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Abstract

A new composite adsorbent was prepared by modifying low cost local adsorbent (LCL) using MgFe layered double
hydroxide (LDH). This low cost local adsorbent was also prepared from the activation of date palm leaf derived from agri-
cultural waste. In comparison to the low LCL, the adsorption capacity of the new composite adsorbent (LCL/MgFe-LDH)
was improved. This was measured in terms of its ability to remove lead from wastewater. The Scanning electron micro-
scope (SEM), Energy dispersive spectroscopy (EDS), Fourier-transform infrared spectroscopy (FTIR) and the specific sur-
face area by the (Brunauer, Emmett and Teller) theory (BET) tests were conducted for the characterisation of LCL and
LCL/MgFe-LDH. The behaviour of the lead adsorption processes by using LCL/MgFe-LDH as adsorbent was investigated
in batch experiments by examining different values of solution pH, contact time, adsorbent dose and initial Pb®* concentra-
tion. High removal efficiency was exhibited by LCL/MgFe-LDH, a value almost double that of LCL. This was attributed to
the increase in surface area of LCL/MgFe-LDH (79.7 m?-g™) in contrast to the surface area of LCL (24.5 m?.g™). The
Freundlich equations and pseudo-second-order kinetics model were appropriate for the provision of adsorption equilibrium
data for Pb®* on adsorbents. These results reveal the great potential of the new composite adsorbent (LCL/MgFe-LDH) if
applied to the absorption of heavy metal ions.
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INTRODUCTION various heavy metals. The removal of heavy metals from
wastewater is essential to comply with environmental regu-

Freshwater is the chief constituent of the planet and is lations and, of course, for the sake of human health and
essential for the survival of all living organisms [AzZMERI, safety [MAHAGAMAGE, MANAGE 2018; SADON et al.

YULIANUR 2019; SHAFIQ et al. 2018]. Presence of heavy 2014]. Lead is a metal of high toxicity. Exposure to lead
metals in the aquatic environment are being increasingly toxicity has both chronic and acute effects on human health

monitored as a result of growing urbanisation and industri- and the living environment. The existence of lead in the
alisation [HUR et al. 2015]. Heavy metals are the main pol- living environment is a cause for concern as lead does not
lutants of water (e.g. Cd, Zn, Ni, Cu and Pb). They accu- degrade in nature and thus remains in circulation indefi-
mulate in living tissue and are not biodegradable. As a re- nitely [WANI et al. 2015].

sult of this, both aquatic ecosystems and human health are Recently, layered double hydroxides (LDHSs) have be-

under constant threat from these pollutants [KURNIAWAN et gun to be considered as an alternative adsorbent in treat-
al. 2006; OMO-OKORO et al. 2018]. Wastewater resulting ment techniques [BARAKAT 2011; MOHAMMED, SAMAKA
from different human activities such as industry, agricul- 2018]. LDHs are a class of two-dimensional nanostruc-
ture and urbanisation contains certain concentrations of tured anionic clays. The lamellar structure of an LDH de-
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pends on positively charged brucite-like layers similar to
sheets with water molecules and anion-intercalated layers
[LIANG et al. 2013].

In nature, layered double hydroxides can be present as
minerals such as takovite (NiAl LDH), pyroaurite (MgFe
LDH) and hydrotalcite (MgAl LDH). The anion interlayer
is commonly a carbonate, however, sulphates and chlorides
are often found as well. The formation of LDH is relatively
simple in the laboratory [RoJAS 2016].

A higher anion exchange capacity combined with
a large surface area and high surface activity make LDH an
effective adsorbent of various anion pollutants [AYAWEI et
al. 2015]. Furthermore, the cost efficiency, variable prepa-
ration, readily manipulated properties and versatility of
LDH has led to an increased level of attention regarding
the use of organo-LDH and LDH. Generally, LDHs are
used in adsorption, ion exchange and catalysis [FAISAL,
NAJI 2019]. In order to decontaminate polluted water, an
adsorbent from organo-LDH and LDH can be applied to
remove anions of toxic metals from an aqueous solution
[TRAN et al. 2018].

Previous studies have demonstrated that organic an-
ions (malate and citrate) coated with MgAI-LDH [TRAN et
al. 2018], (COz)/CoMo-LDH [MOSTAFA et al. 2015] and
MgFe-LDH, and loaded with magnetic (FesO,) carbon
spheres [XIE et al. 2019], show higher attraction to lead
than to natural LDH adsorbents.

