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This study aims to develop a novel sorbent using solid waste from scrap iron and
Schanginia aegyptica. Magnesium and iron ions can be efficiently extracted from
solutions derived from Salsola aegyptiaca and scrap iron, respectively. Sodium alginate
beads are used to immobilize magnesium-iron nanoparticles. Using batch adsorption
experiments, the prepared sorbent, termed magnesium/iron-layered double hydroxide—
sodium alginate beads (Mg/Fe-LDH-Na alginate beads), was tested for its ability to
remove lead (Pb) ions from simulated wastewater. The optimal conditions for
synthesizing the Mg/Fe-LDH beads were determined to be 3, 10, and 5 g, corresponding
to the molar ratio, pH, and dosage, respectively. The best operating parameters were 120
minutes, initial pH 6, 0.5 grams of beads per 100 mL, and 250 rpm for an initial
concentration (Co) of 10 mg/L to remove more than 90% of Pb?* ions. The reuse
performance of the sorbent was evaluated under the same batch test conditions and Pb
removal efficiency was 95.9% in the first cycle, decreasing to approximately 84.7% by
the sixth cycle, indicating a decline in removal efficiency with repeated use. The sorption
process is well described by the Langmuir model, which suggests a maximum adsorption
capacity of 2.312 mg/g. The results indicate that the produced beads are highly reusable
and reliable, making them useful for removing lead ions from water, particularly in

practical applications.

1. INTRODUCTION

Heavy metals are metallic elements characterized by high
density and toxicity. Their presence poses significant
environmental risks. These metals are primarily introduced
into water sources through industrial activities, urbanization,
and natural processes. Metals typically detected in water
include lead, mercury, cadmium, arsenic, nickel, chromium,
and zinc [1-3]. Furthermore, understanding the sources of lead
exposure and the signs of lead poisoning is important for
prevention and early intervention. If lead exposure is
suspected, clinical evaluation and blood testing are essential
for proper diagnosis and management [4-8]. Lead removal
from water can be achieved using various techniques,
including chemical precipitation, electrochemical methods,
sorption, and membrane separation. Sorption is essential for
treating lead-containing solutions due to its simplicity,
efficiency, and low cost [9-11].

The choice of sorbents is crucial, as these materials should
be cost-effective, durable, efficient, and environmentally
friendly [12, 13]. Various sorbents have been utilized in
previous studies to remove lead from solutions, such as
activated carbon [14], clay [15, 16], and montmorillonite [17].
Therefore, developing innovative sorbents that satisfy the
aforementioned criteria is essential. Nanoparticles are highly
effective for removing lead ions due to their tunable surfaces,
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abundant binding sites, and rapid adsorption Kinetics [18, 19].
Notably, those derived from solid wastes serve as
environmentally friendly sorbents [20, 21]. Magnetic chitosan
[22-24] are examples of nanoparticle materials.

LDHs are ionic lamellar compounds characterized by
positively charged layers, similar to brucite, which can be
separated by interlayer molecules. Cations are situated at the
centers of side-sharing octahedra, which are surrounded by
hydroxide ions that connect to create continuous two-
dimensional sheets. However, the structure of LDHs can
restrict their sorption capacity due to the dense stacking of
these multi-layered sheets [25]. LDHs have been synthesized
and applied as sorbents for the removal of various heavy
metals. For instance, co-precipitation was employed to create
core-shell FesOs-LDHs, which was analyzed for its sorption
capabilities [26]. The Fe/Mg/Ni-LDH, a highly selective and
sensitive nanomaterial, was investigated for detecting lead
ions electrochemically using rectangular wave anodic
stripping voltammetry [27]. The magnetic alginate
microspheres containing FesOs/MgAl-LDH were developed
and immobilized within calcium alginate to effectively remove
cadmium, lead, and copper [28]. Innovations in this field
include the development of new LDH adsorbents, such as
MgCuCaAl-LDH, which have been investigated for their
thermodynamic properties in Pb?" removal [29]. Additionally,
composites like MIL-101(Fe)@MgFe-LDH have been
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designed for the simultaneous mineralization of multiple
heavy metals, including Pb*, Cd**, and Cu?*" [30]. Green
techniques for synthesizing LDHs play an important role in
minimizing environmental impact while enhancing their
functionality and applicability. These techniques consist of the
use of agents [31], hydrothermal synthesis [32], eco-friendly
co-precipitation [33], and extracting metals from waste
materials [31, 33].

