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Abstract:

Due to their non-biodegradable and tendency to bioaccumulate, heavy metals pose a
significant danger to aquatic ecosystems. The purpose of this study is preparation of
peanutshell biosorbent and investigation of the efficacy of this adsorbent in the heavy metals (
Pb and Fe ) removal from polluted water. The peanut shell adsorbent was prepared by different
methods including physical activation by calcination at 300°C, 500°C and 800°C, chemical
activation using 1M HCI, H3PO, and NaOH , and physical activation followed by chemical
activation. The adsorption test results for Pb and Fe showed that the adsorbent prepared by
calcination at 800 °C followed by chemical treatment with 1M NaOH showed higher Pb and
Fe removal than with the other activators. The selected adsorbent was analyzed using XRD,
SEM, EDX, BET,and FTIR. High removal efficiency of Pb ions adsorption were 50 mg/lI metal
concentration, pH 5, solution temperature 323 K, contact time 30 min, and 0.5g adsorbent
dose, while that for Fe removal it was observed at 50 mg/l metal concentration, pH 5,
temperature 303 K, contact time 90 min, and 0.1 g of adsorbent. Adsorption of Pb and Fe ions
were found to be well fit to Langmuir and Freundlich isotherms, and the pseudo second order
kinetic model for both removal heavy metals. Pb and Fe adsorption on the prepared adsorbent
was endothermic and spontaneous process. The resulted absorbent was successfully applied for
the removal of Pb and Fe ions from water of Lake Nasser and Lake Nubia.

Keywords: heavy metals ; adsorbent ; peanutshells ; pollution

1- Introduction

Water is a fundamental resource for sustaining life on Earth. Safe drinking and usable water
should be colorless, odorless, and tasteless, while containing essential minerals such as Ca, Mg,
and Na. It should not contain harmful microorganisms, heavy metals, nitrites, nitrates, or organic
matter (Kilig, 2020). However, in recent decades, water quality has deteriorated due to factors
such as rapid population growth, industrialization, irresponsible exploitation of natural resources ,
and urbanization (Vardhan et al., 2019; Carolin et al., 2017).
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Water pollution endangers the lives of all aquatic organisms and damages biodiversity in
oceans, seas, lakes, and other aquatic ecosystems . Pollution affects more than just water; it also
affects soil, which is then transferred to plants, fruits, and vegetables through irrigation. Animals
that consume this water are also impacted. Utilizing contaminated water causes illnesses in a
variety of species, lowers agricultural output, raises mortality, and raises the expense of treating
drinking and utility water (Kilig, 2020). The contaminants associated with water pollution fall
into four categories: organic and inorganic contaminants, radiological contaminants, and
biological contaminants (Sharma and Bhattacharya, 2017):

Heavy metals and metalloids are inorganic contaminants such as Cu, Cd, Zn, Pb, Hg, As,
Ag, Cr, Fe, and Pt. These harmful metals are frequently discharged into water from a variety of
natural and human-made sources (Ledezma et al., 2021). Lead is a toxic metal recognized as
harmful to human health when inhaled or ingested. The Environmental Protection Agency has
set the maximum contamination level objective for lead in drinking water at zero, even at low
exposure levels.. Although iron is not considered hazardous to health and is essential for
transporting oxygen in the blood, it is regarded as a secondary or "aesthetic” contaminant under
Department of Natural Resources guidelines, and the recommended limit for Fe in water is 0.3
mg/L.

As heavy metals pose significant threats to all forms of life and the environment, it is crucial to
remove these toxic metals from wastewater before discharge to avoid further harm (Hussain et
al., 2021). Different techniques applied for removal of heavy metals from contaminated water
as ion exchange , reverse osmosis , coagulation , chemical precipitation , membrane filtration,
flocculation, electrochemical, electrolysis , biological methods ,phytoremediation and
adsorption. Traditional methods for removing heavy metals from wastewater often face
drawbacks such as low efficiency, high energy consumption, generation of toxic residues, and
cost ineffectiveness (Barakat , 2011). Adsorption is an alternative technique that has been
investigated to overcome these limitations. It involves the transfer of adsorbate molecules from
a solution to the surface of an adsorbent (Hussain, 2021). Adsorption is favored for heavy
metal removal due to its ease of use, high removal efficiency across various pH levels, and low
cost (Madhubashani et al., 2021). Adsorbents can often be regenerated and reused (Ojedokun
and Bello, 2016). Adsorption is considered environmentally friendly as it does not produce
toxic pollutants (Demirbas, 2008).To enhance sustainability in wastewater treatment, it is
essential to develop and use adsorbents that are readily available, inexpensive, and renewable
(Bello et al., 2013). Key criteria for selecting adsorbents include cost-effectiveness, high
surface area, porosity, and the presence of functional groups with favorable polarity
(Ewecharoen et al., 2009; Vunain et al., 2016 ). Recent advancements have focused on
developing various low-cost adsorbents from agricultural waste. Peanut shells, which are the
residual product obtained after the removal of groundnut seeds from their pods, represent a
substantial agricultural by-product that decomposes slowly under natural conditions (Zheng et
al., 2013). These shells are often discarded as agro-waste following the extraction of the usable
pods. Peanut shells, known for their macroporous structure and resistance to temperature
fluctuations, pH changes, mechanical stress, and prolonged immersion in water, have proven
effective in treating wastewater to remove As, Cd, Cr,Cu, Pb, Ni and Zn (Husaini et al 2011).

