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The objective of this study was to investigate the potential of natural wastes (Iemon peel) as an
adsorbent for the removal of Basic Fuchsine (BF) and Eosin (E) dyes from effluents. Lemon peel
was used in inactivated (IALP) and activated (ALP) forms. Both were characterized using FTIR
and SEM analysis. The lemon peel was washed, treated with H3PO4, and then heated to 120°C.
Parameters like pH, adsorbent dose and size, initial dye concentration, contact time, and
temperature were studied. A pseudo-second-order kinetic model provides the best fit to the
experimental data according to R? values. The maximum adsorption capacities were 1.5133,
1.8142 mg.g* for BF adsorption, and 1.2393, 1.5974 mg.g * for E adsorption, onto IALP and
ALP respectively according to pseudo-second-order kinetic model. This indicates the formation of
dyes monolayer onto the lemon peel surface. Maximum adsorption capacities were calculated
from the Langmuir model to be 3.0731,3.3190 mg.g™* for BF adsorption, and 3.1646, 4.0388
mg.g* for E adsorption onto IALP and ALP respectively. The values of R, accordingto the
Langmuir model and n according to the Freundlich model indicate that the adsorbate is favorably
adsorbed on the adsorbent. The mean free energy per molecule of adsorbate E was ranging from
0.1291 to 5.00 kJ-mol™* which indicates that the adsorption is controlled by physical process. The
activation parameters (AG°, AH®, AS®) were calculated. The adsorption was endothermic, and
spontaneous with a high preference of dyes onto IALP and ALP.
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1. Introduction

Presently, considering the rapid development of
industrialization and urbanization activities, a massive
quantity of wastewater is generated [1]. Aqueous
system pollution comes for several reasons, one of the
most important of which is textile wastewater which is
caused as a result of toxicity and organic accumulation
of dyes [2]. Removing these dyes from effluents is very
important before releasing them into the ecosystem due
to their venomous, carcinogenic, and mutagenic nature
[3]. The main five resources of dye effluent pollution
are the textile (54%), dyeing (21%), paper and pulp
(10%), tannery and paint industry (8%), and dye
manufacturing industry (7%) [4]. There are many
physical, chemical, and biological ways to sweep dyes
[5] like photocatalytic, oxidation, membrane filtration,
flocculation, precipitation, and biodegradable or
adsorption processes [6,7].

Wastewater  remediation  plants seldom use
sophisticated treatment with regard to their price.
Adsorption is a rifer method due to its affordability,
security, and opportunity for sorbent renovation [8].
The agricultural waste consists in particular of
cellulose, hemicellulose, and lignin, which are robust
adsorbents for a wide miscellaneous of tarnish because
of the presence of functional groups like hydroxylic and
carboxylic phenols. They have a high adsorption rate
and selection for diverse impurities and can be used
with and without minimal treatment [9]. These natural
adsorbents are perfect due to their availability in huge
quantities requiring a simple preparation to strengthen
the benefits of the adsorption processes, in agreement
with the perceptions of green chemistry [10]. They can
be considered very effective for their low cost, and high
efficiency, can be used at a wide pHrange [11], and it is
possible to recover the adsorbate, as well as the ability
to reproduce natural adsorbent [12]. On the other hand,
the limitation of using natural products are mainly about
the adsorbent recovery and separation after treatment
[13]. In the current work, lemon peel is used as a
natural adsorbent which is available locally in Egypt. It
is used in two forms inactive lemon peel (IALP) and
activated lemon peel (ALP).

The activated lemon peel is obtained by using
H3PO4 and the resulting activated carbon is then used
in batch adsorption of basic Fuchsine (BF) and Eosin
(E) [14]. The structural classification of dyes can be
determined by their functional groups, in this study,
basic Fuchsine (BF) and Eosin (E) were used as two
examples for basic and acid dyes respectively [15].
Basic Fuchsine, named Basic Violet 14, which is
scientifically named benzenamine, 4-[(4-aminophenyl)
(4-imino-2,  5-cyclohexadien-1-ylidene)  methyl]-2-
methyl hydrochloride, Fig. 1 [16]. Eosin also known as
Acid Red 87, is chemically known as disodium; 2-
(2,4,5,7-tetrabromo-3-oxido-6-oxoxanthen-9-yl)
benzoate, Fig. 2. Both of them are widely employed in
tapestry, meds preparations, and manufacturing [17].
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Fig. 1 Chemical structure of Basic Fuchsine.
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Fig. 2 Chemical structure of Eosin.