Schanginia (SC) is a common plant in Iraq and other arid
regions, recognized for its high magnesium content and the
presence of various bioactive compounds, including
flavonoids, alkaloids, saponins, tannins, and glycosides [34].
Additionally, iron scrap (IS) is generated daily in various
industrial workshops across lIragq, with each workshop
discharging an average of approximately 1.2 tons of scrap iron
per day [35]. This study investigates the preparation of Mg/Fe-
LDH alginate beads using SC and IS. The efficiency of the
synthesized beads will be evaluated for lead removal from
aqueous solutions [36].

2. SORPTION DATA MODELING
2.1 Sorption isotherms

Sorption is the relation between the contaminant molecules
retained by the sorbent (q., mg/g) and the molecules'
remaining concentration at equilibrium (Ce, mg/L), and
"sorption isotherm™ can represent such a relationship at a
constant temperature. To evaluate the reactive material, the
constant of "sorption isotherm™ must be calculated, especially
the "maximum adsorption capacity, gm" which reflects the
milligrams number of contaminants retained per one gram of
solid material (Weber and Morris, 1962). An advantageous
isotherm is convex upward, permitting relatively high sorption
at low contaminant concentration. A summary of the sorption
isotherm models employed to formulate the sorption data of
this research is listed as follows:

a. Freundlich model: Freundlich and Kuster in 1894
published the first nonlinear form of an isotherm which could
be expressed in the following form [37]:

1
qe = K0,/ (1)

The Freundlich constants, Ks (mg/g)(L/mg)®™ and n, are
associated with the sorption capacity and sorption intensity,
respectively.

b. Langmuir model: One of the isotherm relationships
published by Irving Langmuir in 1916 as a new nonlinear
model for redistribution of chemicals between solid-liquid
phases, and it bears his name. The monolayer of contaminant
molecules is accumulated on the sorbent surface. Maximum
sorption, constant sorption energy, and no solute
transmigration in the surface plane are popular assumptions
applied to derive this isotherm. Langmuir isotherm is written
as below [37]:

_ qmbCe
€ 1+bC,

2

where, b represents the contaminant affinity towards the
sorbent (L/mg).

2.2 Kinetics models

Kinetics refers to the rate of contaminant uptake, which
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influences the sorbate residence time at the solid—solution
interface. Understanding this rate is essential for elucidating
the mechanisms of the sorption process. Therefore, predicting
how quickly solutes are removed from water is crucial for
designing an effective sorption treatment system [38]. To
clarify the sorption mechanism and identify the potentially
dominant stages, the following two kinetic models should be
applied:

a)  "Pseudo-first order kinetic model': Lagergren
(1989) formulated the rate equation for the sorption process.
This model takes the following form:

qe = (1 — e™%) 3)
where, ge is the sorption capacity at equilibrium (mg/g), ki is
the rate constant (min1), and g is the sorption capacity at time
t (mg/q).

