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Valorization of using agro-food waste as eco-friendly adsorbents for toxic dye removal
from contaminated water
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Abstract

In this study, dried watermelon peels (DWP), an appropriate biological adsorbent, were employed to extract Acid Blue 193
(AB193) and Acid Orange 95 (AO95) from their aqueous solutions. These sorbents are affordable, safe for the environment,
widely available, and very efficient.. A variety of analysis, such as Scanning electron microscopy (SEM), Energy dispersive
spectroscopy (EDX) and Fourier transform infrared (FTIR), have been used to determine the surface physicochemical
properties before and after the adsorption process. In general, the characterization investigations showed that the adsorbent
chemical structure contained several types of oxygenated functional groups and had a suitable shape for dye removal.
Experimental work was done to identify the ideal working conditions, which were 60 min contact time, 0.3 g adsorbent mass,
30 0C, and pH= 3. This range of initial dye concentration was 25-150 ppm., and the percentage of removal reached to 97.99
% and 95.51 % for AB193 and AO95 respectively. The Freundlich model was found to provide a good fit to the data in terms
of equilibrium, while the thermodynamic parameters suggested that the process was spontaneous and exothermic in nature.
Additionally, kinetic tests showed that the acidic dyes removal rate followed a pseudo-second-order model, indicating that
the adsorption was controlled by either intra-particle diffusion or diffusion on the stationary layer covering the adsorbent
particles. Finally, the information gathered in this study supported the interest in using agricultural waste products as

inexpensive lignocellulosic sorbents that could replace other pricey adsorbents in wastewater treatment.

Keywords: Acid Dyes ,Agro-food waste ;Bio-sorption; Dried watermelon peels;;water treatment.

1.Introduction

The rapid growth of the world's population and
industrialization has already put pressure on natural
resources which possess enormous challenges to the
ecosystem [1]. Because the textile industry uses a
large amount of water, global water resources are
facing great pressure, so controlling water pollution
is essential. Among the growing concerns of textile
dyeing is the high consumption of water and the
discharge of polluted water into the environment
causing direct or indirect harmful effects on human
health, aquatic life, and soils. Furthermore, they are
considered carcinogens and must be processed before
being released into water bodies [2].

Therefore, several dye-containing wastewater
treatment methods have been developed and are
currently being investigated and improved, such as
oxidation, coagulation, electrochemical,
biodegradation, and desorption processes [3]. The
latter approach, in particular, is noteworthy for using
adsorbents from agricultural residues as an
economical and environmentally friendly method [4].
In order to remove dye, many low cost agricultural
wastes are employed as absorbents. Watermelon is

one of the heaviest and largest fruits, it is inexpensive
and widely accessible [5-9], and its outer rind, a non-
commercial offal, consists of a variety of substances,
including proteins, citrullines, pectin, and carotenoids
[10]. So in this study, one of the agricultural residues
[agro-food waste ( dried watermelon Peels)] that
causes bad smell to the environment if left for some
time was used as a natural sorbent that is available,
inexpensive, highly effectiveand environmentally
friendly because it was used without any chemical
treatments.
2.Materials and methods
2.1Materials

All chemicals used during the investigation were
analytical or laboratory-grade reagents. Distilled
water was used for all experiments. dried watermelon
peels (DWP), Acid Blue193 (AB193) , Acid Orange
95 (A095) provided from the dyes factory tenth of
Ramadan, Hydrochloric acid (0.1) N, sodium
hydroxide (0.1) N and KNO3 .
2.2. Methods
2.2.1 Watermelon peels collection and
preparation
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Watermelon peels were chosen as a biosorbent
due to their wide availability, under-estimation, and
eventual disposal as agricultural waste. Watermelon
rinds were collected from leftover fruit shops
throughout Cairo. After collection, the absorbent was
rinsed thoroughly with distilled water to get rid of
any residual water after being repeatedly washed with
tap water to remove water-soluble contaminants,
dust, dirt, etc. Finally, the cleaned and dried sorbent
samples were spread out. on filter papers and left in
the shade to finish drying. It was then ground and
sieved to produce a uniform volume of 1 p . For later
usage, the homogenate was kept in zip-top bags at
room temperature [11].

