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INTRODUCTION

TC is a commonly applied antibiotic and, ac-
cordingly, it is detected in various water resources 
(Dai et al., 2020). Eliminating TC from the water 
and wastewater is considered a complex task that 
needs practical and scientific efforts. Adsorption 
plays a vital role for treating solutions contain-
ing TC because of its efficiency, easy operation, 
low cost, and regeneration (Majeed et al., 2017; 
Ahmed et al., 2020).

The sorbent selection is considered a major 
operative point; especially, such materials should 
be efficient, inexpensive, stable, and eco-friendly. 
Several sorbents were utilized in the previous 
studies for removing TC from solutions includ-
ing activated carbon, zeolite, clay, chitosan, and 
montmorillonite (Ali, 2015; Ebrahim and Al-
hares, 2015; Elmoubarki et al., 2015; Salman et 
al., 2023). However, low sorption capacity, high 
cost and poor reuse rate are considered the main 
disadvantages of these sorbents which limits their 

utilization. Thus, the development of an innova-
tive sorbents that avoid such limitations can be 
considered a vital task. Therefore, nanoparticles 
are used to eliminate TC from wastewater due to 
tunable surface characteristics, high area of sur-
faces, and rapid sorption kinetics, making them 
highly efficient sorbents. Magnetic chitosan, gra-
phene oxide, titanium dioxide and layered double 
hydroxides (LDHs) are examples for such materi-
als (Alanazi et al., 2024; Sadegh et al., 2017).

LDHs are ionic compounds consisting of 
positively charged layers, such as the mineral 
brucite, with molecules between the structure of 
these layers at the center of the octahedra that 
have cations sharing edges, surrounded by OH- 
ions (Moaty et al., 2019). Different LDHs were 
manufactured and used as sorbents to remove TC 
from wastewater. In this regard, co-precipitation 
was used to prepare the sorbent of core-shell 
Fe3O4-LDHs and investigate its properties upon 
adsorption. There are different synthesis methods 
of preparing such materials like co-precipitation 
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(Greenwell et al., 2010), hydrothermal methods 
(Tonelli et al., 2021), and microwave irradiation 
(Kameliya et al., 2023).

Green synthesis methods were used for pre-
paring LDHs. These methods minimize the envi-
ronmental impact while enhancing the functional-
ity and applicability of LDH including the use of 
plant-based reducing agents, hydrothermal syn-
thesis with organic compounds, and eco-friendly 
co-precipitation (Osman et al., 2024). The extrac-
tion of metals from waste or plants for the syn-
thesis of LDHs is a forward-thinking strategy that 
promotes both environmental conservation and 
economic efficiency by waste management, re-
ducing volume the need for landfills, and cutting 
down on the toxic chemicals and energy (Kiani et 
al., 2022; Osman et al., 2024); this procedure is 
known as “green synthesis”.

Schanginia (SC) considers a type of plants 
that available in huge quantities through the en-
vironment of Iraq and regions with arid climate. 
SC is a manganese-rich plant and contains fla-
vonoids, alkaloids, saponins, tannins, and glyco-
sides (Yaseen et al., 2022). Therefore, the wastes 
of this plant can be used to be the source for mag-
nesium ions. Also, huge amounts of scrap iron are 
produced every day in certain industrial work-
shops in Baghdad, Iraq. Statistical survey among 
11 workshops revealed that a total production of 
13.2 tons of raw scrap for each day is equivalent 
to 1.2 tons scrap iron per workshop (Rashid and 
Faisal, 2018). These large waste quantities could 
be utilized as source for iron to prepare LDH 
in combination with Mg from SC. Accordingly, 
preparation and characterization of Mg/Fe LDH 
alginate beads from the Schanginia and iron scrap 
solid wastes were the focal aspect of this work. 
The efficacy of the prepared beads was evaluated 
in terms of the TC antibiotic elimination from 
aqueous solution. 

