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ABSTRACT

EDTA- Mg-Al LDH that had an intercalated in the interlayer of Mg-Al LDH, could be synthesized by
adding a solution of Mg(NOs), and AI(NOs) 3 to a solution of NaOH and EDTA -2Na (disodium-
EDTA). The effect of the NaOH concentration in the solution on the formation of EDTA -Mg-Al LDH
was examined to control the chemical species of the EDTA incorporated in the interlayer. The
synthesized EDTA- Mg-Al LDH was found to have a capacity for rapid uptake of Fe*" and Pb*" from
an aqueous solutions. Batch experiments were conducted to study the effects of pH, shaking time. The
results reveal that the maximum adsorption capacity is 85.71 and 109.21 mg g '. which displaying a
high efficiency for the removal of Fe*" and Pb*" from aqueous solution. The adsorption follows
Langmuir model and pseudo-second-order kinetics.
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1. Introduction

Because of their accumulation (in both effluents and the environment), the use of chemicals leads
to serious environmental problems directly or indirectly (Zaghloul et al., 2019). Water pollution can
mainly be divided into three categories: inorganics, organic and microorganisms. Heavy metals as part
of inorganic pollution is considered a worldwide issue due to their harmful effects on environment
including human beings (Lu Xiao et al., 2021). Various technologies including chemical precipitation
(Jing et al., 2018), coagulation and flocculation, electrochemical methods, reverse osmoses, membrane
separation and ion exchange (Rafiq et al., 2021) [4].Layered double hydroxides (LDH), the structure of
these materials as well as their high anionic exchange capacity make them suitable for many
applications (Camilo et al.,2021) such as the sorption of many inorganic and organic anions (Pavlovic
et al.,2005), potential contaminants of waters. They consist of layers and are represented by the general
formula[ M /—x I M x Il (OH), /] ( A n— ) x/n - mH,O, where cationic MII and MIII are divalent and
trivalent metals and occupy the octahedral holes in the brucite-like layer. An— is the interlayer
exchangeable anions, which is located in the hydrate layered galleries, and x is the layer charge density
x=/MIJ/([MII] +[MIII])(Naoki and Shuang, 2018). The layered structure of LDHs is shown
in Fig 1. Recently, some authors reported about LDH containing chelating agents such as
etilendiaminetetraacetate, EDTA and nitrilotriacetate, NTA, as well as the metal cations uptake by these
materials (Reza ef al., 2021) .Heavy metal ions in wastewaters and their toxicity gradually arouse the
attention of the whole world (Jingwan et al., 2021; Wen et al., 2018 and Bolan et al., 2017). Heavy
metals in chemistry refer to those metals with a relatively high atomic number, atomic weight, and a
density>5 g/cm’® (Pourret and Bollinger, 2018). They can be classified into three categories: toxic
metals, precious metals and radioactive metals (Bansod et al., 2017). The toxic metals are one of the
most important pollutants of both natural and treated water (Mohammad ef al., 2019). Because of higher
solubility in the aquatic environment, heavy metals can easily be absorbed by living organisms and thus
can possibly get accumulated in their body and concentrate throughout the food chain (Arshid et al.,
2019). Lead and iron ions are heavy metals with deleterious effects on biological health even at low
concentrations (Naja and Volesky, 2009; Yang et al., 2019). Children and pregnant women are more
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vulnerable to toxic metals: ingestion of lead can cause slow growth, anemia and even mortality in
children, increased kidney dysfunction and hypertension in adults. Polluted drinking water could be a
silent killer (Sidi et al., 2020). Layered double hydroxides (LDHs) are an attractive class of cheap and
nontoxic clay materials (Zhou et al., 2021). Upon modification, LDHs exhibited more diverse functional
groups, a higher specific surface area, and a larger adsorption capacity for heavy. Functional groups can
serve as sorption sites to bind pollutants and are essential for the adsorption abilities of LDHs (Dhal et
al., 2013). Functional groups can affect adsorption affinities via electrostatic attraction, chelating action,
and hydrogen-bond interactions (Yuan et al., 2013).The abundant hydroxyl, carboxyl and amine groups
of ethylenediaminetetraacetic acid (EDTA) metals (Jing et al., 2020). In this study, we synthesized and
characterized EDTA intercalated MgAl-LDH. The capture performance of LDH-EDTA for Fe™ and
Pb"™? in treatment and evaluated through batch adsorption experiments. Based on experimental and
characteristic results, of adsorption on LDH-EDTA was further investigated. The validity of LDH-
EDTA was evaluated in real pollutant treatment.