Fig 1. Preparation of dried Watermelon peels

2.2.2 Characterization of dried watermelon peels
(adsorbent)

The adsorbent before and after adsorption of the
acid dyes onto the surface of the bio-adsorbent, DWP
was characterized with Fourier Transform Infra Red
Spectroscopy  (FTIR) (JASCO FTIR 6100
spectrometer) and scanning electron microscopy
(SEM) (a Quanta FEG 250 Czcch Republic electron
microscope). Elemental analysis was performed using
Energy-dispersive spectroscopy X-ray (EDX) (a
Quanta FEG 250 Czcch Republic) ). The point- zero
charge of DWP was determined by a digital pH meter
(Satorius Model PB-11) and was used for other all
experiments. pHpz is one of adsorbent characteristics.
It was estimated by introducing 0.1 g of DWP in 50
mL of KNOS at initial pH values of (1-10) adjusted
by adding required amounts of NaOH (0.1 N) or HCI
(0.1 N). The mixture was stirred for 24 hours at room
temperature, and the final pH was measured .When a
graph of final pH verses (initial — final) pH was
plotted and where the curve cuts X axis, these point is
defined as pHpzc [12].

2.2.3 Preparation of acid dyes stock solution (
adsorbate )

AB193 [C27H34N204S] and AO095
[CssH28N4Na20sS2] were purchased from New Trend
Co. Egypt with molecular weight 482.62 and 730.72,
respectively. To make a stock solution, 1 g of each
dye powder was dissolved in 1 L of distilled water
(1000 ppm). To establish the necessary experimental
concentrations, the stock solution was diluted with
distilled water. Final concentrations were determined
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using 571 nm and 500 nm wavelength measurements,
respectively using (Model T60, UK), UV-Visible
spectrophotometer was used at a wavelength of 190-
900 nm to record the absorbance of dye

concentrations.
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Fig 2. The chemical structure of the dyes.

2.2.4 Batch adsorption of acid dyes
The adsorption experiments were carried out
in a batch process. The most important effective
variables on adsorption include pH, adsorbent dose,
contact time, temperatures and dye concentrations.
Therefore, the initial acid dyes concentration was
selected (25-150 ppm). The effect of absorbent
dosage (0.01- 0.4g/20ml of dye solution ), contact
time (0- 60 min) , pH (3-10) and temperature (10°C-
50°C) were studied. The experiments in batch system
were carried out in a 50 ml Erlenmeyer flask Meyer.
In every experiment, a certain concentration of acid
dyes and specific dose of absorbent spilled into the
Flask and completely mixed with shaker (Memmert
waterbath, model WNB7-45,Germany) at 120 rpm
for 60 minutes. Then the sample was filtrated .
Spectrophotometer (Model T60, UK) residual
concentrations were recorded at a maximum of 571
and 500 nm for AB13 and AQ95, respectively [13,
14]. In the thermodynamic study, similar procedures
were applied at (10 °C - 50 °C), with the other
parameters held constant. the percentage of removal,
R (%) of acid dyes were calculated using Equations
(1)[15]. A Beer’s law is applied to the dyes used and
the drawing of the calibration curve, as shown in
“Figure 3”
Removal % = (Co - Ce / Ce ) x100 @
Where Cpand Ce are initial and final concentrations
of the dye in the solution respectively.

0.54 = @ -
s (b = e

Absorbance
o o
o a
! L
L)

o
N
!
[
L)

o
o
!

o
o

1‘5 2‘0 x10°©
Conc. of dye (mg/l)

o
o
=
5]

Fig. 3: Calibration curve of agueous solutions of
(a) AB193 (b) AO95 dyes
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Fig 4. Image of dried watermelon peels before and
after adsorption process.