EXPERIMENTAL WORK

Materials and methods 

High-purity chemicals, such as HCl (hydro-
chloric acid), NaOH (sodium hydroxide), CaCl2 
(chloride of calcium), and NaC6H7O6 (sodium al-
ginate with 2.5 × 105 g/mol, obtained from Sigma 
Aldrich, USA) were utilized. TC was chosen as 
a model contaminant for simulating water con-
tamination. Contaminated water was prepared by 

dissolving TC (C22H24N2O8, from Samarra Drugs 
Factory) in water to prepare 1000 mg/L stock 
solution, which was then used for batch tests. 
The water pH can be adjusted by adding 0.1 M 
NaOH or HCl as needed. TC concentration can be 
measured using UV-visible spectroscopy (UVmi-
ni-1240, Shimadzu, Japan). 

Preparing of Mg/Fe-alginate beads

The core of this study involved the extraction 
of magnesium and iron from Schanginia (SC) and 
iron scrap, respectively, which are abundant in the 
environment, followed by their immobilization in 
sodium alginate beads. The preparation process 
consisted of several steps: 
1.	Schanginia waste (stem, leaves, and fruits) was 

collected from Madhatiya, Babylon Governor-
ate, dried under the sun, and then dried at 85 
°C using oven to remove moisture. The dried 
plant had to be ground and passed through 20-
mesh sieve. It was then soaked, washed, and 
dried at 105 °C before being ground into pow-
der. Iron scrap was obtained from blacksmiths 
in Hillah city.

2.	For extracting the highest concentrations of 
magnesium and iron, different quantities of 
SC or iron scrap powder (3, 5, 10, 15, and 20 
g) and various concentrations of hydrochloric 
acid solution (2, 4, 10, and 14%) were tested 
under agitation for 3 hours at 20 °C. The result-
ing solutions were passed through filter papers 
to separate the solid particles from the magne-
sium or iron ions.

3.	Two solutions containing magnesium and iron 
ions were mixed in Mg/Fe ratios (0.5, 1, 2, 3, 
4, and 5) and subjected to precipitation by ad-
justing the pH using 1 M NaOH to find the best 
pH (7, 8, 9, 10, 11, and 12). The mixture was 
stirred until precipitates formed, which were 
separated, dried at 85 °C, rinsed with DW (dis-
tilled water), annealed at 200 °C for 8 h, and 
ground into powder.

4.	The 2 g Na-alginate was dissolved in 100 mL 
DW and agitated for 24 hours to produce so-
dium alginate solution. Various amounts of 
nanoparticles werre added to the produced so-
lution, and the slurry had to be inserted into 0.1 
M CaCl2 to form beads. The beads were dried 
at 105 °C. The preparation steps are illustrated 
in Fig. 1, and the effectiveness of the prepared 
beads for TC removal was used to determine 
the optimal conditions for synthesis.
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agitation speed, and the amount of beads required 
to capture the most TC molecules at specific Co. 
A number of flasks are prepared and a certain vol-
ume of simulated polluted water (V = 100 mL) had 
to be poured into each flask. Specific mass of pre-
pared beads (m) was combined with polluted water 
within the flasks and the flask were agitated for 3 h 
at 250 rpm. At the end of agitation, the beads were 
isolated by filter paper, and equilibrium TC con-
centration (Ce) was evaluated by UV-visible spec-
troscopy. The mass of TC captured in the prepared 
beads at the equilibrium (qe) can be calculated 
from Equation 1 (Wang and Wang, 2015). 

	

  

 𝑞𝑞𝑒𝑒 = (𝐶𝐶𝑜𝑜 − 𝐶𝐶𝑒𝑒)
𝑉𝑉
𝑚𝑚 (1) 

 
	 (1)

MODELING OF SORPTION DATA

The familiar models apply to formulate the 
equilibrium sorption measurements and finding 
the behavior of sorbents as well as its sorption 
capacity are Freundlich and Langmuir models 
(Table 1). On the other hand, the pseudo-first or-
der and pseudo-second order models are popular 
relationships applied to understand the kinetic of 
contaminant removal (Qiu et al., 2009).