[ (()H)Z]x_'_[/\” X n]x-.l1.ll IZ()
Fig. 1: The layered structure of LDHs.

2. Materials and methods
2.1. Preparation of Mg-Al LDH

The Mg—Al LDH was synthesised by following the method (Rajib e al., 1998). A 188.32 g 0.502
M. of Al (NO3); .9H,0 and 230.79 g 0.9 M. of Mg (NO3), . 6H,O were dissolved in 700 cm® water. A
mixture of 280 cm® of 12.5 M NaOH solution and 1000 cm® of 1 M Na, COs solution was added in
drops over a period of 4 h under stirring condition maintaining a pH of 9.5 with stirring for 24 h at 150
°C. The product was filtered, washed free of sodium ion and dried at 70 °C for 24 h in an air oven.

2.2. Preparation of Mg—Al-LDH-EDTA

EDTA-intercalated MgAl-LDH was obtained through a simple coprecipitation process. The
EDTA powder (12.284 g) was dissolved in 100 mL distilled water with ultrasonic dispersion, and the
Mg(NO3)2.6H,0 (33.874 g) and AI(NO3)3.9H,0 (24.759 g) were added into 100 mL distilled water,
respectively. The pH value of the mixed solution was kept at 10.5 by using NaOH solution (1.0 mol/L).
the above mixture was mixed uniformly for 1 h. Finally, the homogeneous suspension was dried at
50°C. After aging for 24 h, distilled water was used to wash the precipitate (Hai et al., 2018).

2.3. Characterization of Mg—Al-LDH-EDTA

The formation of additional functional groups on Mg—Al-LDH-EDTA was studied FTIR-
spectroscope , Scanning electron micrographs (SEM) and X-ray.
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Infrared spectroscopy was carried out using Gensis Unicam FT-IR spectrophotometer by
incorporating the sample in a KBr disk. Scanning electron micrographs (SEM), Quanta FEG 250
microscope. High angle X-ray diffraction (XRD) patterns were recorded on X-ray diffractometer
(D/Max2500VB2+/Pc, Rigaku, Japan) with Cu Ko characteristic radiation (wavelength = 0.154 nm) at
a voltage of 40 kV and a current of 50 mA. The scanning rate was 5¢/min and the scanning scope of 26
was from 5e to 70° at room temperature

2.4. Batch adsorption tests

Applicability of Mg-Al-LDH-EDTA for Pb(I) and Fe(Il) removal was studied using batch
experiments in a reaction mixture of 0.25 g of adsorbent and 50 ml of metal solution containing Pb(II)
and Fe(Il) at concentrations ranging from 100 to 500 mgL™". The effect of pH was studied at metal
concentration of 100 mgL™" in the pH range of 2-5. The effect of contact time was studied at metal
concentrations of 200 mgL™'. Agitation was undertaken using a rotary shaker type SK 300 (Lab
companion). At designated contact time, the adsorbent was separated from the solution. The metal
concentrations in the filtrates were analyzed by inductive coupled plasma Mass Spectrometry (ICP-
MS). The adsorption capacities (mg g ') of modified chitosan were calculated as follows:

gqe = (Ci—Ce) V(L)/W )

Where C; and C. are the initial and the equilibrium concentrations, respectively (mg L"), while W(g)
and V (L) represent the weight of the adsorbent and the volume of the solution, respectively.

3. Results and Discussion
3.1. Characterization of Mg—Al-LDH-EDTA
The presence of additional functional groups on the surface of MgAI-EDTA-LDH was studied

using FTIR spectroscopy (Fig. 2).

EDTA-Mg-Al-LDH

Transmittance

T
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Fig. 2: IR shows of the samples EDTA and MgAIl-EDTA-LDH

The broad absorption band atabout 34452 cm ™" is assigned to (OH) stretching modes of freeand
hydrogen-bonded hydroxyl groups. The bands observed at the lower frequency, around 670 and 468
cm ', correspond to the lattice vibration modes and are attributable to (M-O) and (M-O-M),
respectively. The features located at 1634 and 1421 cm™' are assigned to carboxylate (COO-)
asymmetric and symmetric stretching modes, respectively. Bands at 1344 and 1128 cm ' are
characteristic of CH,and C-N groups, respectively (Yuan et al., 2013). The position of these bands
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corresponds to the EDTA functional groups.The XRD analyses were applied to characterize the
synthesis samples and confirm that EDTA is intercalated intoMgAI-NO3-LDH. Fig. 3 shows the XRD
patterns of MgAI-LDH,MgAI-EDTA-LDH. The diffraction peaks of MgAl-NO3-LDH are typical of
the layered dou-ble hydroxides structure with sharp and symmetric reflections of the basal (003), (006)
and (009) planes, and broad, less intense and asymmetric reflections for the nonbasal (015) and (018)
planes (Hong et al., 2018). The MgAI-EDTA-LDH still retains the characteristics of LDH nanoplates
structure after the intercalation of EDTA in MgAIl-NOs-LDH, but there are spacing of some planes as
(003), (006) and (009) plane was changed in width and intensity, because of interlayer space occupied
by EDTA anions.
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Fig. 3: Shows the XRD patterns of MgAl-LDH,MgAI-EDTA-LDH.