3. Results and Discussion

3.1. Characterization of the dried watermelon
peels as bio-sorbent (DWP)

3.1.1 Point zero charge (pHpzc) of the dried
watermelon peels

Finding the pH at which the electrical charge on the
surface of DWP was zero required determining the
pHpzc of DWP.The intersection between the first
bisectrix and the curve representing the variation of
the final pH with the initial pH gives a pHpsc., “Figure
5” shows that the pHp,c of DWP was at pH 4.7 which
reflectes the acidity of DWP . Since the surface of
DWP is positively charged due to protonation,
adsorption of anions is preferred at solution pH levels
below the pHpzc value, whereas adsorption of cations
is preferred at solution pH levels above the pHpzc
value. In this regard, it is expected that the adsorption
of the anionic AB193 and AO95 dyes by cationic
DWP would be appropriate at pH of the solution is
less than 4.7 due to electrostatic interactions [16].
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Fig. 5: Point zero charge of dried watermelon
peels .
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3.1.2 FTIR Spectrum Analysis

For determining the functional groups of any
natural substance or synthetic chemical, FTIR
spectroscopy is regarded as the most advanced
technology. Functional groups present on the surface
of DWP before and after the adsorption process were
determined by using the FTIR spectrometer as shown
in “Figure 6 ab” . According to the infrared
spectrum of the DWP before adsorption of acid dyes,
several strong, medium and weak bands appear as
shown in “Figure 6a”. which denote different
functional groups, according to their waveform
position (cm™) [17]. The wide and strong band at
3330 cm™? is credited to the —OH stretching
vibrations of cellulose, pectin and lignin while the
band at 2916 cm-1 corresponds to the —-CH
stretching vibrations of the methyl group. The band at
1728 cm-1 indicates the C = O stretching of
carboxylic acid or esters. The asymmetric and
symmetric vibrations of -COO of the ionic
carboxylic groups within DWP are represented by the
band at 1622 and 1433 cm-—1, respectively. The IR
bands between the 1300 and 1026 cm—1 region are
assigned to the C-O and C-O-C stretching vibrations
in carboxylic acids, alcohols, phenols or ester groups
[18]. As indicated by the infrared spectrum of the
DWP after AB193 and AO95 dyes uptake “Figure
6b” , some bands shifted to about 1635 and 1617 cm-
1 (bend-N-H) and 1234and 1230 cm-1 (C-N
vibration) denotes the interaction of AB193 and
AO9 molecules respectively with the DWP
functional groups . Moreover, the band intensities
decreased during adsorption and this proves that the
physical adsorption process took place [19,20].
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Fig. 6 : FTIR spectrum of dried watermelon
peels (a) before adsorption and (b) after
adsorption of AB193 and AO95



896 Rania Mohamed Ahmed et.al.

3.1.3 Scanning Electron Microscopy (SEM).

The surface morphology of DWP without any
chemical treatment and its use as an environmentally
friendly surface has been studied [21]. It can be seen
from "Figure7a" that the DWP consists of a very fine
spherical shape, in addition to having a porosity
which creates a large surface area to interact with the
acidic dye molecules and enhance the adsorption.
"Figure 7 b,c" , it clearly shows the accumulation of
AB193 and AO95 particles on a surface DWP which
proves that the adsorbent surface completely
changed, pore sizes decreased and this indicates that
AB193 and AO95 were successfully adsorbed on the
surface of DWP.

Fig. 7 : SEM image of dried watermelon peels (a)
before adsorption ,(b) after adsorption AB193 and
(c) after adsorption AO95 .

3.1.4 Energy-dispersive spectroscopy X-ray (EDX)

EDX analysis was used to clarify the qualitative
elementals composition of DWP before and after
adsorption of AB193 by (a Quanta FEG 250 Czcch
Republic). As evidenced by X-ray spectroscopy, the
composition of chemicals ( in wt % ) of DWP
unloaded with AB193 was 48.57 for carbon and
51.43 for oxygen. Furthermore, the composition of
chemicals ( in wt % ) of DWP loaded with AB193
was 33.73 for carbon, 61.26 for oxygen, 0.47 for
nitrogen and 4.54 for sulfur as shown in "Figure 8
ab " and Table 1 . Based on the noticeable
differences in weight percent between DWP loaded
and unloaded with AB193, it may be deduced that the
AB193 molecules' successful adsorption on the pores
of DWP caused a change in the chemical structure of
the substance [22].
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Fig. 8 : EDX analysis of dried watermelon peels
(a) before adsorption and (b) after adsorption
process.