RESULTS AND DISCUSSION

Extraction Mg ions from Schanginia

The SC was used as the source of Mg ions; 
however, many elemental ions like Fe, Mn, and Zn 
were measured in the extracted solution. Fig. 2 ex-
plains the concentrations of these ions that can be 
extracted from SC under the variation of HCl con-
centrations (2–14%) and dosages of SC (10–140 
g/300 mL). Results indicate that the increasing of 
HCl generally lead to higher yields of extracted Fe, 

Figure 1. Experimental procedure for synthesis of 
Mg/Fe LDH - sodium alginate beads

Table 1. Equilibrium and kinetic models applied for formulation of sorption results
Model Equation Parameter Reference 

Freundlich isotherm 𝑞𝑞𝑒𝑒 = 𝐾𝐾𝑓𝑓𝐶𝐶𝑒𝑒
1 𝑛𝑛⁄  

qe – equilibrium sorption capacity, Kf  – Freundlich 
constant, n: sorption intensity (Lucas et al.,2004) 

Langmuir isotherm 𝑞𝑞𝑒𝑒 = 𝑞𝑞𝑚𝑚𝑏𝑏𝐶𝐶𝑒𝑒
1 + 𝑏𝑏𝐶𝐶𝑒𝑒

 
 

qm – maximum sorption capacity, b – affinity constant (Lucas et al., 2004) 

Pseudo-first order 𝑞𝑞𝑡𝑡 = 𝑞𝑞𝑒𝑒(1 − e−𝑘𝑘1𝑡𝑡) k1 – rate constant, qt  – solute quantity sorbed at time (t) (Yagub et al., 2012) 

Pseudo-second 
order 

𝑞𝑞𝑡𝑡 = t
( 1

𝑘𝑘2𝑞𝑞𝑒𝑒2
+ 𝑡𝑡

𝑞𝑞𝑒𝑒
)
 

 

k2 – rate constant (McKay et al., 1999) 

Intra-particle 
diffusion 𝑞𝑞𝑡𝑡 = 𝑘𝑘𝑖𝑖𝑖𝑖𝑖𝑖𝑡𝑡0.5 + 𝐶𝐶 kint – the sorption rate constant (mg/g min0.5), C – the 

intercept (Cheung et al., 2007) 

 

Batch study

By batch experiments, the kinetic and equi-
librium of TC capture onto prepared beads were 
implemented. The experiments were arranged to 
distinguish the suitable contact time, initial pH, 
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Mn, and Zn metal ions. The Fe Mn, and Zn con-
centrations have maximum values of 287.4, 22.5, 
21.4 mg/L, respectively, when the HCl concentra-
tion is equal to 14% for SC dosage 20 g/300 mL. 
The same figure shows that the highest concentra-
tion of Mg is equal to 7440.5 mg/L, occurring at 
4% HCl and SC dosage 20 g/300 mL. This may be 
due to the metals in the SC material likely being 
bound in the form of insoluble metal oxides, hy-
droxides, carbonates, or other compounds; howev-
er, the present results are compatible with the find-
ings of previous research (Sutherland and Tack, 
2008). Figure 2 certifies that the highest concentra-
tion of extracted metal ions was Mg in comparison 
with other measured ions included Fe, Mn, and Zn; 
thus, the SC can be used to supply Mg ions. Addi-
tion of higher SC dosage can lead to decrease in 
the extracted Mg concentration and this can result 
from; increasing of viscosity and reducing of mass 
transfer rates, insufficient HCl available to fully 
solubilize the metals, and potential re-adsorption 
or precipitation of extracted metals (Sutherland 
and Tack, 2008; Ujaczki et al., 2017).

Extraction of Fe ions from iron scrap

The extraction of iron (Fe) from iron scrap was 
investigated by varying the concentration of HCl 

while keeping the dosage of iron scrap constant at 
20 g per 300 mL. Figure 3(a) signifies that the Fe 
concentration varies from 40010 to 402097 mg/L 
as the HCl percentage changes from 2 to 14%; 
however, the highest concentration of Fe (410451 
mg/L) occurred at 4% HCl. Also, the extraction 
of Fe was investigated by variation the iron scrap 
mass from 3 to 25 g per 300 mL for 4% HCl. Fig. 
3(b) shows that the extraction efficiencies of Fe are 
increased with the iron scrap dosage up to a peak 
value (410451 mg/L), obtained at 20 g per 300 mL. 
This figure certifies that the using higher or lower 
value of 20 g per 300 mL can be associated with 
clear decrease in the extracted of Fe ions. Hence, 
the best extraction of Fe ions can be adopted with 
4% HCl for iron scrap dosage of 20 g per 300 mL.