b)  "Pseudo-second order kinetic model' is described
based on certain assumptions [39]; a) Formation of a single
layer of solute on the sorbent surface, b) All sorbent particles
have the same sorption energy regardless of the extent of
surface coverage, and c) Sorption occurs at specific sites
where no interaction takes place between the adsorbed solute
molecules, and the sorption rate is negligible compared to the
initial rate. The following equation defines this model:

t

e =771 &y 4
(kzq%_'—%) ( )
3. EXPERIMENTAL WORK
3.1 Materials and Methods
Chemicals with high purity were utilized, including

hydrochloric acid (HCI), sodium hydroxide (NaOH) pellets,
calcium chloride (CaCly), and sodium alginate (NaCsH7Os,
molecular weight 2.5x10° g/mol) supplied by Sigma Aldrich,
USA. Lead was selected to simulate contamination in water.
The contaminated water was prepared by dissolving PbCl;
(from Thomas Baker) in distilled water (DW) to obtain 1000
mg Pb in one liter of aqueous solution, which is considered a
"stock solution™ for achieving the required concentration. The
pH adjustments (SD300pH, Lovi bond, Germany) were
conducted by the addition of 0.1 M sodium hydroxide (NaOH)
or hydrochloric acid (HCI) as needed. The concentration of
lead is measured by "Atomic Absorption Spectroscopy (AA-
7000, Shimadzu, Japan)".

3.2 Manufacturing of beads

The initial step in synthesizing adsorbent involves
magnesium extraction from Schanginia (SC) and iron from
scrap iron (IS). The extracted metal ions were immobilized
with sodium alginate as the following:

1. The wastes of SC were collected from the rural areas
of Madhatiya city in Babylon Governorate-lrag. Stem, leaves,
and fruits were dried for a certain period under the sun.
Because the plant contains a high-water content, it was also
dried in the oven at 85 degrees Celsius. It was ground in a
mechanical mill and sieved. The SC was immersed in hot
water and washed with distilled water (DW) to detach residual
fat and impurities, dried at 105°C (Herathern OGS60, Thermo
Scientific, Germany), and then, the SC must be grounded to be



a powder. To extract the highest concentration of Mg ions
from the SC plant, various dosages of SC (3-20 g) and various
HCI concentrations (2-14%) were tested under the agitation of
250 rpm (HY-4, Triup International Corp, Italy) for 3 hours at
20°C. The 20 grams of SC per 300 mL of aqueous solution
contained 4% hydrochloric acid optimized to be the best value
to extract 7440 mg/L highest concentration of Mg ions.

2. Sl was obtained from workshops in Hillah, Iraq.
Preliminary tests demonstrated that adding 5 g of IS to 300 mL
of an aqueous solution containing 4% HCI, under agitation at
250 rpm for 3 hours, was sufficient to extract an iron
concentration of 410451 mg/Filter papers have been used to
separate the particles from the solution.

3. To determine the pH (7-12), the magnesium and iron
solutions were mixed with different molar ratios (Mg/Fe) with
arange (0.5- 5) and precipitated by changing the pH with 1 M
sodium hydroxide and under conditions stirring speed= 250
rpm, stirring duration= 3 hours, and temperature at room
temperature (25 £5°C). Following agitation, precipitates were
generated, separated, dried at 85°C, washed with DW, dried
for 8 hours at 200°C, and then crushed into a powder.

At 105°C, the beads were dry. Figure 1 shows the steps
involved in the preparation, and the best conditions for
synthesis were identified based on how well the produced
beads removed Pb ions.

3.3 Batch adsorption experiments

The adsorption equilibrium and kinetics of Pb ions onto the
adsorbent were tested in batch adsorption experiments. The
tests aim to determine the optimal time, agitation speed, pH,
and dosage of adsorbent at a given C,. A specific volume of
aqueous solution (V=100 mL) is added to flasks that have been
prepared. A specific mass of the prepared beads (m) is mixed
with the contaminated water in the flasks, which are then
shaken for three hours at 250 rpm. After agitation, the beads
need to be separated using filter paper, and "Atomic
Absorption Spectroscopy (AA-7000, Shimadzu, Japan)" is
utilized to measure the equilibrium Pb concentration (Ce). Eq.
(5) can be used to determine the concentration of Pb adsorbed
at equilibrium (ge). Co (5-200 mg/L), pH (3-10), duration (0—
240 min), agitation speed (50-300 rpm), and sorbent mass