Table 1 : Elemental composition of dried
watermelon peels before and after adsorption
process
Element % Before After
adsorption adsorption
Carbon 48.57% 33.73%
Nitrogen - 0.47%
Oxygen 51.43% 61.26%
Sulfur - 4.54 %

3.2 Sorption of acid dyes from aqueous solution by
agro-food waste dried watermelon Peels

In recent years, various adsorbents have been
used to remove dye from polluted water [23]. DWP is
one of the most effective and widely used adsorbents
for dye removal from aqueous solutions. The
development of novel approaches with simplicity,
low cost and high efficiency is of great importance
from theory and practice for wastewater treatment of
dyes.

3.2.1 Effect of some parameter on sorption of dye

Using batch adsorption technique to study the
effect of different experimental variables on dye
absorption from water by agricultural food waste
(dried watermelon Peels (DWP)), including the effect
of pH, adsorbent doses, initial dye concentration,
contact time and temperatures .

3.2.1.1 Effect of pH

The solution pH is one of the most important
factors controlling the sorption of dyes onto
adsorbent particles. In this work, adsorbent DWP was
used to remove AB193 and AQ95 dyes from aqueous
solutions at various pH values from (3.0 to 10) as
shown in" Figure 9 a,b". It was observed that the
removal percent R % of DWP for acid dyes
increased as pH decreased . This phenomenon can be
explained by the following reasons ,the functional
groups on DWP were protonated in the solution at a
low pH. Thus, the electrostatic attraction between the
positively charged DWP surface and the negatively
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charged acidic dye in the solution increases the
contact of the dye with DWP[24] Besides,
increasing the pH increased the negative charge
density on a surface of DWP, which contributed to
the lack of adsorption capacity[25] . Moreover, it is
observed that the preferred absorption order of DWP
for acidic dye and the maximum absorption of
AB193 and AO95 dyes respectively are obtained at
pH 3.0. Therefore a pH of 3 was chosen as the
optimal pH for AB193 and AO95 dyes adsorption on
DWP.
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Fig. 9: Effect of pH on the adsorption of (a)
AB193 and (b) AO95 dyes onto dried watermelon
peels at[dose 0.3 g, dye conc. 50 ppm/20ml,t = 60
min. and 30°C].

3.2.1.2 Effect of dried watermelon peels (dosage)
Adsorbent dose represents an important parameter
due to its strong effect on the capacity of an
adsorbent at given initial concentration of adsorbate .
The effect of adsorbent dose on the the removal
percent of AB193 and AO95 dyes were conducted
over a range of DWP doses of (0.01 to 0.4 g /20 ml at
initial concentration of AB193 and AO095 dyes (50
PPm) for contact time 60 min. at constant pH 3. The
results are presented in "Figure 10 a,b " where , it is
clearly observed that with increasing the adsorbent
dose from 0.01 to 0.3 g, dye removal efficiency was
increased from 36.33 to 97.99% for AB193and from
28.12 to 95.51% for AQ95 and then it become
constant. The constancy in the removal percentage
with increasing dose of adsorbent could be attributed
to the increase of available adsorption surface and the
availability of more adsorption sites. This stagnation
constant in adsorption capacity with increasing dose
of adsorbent is mainly due to the saturation of
adsorption sites during the adsorption process[26,27]
. Hence, (0.3 g) might be regarded as the ideal dose
for DWP loading. There was no significant removal
of dyes observed above the saturation point due to the
establishment of equilibrium between the dye
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molecules on the adsorbent and in the solution[28] .
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Fig. 10 Effect of adsorbent dosge on the

adsorption of (a) AB193 and (b) AO95 dyes onto
dried watermelon peels at [pH= 3, dye conc. 50
ppm/20ml , t= 60 min. and 30°C].