2. Materials and methods

2.1. Materials

Lemon is a local product grown abundantly in
Egypt. Basic Fuchsine (BF) and Eosin (E) dyes were
made in India (Advent, Chembio PVT.LTD company)
and purchased from Maktab Al-Sharg, Qasr El-Ainy,
Cairo, Egypt. The dye’s maximum wavelengths, also
molar masses are depicted in Table 1. The chemical
compounds: sodium hydroxide (NaOH), hydrochloric
(HCI), and phosphoric acids (H3PO4) were also
purchased from Maktab Al-Sharg.

Table 1 Dyes mol. wt. and Amax

Dye name Basic Fuchsine Eosin
Molecular weight
(mol. wt.) 337.86 g/mol 691.85 g/mol
Maximum
wavelength (Amax) 546 nm 514 nm

The functional groups’ declaration in both
adsorbents IALP and ALP which may work as active
sites during the adsorption process is achieved via using
Fourier Transform Infrared Spectroscopy analysis [18].
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The morphological properties and microstructure of
both adsorbents were investigated using a Scanning
Electron Microscope model [19].

Batch adsorption tests were established for studying
various impacts on the sorption. Adsorption kinetics in
addition to isotherms were studied and thermodynamic
parameters were calculated.

2.2. Preparation of adsorbents

The To prepare the inactive lemon peel adsorbent
(IALP), the lemon peels were washed multiple times to
dismantle impurities, color, and odor, then dehydrated
for 24 hr. at a temperature of 50°C using a drying oven.
Then they were crushed into two particle sizes (0.1 mm
and 0.2mm). This adsorbent was used to prepare the
activated lemon peel adsorbent (ALP) [20]. A solution
of 50 ml, 0.6 M phosphoric acid was mixed with 2g of
IALP at room temperature and stirred for 30 minutes,
then centrifuged and dehydrated at 50°C for 24 hr. The
thermostat then has been increased to 120°C for 90
minutes. The obtained adsorbent then was washed
numerous times to remove the undue acid. Then it has
been allowed to dry at 50°C for 24 hr. The ALP has
been crushed into two particle sizes (0.1 mm and
0.2mm) [21].

2.3. Adsorption study

Batch tests were implemented using 50 ml of dye
solution and the percentage of removal was studied with
the change of several factors. The tests were executed at
differing pH (3-11), different adsorbent doses (0.4, 0.8,
1.2, 1.6, and 2 g), different dye concentrations (35, 70,
100, 135, 170, 200, 235, 270, 300, 335 mg.l-1), particle
sizes (0.1 and 0.2 mm), contact time (from 5 to 180
min) and different temperatures (298, 323 and 343 K) at
200 rpm.

Using Equations 1 and 2 gives the efficiency and
capacity of adsorption [22].

o—Ce
o5 X 100 [1]

Removal efficiency (%) =

(Co—Ce)xV
q (mg /g) = ———— 2l

The dye concentrations were determined precisely
by UV/VIS Spectrometer [23,24].

3. Results and Discussion

3.1. Characterization of adsorbents
3.1.1. Fourier transform infrared

This analysis helps in giving an elaborate view of the
function groups and the change in them via activation
and adsorption [25]. The main plugs of lemon peel are
protein, pectin, cellulose, hemicellulose, lignin, and
pigments. This analysis is crucial to feature the
interactive functional sets which contain various giving
atoms such as O, N, S, and P [26]. Fig. 3 shows the
FTIR spectrum of lemon peel (a), activated lemon peel

(b), activated lemon peel with basic fuchsin dye (c), and
activated lemon peel with eosin dye (c). The large peaks
at 3200 — 3424 cm-1 is representing the symmetric and
asymmetric stretching vibrations of free or H-bonded
hydroxyl groups of phenols, alcohols, and carboxylic
acids contained in cellulose, pectin, and lignin [27]. The
values around 2924 cm™! represent the symmetric and
asymmetric stretching vibrations of the -CHs, =CH2,
and -OCHs groups [26].