The aim of this study is to prepare low cost adsorbent from Peanut shells. Activation
methods were used include 1- physical activation by calcination at 300 °C , 500 °C and 800 °C,
2- chemical activation by 1M HCI, H3PO4 and NaOH , and 3- physical activation followed by
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chemical activation. . Following synthesis, the adsorbents' physical and surface characteristics
were evaluated. The effects of adsorbent dose, temperature, time, pH, and metal concentration
on the removal of Pb and Fe using the prepared adsorbents were investigated.

2- Materials and method
2.1. Chemicals and Reagents

High analytical grade chemicals and reagents HCIl, H3PO, , NaOH , Pb(NOs), and
Fe(NOs), ,Merk and BDH) , were used.

2.2. Preparation of metal ions standard solution

1000 mg/l standard solutions Pb®* and Fe®* ions were prepared using Pb(NOs), and
Fe(NOs), . Working standard solution were prepared by diluting the stock ones.

2.3. Peanut shell sample collection:

Peanut shells were obtained from the local market in Aswan, Egypt. The located material
was thoroughly washed with tap water followed by distilled water to eliminate any dirt
particles. After washing, it was air-dried at room temperature and subsequently oven-dried at
105 °C for 24 hr. Once dried, the shells were ground into a fine powder, sieved through a 0.8
mm mesh, and stored in an airtight container for use in experiments.

2.4. Preparation of peanut shell adsorbent:

Peanut shell adsorbents were prepared using three methods:, physical activation by
carbonizations chemical activation, and physical followed chemical activation. For Method 1,
physical activation by carbonization appropriate amounts of peanut shell powder was
carbonized at 300 °C, 500 °C, and 800 °C, respectively, for 1 hour. The products obtained at
different temperatures were labeled as PSt . for method 2 chemical activation of peanut shell,
2 grams of the peanut shell powder was activated with 50 mL 1 M activator (HCI, H3PO,4 and
NaOH) . The mixture was stirred for 24 hours on a magnetic stirrer at 150 rpm. After stirring,
the solution was filtered. The filter was then washed repeatedly with distilled water until the
filtrate was neutral. Finally, the treated peanut shell was dried in an oven at 105°C until a
constant weight was achieved, approximately 24 hours. The products obtained were labelled as
PShci, PShapos and PSnaon - For method 3 Physical activation followed by chemical activation
, the collected biochar (PSt) were chemically activated using 1 M HCI, H3PO, and NaOH.
Specifically, 2 gm of PSt adsorbent was suspended in 50 mL of each 1 M HCI, H3PO, and
NaOH. The suspensions were stirred for 24 hours at room .temperature. After treatment, the
biochar was filtered and washed several times with deionized water until the pH of the wash
water reached neutrality. The washed biochar was then dried at 105°C overnight. The
chemically modified biochar samples were labeled as PSszoonci, PS300H3p0os, PS300,NaoH

PSs00,Hc1, PSs00,H3ro4 , PSs00,Na0H » PSsoo,Hct, PSsoo,H3poa and PSgoo naoH, respectively.

2.5. Morphological charachterization of adsorbents:

The activated peanut shell was characterized by SEM/EDX ( via ZEISS Sigma 500VP
FE-SEM high-resolution scanning electron microscope) , BET (Tristar2 3020, Micromeritics,
USA), XRD (XRD, Bruker co D8, Germany) instrument) and FTIR ( Cary 630 FTIR
spectrometer, produced by Agilent Technologies.) .
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The metal ion concentrations were determined using Atomic absorption spectrometery, AAS
( Thermo Scientific ICE 3000 series )

2.6. Adsorption experiments

2.6.1. A comparative study for the adsorption of Pb®*and Fe** by the prepared peanut shell
adsorbents

Batch experiments of Pb?* and Fe** adsorption onto the prepared peanut shell adsorbents
were performed using 0.25 g adsorbent stirred with 25 ml of 50 ppm metal ion solution at room
temperature, pH 5, and 1 h contact time. The resulted solution was filtered , and the metal (Pb
and Fe) concentrations in the filtrate were determined using AAS. This adsorption experiments
were repeated 3 times.

The removal percentage of both Pb and Fe was determined using the equation below:

R% = [(Co— C¢)/Cq] x 100 Q)
C, is the metal ion initial concentration (ppm), while Ce is the metal ion ultimate concentration
(ppm).

The metal's adsorption capacity q.(mg/g) was determined using the following equation:
Je = Co— Ce x (V/m) (2)
V is the volume of the metal ion solution (L), and m is the mass of the adsorbent (g).

2.6.2. Batch Adsorption:

Batch adsorption experiments were proceeded using the peanutshell adsorbent ( physically
activated, chemical activated and physically-chemical activated) that finally exhibited the
higher removal efficiency of Pb and Fe.