3.2.1.3 Effect of dye concentration

The initial acid dyes concentration parameter was
studied within the range (25-150 ppm) at 30 °C, pH
3, 0.3 g adsorbent dose, and 60 min contact time.
From™ Figure 11 a,b " When the initial concentration
was increased up to 50 ppm, it was observed that the
removal ratio R% sharply decreased, but after that,
there were no noticeable changes in the removal
ratio. This can be explained by the fact that at lower
initial dye concentrations, there are more active sites
on the surface of the adsorbent than at higher initial
dye concentrations. So, At high concentrations of the
initial acidic dye, the molecules have few
opportunities for adsorption due to the limited
number of binding sites on the surface of the
adsorbent. As a result, some of the dye molecules are
not absorbed and instead remain in the solution [29].
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Fig. 9 : Effect of initial dye concentration on the
adsorption of (a) AB193 and (b) AO95 dyes onto
dried watermelon peels at[ pH= 3, dose 0.3g ,t=
60 min. and 30°C ].
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3.2.1.4 Effect of contact time

The contact time of the adsorption process is an
important parameter in the context of economic
aspects of contaminated water treatment . The
relationship between dye uptake and reaction time
was studied for the uptake rate of dyes AB193 and
AQO95 by DWP. The contact time effects on the
adsorption of the two acid dyes can be implemented
by preparing the adsorbent solution using a fixed
amount of 0.3 g of DWP in "Figure 12 a,b" .In
general, the adsorption rate of acidic dyes increases
with the increase of contact time to a certain extent.
A further increase in the contact time does not lead to
an increase in the adsorption due to deposition of the
dye on the available adsorption site on the adsorbent.
The results indicate that the dye absorption rate
increases depending on the contact time. In the first
30 min., the percentage of dye adsorption by the
adsorbent is fast and after that it continues at a slower
rate and finally reaches saturation at different contact
time for initial concentration. The dye adsorption rate
is initially higher due to the large surface area of the
adsorbent DWP available for dye adsorption. After a
certain period, only a very low increase in dye
removal was observed because there were few active
sites on the surface of the adsorbent. Then it reaches
equilibrium at a point after which it becomes
constant, because the surface of the absorbent
material becomes completely occupied, and the
absorption capacity becomes constant[30] .Of the
contact time studied, 60 min. of agitation time were
detected to be sufficient to reach dye equilibrium.
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Fig. 12 : Effect of contact time on the adsorption
of (a) AB193 and (b) AO95 dyes onto dried
watermelon peels at[pH= 3, dose 0.3 g, dye conc.
50 ppm/20ml and 30°C].

3.2.1.5 Effect of temperature

Most often, the temperature is utilised to
determine whether a process is endothermic or
exothermic. “Figure 13 a,b” shows how temperature
affects an acidic media (pH =3) for adsorption of
AB193 and AO95 dyes at 50 ppm on the surface of
DWP with constant weight ( 0.3 g). It is clearly
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shown that as temperature increased in the range (30—
50 °C), the removal percent of AB193 and AO95
dyes decreased from 97.66% to 66.59% and from
94.84 % to 58.61 % respectively . This may be due to
the physical bonds between the dye molecules and
the active sites of the adsorbent that weaken with
increasing temperature. Moreover, the solubility of
the dye increases with temperature [31], and it is
more difficult to absorb the solute because the forces
between the solute and the solvent are higher than
those between the solute and the adsorbent [32].
Moreover, it could result from a higher intrinsic
viscosity of the solution [33,34].
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Fig. 13: Effect of temperature on the adsorption
of (a) AB193 and (b) AO95 dyes onto dried
watermelon peels at[pH= 3, dose 0.3 g, dye conc.
50 pm/20ml and t= 60 min].

Comparing the R% of AB139 and AO95 97.99 %
and 95.51 % respectively on the DWP surface under
the optimal conditions achieved in this study, it was
found that the R% of AB139 was higher than that of
AQ95. This is due to the fact that the molecular size
of the dye affects the absorption process because the
particles of the absorbent must enter the micropores
of the absorbent in order to be absorbed. A dense
substance with a large molecular size reduces dye
absorption[35].

3.3 Adsorption isotherm
The experimental data were fitted to the
isotherm study using three isotherms (Langmuir,
Freundlich and Temkin) models and use the
correlation coefficients R? values, as indicated in
"Table 2" to identify a practical model that can be
used for design reasons.