The next peak at 1734.58 cm-1 for IALP may
correspond to stretching vibrations of the ester carbonyl
C=0 group. This peak disappeared as a finding of the
adsorption and was not noticed in the (c) and (d)
figures. The peak of 1627.45 cm-1 represents —C=C—
stretch and alkanes. The following peak is 1381.84 cm-
1 which has C—H rock and is alkane [28]. The other one
around 1623 cm—1 was a mark of stretching vibration of
carboxylate ions COO-1. The other peaks in the
range of 1300 — 1020 cm-1 could be owing to the
compounds containing a C-O group which may be
Alcohols, carboxylic acids, esters, or ethers [28,29].
The spectra of ALP-loaded BF and E dyes showed
similar characteristics of adsorption regions except for
minor changes and the peaks are a bit shifted from their
sites with changes in its intensity. The hydrogen
bonding, electrostatic, and m -m interactions carry out
the adsorption processes [18,30].

3.1.2. Scan electron microscope

Figure (4) shows the SEM analysis before and after
the activation and the adsorption processes with BF and
E dyes. It is clear that there is a significant change after
the adsorption. The adsorbent surfaces are conquered,
and sorbate particles subsume the surface follicles [28].
The use of H3PO4 for activation increases the pore size
allocation of lemon peel and therefore the adsorption
potential [31].

The shape of the lemon peel surface, as shown in the
image, was found to possess irregular and
heterogeneous active sites which were unevenly
distributed. The normal lemon peel was changed to an
excellent porous material, as a result of the activation
process. It looked like regular homogenous creases
spanned the surface.

This structure permits powerful adsorption because
it introduces sufficient free areas to seek adsorbate
particles [32].

It is clear, by comparing Figures a and b, that there
was an excess in the pore size distribution of activated
lemon peel. The activated surface has a shape similar to
a honeycomb and the spacious murk spots are pores and
vacuums on its surface [33].

Figures (c) and (d) represented the occupation of Basic
Fuchsine and Eosin molecules, which were investigated
through the thickened and enclosed pores.
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Fig. 3 FTIR spectrum. (a) IALP, (b) ALP, (c) BF onto ALP, (d) E onto ALP.

(b) ALP, (c) BF onto ALP, (d) E onto ALP.

Fig. 4 SEM micrograph. (a) IALP
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3.2. Impact of pH

The pH impact on the adsorption is due to the fact
that the surface properties of adsorbent and ionization
grade of adsorbate vary with pH [34]. The conditions of
the experiments were a volume of 50 ml solution, 35
mg.I? dye concentration, 2 g adsorbent dose of 0.1 mm
particle size, 200 rpm at room temperature and for 180
minutes. It was found that by changing the values of pH
from 3 to 11, we get maximum removal values of
69.25% and 90.52% for E dye onto IALP and ALP
respectively at pH3. And we get maximum removal
values of 86.17% and 99.94% for BF dye onto IALP
and ALP respectively at pH11. This is explained as at
pH3 the surfaces of IALP and ALP were positively
charged and elevation of protons number will occur
which will be accessed for amine points, and this
increases the active sites and thus prefer anion sorption
resulting in increasing the removal of E. While at
superior pH, most of the active sites preferred for E dye
may be separated and cause a shortfall in adsorption
gage [35]. On the other hand, at pH11 the surface
charges of IALP and ALP are adverse and firmly
grabbed to favorably BF ions. While within acid
solutions, a challenge among extra H+ ions and the
positive BF ions towards the active locations on the
adsorbent surfaces occurs and leads to a shortfall in
adsorption capabilities onto IALP and ALP [36]. The
results are presented in Fig. 5.
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Fig. 5 Impact of pH.

3.3. Impact of adsorbent quantity and particle size

This impact was studied under the conditions of 50
ml solution volume, 35 mg.l? primary dye
concentration, pH11 and pH3 for BF dye and E dye
respectively, at 200 rpm at room temperature and for
180 minutes. It was found that by raising the dose
values of both IALP and ALP adsorbents from 0.4 to 2
g, the adsorption grows for both dyes due to the greater
area accessible for the process [37], this is presented in
Fig. 6.
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Fig. 6 Impact of adsorbent dose.

On the other hand, declining the particle size from
0.2 to 0.1 mm increases the capacity of the adsorption,
this is because of the fact that a small particle has a
broader surface area and the amount of dye adsorbed is
directly proportional to the volume of the pores, which
is directly proportional to the external interfacing area
of adsorbent particles [38]. This is presented in Fig. 7.
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Fig. 7 Impact of adsorbent particle size.