2.6.2.1. Adsorbent dosage:

To determine the impact of adsorbent dosage on the adsorption of Pb and Fe metal ion onto the
sorbent material, Different adsorbent dosages (0.05, 0.1, 0.25, and 0.5 g) were combined with
25 mL of (50mg/L) metal ion solution. The mixture was kept at 30°C, with a pH of 5, and
stirred for 60 minutes at 150 rpm. After filtration of the agitated solutions, the metal ions
equilibrium concentration was estimated with an atomic absorption spectrophotometer (AAS)

2.6.2.2. Initial metal concentration:

0.25 g of adsorbent was mixed with 25 mL of different Pb and Fe metal concentrations (10,
30, 50, and 70 mg/l) as the initial , while maintaining the following other parameters:
temperature (30°C), agitation speed (150 rpm), pH 5, and contact duration (60 minutes). The
mixture was agitated and then filtered. The metal ions final concentration in the filtrate was
estimated using AAS.

2.6.2.3. Contact time:

To examine the impact of different contact time on adsorption process, 0.25 g of the produced
adsorbent was mixed with 25 ml of a 50 mg/L standard metal solution for different contact
times (30, 45, 60, 75, and 90 minutes). The solutions were agitated at 150 rpm, with a constant
pH 5 and a temperature 30°C. After the specified contact times, the samples were filtered and
the metal ion equilibrium concentration was detected using AAS.
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2.6.2.4. pH Effect :

The pH of the metal ion solution is a crucial factor in metal ion adsorption onto sorbents, as it
influences the surface charge of the sorbent and the degree of ionization, thereby affecting the
availability of binding sites (Liang et al, 2013; Javaid et al, 2011 ;Bansal et al, 2009). The
impact of pH was evaluated across various values (2.5, 5, 7, 9). To do this, 0.25 g of the
produced adsorbent was mixed with 25 mL of ( 50 mg /L) metal ion solution . After the
solutions were shaken for 60 minutes at 150 rpm at room temperature, the aliquots were
obtained by filtration and The metal ions equilibrium concentration in the filtrates was
detected via AAS.

2.6.2.5. Temperature Effect:

Temperature effect on the metal adsorption was investigated at three different temperatures. A
0.25g of adsorbent was stirred with 25 mL of a metal ion solution (50 mg/L). The experiments
were conducted at temperatures 303°K, 323°K, and 343°K for 60 minutes, with a pH 5. After
filtration, AAS was used to detect the metal ions final concentration in the solutions.

2.7.Adsorption isotherms:
2.7.1. Henry’s isotherm model:

The Henry's isothermal model is a good fit for explaining the adsorption process at low
concentrations, where adsorbate molecules do not interact with one another (Ayawei et al., 2017).
This model assumes the concentrations in the adsorbent and solution phases to be connected by a
linear expression, which can be expressed as:

Je = KneCe (3)

where g is the adsorption capacity at equilibrium (mg g™%), Kye is the Henry’s equilibrium
constant, and Ce is the metal ion equilibrium concentration in the solution (mg L™). Plotting
Ce against ge yields a straight line, whose slope indicates the equilibrium constant Kye.

2.7.2.  Langmuir isotherm model:

According to the Langmuir isothermal model, adsorption takes place on a surface that has a
limited number of identical sites., each of which can bind only one molecule of the adsorbate.
This model assumes a homogeneous surface with no transmigration of adsorbate molecules
across the surface and constant adsorption energy (Abdelsalam et al., 2011).

The linear form of the Langmuir model is

Ce 1 Ce

e - Qb + e (4)
where g is the maximal adsorption capacity (mg g %) and b is the Langmuir constant (L mg ™)
(Kim et al 2015).
The slope and the intercept of the linear plot of Ce/ge vs Ce can be used to get the Langmuir
constants g, and b.
The separation factor, also known as the equilibrium parameter, or Ry, is a crucial Langmuir
model parameter that determines the favorability or unfavorability of surfactant adsorption.
Mathematically, it can be represented as

1
1+b Q,

()

RL:
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where the Langmuir constant is denoted by b (dm*/mg) and the highest initial concentration is
represented by Q, (mg/dm®) (Prasath et al., 2014).

The isotherm’s nature is shown by the parameter, R;, as When R < 1, adsorption is generally
considered favorable; when R ~ 0, adsorption is irreversible; when R = 1, the adsorption
isotherm is linear; and when R, > 1, unfavorable adsorption occurs.

2.7.3. Freundlich isotherm model:

This isotherm represents the balance between the quantity of adsorbate extracted per unit mass of
the adsorbent and the concentration of adsorbate remaining in the solution (Sampranpiboon et
al., 2014). This model takes into consideration the adsorbent surface's heterogenous character and
assumes that the active sites and their energies are distributed exponentially. The linear equation
of this model is:

Log ge = log ke + %log Ce (6)

The constant n in the Freundlich model is related to the efficiency of sorption and the energy of
adsorption. Kg represents the adsorption capacity, By plotting log ge against log Ce , a straight
line with 1/n represents the slope and logKk is the intercept was obtained. The value of K¢ rises
as the activated carbon's adsorption capacity does, suggesting a greater capacity to remove the
adsorbate (Paudel and Shrestha, 2020). The range of 1/n values, which spans from 0 to 1,
indicates how nonlinear the connection between adsorption and solution concentration is. The
adsorption process is regarded as linear if 1/n = 1 (Ghasemi et al., 2016 & Kim et al., 2015). High
values of n suggest a highly homogeneous surface , while low n values indicate significant
adsorption at low solution concentrations. Additionally, a greater percentage of high-energy
active sites is frequently indicated by low n values. (Arshadi et al., 2014).