3.3.1 Langmuir model

The Langmuir model describes monolayer
sorption on distinct localized adsorption sites. It
indicates no transmigration of the adsorbate in the
plane of the surfaces and assumes uniform energies
of monolayer sorption onto the sorbent surface [36].
Ce/Q. versus Ce has a linear relationship as shown in
“Figure 14 a,b”, with a slope equal to 1/Qm and an
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intercept equal to 1/(Qm Ki). The linear Langmuir
equation is given as:

Ce/Qe = 1/(QmKL) + Ce/Qm (2)

where “Qn” is the maximum adsorption capacity (mg
g?), and “K.” is the Langmuir affinity constant (L
mg?1) related to “Qm” and rate of adsorption. The
feasibility of the process can be evaluated by a
separation factor (dimensionless constant) “R.”
which is given in the following equation:

RL = 1/(1 + (KLCo) (3)

The “R_.” value lays between zero and one for
favorable adsorption, whereas (R. > 1), (RL = 1), and
(RL = zero) for unfavourable, linear, and irreversible
adsorption respectively [37 ] . The values of the
correlation coefficient for the Langmuir plots
changed in the range 0.84 to 0.79. This suggests that
the adsorption of AB 193 and AO95 onto the DWP
did not follow the Langmuir model

B DWP AB193|
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T T T
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1.204
m_ DWP AO95|

Celde

Fig. 14 : Langmuir adsorption isotherm of (a)
AB193 and (b) AO95 dyes onto dried watermelon
peels at[ pH=3, dose 0.3 g, t= 60 min. and 30°C].

3.3.2 Freundlich model

The Freundlich isotherm is used to describe
adsorption processes that occur on heterogeneous
surfaces and active sites with different energies based
on multilayer adsorption and equilibrium [38]. In ge
versus In Ce has a linear relationship as shown in
“Figure 15 a,b”, with an intercept equal to In Krand a
slope equal to 1/n. The logarithmic form of
Freundlich is given by the following equation:
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In ge= (1/n) In Ce + In K 4

where “Kf” is the Freundlich constant which
represents the adsorption capacity of the adsorbent in
(mg g!) and “I/n” indicates the favourability of the
adsorption process. The correlation coefficients (R? >
0.99) reflect that the experimental data agree well
with the Freundlich model. The values of 1/n ( 0.71
and 0.85 ) are smaller than 1, so they represent the
favorable adsorption conditions [39].
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Fig. 15 : Freundlich adsorption isotherm of (a)
AB193 and (b) AO95 dyes onto dried watermelon
peels at[pH=3, dose 0.3 g, t=60 min. and 30°C].

3.3.3 Temkin model

Temkin's model is based on the hypothesis that
the heat of adsorption due to interactions with the
adsorbate decreases linearly with the recovery rate,
whiting gas phase adsorption. This is an application
of the Gibbs relation to the adsorbents, whose surface
is considered homogeneous energy [40,41]. The
equation for the Temkin model can be written as:

Je=qmIn K¢+ gmIn Ce ()

where K;and gm are the Temkin constants related
to adsorption capacity in (L mg?') and heat of
sorption in (J mol) respectively [42]. The values of
gm and K; can be obtained from the slope and
intercept of the linear plot of g. versus In Ce as
displayed in “Figure 16 a,b”.
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Fig. 16: Temkin adsorption isotherm of (a) AB193
and (b) AO95 dyes onto dried watermelon peels
at[pH= 3, dose 0.3 g, t= 60 min. and 30°C].

3.4 Kinetic study

4.04 m  30°C DWP AB193

254
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Fig. 17: First- order kinetic model for adsorption
of (a)AB193 and (b) AO95 onto dried watermelon
peels at [pH= 3 , dose 0.3 g , dye conc. 50
ppm/20ml ,t = 60 min. and 30°C].

Table 2 : Langmuir, Freundlich and Temkin isotherm constants of adsorption of AB193 and AO95 dyes

onto dried watermelon peels at 30 °C .