Fig. 4. 4 (A,B) SEM images of Mg—Al LDH, MgAIl-EDTA-LDH powders that shown their
microstructures in Fig. 3A, it can be clearly observed that the surface was rough and in Fig. 3B. The
more crystalline carbonate phase [Fig. 3B] shows layers of sub-micrometre-sized particles. These
particles have approximately aggregated into a large platy mass, and compact regular pore structure.
Due to its structure and high surface area, Fig. 4B displays smooth lamellar structure of EDTA
intercalated into Mg—Al LDH, indicating the typical morphology of LDHs, in summary, the MgAl-
EDTA-LDH were synthesized successfully.

00 KV | 69.1

Fig. 4: (A) SEM images of Mg—Al LDH, (B) MgAI-EDTA-LDH powders
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3.2. Effects of pH

The acidity of the aqueous solution exerts profound effect on the adsorption process because it
can influence the solution chemistry of contaminants and the properties of the adsorbent. The effect of
solution pH on Fe (II) and Pb(II) adsorption was investigated at pH 2-5. So the effect of solution pH on
metal ions removal after socking of 24 hr, by adjusting the solution pH using 0.1N HCl or 0.1N NaOH.
Fig 5 shows the effect of pH on the individual adsorption of Fe (II) and Pb(II) by MgAl-EDTA-LDH.
The adsorption increases with increasing the pH value up to 5 where the maximum adsorption were
obtained.

18
16
L 4
14 .
12
I
E,, 10 ®
T 8 ®Pb
o
6 M Fe
: ¢
2
0
0 1 2 3 4 5 6
PH

Fig. 5: pH-dependent metal uptake of metal ions.

The low adsorption of metal ions in strong acidic pH solution (at low pH) could be mainly due to
the electrostatic repulsion between the positive metal ions (M") in the medium and the positive charges
in highly acidic solution (H") which accumulate on the surface of the MgAI-EDTA-LDH, also At a very
low pH, the structures of MgAI-EDTA-LDH were impaired that resulted in the dissolution of Mg*"
from MgAI-EDTA-LDH,so protonated ions, reducing the number of binding sites available for the
adsorption of heavy metal ions. This leads to the inducing an electrostatic repulsion of the different
heavy metal ions. Therefore, the competition existed between protons and the metal ions (M") for
adsorption sites and adsorption capacity was decreased. Such repulsion prevents the approach of the
metal ions to MgAI-EDTA-LDH surface. While at higher pH value, the adsorption capacities of
Pal/MgAl-LDH for metal ions were enhanced because of exerting the synergetic effect from each
building unit. Also, the adsorption of, Fe*" and Pb** on MgAI-EDTA-LDH showed that calcination
could improve the adsorption performance. Further increase in the pH value more than 5 would
transform the dissolved metal into precipitated hydroxide form thus the adsorption capacity is decreased
(Eslam et al.,, 2019).

3.3. Effects of contact time

The effect of contact time on Fe (II) and Pb (II) adsorption by MgAl-EDTA-LDH are shown in
Fig. 6. In the first few min, the adsorption capacities of MgAI-EDTA-LDH increased sharply. Then,
the removal rates slowed down and finally reached equilibrium states.

Within the first few minutes, the active sites of the adsorbents were sufficient for Fe (II) and Pb
(IT) adsorption and the direct electrostatic attractions of them also occurred. With the increase of time,
more and more active adsorption sites were occupied by the target pollutant, and the chelation of Fe (II)
and Pb (II) with EDTA anions contributed to the removal process.