3.4. Impact of primary dye concentration

This impact was examined under the terms of 50 ml
dye solution, 2 g of adsorbents, pH11 and pH3 for BF
and E dyes respectively, at 200rpm and for 240 minutes
at room temperature with a primary concentration scale
within 35 to 335 mg.I™. It was found that by increasing
the primary concentration for both dyes, the adsorption
minimizes onto both adsorbents IALP and ALP. The
removal dropped from 86.17% to 40.29% and from
99.94% to 59.54% for BF adsorption and dropped from
69.25% to 29.59% and from 90.52% to 45.71% for
adsorption of E dye onto IALP and ALP respectively.
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From experimental results, it was found also that ALP
and IALP have a stronger convergence toward BF dye
than E dye, and in general, ALP showed better results
than IALP because of the activation process. The
decrease in dye removal by increasing their primary
concentrations is because of the high ratio of dye
primary concentration in comparison with the existing
active points so the process is affected by the starting

concentration [39]. The results are presented in Fig. 8.
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Fig. 8 Impact of initial dye concentration.

3.5. Impact of contact time

This impact was studied under the optimum
conditions which were obtained from previous
experiments for 180 minutes and the equilibrium time
was found to be 35 min. and 30 min. for BF dye onto
IALP and ALP respectively and was found to be 40
min. and 25 min. for E dye onto IALP and ALP
respectively.

It is of economic importance to target adequate
contact time to achieve the removal purpose. It was
observed that it was a sharp exceed in adsorption for a
small period thereafter the equilibrium is reached no
splendid adsorption is observed. After reaching the
equilibrium, the repulsive electrostatic interaction will
be dominant between the occupied active sites and the
adsorbate particles [40]. The results are presented in
Fig. 9.

3.6. Impact of temperature

The impact of temperature was studied under the
optimum conditions at temperatures 298, 323, and 343
K. There was an improvement in dye removal by
raising the temperature is attributed to the higher
mobility and proliferation of the ionic dye molecules in
solution at higher temperature values [41].

From the experimental data, it was found that the
value of adsorption increasing by increasing

temperature was not very high, so the adsorption
process for BF and E dyes onto ALP did not require
heating to give high removal values. This makes the
clearance of dyes may be accomplished onto ALP
economically and has artificial applications [42]. The
results are presented in Fig. 10.

According to the maximum removal percentages at
the optimum conditions, it can be concluded that IALP
at an acidic medium was positively charged and can
attract negatively charged E dye better than the
positively charged BF. While, in the alkaline medium
the opposite behavior was occurring. After activation
with acidic H3PO4 and heating, the resulting ALP was
an effective adsorbent because it is a highly porous
material and provides a large surface area to which
contaminants may adsorb [43].
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Fig. 9 Impact of contact time.
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3.7. Adsorption models
3.7.1. Adsorption kinetics

The experiments were executed using 50 ml
solutions of primary BF and E concentrations 35 mg.1™}
at optimum conditions of pH 11 and pH3 for BF and E
respectively, adsorbents (IALP and ALP) doses of 2 g
with 0.1 mm particle size at room temperature and for
180 minutes. Some kinetic models were used, pseudo-
first-order, pseudo-second-order, intraparticle diffusion,
and Elovich models [44].

3.7.1.1 The pseudo-first-order kinetic model

That model studied the alteration average of the
sucking adsorbate at a certain time, which is directly
proportional to the difference between the concentration
and adsorbate removal rate [45,46].

This introduces the adsorption rate constant by
applying Equations 3[47,48].

K1
log (@e—qr) = log (@) — =55 t [3]

The results are presented in Fig.11.

0.5

log (9.-q,)

-3.5

® BF onto IALP
O BF onto ALP
v EontolALP
4 EontoALP

Fig. 11 Pseudo-first-order kinetic model.

3.7.1.2. The pseudo-second-order kinetic model
This model considered a chemical bonding
(interaction) of adsorbate and technical points on an
adsorbent surface which is responsible for the
adsorption capabilities of the adsorbent [49,50]
The rate constant is estimated by applying Equation
4 [51].
t 1 t
a  K;qe® + de 4l
The results are presented in Fig.12.