Heavy metals present in wastewater and water are be-
coming an increasing public concern as a result of their
impact on human health in regard to their carcinogenic and
toxic nature. Thus, in drinking water, the concentration
limit of lead is set at a maximum of 0.0015 mg-dm®, as
ruled by the World Health Organization [SIEGEL 2002].

Low-cost adsorbents made using natural date palm leaf
(LCA) from agricultural waste are characterised by a low
adsorption efficiency. The heavy metal adsorption capacity
for LCA can be improved by processes such as thermal
treatment, surface modification and activation [AHMED,
THEYDAN 2012]. The adsorption capacity of obtained
modified LCA is higher compared to pure LCA due to an
increase in its surface area [KHADHRI et al. 2019]. Howev-
er, the lead ion adsorption on the MgFe-LDH intercalated
by low cost local adsorbent (LCL) (derived from activation
of date palm leaf) has not yet been reported.

In this study, the process of modifying MgFe-layered
double hydroxide with low cost local adsorbent (LCL) to
create a new composite adsorbent (LCL/MgFe-LDH) was
investigated. More specifically, the activation of date palm
leaf derived from agricultural waste was explored in rela-
tion to its ability to create a low cost local adsorbent
(LCL). The behaviour of the lead adsorption processes by
using LCL/MgFe-LDH as adsorbent was investigated us-
ing the optimum value of different parameters. The remov-
al of lead from aqueous solution was examined by using
the new composite adsorbent.

STUDY METHODS
MATERIALS

The date palm leaf was obtained from southern Iraq as
agricultural waste from local palm trees. Other chemicals
(NaOH, HClI, Mg(N03)26H20, FeC|36H20 and N3.2C03)
were all of analytical grade. A Pb(NOs), solution made by
Limited Fine-Chem SD, Indian Company, with a 1000
mg-dm* concentration was prepared and kept at the tem-
perature of the laboratory (25°C). The pH of the solution
prepared was adjusted by using 0.1 mol of HCI or 0.1 mol
of NaOH as needed. For any required concentration of
lead, the solution stock was used.

LOW COST LOCAL ADSORBENT/MGFE-LDH
PREPARTION

The dirty particles were washed from the LCA using
distilled water. The substance was dried by the air stream,
and then cut and crushed. The sieves, ranging from 0.595
to 1.19 mm mesh size, were used to sieve the substance.
Finally, to produce low cost local adsorbent (LCL), the
sieved material was physically activated at the furnace for
4 h at 350°C. During the first 2 h, nitrogen gas flowed at
arate of 500 cm®min' into the furnace, and during the
following 2 h, carbon dioxide flowed into the furnace at
arate of 500 cm®min~'. Figure 1 shows the process of
preparation the low cost local adsorbent.

Fig. 1. Process of activated carbon preparation: a) natural date
palm leaf, b) ground date palm leaf after grinding of natural date
palm leaf, ¢) low cost adsorbent after sieving of ground date palm

leaf, d) low cost local adsorbent after activation of low cost
adsorbent; source: own elaboration

Layered double hydroxides (LDHs) were prepared us-
ing the co-precipitation method at the temperature of the
laboratory. The solution containing FeCls-6H,0 and Mg
(NOs),-6H,0 using different molar ratios of (Mg:Fe) (1:1,
2:1, 3:1, and 4:1) was stirred at 200 ppm. Then, after ob-
taining the optimum adsorption capacity by using the op-
timum molar ratio, the subsequent experiment was con-
ducted with different LCL dosages ranging from 0.05 to
2 g per 50 cm® of the solution to obtain the optimum dos-
age. Furthermore, a drop of NaOH (2 mol) and a drop of
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Na,CO; (0.2 mol) were added until a neutral pH of 7 was
reached. This preparation took 1 h and following this, the
solution was washed and filtered in deionised water. Final-
ly, it was dried at 80°C for 24 h to obtain solids. The dif-
ferent Pb?* adsorption capacity, obtained under diverse
conditions of preparation, were compared to examine the
effect of coating parameters.

ADSORPTION STUDIES

Batch experiments were carried out to determine the
best parameters required for the most efficient adsorption.
Furthermore, these experiments aimed to acquire equilibri-
um data of the treatment process. This data can then be
used to study the adsorption mechanism and behaviour of
the composite adsorbent. The parameters investigated in-
cluded the adsorbent dosage [BENzAOUI et al. 2017], initial
concentration of contaminants [BENzAoUI et al. 2017], pH
of the solution [LAROuS et al. 2005] and contact time
[SHARIFNIA et al. 2012].