2.7.4. Temkin isotherm model:

The Temkin isotherm model states that because of interactions between the adsorbent and
adsorbate, the heat of adsorption falls linearly with increasing surface coverage (Obaid, 2020 ;
Sampranpiboon et al., 2014). The Temkin model is expressed by the following equation:

Qe = BLnC, + BLnKr ©)

In this equation, Kt (dm?/g) represents the equilibrium binding constant, corresponding to the
optimal binding energy, and B (J/mol) is a constant related to the heat of adsorption. (Edet &
Ifelebuegu, 2020 & Javadian et al., 2015).

The constants B and Kt are determined By plotting of ge versus In(Ce) , where the slope and
intercept represent B and In(Ky), respectively.

2.7.5. Dubinin-Radushkevic (D-R) isotherm model:

This isotherm makes the assumption that the adsorbent’s porosity and the characteristics of the
adsorption curve are closely related (Sampranpiboon et al., 2014). It is especially helpful for
calculating the apparent energy of adsorption and identifying the type of adsorption process,
whether it is chemisorption or physisorption. The D-R model, unlike others, does not assume a
homogeneous surface for the adsorbent (Edet and Ifelebuegu, 2020). This model is expressed as:

In ge = In qm — B E? (8)
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In this equation, gn, is the adsorption capacity (mol/g), B is the Dubinin—Radushkevich constant
(mol?/KJ?), and E is the adsorption energy, which can be expressed as :

E =RT In (1+1/C,) (9)

Where E is the polanyi potential, where C. is the equilibrium concentration of the adsorbate
(mol.L ™), T is the absolute temperature (K) , and R is the universal gas constant (8.314x10-3
KJ mol-1K™) .

The values of gn, , and B can be determined from the intercept and the slope , respectively of
plotting In ge vs E? . The following formula can be used to estimate the mean free energy E
(kJ/mol) of sorption using B values:

E = 1/(2B) % (10)

The type of adsorption is determined by the value of E; if E is greater than 16 kJ/mol, the
adsorption is regarded as chemical; if E is less than 8 kJ/mol, the adsorption is regarded as
physical.

2.8.Adsorption Kinetics:

2.7.6. Pseudo first order (Largergren) Kinetic model:

This model characterizes the rate of adsorbate removal over time as well as the rate of change in
adsorbate uptake at a specific reaction time, which is exactly proportional to the difference
between the equilibrium concentration and the concentration at time t. The following equation
represents this model, which is also referred to as the Lagergren model (Edet and Ifelebuegu,
2020 & Santuraki and Muazu, 2015):

kq

Log (e-0)= 0g (d) - 550t (11)
Where: ge represents the adsorbent's adsorption capacity at equilibrium (mg.g™), g is the
adsorbent's adsorption capacity at time t (mg.g™ ) and k; represents the pseudo-first-order
adsorption rate constant (min™).
Plotting log(qe—qt) against t produces a straight line, k; and ge can be determined from the slope
and intercept, respectively.

2.7.7. Pseudo second order (PSO) kinetic model:

According to the Pseudo Second-Order (PSO) model , the rate of solute adsorption is directly
proportional to the number of accessible sites on the adsorbent. According to (Ademiluyi and
Nze, 2016), the equation used to describe the adsorption kinetics rate for the pseudo second-
order model is:

t _ 1 1
a kyqe? + de (©) (12)
where q. , g, and k; are the adsorption capacity at equilibrium (mg.g™), the adsorption capacity
at time t (mgeg™), and the pseudo second-order adsorption rate constant (gmg™*min™).
Plotting (t /q;) in equation (12) against t yields a linear relationship. The values of g and k; can

be ascertained from this plot's slope and intercept (Edet and Ifelebuegu, 2020).

2.7.8. Intra-particle diffusion (IP) kinetic model:

The Intraparticle Diffusion (IP) model has been extensively applied to determine the rate-limiting
step during the adsorption process. Multiple phases of mass transfer, such as film diffusion,
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surface diffusion, and pore diffusion, are involved in the adsorption of solutes from a solution.
The IP model is typically studied using the Weber and Morris (1963) equation:

o= Ki t*+C (13)

Where K; is the rate constant (mg/g-min®?) and C is the boundary layer thickness. The influence
of the boundary layer effect is shown by the value of C; larger values imply a more significant
boundary layer effect. By plotting g against t°° in equation (13) , a linear relationship is
produced. If the line crosses the origin, it indicates that intraparticle diffusion (IP) is the
controlling factor in the adsorption process. However, in many cases, the plot frequently shows
several linear portions that each correspond to distinct mechanisms controlling the adsorption
process rather than passing through the origin.

2.8.  Thermodynamic of adsorption:

This model illustrates the link between temperature and the concentrations of the adsorbed metal
ions onto the adsorbent at ideal contact time. Thermodynamic parameters such the change in
standard Gibbs free energy (AG®), change in standard enthalpy (AH®), and change in standard
entropy (AS®) were computed in order to evaluate the spontaneity of the adsorption process. The
temperature was varied at 303, 323, and 343 °K, and the following equations were applied:

Ke= ‘j— (14)
AG°=-RT In K (15)
AG®= AH® — TAS® (16)
LnK = - 22 4 A2 17)

RT R
Where: AG°® represents the change in standard free energy (kJ/mol), R is the universal gas

constant (8.314 J/mol-K), K. is the thermodynamic equilibrium constant, T is the absolute
temperature in Kelvin.