3.7.1.3. Fourier transform infrared The intraparticle
diffusion model
Can be referred to by Equation 5.
qt = kia.t #+ C [5]
If the plot goes by the origin, then intraparticle
diffusion is the rate-controlling step of adsorption. If

this does not occur, there is a boundary control to some
extent and other kinetic models may operate the rate of
the process. Experimental plots usually are shown as
three phases such as curve, linear, and plateau turn.
External mass transfer is represented by the primary
stage. The intraparticle diffusion is represented by the
intermediate linear stage. And finally, the extremely
low solute concentrations in the solution will result in
slowing the intraparticle diffusion and this is
represented by the last plateau stage [51]. The results

are presented in Fig.13.
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Fig. 12 Pseudo-second-order kinetic model.
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Fig. 13 Intraparticle diffusion kinetic model.

3.7.1.4. Elovich model

This model assumed that the energy of adsorbent
active sites is heterogeneous and the adsorption follows
a second-order kinetic model, so according to this
model, the adsorption mechanism is based on chemical
reactions [53].
This model can be characterized by applying the linear
form of Equation 6 [54].

gr=(1/B) Int + (1/B) In af [6]

The results are presented in Fig.14, the parameters

are calculated and compared in Table 2.
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Table 2 Kinetic parameters for BF and E dyes adsorption onto IALP & ALP

Parameter BF onto IALP BF onto ALP E onto IALP E onto ALP
Pseudo-first order kinetic model
K1 0.0051 0.0097 0.0168 0.0137
qe 0.4701 0.9750 0.4435 0.3115
R2 0.6438 0.9531 0.8793 0.7974
Pseudo-second order kinetic model
K2 0.1790 0.5758 0.1792 0.3118
qe 15133 1.8142 1.2393 15974
R2 0.9993 0.9995 0.9995 1
Intraparticle diffusion kinetic model
Kid 0.0163 0.0417 0.0212 0.0148
C 0.5665 0.3881 0.3822 0.6344
R2 0.9229 0.8378 0.6684 0.6304
Elovich kinetic model
o 16328 0.7847 3.3587 1.4936
B 41701 3.3967 6.3012 8.8968
R2 0.7411 0.9707 0.8660 0.8425

The findings demonstrated that an increase in
contact between solid and liquid phases increases the
adsorption. The maximum capacity of adsorption is
1.5133, 1.8142 mg.g* for BF dye adsorption, and
1.2393, 1.5974 mg.g* for E dye adsorption onto IALP
and ALP respectively. Also, we can see from Table 2
that according to higher correlation coefficient (R?)
numbers, the adsorptions of BF and E dyes onto both
IALP and ALP are better characterized by the Pseudo-
second order model.

2.0

Int

BF onto IALP
BF onto ALP
E onto IALP
E onto ALP

X NeX J

Fig. 14 Elovich kinetic model.

3.7.2. Adsorption isotherm

Adsorption isotherm expresses the relation, at a
constant temperature, between adsorbed sorbate intake
on the adsorbent surface to the concentration of solute
when equilibrium is reached. The adsorption isotherm
models are models that illustrate this correlation [55].

3.7.2.1 Langmuir isotherm model

This traditionally known isotherm presumed that
adsorption takes place at certain harmonious adsorbent
surfaces [56]. When the active site is occupied by an

adsorbed molecule, no further adsorption will occur
[57]. Accordingly reaching the equilibrium and the
imbued monolayer formation be expressed by the
following Equation 7 [58].

Ce_Cey L

de do bqo 71
The separation factor RL is a dimensionless constant. It
predicts whether the adsorption was favorable or
unfavorable in terms of equilibrium parameters [59]. It
can be calculated from Equation 8.

1
R, = (1+bCo) (61

The values of RvL indicate whether the isotherm is
unfavorable (R > 1), linear (RL= 1), favorable (RL < 1),
or irreversible (RL = 0). The results are presented in
Fig.15.

1/q.