Each flask from a series of 250 cm® conical flasks was
filled with 50 cm?® of an aqueous solution containing Pb*".
The required pH of the solution prepared was adjusted and
finally achieved by adding 0.1 mol HCI. To reach equilib-
rium, mixtures were shaken using a shaker and then fil-
tered to obtain the adsorbent. The metal concentration, re-
sidual in the filtrate, was determined using an atomic ab-
sorption spectrophotometer flame (AAS). Kinetic studies
of the solutions were examined through experiments repli-
cated with varying parameters such as periods of time (5,
10, 20, 30, 60, and 180 min), pH (3, 4, 5, and 6), initial
concentrations of contaminant (5, 10, 50, 100, 150, 200,
500 and 1000 mg-dm>) and adsorbent dosages ranging
from 0.02 to 0.5 g per 50 cm®. Optimal results from these
experiments at different values of each measured parame-
ter were fixed so the optimum value of the four parameters
used in the batch study were obtained.

According to the results from experimental work, the
amount of contaminant held on the adsorbent was obtained
using the equation below [WANG, CHEN 2009].

q. = (C, — Ce)% 1)

100
80 fme. e e

60

Transmittance (%)

Where: C,, C, represent the initial and equilibrium concen-
trations of contaminant in the solution (mg-dm™), V is the
volume of solution in the flask (dm®) and m is the mass of
adsorbent in the flask (g).

ADSORBENT CHARACTERIZATION

The chemical properties and molecular structure of
LCA, LCL, LCL/MgFe-LDH and LCL/MgFe-LDH after
lead adsorption were studied by Fourier transform infrared
spectroscopy (FTIR), scanning electron microscope
(SEM), energy dispersive spectroscopy (EDS) and specific
surface area (BET). Using the FTIR spectrometer (Spec-
trum 100, PerkinElmer Corporation, America), the func-
tional groups existed was measured. The images of the
adsorbent produced by SEM showed the samples morphol-
ogy, while the adsorbent chemical characterization was
displayed using EDS. SEM and EDS images for the adsor-
bent were produced using Hitachi S-4800 SEM operating
at 15 kV. The physical adsorption of gas molecules on
a solid surface was explained by the theory of Brunauer—
Emmett-Teller (BET), which can offer an analysis tech-
nique to measure the specific surface area of materials. The
adsorption automated analyzer (Autosorb iQ — quanta-
chrome instrument) was used for measuring the BET.

RESULTS AND DISCUSSION
CHARACTERIZATION OF THE SAMPLE

The FT-IR spectra of LCA, LCL, LCL/MgFe-LDH
and LCL/MgFe-LDH after lead adsorption are shown in
Figure 2. A broad peak observed at 3400 cm ™' refers to the
stretching vibration of interlamellar water bonded to hy-
droxyl groups, water physically adsorbed (crystals outside
water surface), and adjacent layers of the O-H groups
[WANG et al. 2018]. The M-O and O-M-O lattice vibra-
tions caused at 599 cm ' exhibit a lower frequency peak
(where M stands for metals) [JIA et al. 2019]. The MgFe-
-LDH modification of the LCL was successfully completed
according to observation of new peaks at 1375 cm ' in the

2
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Fig. 2. Fourier-transform infrared spectroscopy (FTIR) of: 1) natural date palm leaf (LCA), 2) low cost local adsorbent (LCL),
3) LCL/MgFe-LDH, 4) LCL/MgFe-LDH after lead adsorption; source: own study
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Fig. 3. Energy dispersive spectroscopy (EDS) and scanning electron microscope (SEM) images for the: a) natural date palm leaf (LCA),
b) low cost local adsorbent (LCL), ¢) LCL/MgFe-LDH, d) after adsorption lead; source: own study

composites of LCL/MgFe-LDH compared to LCL, at-
tributed to CO, * band absorption asymmetric stretch [JIA
et al. 2019]. After lead adsorption, it was observed that the
vibrational modes amide | and amide 11 of proteins caused
strong peaks at 1543 cm™' (N-H deformation), and 1647
cm' (C=0 stretching) respectively [MURDOCK, WETZEL
2009]. Thus, according to the sorbent FTIR, fewer func-
tional group types appear on its surface.