3.4. Regeneration studies

Regeneration of the spent adsorbent is necessary to restore its original adsorption capacity and it
enables valuable metals to be recovered from wastewater streams for reuse. In this study, Pb (II) and
Fe(Il) were desorbed from MgAl-EDTA-LDH using 1M HNO;. From Table 1 we can suggests that the
regeneration efficiency of both adsorbents was almost complete for both metals. These results indicate
the suitability of HNOs as the regenerant for the adsorbent. It seems that the adsorption efficiency of
the MgAIl-EDTA-LDH decreased with repeating cycles, several possible reasons for decreasing cation
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exchange capacity of MgAl-EDTA-LDH have been discussed. First, the little amount of Pb (II) and
Fe(I) ions still remained on the MgAI-EDTA-LDH surface after every regeneration cycle. Second, the
active efficient groups on the MgAI-EDTA-LDH were partially destroyed by HNOs after every
regeneration cycle. These could lead to decreasing the performance of adsorption (Facui ef al., 2016).
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Fig. 6: Metal uptake of metal ions with time.
Type of adsorbent No. of cycles RE% Pb (II) RE% Fe (II)
1 98.00 96.90
2 97.80 95.86
MgAI-EDTA-LDH 3 97.20 95.76
4 97.10 95.4
5 96.50 95.20

3.5. Adsorption kinetics

To describe the relationship between the adsorption capacity and contact time to analyze the
adsorption mechanism and better understand the potential rate-limiting step, pseudo-first-order, pseudo-
second-order, kinetic models are employed to fit the experimental data. All the kinetic data are shown
in Fig. 7 and Table 1, the pseudo-first-order model is expressed as (Ahmed, 2018):

k1
Log (qe —q) =log ge ———t
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Fig. 7: Plots of log(qe-qt) ainst time for the exchange of Fe(Il) and Pb(II) ions on MgAI-EDTA-LDH.

and pseudo-second-order rate equation is:

t ( 1 )+ 1 .
gt  \k2ge2) ' ge
Where k1 and k2 (g'mg"-min™") are rate constants for adsorption. R? is the correlation coefficient to

express the uniformity between the model-predicted values and the experimental data. The linear
regressions and kinetic parameters are listed in Fig. 8 and Table 2, respectively. It is clear that
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correlation coefficients for the pseudo-second-order model (R>>0.99) are higher than that for the
pseudo-first-order model (R*>0. 95), indicating that the present system can be well defined by the
pseudo-second-order kinetic model in the adsorption step. Additionally, the theoretical equilibrium
sorption capacity (qe,cal) calculated by the pseudo-second-order model at all concentrations are also in
good agreement with those obtained from experiments (qe,exp). The fitness of the pseudo-second-order
kinetic model reveals that the rate-limiting step in adsorption is controlled by chemical process (Lin et
al., 2016).
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Fig. 8: Pseudo second order model for the exchange of Fe (II) and Pb(Il) ions on MgAl-EDTA-LDH

Table. 2: Pseudo - First and second order parameters for the adsorption of Fe (II) and Pb(II) on MgAl-

EDTA-LDH.
Metal Ions (e,cal. (e,exp. Kix 102 R? (e,cal (e,exp. Kx 102 R?
(mg/g)  (mg/g)  (min™) (mg/g) (mg/g)  (gmg™' min™")
Fe** 68.24  32.11 0.192 0953 2849  32.11 19.219 0.994
Pb?* 8236 38.37 0377 0965  35.63 38.3 37.757 0.995

3.6. Adsorption isotherms

In order to gain better understanding of Fe (II) and Pb(Il) adsorption mechanism and to quantify
the adsorption data, two most widely used isotherms, Langmuir and Freundlich model, were employed
to simulate the experimental data. The Langmuir isotherm model has been successfully used to various
processes of monolayer adsorption (Langmuir, 1916). The model assumes that all activated sites on the
adsorbent surface have equal affinity for adsorbate molecules. Once an adsorbate molecule occupies
adsorption site, no further adsorption can occur there. The Langmuir model isexpressed in the following
linear equation:

Ce 1 N c
ge qmKL qgmax ¢

Where ge (mg-g-1) is the amount of Fe (II) and Pb(II) adsorbed on the adsorbent at equilibrium,
gmax (mg-g-1) denotes the maximum adsorption capacity corresponding to complete monolayer
coverage, Ce (mg-L") is the equilibrium Fe (II) and Pb(II) concentration, and KL (L-mg-1) is the
Langmuir adsorption constant.

The Freundlich isotherm model is an empirical equation assuming a heterogeneous surface and
a multi-layer adsorption with an energetic nonuniform distribution (Jing et al., 2019), and it can be
expressed as follows:

log qc =log ke + (1/n) log C

Where KF ((mg-g-1) Freundlich coefficient characteristic of the adsorption affinity of the
adsorbent, and # is the linearity index.
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Fig. 9: plot of (Ce/qe) against Ce for Fe (II) and Pb(Il) metals ions.
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Fig. 10: plot of log qc versus log C. for Fe (II) and Pb(Il) metals ions.