By plotting InKe versus 1/T , the values of AH® and AS° were determined from the slope and
intercept of the plot . A positive AH® indicates that the adsorption process is endothermic, while a
positive AS® reflects the affinity of the adsorbent for metal ions, suggesting an increase in sorbate
concentration at the solid-liquid interface.

2.10. Regeneration tests:

This test is essential for determining the adsorbent's efficiency for multiple reuses. After the
adsorption process, the metal-laden adsorbent was first cleaned with 0.1M HCI to get rid of any
remaining or loosely attached metal ions from its surface. After that, it was dried overnight in an
oven at 60°C .

Batch adsorption experiments were conducted repeatedly until equilibrium was achieved. The
concentrations of metal ions were measured using an Atomic Absorption Spectrophotometer
(AAS) immediately after filtration.

2.11. Application in real water sample:

The adsorption rates of heavy metals by the prepared adsorbent was evaluated using two real
water samples from Lake Nasser: one collected from Aswan, Egypt, and the other from Wadi
Halfa, Sudan. The Aswan sample was gathered near the Lake Nasser Development Organization,
while the Sudanese sample was collected from a port in Sudan. For the assessment, a known
quantity of heavy metal was introduced into 25 mL of each real water sample . Adsorbent dose,
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temperature, pH, and starting metal ion concentration were all tuned during the experiment.
Following this, the samples were shaken for a preset ideal contact time at 150 rpm. Using an
atomic absorption spectrophotometer (AAS), the amount of metal ions remained in the solution
were determined after the solutions had been shaken and filtered.

3. Results and Discussion
3.1. Comparative study of different prepared adsorbents for Pb and Fe adsorption :

The adsorption efficiency of Pb and Fe ions by the prepared peanut shell adsorbents at constant
0.25g adsorbent dosage , 50 mg/L metal ion solution, 1 hour of shaking, pH 5, and 30°C showed
that PSgoonaon adsorbent show higher percentage removal of Pb and Fe ions (99.76% and
99.94% ), respectively than the other adsorbents (Tables 1 and 2) . As a result, This adsorbent,
known as PSggo naonH, Was thus chosen for additional batch adsorption investigations.

Table. 1 the adsorption removal percentage of Pb using peanut shell biosorbent.

Sample R%
1- Physically prepared adsorbent
PS300 98.4
PSs00 98.2
PSs00 98.8
2- Chemically prepared adsorbent
PShel 45.4
PShspos 42.8
PSNaoH 66.8
3- Physically followed by chemically prepared adsorbent
PS300,Hcl 40.2
PS300,H3P04 37.6
PS300,Na0H 99.4
PSs00,ccl 54.8
PSs500,H3P04 58.0
PS500,Na0H 95.8
PSgoo,Hcl 52.6
PSgo0,H3Po4 87.4
PSg00,NaoH 99.76
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Table.2 The adsorption removal percentage of Fe using peanut shell adsorbent.

Sample R%
1- Physically prepared adsorbent
PS300 58.8
PSs00 70
PSs00 70.2
2- Chemically prepared adsorbent
PShel 59.44
PShspos 57.52
PSNaoH 60.8
3- Physically followed by chemically prepared adsorbent
PS300,Hcl 54.3
PS300,H3P04 55.5
PS300,Na0H 79.2
PSs500,Hel 53.8
PS500,H3P04 54.4
PSs500,Na0H 98.44
PS800,Hcl 54.6
PSgoo,H3Po4 54.4
PSg00,NaoH 99.94

3.2. Characterization of peanut shell adsorbent:

SEM images of the prepared peanut shell biochar (PSsoo, naon) Were illustrated in Fig. (1). a more
irregular, rigid, rough surface with a porous structure was apparent in contrast to the inactivated
peanut shell. The peanut shell biochar (PSsoo, naon) €nhanced the development of the porous
structure that enable it to stimulate diffusion of the metal ions onto active sites of the adsorbent
surface (Dotto et al., 2014). Raising the carbonization temperature contributed significantly to the
creation of cleaner and smoother pore sizes by totally eliminating the residues produced by the
carbonization process .

From EDX results of peanut shell biochar (PSgo, naon) In Fig. (2), it was observed that , the
oxygen content increased from 35.04 for (the natural sample) to 53.52% for the peanut shell
biochar .

Fig. (3) displayed the activated peanut shell's FTIR spectrum. The large peak at 3427.8 cm™' was
ascribed to the stretching vibrations of the O-H groups with intramolecular hydrogen bonds of the
cellulose stretching (Huo et al., 2013). Igbal et al. (2009) claimed that the C—H stretching
vibration of alkyl compounds was responsible for the band at 2923.5 cm™'. The band at 1630
cm ' indicates the C=0O stretching of carboxylic acid in hemicelluloses, lignin, or pectin. The
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peak at 1404 cm ™' represents the C—C stretching vibration. It was determined that the peak at
1048.3 cm™' was caused by stretching C—O bonds in ethers or alcohols. The C—H stretching
vibration was attributed to the peaks at 668.5 cm ™" .

according to the X-ray diffraction (XRD) analysis of peanutshell biochar chemically treated with
NaOH (PSgoo, naon), that was depicted in Fig. 4, The activated peanut shell biochar has an
amorphous phase for hemicelluloses, lignin, and pectin . The peanut shell's maxima at 22.4°,
24.4°,30.6°, and 31.8° 20 show that cellulose makes up the majority of its composition. The only
substance with a crystalline phase is cellulose.