0.0

0.0 0.1 0.2 0.3 0.4 0.5
1/Ce

Fig. 15 Langmuir isotherm model

3.7.2.2. Freundlich isotherm model

That model depicts the adsorption process as it takes
place across heterogeneous roof top and the multilayer
adsorption system is considered [60]. This is voiced by
Equation 9.
log ge = log Kr + (1/n) log Ce [9]
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Where Kr and n are constants integrating all factors
affecting the adsorption capability that indicates the
amount of adsorbate on the adsorbent and adsorption
strength, respectively [61]. The value of n produces a
notion about the adsorption intensity. The higher the
number of n, the more uniform will be the surface and
vice versa [62]. These results are presented in Fig.16

log q,
o

BF onto IALP
BF onto ALP
E onto IALP
E onto ALP

D40e®

Fig. 16 Freundlich isotherm model

3.7.2.3. Temkin isotherm model

According to this isotherm model, at the covered
layer there will be a linear decrease in the heat of
sorption because of the leverage of interactions between
sorbent and sorbate particles [63]. In addition, there will
be a linear decrease in the process heat instead of
logarithmic obtained from Freundlich model [64].

Temkin linear form is expressed by Equation 10

ge = (RT/bT) In AT + (RT/bT) In Ce [10]
Those results are shown in Fig.17.
6
b,
il (¢}
v o * .
B
[e]
0 4
9.4
4 o]
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0 1 2 3 4 5 6
InC,
& BF onto IALP
© BF onto ALP
v EontolALP
& Eonto ALP

Fig. 17 Temkin isotherm model

3.7.2.4. Dubinin-Radushkevich (D-R) isotherm model

That model of isotherm was applied to adsorption
for vapors on solids. This model depends on the theory
of Polanyi which supposes that the distribution of pores
on adsorbent surface tracks Gaussian energy
distribution [65]. It is a nonlinear model which can be
expressed by Equation 11

In ge=In gs— kor &2 [11]

Polanyi’s potential theory can be calculated from
Equation 12 [66].
€ = RT In (1+ 1/Ce) [12]

It was found that the terms € and RT have the same
dimension, so the term (1+1/Ce) is meaningless since
the dimensions of 1 and 1/Ce are inconsistent.

Now the mean free energy for each single adsorbate
molecule E (kJ-mol™) can be digitally known through
Equation 13.

E = [ 1/(2Kpbr)*?] [13]

The value of E is used to specify whether the
adsorption is controlled via a physical (E < 8 kJ-mol™)
or a chemical process (8 < E < 16 kJ-mol™?) [67]. The
results are presented in Fig.18.

Ing,

0 2e+5 4e+5 6e+5 8e+5

BF onto IALP
BF onto ALP
E onto IALP
E onto ALP

Fig. 18 Dubinin-Radushkevich (D-R) isotherm model

p40Ce®

The parameters are calculated and compared in
Table 3. The R? values point that the process fitted into
Langmuir, Freundlich, Temkin, and Dubunin -
Radushkevich isotherm models and can be best
represented by Langmuir adsorption model which had
the top R? values. So, the character of surfaces is
homogeneous which supports the formation of
monolayer dye particles [68]. Maximum adsorption
capacities were calculated from Langmuir model to be
3.0731, 3.3190 mg.g* for BF adsorption, and 3.1646,
4.0388 mg.g ! for E adsorption onto IALP and ALP
respectively. The RvL values (ranging from 0 to 1)
calculated from the Langmuir model indicate that the
isotherm was favorable. The value n > 1 calculated
from the Freundlich isotherm model suggests that the
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adsorption is favorable [69]. The values of AT and B
calculated from Temkin isotherm model and the mean
free energy E calculated from Dubinin-Radushkevich
(D-R) isotherm model give an indication of the heat of
sorption indicating a physical adsorption process
[70,71].

3.7.3.  Thermodynamic parameters

The temperature effect was examined and
thermodynamic parameters values of the process were
appraised. The thermodynamic parameters are very
important because they give ideas about how the heat
influences the sorption, indicating whether a certain
process occurs spontaneously or not. Those parameters
are the change in enthalpy (AH®), entropy (AS°), and
Gibbs free energy (AG®) [62]. The ratio between the
concentration of the compound in the aqueous medium
and in solids at equilibrium was mentioned as the
apparent equilibrium constant (Kc) which can be
computed via Equation 14 [72].

k, = -2 [14]
Ce

In the minimum empirical adsorbate concentration,
the value of Kc can be calculated [73]. Then the change
in Gibbs free energy (AGe) was estimated by replacing
the value of Kc with Equation 15.

Through graphing Van’t Hoff equation (16), AH°
and AS° were obtained.