4, A sodium alginate solution was prepared by (0.1-1) g/100 mL were all used in the tests [40].
dissolving 2 g of Na-alginate in 100 mL of distilled water and
stirring continuously for 24 hours. The generated solution has q. = (C, —C,) 14 (5)
been supplemented with various amounts of nanoparticles, and m
to create beads, the slurry needs to be added to 0.1 M CaCl..
" e~ S RRT \' Ao, \'
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Figure 1. Schematic representation of the synthesis adsorbent (Mg/Fe-LDH-sodium alginate)

4. RESULTS AND DISCUSSION
4.1 Synthesis of beads

At pH 7-12, with an LDH nanoparticle mass of 5 grams per
100 milliliters and an Mg: Fe molar ratio of 1:1, the effect of
initial pH on adsorbent production was investigated. A 50 mL
with 10 mg/L of C, for Pb ions at initial pH 7, 250 rpm
agitation, and a 3-hour contact duration was combined with
0.5 grams of beads for the sorption tests. Figure 2(a) clearly
shows that varying pH (7-12) caused the adsorption capacity
of adsorbent for Pb ions to fluctuate between 0.84 and 1.46
mg/g, and the maximum value (1.6 mg/g) was achieved at
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pH=10. The impact of different molar ratios (Mg/Fe) on the
adsorption capacity of adsorbent was investigated. The
adsorption tests were conducted under identical conditions as
described, with a pH of 10 and a nanoparticle dosage of 5
9/100 mL for synthesis. The variation in Mg/Fe from 0.5 to 5
caused the Pb adsorption capabilities to vary from 1.38 to 1.42
mg/g, as shown in Figure 2(b). The results demonstrate that
the highest Pb adsorption capacity (1.838 mg/g) is attained at
an Mg/Fe molar ratio of 3. The dosage of nanoparticles was
varied (0.5- 5 g/100 mL) at 10 and 3 for pH and molar ratio,
respectively (Figure 2(c)). The findings show that increasing
the nanoparticle mass from 0.5 to 5 g/100 mL results in an
increase in Pb adsorption capacity from 1.38 to 1.85 mg/g.



4.2 Batch adsorption experiments

One important step in finding the Pb ions distribution
between the beads and aqueous solution in batch adsorption
experiments is the contact time needed to reach the
equilibrium condition. Figure 3(a) illustrates the Pb ion
adsorption efficiency over 240 min at pH 5, speed = 250 rpm,
an adsorbent mass = 0.5 g/100 mL, and C, = 10 mg/L. The
metal is rapidly removed for up to 120 minutes, after which it
is significantly diminished since fewer binding sites are
present. The Pb ions sorption efficiency is 88%, and it
essentially stabilizes until 240 minutes. The dependence of
Pb's capture efficiency on Co is demonstrated in Figure 3(b).
Due to the change in Co (5 - 200 mg/L) with pH 5, a dose of
0.5 g/100 mL, and 250 rpm, the adsorption efficiency
significantly decreased from 89.8% to 33%. It is anticipated
that at lower contaminant concentrations, all of Pb will interact
with the accessible sites, resulting in a marked improvement
in sorption efficiency. However, increased Pb brought on by
an increase in metal concentration for a certain gram of beads
could cause this efficiency to decrease [41].

One important factor in improving Pb ion removal is the rate
of agitation. Figure 3(c) illustrates how agitation speed affects
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the effectiveness of metal elimination. It has been observed
that as speed increases, removal efficiency can increase
dramatically. The Pb and the available sites can form a suitable
relationship since the increased agitation speed facilitates the
metal's diffusion through the adsorbent. The observed data
indicate that an agitation speed of 250 rpm is sufficient to
achieve maximum lead ion removal (91.4%), with no
significant variation in removal efficiency beyond this speed
[42].