Table 3 displayed the activated peanut shell's textural characteristics. When compared to the
unactivated peanut shell, it is evident that the prepared peanut shell biochar had a higher BET
value as well as micropores volume and total pore volume. The peanut shell is an effective
adsorbent because of its porosity, which encourages the binding of metal ions onto its available
active sites.

zEISS

WD = <8 mm WOONX

Fig. 1 SEM image of (A) the untreated peanutshell; (b) activated peanut sHeII biochar (PSgoo, NaoH)
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Fig. 3 FTIR spectra of (A) the untreated peanutshell ; (B) activated peanut shell biochar
(PSeoo, NaoH)
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Fig. 4 XRD analysis of (A) the untreated peanutshell ; (B) activated peanut shell biochar
(PSSOO, NaOH)

Table 3. Textural properties of the activated peanut shells

Sample Surface  area Pore  volume Average pore
P (m?/g) (cm®/q) radius (nm)

the untreated | 5 g 0.007 7,515

peanutshell

activated  peanutshell

biochar (PSse0 naor) 44.15 0.049 2.225

3.3. Optimum parameters for the adorption of Pb and Fe on peanutshell adsorbent (PSggo,
NaOH):
3.3.1. Effect of adsorbent dose:

The number of accessible active sites on the adsorbent surface is determined by the amount of
adsorbent (Maki and Qasim, 2023). Because of this, the effects of the activated peanut shell
dosage were investigated by altering the dosage (0.05, 0.1, 0.25, and 0.5g) at set initial metal
ion concentration of (50 mg/L) , pH (5) and contact duration (60 min). Figure (5) show the
removal effectiveness of the various adsorbent dosages. According to the Pb adsorption data,
0.5 g of activated peanut shell produced the best removal percentage (99.88%). This outcome
is explained by the fact that as the adsorbent dosage increases, so do the possible active
binding sites (Garg et al., 2019). However, for Fe, the increase in metal ion-covered active sites
leading to a loading in the adsorbent capacity is responsible for the decrease in removal
effectiveness with adsorbent doses greater than 0.1 g (Maki and Qasim, 2023).
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Fig. 5 .Removal of Pb and Fe ions on peanutshell adsorbent (PSgpo, naon) according to
adsorbent dose.

3.3.2. linitial metal ion concentration:

Figure (6) present the data about the impacts of various metal ion (Pb and Fe) concentrations (10,
30, 50, and 70 mg/L) on the adsorption efficiency of the prepared activated peanut shell biochar
(PSso0, naonH) - The obtained results demonstrated that at the metal concentrations of 50 mg/I, the
removal efficiency for the examined metal ions, Pb and Fe, on the peanut shell adsorbent,
reached its maximum (99.85 , 99.94%) ,respectively. This implies the adsorption efficacy
increased slightly in tandem with the metal content.This is because the metal ion molecules were
present at higher concentrations and hense occupied more active binding sites (Georgin et al.,
2016).

100 -
99.95 -
99.9 -
99.85 -
99.8 -
99.75 -
99.7 - ——Pb
99.65 - ol Fo
99.6 -
99.55 -
99.5 : : : .
10 30 50 70

initial metal ion concentration (mg/L )

R%

Fig.6. Removal of Pb and Fe ions on peanutshell adsorbent (PSgo naon) according to initial
metal ion concentration.

3.3.3. Contact time:

Figure 7 displays the data gathered from the removal of the metal ions under study by the
prepared activated peanut shell biochar at different contact durations (30-90 min) and optimal
pH. Results demonstrated that the adsorption capacity of lead in the solution decrease from the
maximum 99.80% to 99.72% when contact time increases from 30 min to 90 min. As there are
several active sites available to increase the proportion of metal ions removed from the adsorbent
surface, it is possible that the removal of the examined metal ion, lead (Pb), occurred quickly
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within the first half hour (Abo EI-Enein et al., 2017). On the other hand, when the contact time
increased from 30 to 90 minutes, the number of uncovered surface areas and remaining active
sites decreased. (Maki and Qasim, 2023). Consequently, based on the data acquired , 30minutes
of contact time was found to be the optimal duration for achieving the highest level of lead
adsorption (up to 99.8% elimination) on the surface of activated peanutshell. The adsorption
capacity of peanutshell shell adsorbent (PSsoo, naon) towards Fe was found to be directly
proportional to time, the iron removal efficiency from the solution increased slightly with
increasing time, from 99.934% to its optimum (99.986%) at 90 min.

100 -
-------------- .
...... -------......----....-....---..-.-
. ---------
99.9 -
N
S 99.8 -
v ’ — ceofllee Fe
99.7
99.6 . . | |
30 45 60 " "

Fig.7. Removal of Pb and Fe ions on peanutshell adsorbent (PSsoo, naon) according to contact
time.