Dye type | Langmuir adsorption isotherm Freundlich adsorption isotherm Temkin adsorption isotherm
Qrmax kux10?2 R.x10* R? 1/n R? Om Kq R?
(mg/g) L (dmg™)
(mg™)
AB 193 369 1.85 2.16 0.84 5.07 0.71 0.99 65.94 0.074 0.97
AO 95 434 3.65 1.09 0.90 1.85 0.85 0.99 53.63 0.060 0.96
Four kinetic models [The pseudo-first-order , the
pseudo-second-order , The intra-particle diffusion tige = (1/(k2(qe ?)) + t/ge (7)

, The Elovich model] were used to fit the
experimental data at 50 ppm initial dye concentration
using a linear regression analysis method. The
parameters of these models are summarized in "Table
3". The pseudo-first-order rate expression is given
as: [43,44]

log(Qe_ qt) = l0g(Qe) - k1 t/2.303 (6)
where q; is the amount of dye adsorbed on the
adsorbent at any time, t in (mgg™), and k; is the first-
order rate constant. A "Figure 17 a,b" of log (qe _ Q)
versus t gives a linear relationship from which the
value of k; and g. can be determined from the slope
and intercept.

The linearized form of the pseudo-second-order
model is given as: [45,46]
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where k; is the rate constant of the pseudo-second-
order adsorption. The plot of t/g; versus t in "Figure
18 a,b" gives a linear relationship from which g, and
k. can be determined from the slope and intercept of
the plot respectively. The correlation coefficients R?
higher than 0.99 suggest that adsorption of AB193
and AO95 onto DWP predominantly follows the
pseudo-second order kinetic model [47].
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Fig. 18: Second- order Kkinetic model for
adsorption of (a) AB193 and (b) AO95 onto dried
watermelon peels at[pH= 3, dose 0.3 g, dye conc.
50 ppm/20ml ,t = 60 min. and 30°C].

The intra-particle diffusion model used based on
the following Equation: [48]

qgu=ket¥?+C (8)

Where q: (mg/g) is the amount of dye adsorbed
at time t, Kp (mg/g min*?) is the intra-particle
diffusion rate constant obtained from the slope, of the
plot g: versus t ”asshown in “Figure 19 a,b”. While
the C value gives an indication of the thickness of the
boundary layer. The larger C shows greater boundary
layer effect that account greater contribution of the
surface sorption in the rat-limiting step [49]. This
kinetic study confirmed that sorption of AB193 and
AO950n DWP was a multi step process, involving in
sorption on the external surface and diffusion into the
interior with external surface chemical sorption being
the rate- controlling step.

The Elovich model is generally expressed as:

gt=1/pIn (ap) + 1/ Lnt  (9)

Where a is the initial adsorption rate constant (mg/(g
min) and the parameter B is the desorption constant
(g / mg) . The constant can be obtained from the
slope and the intercept of the plot of g: versus In t, as
shown in “Figure 20 a,b” gives a linear relationship
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with a slope of “1/f” and an intercept of 1/B In
(ap)[50] .
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Fig. 19: Intra-particle diffusion model for

adsorption of (a) AB193 and (b) AO95 dyes onto
dried watermelon peels at[pH= 3, dose 0.3 g, dye
conc. 50 ppm/20ml ,contact time 60 min.
and30°C].
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Fig. 20: Elovich kinetic model for adsorption of (a) AB193 and
(b) AO95 onto dried watermelon peels at at [pH= 3, dose 0.3 g
, dye conc. 50ppm/20ml ,t= 60 min. and 30°C].
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Table. 3: Kinetics parameters of (a) AB193 and (b) AO 95 dyes onto dried watermelon peels .