The surface morphology of both LCA and LCL is
shown in Figure 3. From this figure, it is evident that both
have edges, sharp corners and rough surfaces, and their
pore structure is compact and regular. The structure and
large surface area of LCL allows it to function as the basis
for other loading materials such as MgFe-LDH. The
LCL/MgFe-LDH surface, which is produced by coating
the LCL with MgFe-LDH, varies in size from 24.4-83.7
nm. The LDH has well-defined and regular particles and
its structure is typically lamellar. Following the adsorption
of lead, various regular hexagonal plates similar in struc-
ture to crystals (clearly shown in Fig. 3) bind with the sur-
face of LCL/MgFe-LDH which has similar morphology to
MgFe-LDH.

The EDS spectrum of LCL exhibits a high content of
Ca, Si, Mg, O and C (Fig. 3). After modification, the con-
tent of Mg and Fe increase dramatically, providing evi-
dence for the successful loading of MgFe-LDH on LCL
using the co-precipitation method of synthesis. Following
the adsorption of lead, a significant increase of its content
on the sorbent suggests that the adsorption effect of the
adsorbent on the contaminant is positive.

The BET, which refers to the theory by Brunauer Em-
mett Teller regarding the physical adsorption of gas mole-
cules on a solid surface, is a technique to measure the spe-

cific surface area of materials [THOMMES et al. 2015]. Re-
sults of LCA, LCL, LCL/MgFe-LDH demonstrate that
specific surface area increases from 0.8645 m?.g”' for LCA
to 24.5 m?*.g"' for LCL because of the activation process.
This further increases to 79.6928 m?.g”' for LCL/MgFe-
LDH as a result of LDH loading. As previously mentioned,
following MgFe-LDH loading to produce LCL/MgFe-
LDH, adsorption capacity of the LCL is significantly in-
creased.

EFFECT OF MG:FE MOLAR RATIO
AND AMOUNT OF (LCL) COATED BY MG/FE-LDH

The effect of varying Mg:Fe molar ratios on lead ad-
sorption was also investigated in this study. It cannot be
ignored that the Mg:Fe molar ratio has a significant effect
on adsorption capacities of LDH, as shown in Figure 4a.
The highest adsorption capacity of LCL/MgFe-LDH for
lead amounted to 11.1 mg-g ' and were obtained with
a three molar ratio of Mg:Fe, compared to LCL adsorption
capacities for lead at a value of 6.1 mg-g . This leads to
the conclusion that the Mg/Fe-LDH performance in the
lead adsorption improved due to an increase in magnesium
content. As the sorbent prepared with three Mg:Fe molar
ratio featured the higher lead adsorption capacity, it was
selected for the following experiments.

The amount of low cost local adsorbent (LCL) derived
from the activation of date palm leaf used in a 50 cm® of
solution varied from 0.05 to 2 g with a three Mg:Fe molar
ratio (Fig. 4b. The lead adsorption capacity of the adsor-
bent rose according to the LCL dosage increase from 0.05
to 0.5 g. Thus, the 0.5 g dosage of LCL was proposed for
coating.
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Fig. 5. Lead efficiency removal on the adsorbent at (agitation speed = 200 rpm;
dose = 0.5 per 50 cm® of solution; T = 25+4°C) related to: a) contact time, b) initial pH; source: own study

EQUILIBRIUM TIME AND SOLUTION PH

In the batch experiments, the contact time should be
fixed at a value when concentrations reach equilibrium.
The lead removal was affected under contact time shown
in Figure 5a. For the Pb?* removal, 0.5 g from the reactive
material was added to 50 cm® of the solution at room tem-
perature. Typically, there are two stages of the metal sorp-
tion on the adsorbent. In the first stage, the adsorption is
rapid, showing surface reaction, e.g. chemical (complexa-
tion on the surface) and physical (electrostatic sorption on
the sorbent surface). The following stage includes a reac-
tion that is metabolically active and slow. Figure 5a shows
the limited percentage of Pb*" according the contact time
related to the metal solution and the adsorbent. The per-
centage of removed lead, as shown in Figure 5a, grows
significantly according to the increased contact time. Ini-
tially, the adsorption was rapid, gradually slowing as time
progressed. On the adsorbent surface, when the sorption
sites decrease, sorption becomes slower. More than 99% of
Pb* was removed in 1 h. In addition to this, at a contact
time of greater than 1 h, the concentrations of metal re-
mained steady. Residual metal concentrations did not
change significantly at the time up to 2 h, yet, sorption ex-
periments in other batches were conducted at this time.