Another crucial factor to take into account is the aqueous
solution's pH, which has a significant impact on the removed
Pb. This necessitates conducting experiments using
predetermined initial pH ranges, namely 3 to 6, and stabilizing
other operational parameters, as illustrated in Figure 3(d). The
Pb removal percentage improved significantly with increasing
pH up to a pH of 6; beyond this, experiments were not
conducted to avoid precipitation. The following is the cause of
this behavior: Due to competition between the metal ions and
H* for the sorption sites on the bead surface, the lead removal
percentage was low at pH 3 (=32%). The percentage of
elimination increased with higher pH, peaking at 91.9% for pH
6 due to the decrease in the hydrogen ions [43, 44].

a) Effect of pH in synthesis; Mg/Fe=1, Mg/Fe-LDH nanoparticles=5 g/100 mL

1.6

1.58 1.46

10 11

pH of synthesis

16 1.68

1.38

o o W

Sorbed quantity (ge,

0.5 1

1.78 1.82

1.38

= =
N ol
1

©c o o
o w o ©
1

Sorbed quantity (ge, m

1 2

2 Mg/Fe ratio
7 c) Effect of Mg/Fe-LDH dosage in synthesis; pH=10, Mg/Fe=3

b) Effect of Mg/Fe in synthesis with; pH=10, Mg/Fe-LDH nanoparticles=5 g/100 mL
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Figure 2. Effect of a) pH, b) Mg/Fe ratio, and c) dosage Mg/Fe-LDH on preparing sorbent for sorption of Pb ions
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Figure 4. The outputs of (a) sorption-desorption outputs and (b) reusability of Mg/Fe-LDH beads for sorption of lead ions

The impact of adsorbent dosage on Pb ion adsorption was regions with higher bead dosages [45, 46]. The sorption
examined (0.1-1g) to determine the optimal dosage. According efficacy ranged from 24% to 96.7% due to changes in bead
to Figure 3(e), the efficacy of Pb removal may rise with the mass; 0.5 g seems to be the optimum dosage.

bulk of the beads. This is evidenced by the increase in effective
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4.3 Leaching kinetics and reusability

To evaluate the prepared beads' potential and effectiveness,
it is essential to investigate desorption properties. One gram of
alginate beads was employed in 50 mL of water containing 10
mg/L of lead ions. The sorption results at pH 6, agitation 250
rpm over a contact time of 1020 minutes are plotted in Figure
4(a). Tests of desorption have been conducted by applying
deionized water as the washing agent. The results, also shown
in the same figure, indicate that Pb concentrations in the
washing solution remained below 0.17 mg/L throughout the
1020-minute duration. These findings confirm the
effectiveness of the prepared sorbent in capturing lead ions
over an extended period, allowing for the exhausted Mg/Fe-
LDH-Na alginate beads to be safely disposed of in sanitary
landfills.

The feasibility of recycling the exhausted sorbent was
investigated, and cycles of sorption and desorption must be
conducted. The regeneration process involves using HCI (0.5
M) to desorb metal ions from adsorbent. Figure 4(b) illustrates
the percentages of Pb removed in relation to the number of
recycling cycles, demonstrating the effectiveness of the
alginate beads in regeneration. Considering reusability is
crucial, as it can significantly reduce operating costs and
enhance the economic viability of the process for practical
applications. The same conditions of batch adsorption
experiments have maintained across five sequential cycles. As
shown in Figure 4(b), the amount of lead removed in the first
cycle was 95.9%. By the end of the six cycles, the capacity of
the regenerated beads dropped to approximately 84.7%. This
data indicates a decline in removal efficiencies with a higher
number of cycles.