The fitting plots of Langmuir and Freundlich isotherm models for Fe (II) and Pb(II) adsorption
onto MgAIl-EDTA-LDH are depicted in Figs. 9,10 and the calculated isotherm parameters are listed in
Table 3. It is observed that the correlation coefficients of Langmuir isotherm model are higher than that
of Freundlich isotherm model, indicating that the adsorption data follows the Langmuir isotherm and
the adsorption is a monolayer adsorption process. The maximum theoretical adsorption capacities of Fe
(IT) and Pb(II) calculated from the Langmuir model are 85.71, and 109.21 mg g-1, respectively, .In
addition, the Langmuir constant KL has positive value and the Freundlich constant n (1.254-1.233) lies
in the range of 1-10, suggesting a favorable adsorption system (Yang et al., 2019). One of the essential
characteristics of Langmuir equation can be expressed by a dimensionless constant, RL, which is also
called equilibrium parameter or separation factor and can be defined as:

1

R J—
L CoKL

The RL value indicates the type of isotherm to be unfavorable (RL>1), linear (RL=1), favorable
(0<RL<1) and irreversible (RL=0) (Li et al., 2009). It can be observed from Table 3 that the RL values
are in the range of 0 to 1, indicating a favorable adsorption of Fe (II) and Pb(Il) on MgAIl-EDTA-LDH.
Table 3: Regression parameters for the Langmuir and Freundlich isotherms for solutions of Fe (II) and

Pb(II)
Langmuir constants (MgAI-EDTA-LDH) Freundlich constants (MgAl-EDTA-LDH)
Metals Qumax (mg/g) KL RL R? Kr n R?
Fe? 85.71 0.0136 0269 0983 7.654 1.25 0.976
Pb?* 109.21 0.0169 0228 0987 14.125 1.23 0.962
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Table 4: Comparison of the maximum adsorption capacity of heavy metals onto different adsorbents
Adsorbent qm (mg/g) Ref.
ZnAl-EDTA for Cu?* 223 6
AminoTrimethylene Phosphonic Acid-LDH for Cu?** 42.02 7
AminoTrimethylene Phosphonic Acid-LDH for Pb** 84.06 7
EDTA-LDH/PVA for Cd** 81.76 10
LDH-EDTA for Cr(VI) 47.62 11
LDH-EDTA-acrylamide for Cr(VI) 48.47 18
diethyldithiocarbamate -LDH for Cr(VI) 52 21
MgAI-EDTA-LDH for Fe?* 85.71 This study
MgAl-EDTA-LDH for Pb?* 109.21 This study

3.7. Application

Abu Rawash, is located within the Northwest part of Cairo. The Quaternary aquifer occupies the
northern and northeastern parts and represents the main water-bearing unit in the area locating east of
Abu Rawash. The Quaternary aquifer water contains heavy metals. From the chemical analysis of the
five waste water samples it is clear that, the soluble heavy metals of waste water samples such as Lead
and iron are more than the permissible limit (0.05 mg/l and 0.3 mg/respectively) To overcome this
problem, two of waste water samples were chosen for the treatment process. The efficiency of the
treatment was measured by chemical analysis samples before and after this process using MgAIl-EDTA-
LDH. It was found that the soluble Lead in samples was 0.583 ppm before treatment and 0.004 ppm
after treatment, and 0.697 ppm before treatment and 0.009 ppm after treatment and the soluble iron in
samples was 1.321 ppm before treatment and 0.187 ppm after treatment, and 0.826 ppm before
treatment and 0.082 ppm after treatment .It can be concluded that the surfaces of MgAIl-EDTA-LDH
had adsorption sites that were able to bind Lead and iron ions.

4. Conclusions

MgAIl-EDTA-LDH was successfully synthesized and used as adsorbent for Fe (II) and Pb (II)
removal from aqueous solutions. The physicochemical properties of the adsorbents were determined by
using SEM, XRD and FTIR. Some important parameters that influence Fe (II) and Pb(II) adsorption
from aqueous solutions using MgAI-EDTA-LDH. The results show that the MgAIl-EDTA-LDH
composite exhibited a high adsorption capacity and efficient adsorption toward Fe (II) and Pb(Il) in
aqueous mediums within a wide solution pH range. The pseudo-second-order model was the most
suitable kinetic model. The isotherm analysis suggested that the adsorption data could be represented
by the Langmuir model and the maximum adsorption capacity calculated were 85.71 mg-g™' And 109.21
mg-g” for Fe (II) and Pb(II) respectively. It can be concluded that the surfaces of MgAl-EDTA-LDH
had adsorption sites that were able to bind Lead and iron ions.
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