Synthesis of beads 

The role of pH in the manufacture of Mg/Fe-
LDH beads was investigated within (7–12) where 
Mg to Fe molar ration = 1 and LDH nanoparticles 
mass = 5 g per 100 mL. For tests of sorption, 0.5 
g of beads was mixed with 50 mL solution, where 
Co of antibiotic 10 mg/L, initial pH 7, agitation 
250 rpm and contact time 3 hours. It is obvious 
from Fig. 4(a) that the sorption capacity of beads 
for TC was varied from 0.66 to 1.14 mg/g due 

Figure 2. Effects of (a) dosage and (b & c) HCl percentage on the extraction of Mg, Fe, Mn, and Zn metal ions 
from Schanginia plant

Figure 3. Effects of (a) HCl percentage and (b) dosage of scrap iron on the extraction of Fe metal ions
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to the change of pH from 7 to 12, respectively. 
This figure explains that the pH=10 is suitable 
to achieve the highest adsorption capacity of TC 
(1.22 mg/g) from aqueous solution. The effect of 
different values of Mg/Fe ratio on the TC sorption 
capacity was examined. The sorption experiments 
are applied under the same operational conditions 
illustrated previously with pH and Mg/Fe LDH 
nanoparticles equal to 10 and 5 g/100 mL for syn-
thesis. Figure 4(b) proves that the TC adsorption 
capacities were varied from 1.14 to 1.02 mg/g due 
to vary of Mg/Fe from 0.5 to 5, respectively. The 
results suggest that a molar ratio of 3 provides the 
highest TC adsorption capacity with value of 1.36 
mg/g. The present study explored the TC adsorp-
tion capacities with Mg/Fe LDH nanoparticles 
dosage variation from 0.5 to 5 g/100 mL at pH 10 
and Mg/Fe 3 using the operational conditions for 
sorption tests as mentioned previously (Fig. 4c). It 
is clear that the sorption capacity for TC increases 
from 1.14 to 1.542 mg/g identical to change of 
nanoparticle mass from 0.5 to 5 g/100 mL. Vari-
ous materials and methods have been explored for 
the adsorption of TC; for instance, modified algi-
nate beads demonstrated an adsorption capacity 
of 356.57 mg/g at pH 5 (Luo et al., 2021), while 
copper alginate beads achieved a higher capacity 
of 533 mg/g (Chen et al., 2022). Calcium/iron-lay-
ered double hydroxides (Ca/Fe-LDHs) in sodium 
alginate formed spherical particles with high ad-
sorption efficiency (Abed and Faisal, 2023). The 
advantages of Mg/Fe-LDH alginate beads include 
their cost-effectiveness due to the use of scrap iron 
and natural alginate. However, they also present 
disadvantages, such as lower adsorption capacity 
compared to some other adsorbents, a limited ef-
fective pH range that necessitates maintaining op-
timal conditions, and potential concerns regarding 
the leaching of TC into treated water. 

Sorption tests

The behavior of TC sorption efficiency for 
time up to 180 minute at pH 7, Co 10 mg/L, sor-
bent mass 0.5 g/100 mL, and speed 250 rpm is 
represented by Figure 5(a). Till 120 min, the an-
tibiotic is eliminated with high rate and; thereaf-
ter, it is greatly reduced due to the decrease in the 
binding sites. The TC sorption efficiency is 75% 
at 120 min and this percentage approximately sta-
bilizes beyond this time till 180 min. This behav-
ior is consistent with findings from other studies, 
such as those involving Al-Fe pillared clay, where 
optimal removal was also achieved at around 120 
minutes, indicating that sufficient contact time is 
crucial for maximizing adsorption (Al-Kindi and 
Alnasrawy, 2022).