4.4 Characterization analyses

Fourier transform infrared (FT-IR) spectra of the sorbent,
both before and after lead sorption, can be illustrated in Table
1 to identify the key functional groups responsible for metal
ions sorption. The results indicate that amide and hydroxyl (-
OH) groups undergo stretching vibrations, leading to the
appearance of high-intensity absorption bands and
complexation between Pb*" ions and hydroxyl groups. The
spectra reveal an absorption band in the frequency range of
3360-3456 cm?, attributed to the stretching modes of hydroxyl

a) Mg/Fe LDH béads
. V..

v W

- 4 -~
SEM MAG: 9.99 kx WD: 6.04 mm |
Det: SE SEMHV: 150KV Sym
Date(midly): 0901724

groups and the stretching vibrations of hydrogen bonds.
Additionally, a peak at 3360 cm™! corresponds to the stretching
vibrations of -OH and C—H groups. Peaks observed at 1618
and 1423 cm are associated with O—H stretching vibrations
and symmetric stretching vibrations of -COO, respectively.
Weak bands at 1040 cm relate to the C-O stretching of COO~
and C-O-H groups, indicating coordination of Pb?" ions with
carboxylate groups, forming inner-sphere complexes [47, 48].
The absorption bands at 712 and 447 cm™ correspond to the
stretching vibrations of Fe-O (from the ferrite skeleton) and
Mg-O bonds, respectively. The slight shifts in Fe-O and Mg-
O stretching vibrations imply possible ion exchange or surface
complexation, where Pb?" ions replace Fe or Mg in the LDH
structure or bind to oxygen atoms [49].

Table 1. Functional groups and vibration types for sorption
of Pb ions onto adsorbent

Band (cm™)

Before After Fug ?;'Snal Vl_t)rratéon Intensity
Sorption  Sorption P yp
Stretching, Strong,
3360 3456 -OH H-bonded broad
1618 1607 O-H Stretching Strong
1423 1408 coo-  Symmetric g
stretching
1040 1034 C-0 Stretching  Moderate
712 700 Fe-O Stretching Weak
447 430 Mg-O Stretching Strong

SEM-EDS analysis was used to characterize the surface
properties of the prepared beads before and after contact with
lead ions. Figure 5(a, b) shows the particle size, revealing that
the adsorbent surfaces of the prepared beads exhibit a non-
homogeneous morphology. Ata 5 pm magnification scale, the
surface appears highly compact and disordered. The Mg/Fe-
LDH beads exhibit a micro-porous surface structure, which
facilitates the adsorption of oxyanions. When comparing the
Mg/Fe-LDH beads before and after the sorption process,
significant changes in the bead morphology are observed
following the removal of lead ions. EDS spectra provide
insight into the changes in the elemental composition of the
alginate beads, as shown in Figure 5(c, d). This figure explains
the appearance of lead in the composition of beads at the end
of the sorption process.
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Figure 5. Characterization of the adsorbent using (a, b) SEM and (c, d) EDS analysis, before and after adsorption Pb ions

4.5 Isotherm and kinetics of sorption measurements

The adsorption equilibrium results from Pb adsorption onto
the adsorbent have been analyzed using the sorption isotherm
models previously discussed. The parameters for the
Freundlich and Langmuir models are shown in Table 2,
following the fitting of these models to the equilibrium
sorption data shown in Figure 6(a) using Excel's nonlinear
regression tool. The models' performance in comparison to the
experimental data is shown in this graph. It is clear from Table
2 and Figure 6(a) that the "Langmuir model" fits and
represents the adsorption mechanism more accurately than the
"Freundlich model" since it has a greater "determination
coefficient, R?". This implies that the Pb ions are mostly
sorbed as a monolayer on the surface of the beads. This implies
uniform active sites across the adsorbent surface, each with
equal affinity for lead ions. The Langmuir model indicates that
the highest sorption capacity is 2.312 mg/g. This value is
higher than those reported for other adsorbents, such as banana
peels (2.2 mg/g), brown seaweed (1.4 mg/g), and fly ash
bagasse (2.5 mg/g) [50, 51].