3.3.4. pH Effect:

The adsorption capability of peanut shell biochar was assessed at pH levels of 2.5, 5, 7, and
9,.The temperature was 30°C throughout the procedure, with the adsorbent dosage set at 0.25
g/25ml, the starting metal ion concentration at 50 mg / L, and a fixed contact time of 60 minutes.
It is evident that raising the solution pH from 2.5 to 5 increased the percentage of metal ions (Pb
and Fe) removed. At pH 5, the greatest values of 99.84% and 99.98% for the removal of Pb and
Fe , respectively were attained. After then, The efficiency of adsorption for the removal of metal
ions decreased as the pH level rose. At lower pH value (2.5),the concentration of protons present
on the surface of the peanut shell is known to rise, This, in turn, increases the competition
between protons and metal ions for the available active binding sites on the peanut shell surface,
and hense increases the amount of free metal ions that are left in the solution (Witek-Krowiak et
al., 2011). However, when pH rises, the hydroxyl anion causes the metal ions to precipitate and
increase in the solution, which lowers the percentage of removal for both heavy metals (Pb and
Fe ) (Aryee et al., 2021). Consequently, pH 5 is the ideal pH to remove Pb and Fe ions from
solutions.
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Fig.8. Removal of Pb and Fe ions on peanutshell adsorbent (PSgoo, naon) according to pH.

3.3.5. Effect of temperature:

Figure (9) show the impact of various temperature parameters (303, 323, and 343 K) on the
percentage of metal ions ( Pb and Fe ) removed by the prepared activated peanut shell biochar
under optimal experimental conditions. As the temperature rises from 303 to 323 K, the lead
removal percentage was raised to a maximum of 99.99% at 323 K, after which it gradually
dropped. The weak adsorptive interactions between the active sites and metal ions on the
surface of the peanut shell can be the cause of the drop in the proportion of metal ions removed
when the temperature rises over 323 K. On the other hand, (Isawi, 2020 ) stated that a rise in
temperature would cause the solution to become more viscous, which will lead to a decrease in
the movement of metal ions and ultimately a reduction in the efficiency of adsorption. The
optimal temperature for removing Fe ions from biochar was determined to be 303 K, as the
removal percentage of Fe decrease after this point. Based on the results, 323 K was determined
to be the optimal temperature for lead adsorption and 303 K for iron adsorption.

100 —— T r
. 99.5
S 989.2 —e—Pb
] | . . . meFe
3039k 3230k 343k
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Fig. 9 Removal percentage of Pb and Fe ions on peanutshell biosorbent (PSggo, naon) according
to temperature.

3.4. Adsorption isotherms:
3.4.1. Henry’s Isotherm:

According to the data illustrated in Table (4) , the Kye derived from the slope was 33.5 and
109.67 for lead and iron, respectively. This result showed that Fe ions had a higher equilibrium
distribution on the adsorbent surface than Pb ions did.

Page 212 Naguib et al., 2025



Aswan University Journal of Environmental Studies (AUJES) 6 (2), pp. 197-219, (2025).
Online ISSN: 2735-4237, Print: ISSN 2735-4229. https://aujes.journals.ekb.eq/

3.4.2. Langmuir Isotherm:

The obtained R values were 0.022 and 0.0013 for Pb and Fe ions, respectively, based on the
Langmuir isotherm parameters displayed in Table (4) . As was noted, the Langmuir isotherm is
favorable for this investigation as the value of R fell between 0 and 1. Pb and Fe have
respective R? values of 0.63, 0.56, b values of 2.1, 213.6, and Qo values of 21.55, 3.6. These
data made it evident that Pb has a larger maximum adsorption capacity (Qo) than Fe, and as a
result, the adsorbent has a stronger affinity for Pb ions when it comes to adsorption.

Table. 4 Adsorption isotherms calculated parameters for the adsorption of Pb and Fe on
peanutshell biosorbent.

parameter Pb Fe

Henry isotherm model

Kue (Lg™) 33.5 109.67

R? 0.89 0.7

Langmuir isotherm model

Q. 21.55 3.6
BL(L /mg) 2.1 213.6
RL 0.022 0.0013
R 0.63 0.56

Freundlich isotherm model

1 /n 0.87 0.97
Ki(mg™™L* "gt) 27.7 72.4
R? 0.94 0.26

Temkin isotherm model

B (J/mol) 2.5877 3.99
Ki(L/G) 56.41 83.19
R? 0.89 0.7

Dubinin — Raduskevich isotherm model

Qo(mg /g9) 10.518 34.4
E (kj /mol) 4.0825 4.0825
B ( mol® /kj*) 3x10° 3x10°
R 0.96 0.74
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3.4.3. Freundlich isotherm

The Freundlich isotherm results are recorded in Table (4). The results reveal that 1 /n = 0.87
and 0.97 for Pb and Fe, respectively, indicating the favorability of Pb and Fe ions adsorption
on the produced adsorbent. Based on the data presented in Table (4), the K values for Pb and
Fe were 27.7 and 72.4, respectively. According to this concept, the larger value of Ky indicates
the higher affinity for the adsorption of Fe ions' on the adsorbent surface than for Pb ions. The
Langmuir isotherm model offered the best correlation of the experimental data of Fe ions, as
demonstrated by the value of R?, while Freundlich isotherm model, on the other hand, provides
the most accurate description of Pb ion adsorption on the produced adsorbent.