AG® =A H®° — T AS° [16]

AG° was used to prove the spontaneity of adsorption.
As the standard state is not usually reached easily, this
concept of AG® as an indication is limited. The basis for
judgment depends on the preliminary AG® value [74].
The results are presented in Fig.19. The parameters are
calculated and compared in Table 4. The adsorption
processes were viable and spontaneous, as a result of
negative AG° values [75]. The adsorption onto ALP was
more favored than onto IALP and BF dye showed better
results than E dye. It was found that AGe is in an
inverse relationship with the temperature.

o

= 4 —
5000 M — ]
R

-10000 T2

AG®

-15000 -

-20000 \\
25000 -| B

-30000

® BF onto IALP
© BF onto ALP
v E onto IALP
A Eonto ALP

Fig. 19 Thermodynamic parameters of BF and E adsorption

AG® = —RT In Kc [15] onto IALP and ALP.
Table 3 Isotherm parameters for BF and E dyes adsorption onto IALP & ALP
Parameter BF onto IALP BF onto ALP E onto IALP E onto ALP
Langmuir isotherm model
b 0.1096 15.8579 0.0232 0.0729
qo 3.0731 3.3190 3.1646 4.0388
R2 0.9709 0.8239 0.9766 0.9943
RL forinitial dye concentration
35 0.0059 0.00180 0.5515 0.2815
70 0.0029 0.00090 0.3807 0.1638
100 0.0021 0.00063 0.3008 0.1206
135 0.0015 0.00047 0.2417 0.0922
170 0.0012 0.00037 0.2020 0.0746
200 0.0010 0.00032 0.1771 0.0642
235 0.0009 0.00027 0.1548 0.0551
270 0.0008 0.00023 0.1375 0.0483
300 0.0007 0.00021 0.1254 0.0437
325 0.0006 0.00019 0.1138 0.0393
Freundlich isotherm model
Kf 0.6424 1.7269 0.3129 0.6348
n 3.0423 4.6382 24752 26137
R2 0.9193 0.9563 0.8746 0.9161
Temkin isotherm model
B 0.6142 0.5150 0.5873 0.8181
AT 1.1855 56.981 0.3514 0.8377
bT 4.0338 x103 4.8108 x103 4.2186 x103 3.0284 x103
R2 0.9175 0.8339 0.9535 0.9428
Dubinin-Radushkevich
(D-R) isotherm model
KDR 3 x10-6 2 x10-8 3x10-5 3 x10-6
qs 2.6666 3.5495 2.1743 3.1406
E 0.4082 5.000 0.1291 0.4082
R2 0.7380 0.6084 0.9064 0.7827
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Table 4 Thermodynamic parameters for BF and E dyes adsorption onto IALP & ALP

Parameter BF onto IALP BF onto ALP Eonto IALP E onto ALP

AGo at
298K -5.7841 -18.2035 -2.0118 -5.5903
323K -7.4613 -21.9679 -4.1344 -8.1179
343K -9.4585 -24.7515 -6.4479 -10.233
AHo 18.478 25.183 27.298 25.144
ASo 0.0811 0.1457 0.0980 0.1031
R2 0.987 0.9995 0.9921 0.9998

In other words, the adsorption processes were favored
at higher temperature values. On the other hand, the
adsorption was found to be endothermic with a higher
randomness at the solid—solute interface, as a result of
positive values of AH" and AS”, this also supports the
observed increase in the adsorption capacity with
increasing temperature. a notable entropy change was
observed because of the low values of AS® [48]. The
positive entropy value suggests stability, good affinity,
and a decrease in the randomness of BF and E in the
whole removal process [76].

4. Conclusion

Using low-cost lemon peel waste for Basic Fuchsine
and Eosin dyes removal from aqueous mediums was
examined in batch experiments. Lemon peel shows a
higher adsorption capacity value in the activated form
and the adsorption equilibrium was rapid for the
adsorption process. The removal of Basic Fuchsine dye
was higher than that of Eosin dye. The kinetics pursued
a pseudo-second order. According to experimental data,
Langmuir isotherm was the better model to characterize
the adsorption processes. By increasing the temperature,
adsorption increases so the adsorption processes were
endothermic. An overall selectivity for both dyes was
observed showing that lemon peel can be effectively
used to remove Basic Fuchsine and Eosin from agqueous
solutions. Thus, lemon peel is an effective and low-
expensive adsorbent that can be used for the treatment
of industrial wastewater especially that involving dyes.
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