As shown in Figure 6(b), "pseudo-first-order and pseudo-
second-order models" were used to formulate the sorption
kinetics. Analysis of non-linear regression was conducted
using Microsoft Excel 2016 to fit kinetic models with the
experimental data. Table 2 includes the parameters of Kinetic
models as well as R? with "sum of square errors, SSE". The
greater R? and lower SSE in this table show that the Pb
adsorption kinetics is fitted with the pseudo-second-order
models. This implies that the metal ions and alginate beads can
be bonded by chemical forces.
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Table 2. Parameters of isotherm and kinetic models for the
sorption of Pb ions onto the adsorbent

Model Parameter Value
Kt (mg/g) (L/mg)*"  1.433
Freundlich n 4.345
R?, SSE 0.905, 0.166
Qmax (MY/Q) 2.312
Langmuir b (L/mg) 1.928
R?, SSE 0.982, 0.029
ge (Mg/g) 1.804
Pseudo-first order k1 (1/min) 0.051
R?, SSE 0.977, 0.093
ge (Ma/g) 1.988
Pseudo-second order k2 (g/mg min) 0.035
R?, SSE 0.987, 0.045
Portion 1
kint (Mg/g Min®%)  0.2407
R? 0.978
Portion 2
Intra-particle diffusion kint (mg/g min®%)  0.106
2 0.933
Portion 3
kint (Mg/g Min®%)  0.0232
R? 0.947

The intra-particle diffusion model (Figure 6(c) and Table 2)
has further examined the kinetic observations and found a
linear relation between g; and t%5 with reasonable R? values.
Three linear portions are represented by the plotted lines,
indicating that two or more processes are involved in the
sorption process. According to Table 2, the slopes of these
lines represent the rate constants (k), with greater values for
"portion 1" than for "portions 2 and 3". This suggests that



"instantaneous" or "external surface" sorption mechanisms
control "portion 1". There are multiple separate portions
(processes) in the Pb ions sorption can be recognized as
follows:

Portion 1: This initial phase is characterized by external
mass transfer, where pb ions move from the pb solution to the
adsorbent.

Portion 2: This phase includes the diffusion of Pb ions into

the pores of the adsorbent.
Portion 3: Equilibrium is reached between pb ions
concentration in the water and on the adsorbent.

Based on the slopes of straight lines, the values of ki, ko, and
ks, which stand for the rate constants for each phase, were
calculated and listed in Table 2. The deviation from the origin
indicates that diffusion limitations restrict the sorption rate
[52].
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Figure 6. Concurrence between a) isotherms, b) kinetic, and c) intra-particle diffusion modes and sorption measurements for the
interaction of Pb ions and prepared beads

5. CONCLUSIONS

Schanginia aegyptica and scrap iron (as solid waste) were
successfully used as sources of Mg and Fe ions. The ions must
be combined to produce Mg/Fe-LDH nanoparticles via the
precipitation process. Utilizing such wastes can represent the
real step in the application of sustainable ideas. Sodium
alginate must be wused to immobilize the generated
nanoparticles to create spherical beads. The capacity of the
spherical beads to remove Pb ions from aqueous solution was
evaluated by batch studies. The optimal parameters for bead
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synthesis are a mass of 5 grams of nanoparticles per 100
milliliters, a pH =10, and a (Mg/Fe) molar ratio = 3. The results
showed that for C, 10 mg/L at 250 rpm, the proper conditions
needed to ensure the Pb ions elimination > 90% are time 120
min, pH 6, and dose 0.5 gram per 100 mL. The sorption
interaction can be represented by the Langmuir model with a
high capacity = 2.312 mg/g. The application of the "pseudo-
second-order model™ produced results that demonstrated the
presence of chemical forces between Pb ions and beads.
Characterization ~ studies confirm the synthesis of
magnesium/iron-LDH nanoparticles within the beads. EDS



analysis further revealed the incorporation of Pb ions into the
bead composition following the sorption process.
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