Figure 5(b) proves that the capture efficiency 
of TC is dependent on Co. These efficiencies were 
significantly decreased from 81.4 to 23.5% due 
to change of Co from 5 to 200 mg/L at 120 min, 
pH 7, dosage 0.5 g/100 mL and 250 rpm. All of 
the TC molecules are expected to engage with the 
accessible binding sites at lower concentration of 
contaminant, which will definitely lead to a sig-
nificant increase in sorption efficiency (Park et 
al., 2002). This trend aligns with other research 
showing that lower initial concentrations lead to 
higher removal rates due to more available bind-
ing sites being utilized effectively (Al-Kindi and 
Alnasrawy, 2022). For instance, studies on calci-
um hydroxide-modified biochar reported similar 
results where higher concentrations resulted in 
reduced adsorption efficiency (Wang et al., 2023).

The impact of agitation speed on antibiotic 
removal efficiency is seen in Figure 5(c). It has 
been noted that removal efficiency can rise sig-
nificantly with increased speed. Actually, the 
increased agitation speed promotes the diffusion 

Figure 4. Effect of (a) pH, (c) Mg/Fe ration and (d) Mg/Fe-LDH dosage on the TC removal efficiency by 
prepared beads for sorption conditions (time=3 h, Co=10 mg/L, sorbent dosage=0.5 g/50 mL, pH 7, speed 250 

rpm)
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of the antibiotic through the Mg/Fe LDH algi-
nate beads, which makes it possible for the TC 
molecules and the accessible binding sites to 
form a suitable association. The speed of 250 
rpm was found to be adequate to ensure maxi-
mum efficiency (78%), and there is no remark-
able difference in the removed TC beyond this 
value, according to the measured data (Elkady 
et al., 2011) which is corroborated by findings 
from other studies that emphasize the impor-
tance of mixing in enhancing adsorption kinetics 
(Al-Kindi and Alnasrawy, 2022). In comparison, 
some biochar studies suggest that while agitation 
improves performance, the optimal speed may 
vary based on the specific adsorbent and its char-
acteristics (Zhang et al., 2023).

The pH of an aqueous solution is another 
important consideration, since it greatly affects 
the removed TC. As shown in Figure 5(d), this 
calls for carrying out tests with stabilized other 

operational parameters and defined beginning pH 
ranges, specifically from 3 to 12. Up to a pH of 
7, the elevation in pH clearly produced a notable 
improvement in the TC removal; after this point, 
the removal percentage fell. The reason for this 
behavior is as follows: at pH 3, the TC removal 
percentage was low (=27%) because the antibi-
otic and H+ were competed for the sorption sites 
on the surface of the beads. As pH increased, the 
removal percentage also increased, reaching its 
maximum value (78%) at pH 7. Due to the hy-
drogen bonding-induced adsorption, TC exhibits 
reduced ionization and hydration in its neutral 
state. The sorption capacities of beads exhibit a 
tendency to decrease in response to a rise in pH, 
which slows down hydrogen bonding because OH 
ions are formed. This implies that when the anti-
biotic reacted with the oxygen (hydroxyl group) 
that was present on the bead surface, the sorption 
mechanism was complex (Asaoka et al., 2021). 

Figure 5. Effect of batch conditions on TC removal from aqueous solution by prepared beads at room 
temperature (a-e), as well as (f) the regeneration process for exhausted beads
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This observation is supported by other research, 
for example, calcium hydroxide-modified corn 
straw biochar exhibited enhanced performance at 
neutral pH levels due to reduced ionization of tet-
racycline (Wang et al., 2023). Conversely, some 
materials like Al-Fe pillared clay showed optimal 
performance at lower pH values around 4.5 (Al-
Kindi and Alnasrawy, 2022).