The main parameter controlling the sorbent adsorption
capacity is the solution pH. This is because of its influence

on the pollutant’s ionic forms and the sorbent surface
properties [GARG et al. 2007]. The value of the pH has
a significant effect on the sorption behaviour of the metal
due to deprotonation and protonation of basic and acidic
groups that influence the interaction of metal ions and the
sorbent, the formation of metal hydroxides and the sorbent
surface structure [ALKAN et al. 2008]. Figure 5b shows
that the removal rate grew due to deprotonation and proto-
nation of the sorbent basic and acidic groups. AL-Ho-
MAIDAN et al. [2014] have reported a similar phenomenon
whereby a gradual increase in solution pH causes a rise in
metal sorption. On the cell surface, the polarity reactive
sets were protonated in acidic conditions. More specifical-
ly, protons were occupied by the binding sites of the metal,
causing a reduction in the metal sorption [ARECO et al.
2012].

THE INITIAL CONCENTRATION AND INITIAL DOSE
EFFECT

Lead removal efficiency was examined experimentally
at different initial concentrations of the metal. In these ex-
periments, initial lead concentrations ranged from 10 to
1000 mg-dm* within 0.5 g of reactive material per 50 cm®
of a solution. This solution was shaken at 200 rpm for 1 h
and had an initial solution pH of 5. Figure 6a represents the
lead removal efficiency for initial metal concentrations at
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equilibrium state. The results show that the metal removal
was higher with the first values of initial concentrations.
As the initial concentrations increase, the removal efficien-
cy decreased. There was not a significant change in the
amount of metal ions after 500 mg-dm>. This is resulting
from the inability of metal ions to interact with the active
sites of the reactive material. According to these results, as
the concentration of metal in the solution increases, the
sites become energetically less favourable [FAISAL, NAJI
2019].

In order to examine how the reactive material dosage
affects the adsorption of lead, batch tests were conducted.
Different amounts of the adsorbent were used, ranging
from 0.02 to 0.5 g within a metal solution of 50 cm® at
room temperature (25+4°C). Other parameters were kept
as follows: contact time = 1 h; shaking speed = 200 rpm;
pH = 5; C, = 5 mg-dm. Figure 6b shows the lead removal
efficiency at differing amounts of the adsorbent. The lead
removal efficiency grew as a result of the increased sorbent
dosage ranging with the initial fixed metal concentration.
The result described above was expected as it is estab-
lished that an increase in sorbent dosage leads to a higher
availability of active sites. The maximum rate of lead re-
moval was reached with an adsorbent dosage of 0.2 g.
With dosages higher than this, the amount of lead in the
solution and its binding to the adsorbent remained fixed
despite the increasing sorbent dosage.

ADSORPTION ISOTHERM AND KINETICS

The mechanism controlling lead adsorption on the ad-
sorbent can be calculated as a chemical reaction according
to the pseudo-first-order (Eg. 2) [Ho 1999] and pseudo-
-second-order kinetics models (Eq. 3) [FAISAL, NAJI 2019].
These were both used to test the experimental data.

qe = qe(1— e71%) )

qat (kzlqg + q_te) )

Where: g, and q. are the quantities of sorbate removed
from the aqueous solution at time t, k; is the pseudo-first-
-order rate constant (cm®-min') and k, (g-(mg-min)") rep-
resents rate constant of adsorption equilibrium in the sec-
ond order reaction.

The nonlinear forms of kinetics adsorption models
were examined by nonlinear regression analysis (Fig. 7a).
The experimental and calculated values of the pseudo-
second-order and pseudo-first-order for the Pb*? sorption
on the adsorbent are shown in Table 1.