Pseudo Pseudo Intraparticle
first-order second- order Diffusion model Elovich equation model
Dye Type Te. model model
(°C) | kix10? Kox10* Kp c A px10?
(min® R? (g/mg R? mg/g | g R MIQ | (g mg R?
b min) min~1?2 min)™)
AB193 30 8.42 0.90 16.32 0.99 16.65 6.950 0.99 22.32 3.50 0.99
A095 30 6.67 0.89 18.14 0.99 18.14 | -15.20 0.99 8.43 5.49 0.99

3.5 Thermodynamic study

To establish a criterion for determining the

feasibility or spontaneity of the adsorption process
the chemical thermodynamic parameters had been
examined. The enthalpy AHC and entropy AS® were
calculated using Equation (10):
LnK.: = AS%R— AH®/ (RT) (10)
"Figure 21" and the table 4 show the removal of
AB193 and AO95 with increasing temperature from
283 to 303 . However, the removal of dyes decreases
with the increase in temperature beyond 303 K.

The observation can be attributed to the
weakening of bonds between the dye molecules and
active sites of DWP at high temperatures that may
lead to the decreased surface active sites as well as
adsorption capacity [51]. The negative value of AH® -
0.064, -0.041 k J mol*? confirmed the exothermic
nature of the adsorption process confirming that
physical forces occur during the adsorption of AB193
and AO95 onto DWP respectiveiy. This is in
good agreement with n value derived from
Freundlich isotherm.

The negative value of AS° -0.024 and -0.018 kJ
mol “1K* entropy for AB193 and AO95 respectively
revealed the decrease in the randomness at solid—
solution interface through the adsorption of AB193
and AO95 onto DWP. This indicates that adsorption
leads to an increase in the dyes order at the solid—
liquid interface during the adsorption process on
DWP and is supportive of the interaction between
two dyes and DWP. As the temperature increases,
the mobility of dyes molecules increases causing the
ions to escape from the solid phase to the liquid
phase [52].

Gibbs free energy change, AG?, can be calculated
in terms of enthalpy and entropy as in the following
Equation (11) [50,51].
AG %= AH - T AS (12)

which gives positive values at all temperatures so,
the adsorption of AB193 and AO95 onto dried
watermelon peels DWP is physiosorption because the
free energy values fall in the range of (48 to 0 kJ mol
1. Hence, the links between dye molecules and the
adsorbent surface can be due to vander Waals or
electrostatic attraction forces [53].

-1.0

-1.24
= DWP AB193
14l ® DWP AO95

In K¢

-1.84

-2.0

T T T T T T
0.00330 0.00335 0.00340 0.00345 0.00350 0.00355
1TOK?

Fig. 21: Variation of InKc with 1/T (K?) for
estimation of the enthalpy and entropy for the
adsorption of AB193 and AO095 onto dried
watermelon peels .

Table 4: Thermodynamic parameters for the adsorption of AB193 and AO95 onto dried watermelon peels.

Dye type Temp. 0C Temp. OK
AH® AS? 0
(k3/mol) (KJ/mol) AG” (kd/mol)

AB193 10 283 -0.064 -0.024 6.72
15 288 6.84
20 293 6.96
25 298 7.08
30 303 7.20

AO095 10 283 -0.041 -0.018 5.05
15 288 5.14
20 293 5.23
25 298 5.27
30 303 5.41

Egypt. J. Chem. 66, No. SI 13 (2023)




VALORIZATION OF USING AGRO-FOOD WASTE AS ENVIRONMENTALLY FRIENDLY ADSORBENTS .. ..903

4, Conclusion

The results of this study indicate that dried
watermelon peels can be used as a bio-sorbent
material with great potential to remove various
pollutants in addition to its low cost to remove acid
dyes. The successful result demonstrates the
possibility of using dried watermelon peels (DWP) as
an effective adsorbent to remove acid dyes from
aqueous solution. The best removal efficacy was
reported at pH = 3, 60 min. Contact duration, 0.3 g
adsorbent dose, and dye concentration 50 ppm,
indicating that acidic conditions improved the
percentage of acidic dye removal. The Freundlich
model, which explains multilayer adsorption on
heterogeneous surfaces, best fits the adsorption
process. Additionally, the dye uptake rate constants
based on fictitious second order kinetic models. In
contrast to the negative values of AH° and 45°, which
demonstrate that the reaction is exothermic and that
the solubility of the dye molecules increases with
increasing temperature, positive values of AG°
demonstrate that the process is physical and non-
spontaneous adsorption at low temperatures. As a
result, the removal ratio decreases.
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