Inq. — kq t ()

t t 1

a (qe) " (kz qﬁ] )

g = kyt'? + C (6)

where g (mg.g?) is equilibrium amount of
RR43 and MG adsorbed; g: (mg.g?) is the
amount of RR43 and MG adsorbed at time t; ki
(min?), k2 (g.(mg. min)?!), and kix (mMg.
(9.min%%)1) are the rate constants of the pseudo
first-order, pseudo-second-order and intra-
particle diffusion models, respectively, Figure
(6) depicts the kinetic curves of RR43 and MG
adsorption onto BP, Table (2) contains the
parameters also confirm that the pseudo-second
order kinetic model better fits the adsorption,
the results of the intra-particle diffusion model
R2< 0.71 and C # 0, indicating that intra-particle
diffusion was not the only rate-limiting step
[31].

3.2.6. Adsorption Isotherm

Equilibrium data, also known as adsorption
isotherms, are essential for the design of
adsorption systems. These data provide
information on the adsorbent's capacity, or the
amount needed to remove a unit mass of
pollutant under system conditions. Langmuir,
Freundlich and Temkin’s equations were
employed to study the adsorption isotherms of
the dye.

Therefore, the Langmuir isotherm model
was chosen for estimation of the maximum
adsorption capacity corresponding to complete
mono-layer coverage on BP surfaces. The
experimental data are analyzed according to the
linear form of the Langmuir isotherm equation.

Langmuir isotherm: can be obtained by
following equations [32-34].
_ Qobce

& T [1+bCe) (")
11,1,
ge Q@ b 0he

(8)

Where ge is the amount of dye adsorbed per
unit weight of adsorbents. Ce denotes the
adsorbate concentration at equilibrium (mg/L).
Langmuir constants, Qo and b, to maximum
adsorption capacity and energy of adsorption,
respectively. When m/x or 1/ge is plotted
against 1/Ce, a straight line with slope 1/b Qo
and intercept 1/Qo is obtained. The fundamental
properties of a Langmuir isotherm can be
expressed in terms of a dimensionless
separation factor, R, which describes the type of
isotherm and is defined as the following
equation:1

Rp=——
L+ by )

Freundlich isotherm: can be obtained by
following equations [31].

e= H‘fce (:-_1] (10)

1
logq, ngKf+ﬂngce (11)
where Kr and n are the Freundlich constants
related to adsorption capacity and intensity,
respectively. A value of n between 1 and 10,
indicates favorable and good adsorption. as
shown in Table 3.

Temkin Isotherm: It is based on the heat of
adsorption in which all layers of molecules
decrease linearly when the lowest and highest
concentration values

gz = BInAT + Bh"lce (12)

where A is the Temkin equilibrium binding
constant (L g!) and B is the Temkin isotherm
constants B = RT/b, and T denotes temperature

(K).

The Langmuir, Freundlich and Temkin were
also an important relationship describing the
sorption of solutes from a liquid to a solid
surface. The calculated constants of each
method and the results of correlation
coefficients R2predicted from these models for
the removal of RR43 and MG dyes by BP were
collected in Table 3. The correlation coefficients
reported in the table showed strong positive
evidence on the adsorption of the dye onto the
adsorbent follows the Freundlich isotherm
represents the best fit of experimental data.
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Fig. (6): (a, b) Pseudo-First-order kinetic, (c, d) Pseudo-Second-order Kinetic, and (e, f) Intraparticle
Diffusion of RR43 and MG respectively for adsorption of the RR43 and MG onto BP. at concentration 10
mg/L, 30 mg/L and 50 mg/L.

Table (2): Kinetic parameters for the adsorption of RR43 and MG onto BP.

Rarameters Pseudo- First- order Pseudo-Second- order Intraparticle diffusion model

Conc.
mg/L [ ki e (cal) R? k2 e (exp). | Cle (cal). H NSD R? ki Ci R? k2 C R?

Dye min mgl.g‘ min mgl.g' mg .g*

RR43 10 0.049 | 50.79 | 0.872 | 2.24x10°% | 91.37 | 95.24 20.32 0.58 |[0.999 | 1851 | 9.11 | 0.992 2.69 65.26 | 0.856
30 | 0.046 | 78.09 | 0.851 [1.32x10°|134.19 [ 140.85| 26.19 | 0.66 [ 0.998 | 27.88 | 9.47 | 0.969 | 4.72 | 88.14 | 0.585
50 | 0.042 | 176.81( 0.891 |4.45x10**|263.61 (28571 | 14.81 | 0.92 [ 0.999 | 45.91 | 12.26 | 0.980 | 10.48 |160.30 | 0.898
10 0.041 [109.92| 0.871 | 8.26x10* | 106.15 | 185.19 [ 18.52 68.09 | 0.999 | 20.80 | 0.11 | 0.997 5.12 [120.70| 0.840