If the pseudo-first-order kinetics model is applied, low
value correlation coefficients are obtained. Calculated co-
efficients considered for the adsorption process were great-
er than 0.99 (Tab. 1) when the pseudo-second-order kinet-
ics model was employed. A good concordance is shown
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Table 1. Coefficients and sorption isotherm models for lead on
adsorbent (200 rpm; 0.2 g per 50 cm®; C, = 5 mg-dm™>; 25°C and
pH =5)

Calculated

. o4
Kind of model Isotherm parameters Pb
G 26.24
= Langmuir b 093
3 9 R 0.98
€ SSE 4.24
§ K, 11.36
S 1.55
3 Freundlich "
2 reundlic RZ 099
SSE 2.77
ky 0.0647
o e 0.974
@ pseudo-first-order R 0,989
é SSE 0.006
8 k, 0.0885
3 dosecond-ord e 1.056
g pseudo-second-order R? 0995
SSE 0.0057
e EXP. 0.965

Explanations: g, = maximum adsorption capacity, b = Langmuir constant,
R? = coefficient of calculation, SSE = sum square error, Kr = Freundlich
sorption coefficient, n = an empirical coefficient indicative of the intensi-
ty of adsorption, k; = pseudo-first-order rate constant, g. = amount of
solute adsorbed per unit weight of adsorbent at equilibrium and k, = pseu-
do-second-order rate constant.

Source: own study.

when the experimental and calculated adsorption capacities
are compared. Thus, the lead adsorption process follows
the pseudo-second-order kinetics model and as such, can
be considered a chemisorption process.

The isotherms Langmuir and Freundlich model pre-
sented in Equation (4) [ALLEN et al. 2004] and Equation
(5) [SAHA 2010] respectively, corresponded with the ex-
perimental data. Table 1 and Figure 7b show the results
obtained for Pb*" adsorption onto the adsorbent (coeffi-
cient of calculation (R?), sum of squared errors (SSE) and
isotherm parameters). The R? and SSE are used to select
the best fitting model and the parameter. The R? represents
the concordance degree between the experimental and pre-
dicted values by the suggested models. Ranging between
0and 1, R? close to 1 confirms that the model has a high
concordance between the actual and predicted values. The
discrepancy of the data can be measured using SSE.
A model has a good fit to the data when SSE is small [AB-
DULREDHA et al. 2018]. In this study, the R? and the SSE
were compared for both models. The Freundlich model
produced better prediction for the adsorption processes due
to its lower SSE and higher R? comparing with the Lang-
muir isotherm model.

_ qmbCe
qe = 1+bCe “)
=K Cl/" 5
qe F%e ( )

Where: g, = amount of solute adsorbed per unit weight of
adsorbent at equilibrium (mg-g™"), C. = equilibrium con-
centration of the solute in the bulk solution (mg-dm™), gp
= maximum adsorption capacity, b = Langmuir constant
related to the free energy of adsorption, Kg = Freundlich

sorption coefficient ((mg-g~')-(cm*mg )", n = an empir-

ical coefficient indicative of the intensity of adsorption.

After lead adsorption, the bands at 1375 cm ™' exhibit-
ed change which was as a result of an exchange of car-
bonate with lead. After biosorption, in general, groups of
negatively charged peaks involved in the sorption process
changed in intensity or moved (Fig. 2). Therefore, there are
two mechanisms involved in the removal of the contami-
nate by the adsorbent. Metal ion exchange with carbonate
is the first mechanism and leads to increased level of bi-
carbonate in the solution (Tab. 2). The second mechanism
is the complexation of the metal with the functional group
LCL.

Table 2. Carbonate and bicarbonate concentration after adsorp-
tion lead

e Carbonate | Bicarbonate
Specification =
mg-dm
The concentration at control 0.2 0.1
The concentration after adsorption lead 0.001 720

Source: own study.

CONCLUSIONS

A simple method was applied for loading Mg/Fe lay-
ered double hydroxides on low cost local adsorbents with
a surface area of 79.6928 m*g™ according to the Scanning
electron microscope (SEM), Energy dispersive spectrosco-
py (EDS) and Fourier-transform infrared spectroscopy
(FTIR) characterisation. The activation of date palm leaf to
produce low cost local adsorbent with a surface area of
24.5 m%.g™* was successfully carried out. According to the
characterisation of a new composite adsorbent and the in-
crease in the surface area from 24.5 m*g™ to 79.6928
m2g™, the lead removal efficiency from aqueous solution
was improved and the adsorption capacity was increased.
The pseudo-second-order kinetics model was applied for
adsorption batch experiments and the Freundlich model
was used in the analysis of equilibrium data. The adsorp-
tion exhibited a chemisorption behaviour and occurred on
heterogonous surfaces. LCL/MgFe-LDH demonstrated
a relatively high adsorption capacity in the removal of lead
amounted to 11.1 mg-g~' when compared to natural LCL at
a value of 6.1 mg-g~'. As a result, it can be considered the
appropriate substance to remove lead from aqueous solu-
tions.
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