To determine the ideal dosage, the effects of 
sorbent g on the TC uptake were investigated for 
values from 0.1 to 1 g per 100 mL of the solution. 
Figure 5(e) indicates that as the mass of the beads 
increases, so may the effectiveness of TC removal. 
This is demonstrated by the fact that the effective 
regions increased with higher beads dosage (Ge et 
al., 2017). Due to change in bead mass from with 
mentioned range, the sorption effectiveness varied 
from 21 to 93.9%; 1 g/100 mL appears to be the 
optimal dosage. This trend aligns with findings 
from other studies where higher adsorbent dos-
ages correlate. For instance, the research on Al-Fe 
pillared clay demonstrated a similar pattern where 
increasing adsorbent dosage led to higher tetra-
cycline removal rates until a saturation point was 
reached (Al-Kindi and Alnasrawy, 2022). Mg/Fe 
LDH alginate beads have demonstrated 93.9% 
from water under optimal conditions: 1 g/100 mL, 
120 min, 10 mg/L, pH 7, and 200 rpm. This per-
formance is comparable to other adsorbents, such 
as chitosan-based magnetic adsorbents with a re-
moval efficiency of 73.69% (da Silva Bruckmann 
et al., 2022), and copper alginate with removal 
54.6% (Chen et al., 2022). These findings suggest 
that Mg/Fe LDH alginate beads are effective for 
tetracycline removal from water.

Reusability 

The viability of reusing the spent beads for 
TC removal must be evaluated through cycles of 
adsorption and desorption. 0.5 M HCl is used in 
the regeneration process to desorb TC from used 
beads. The percentages of TC eliminated in re-
sponse to the recycles number are displayed in 
Fig. 5(f), where it is evident how well beads are 
regenerated. Reusability is an important factor 
to evaluate the performance of beads and their 
suitability for real applications, because it can 
drastically lower operating costs and make the 
process affordable. Five consecutive rounds of 
the identical batch conditions were employed. 
The capacity of the reused beads can be around 
89.4% at the conclusion of the third cycle, and the 

quantity of TC eliminated in the first cycle was 
91.9%, as shown in Figure 5(f). When compared 
to other materials, Mg/Fe-LDH alginate beads 
exhibit competitive reusability characteristics. 
For example, studies on activated carbon have re-
ported varying degrees of reusability depending 
on the regeneration method used; some activated 
carbons maintained efficiencies above 80% after 
three cycles (Singha et al., 2022). On the other 
hand, the leaching concentration of Mg²⁺ and Fe³⁺ 
from the Mg/Fe-LDH alginate beads results in the 
solution of 39.7 and 18.1 mg/L, respectively. 

Characterization analyses 

The XRD patterns of Mg/Fe LDH sodium 
alginate beads are shown in Figure 6(a), where 
the emergence of a new peak at 26.6° suggests 
the existence of Mg/Fe-LDH crystalline phases 
(Ahmed et al., 2020). It is obvious that the ac-
curate manufacture of Mg/Fe-LDH beads was 
accomplished. In Figure 6(b), the FT-IR spectra 
of the produced beads after and before TC sorp-
tion are shown to identify the main functional 
groups that improved TC sorption. This figure 
demonstrated how stretching vibrations experi-
enced by amides and (-OH) groups result in the 
creation of high intensity absorption bands. The 
stretching vibrations of hydrogen bonds and OH 
groups produced a prominent and broad absorp-
tion band at (3550–3200 cm-1) in the peaks of al-
ginate beads. Stretching vibrations of the OH and 
C-H are correlated with peaks at 3464 cm-1 (Fais-
al et al., 2020; Islam et al., 2016). The stretch-
ing vibrations of Fe-O (ferrite skeleton included) 
and Mg-O bonds corresponded to the absorption 
bands at 513 and 667 cm-1 (Ahmed et al., 2020). 
The SEM-EDS analysis was carried out to iden-
tify the morphological properties of prepared 
beads after and before loaded with TC. Figure 
7(a) depicts the mean particle, indicating that the 
prepared beads surfaces have a nonhomogeneous 
morphology. However, at 10 µm magnification 
scales, the surface may be extremely compact 
and disordered. It appears that the beads have a 
micro-porous surface that enables oxyanions to 
be absorbed. Comparing to the beads prior to the 
sorption process, there are notable changes in the 
beads morphology after the TC sorption (Fig. 
7(b)). The EDS test describes the change magni-
tude observed in the percentages of elements for 
the composition of alginate beads after the sorp-
tion process, as shown in Tables listed within Fig. 
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7(a, b). These tables prove the presence an incre-
ment in C content after TC sorption.