MG 30 0.041 |110.92| 0.882 | 8.34x10*|179.00 | 188.68 [ 29.69 71.87 | 0.999 | 35.70 | 5.85 | 0.998 5.15 [123.00| 0.861
50 | 0.040 | 98.67 | 0.892 [ 1.01x10°|188.86 [ 196.06 | 19.20 |109.70 [ 0.999 | 34.73 | 14.47 | 0.996 | 4.60 |138.64 | 0.854
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3.2.7. Adsorption Thermodynamics

The following equations can be used to
calculate thermodynamic parameters such as
Gibbs free energy AG°, enthalpy AH° and
entropy AS° at different temperatures, 30, 40
and 50 °C.

INKg = AS°R — AH°RT (13)

ING® = AH° — TAS® (14)

where Kd = ge/Ce is the distribution coefficient,
R is the universal gas constant and T is the
temperature in (K) [19]. The values of AG®,
AH°, and AS° were calculated by plotting the
Figure (8) and are listed in Table (4). This result
indicated that the magnitudes of Gibbs free
energy practically remained constant during the

25
035 E 2.4 ®RR vt
@RRAS - MG .
0.3 | MG ]i’/’ o 2.3 A
. o 22 B
0.25 T — 22 A |
o =} e — L . "
= 0.2 = T B
o - y RR43 = 0.002x + 0.1345 s o e
“0.15 — & 1.9 o o YRR43 = 0.6748x - 1.1713
o o R*=0.725 = 18 e R*=0.9743
a1 = y MG = 0.0046x + 0.0473 L7 o < YMG=0.3672x + 1.6464
005 " L6 R*=0.9958
R*=0.89
0 15
0.5 1 1.5 2
0 20 ¢ I%Pg /L 60 80 Log ¢, mg/LL
€,
300
BRR43 a
250 | eMG
"

200 [y RR43=82.456x-114.81

o R?=10.8489
g 150 | yMG=46.52x+0.6774
E R?=0.8862
< A
50 B
e
0
0.5 15 2.5 3.5 4.5
In ¢, ,mg/L
Fig. (7): (a)The Langmuir, (b) Freundlich and (c) Temkin isotherm model by BP.
parame Langmuir Isotherm Freundlich Isotherm Temkin
ter
b Qo R R? Ks n R? A B R?
-1
Dye (L/mg) (mg .g%) (L/mg)
RR43 0.001 5000 0.995-0.997 0.725 4.920 1.028 | 0.964 | 4.020 | 30.55 0.849
MG 0.997 217.4 0.771-0.894 0.897 44.30 2.720 | 0.996 1.020 | 53.31 0.886

Table (4): Thermodynamic Parameters of RR43 and MG onto BP at different temperatures

Temp.°C
30 40 50
Adsorben AH° AS°
(kJ/mol) (kJ/mol)
AG®
(kJ/mol)
RR43
-19.798 -20.158 -20.518 -8.89 0.036
MG -15.25 -15.43 -15.55 -11.65 0.0121
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adsorption process. The negative AG® values
show that the RR43 and MG adsorption
processes on BP are feasible and spontaneous.
The negative value of AH°® suggests that the
adsorption process is exothermic and chemical
in character, involving significant forces of
attraction between RR43 or MG molecules and
BP. The positive AS° value indicates the
increased randomness at the solid- liquid
interface during the fixation of the RR43 and
MG on the active sites of the studied adsorbent.

8.5
ERR i
@
’ e I et T L L 8
g
7.5
y RR43=792.87x+5.2198
7
? y MG =RA60.8021.4555
* R*=0.988
¥ i ._..,,4)—"'—-—-"""
o—
55

5
0.00305 0.0031 0.00315 0.0013/21’(;{_ l0325 0.0033 0.00335 0.0034
¥

Fig. (8): Thermodynamic of RR43 and MG onto BP

4. CONCLUSION

In this study MG and RR43 were removed
from simulated wastewater using BP. The
adsorption process was strongly pH dependent,
as the higher removal percentage at pH=2.15 for
RR43 dye, and 6.3. for MG dye. The effect of
contact time shows rapid adsorption of dye in
the first, followed by a gradual increase in
adsorption rate to reach equilibrium in about 90
minutes. According to the thermodynamic
parameters, the adsorption process was feasible,
spontaneous, and exothermic, with increasing
order at the adsorbent-solution interface.
According to this study, the adsorption process
of color is suited to the Freundlich model rather
than the Langmuir model. Furthermore,
adsorption Kkinetic of the color showed that
pseudo-second order fit better than pseudo first-
order kinetic model. From the obtained data we
concluded that BP can be used as a good low-
cost naturally adsorbent material for many
anionic and cationic dyes.
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