3.4.4. TemkKin isotherm:

Table (4) provided the values of B and K for the temkin isotherm. For Pb and Fe, the values of
B were 2.58, and 3.99, respectively. This finding suggests that Pb ions have a lower heat of
adsorption than Fe ions.

3.4.5. Dubinin-Radushkevich isotherm (D-R):

The values of E = 4.08 for both Pb and Fe can be found in Table (4) . Since E is less than 8,
this model regarded Pb and Fe ions adsorption as physical adsorption.

3.5. Adsorption kinetic Studies:
3.5.1. Pseudo-First-Order (Lagergren) kinetic Model:

Table (5) show the findings of Pb and Fe adsorption kinetic tests on peanutshell. The K; (min
1) values for Pb and Fe were -0.0091 and 0.0342, respectively. The kinetic mechanism of
adsorption could not be expressed by the first order model since the estimated g, did not
approach the value of the experimental ge. For the peanutshell adsorbent (PSgpo, naoH), the
correlation coefficient (R?) for Pb and Fe was 0.77 and 0.88, respectively.

3.5.2. Pseudo second order Model:

Based on the data in Table (5), the computed values of ge for Pb and Fe were 4.98 and 5,
respectively, and they were almost the same as the experimental value of g.. The k, values for Pb
and Fe were 2.5 and 0.7, respectively. As demonstrated by the R? result being higher for pseudo
second order than pseudo first order, the pseudo second order model was better suited for the
adsorption of both heavy metals, Pb and Fe, on the produced peanutshell adsorbent.

3.5.3. Intra-Particle Diffusion Model

According to the obtained data in Table (5) , the C values of Pb and Fe ions were 1.9946 and
4.9929, respectively. The significant contribution of diffusion within particles during Pb and Fe
ion adsorption was suggested by the high correlation coefficients for Pb and Fe, which were 0.87
and 0.99 .1t was clear that there was border and intraparticle diffusion, and the plateau supported
the several steps that influence the adsorption process. The connection between q; and t °° was
also not linear across the whole time range.
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Table. 5 Calculated kinetic parameters for the adsorption of Pb and Fe on peanut shell

adsorbent (PSgoo NaoH)-

parameter Pb Fe
Pseudo first order model
Kz (min™) -0.0091 0.0342
Qe ( calculated ) (MQY/Q) 0.0017 0.0006
R? 0.77 0.88
Pseudo second order model
K, 2.5 0.7
0e ( calculated ) (MY/Q) 4.98 5
Qe ( experimental) (MQ/Q) 4.99 4.9991
R? 1 1
Intra particle diffusion model
Kip -0.0009 0.0007
C (mg/g) 1.9946 4.9929
R? 0.87 0.99

3.6. Thermodynamics of adsorption:

The positive values of AH® (44.9 and 94.2) for Pb and Fe in Table (6) data show that adsorption
is of endothermic nature. The negative values of AS® demonstrated less randomness at the
solid/solution interface, whereas the negative values of AG® for all applied temperatures
suggested a spontaneous adsorption process.

Table.6 Thermodynamic model parameters for the adsorption of Pb and Fe ions on peanut shell

adsorbent ( PSgoo,NaoH )-

parameter Pb Fe
AHe, kj /mol 44.86 94.15
AS°, kj /mol K -.0964 -0.25
303 -12.898 -15.6
AG°, kj /mol 323 -21.5 -13.7
343 -17.7 -11.9
R’ 1 0.83
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3.7. Regeneration test:

The regeneration efficiency of five cycles of Pb ions was 99.96, 99.948, 99.87, 99.84, and
99.84%, as shown in Fig (10) , whereas the corresponding values for Fe ions were 99.88, 56.6,
59.8, 58.4, and 58.4%. It was shown that for Fe, the regeneration efficiency clearly decreased
as the number of cycles increased. Therefore, up to five cycles, the Pb ion adsorption
efficiency on peanut shell adsorbents was better than Fe.
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Fig. 10 Regeneration removal percentage of Pb and Fe ions on peanutshell adsorbent (PSgqo,
NaOH)-

3.8. Application on real water samples:

Concentration of lead in the real water samples from Egypt and Sudan was 0.03mg/l, while
that for iron was 0.03and 0.02mg/I in Egypt and Sudan, respectively. The concentration of Pb
and Fe was adjusted to the optimum (50mg/l) . Figure (11) show that Pb and Fe ions removal
percentage surpasses 99%, demonstrating the efficacy of the produced adsorbent in purifying
Lake Nasser water.
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Fig.11 Adsorption removal percentage of Pb and Fe ions of the real water samples from Lake
Nasser (Egypt and Sudan part) on peanut shell adsorbent (PS800, NaOH).
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Conclusion

This study examined the capacity of several prepared peanut shell sorbents to remove iron and
lead from water. According to the results, PSgoonaon has the greatest capacity to remove both
heavy metals because of its vast surface , rich and diverse functional groups. Pb and Fe
adsorption fit the Freundlich and Langmuir isotherms, respectively and the (PSO) kinetic model
for adsorption. The adsorption of both heavy metals was endothermic and spontaneous. The
notable amount of Pb and Fe removed from Lake Nasser showed that peanut shell biochar has the
potential to be an economical, safe, and ecologically friendly sorbent.
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