Isotherm and kinetic of sorption 
measurements 

The sorption isotherm models discussed 
earlier were utilized to interpret the sorption 
equilibrium outcomes due to TC interactions 
with the Mg/Fe LDH beads. Table 2 lists the pa-
rameters for Freundlich and Langmuir models 
obtained from fitting of these models with equi-
librium sorption measurements as expressed in 
Figure 8(a) using nonlinear regression option 
in Microsoft Excel. This figure presents the 
models’ performance against the experimental 
data. For Table 2 and Figure 8(a), it is evident 

Figure 6. Characterization of prepared Mg/Fe-LDH alginate beads by a) XRD and b) FT-IR analyses

Figure 7. Morphological characteristics using SEM-EDS analysis for Mg/Fe- NPs sodium alginate beads (a) 
before and (b) after sorption of TC

Table 2. Constants of isotherm and kinetic models 
with statistical measures for sorption of TC onto Mg/
Fe-LDH-alginate beads

Model Parameter Value

Freundlich

Kf  (mg/g) (L/mg)1/n 1.175

n 3.076

R2 0.912

Langmuir

qmax (mg/g) 2.564

b (L/mg) 0.746

R2 0.947

Pseudo-first order

qe (mg/g) 1.500

k1 (1/min) 0.036

R2, SSE 0.986, 0.041

Pseudo-second 
order

qe (mg/g) 1.706

k2 (g/mg min) 0.026

R2, SSE 0.996, 0.010
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that the Langmuir model exhibits a higher de-
termination coefficient, R2 in comparison to the 
Freundlich model, indicating a better fit and a 
more accurate representation of the sorption 
process. This suggests that the TC molecules 
sorbed primarily as a monolayer on the beads 
surface. The maximum sorption capacity has 
value of 2.564 mg/g as determined from the 
Langmuir model. 

The sorption kinetics were formulated by 
pseudo-first-order and pseudo-second-order 
models, as illustrated in Figure 8(b). Table 2 
lists the parameters of such models, including 
R2 and sum of square errors (SSE). This table 
reveals that the TC sorption kinetics is more 
compatible with the second model, as indicated 
by the higher R2 and lower SSE. This suggests 
that the chemical forces can be bonded of TC 
molecules with alginate beads.

The kinetic measurements were further stud-
ied by the intra-particle diffusion model (Table 
1), revealing linear relationships between t0.5 and 
qt with acceptable R2 values, as depicted in Fig-
ure 8(c). The intercepts of lines with y-axis in-
dicate the occurrence of intra-particle diffusion, 
in spite of it not being the rate-controlling step. 

The observed deviation from the origin point 
suggests that diffusion limits the rate of sorption 
(Cheung et al., 2007).

CONCLUSIONS

The Mg and Fe ions were successfully ex-
tracted from Schanginia aegyptica and scrap iron, 
which were produced in large quantities as solid 
waste. In order to create Mg/Fe-LDH nanoparti-
cles using the precipitation method, the ions must 
be mixed together. The creation of spherical beads 
requires immobilizing the produced nanoparticles 
with sodium alginate. Batch experiments were 
used to assess the ability of spherical beads to 
extract TC from aqueous solution. Nanoparticle 
mass of 5 g per 100 mL, pH 10 and (Mg/Fe) mo-
lar ratio = 3 are the ideal values for the produc-
tion of beads. Langmuir and pseudo-second-order 
models are able to depict the sorption interaction 
with high capacity of 2.564 mg/g. The formation 
of magnesium/iron-LDH nanoparticles in the pre-
pared beads was certified through characteriza-
tion analyses; yet, the rise in the carbon percent-
ages indicates the presence of TC sorption.

Figure 8. Formulation of sorption measurements using (a) isotherm models, (b) kinetic models, and 
(c) intra-particle diffusion model for interaction of Mg/Fe-LDH beads with water contained TC
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