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Abstract
In this work the adsorption kinetic and isotherm of Abamectin pesticides (ABM) in aqueous
solution containing layered double hydroxide (LDH) based nanocomposites synthesized via acoprecipitation method with incorporation of bentonite were studied in batch mode experiments. The
prepared bentonite-supported CuAl-LDH (B-CuAl) was characterized using Fourier transform-IR
(FTIR), X-Ray Diffract meter (XRD) and Scanning electron microscopy (SEM). The optimal pH,
adsorbent dosage, particle size and initial concentration were 8, 4g/l, 250µm and 50mg/l
respectively at 60 min contact time. A Langmuir isotherm model better fit of the B-CuAl
Abamectin adsorption data than a Freundlich isotherm model, suggesting a mono-layered
adsorption phenomenon. The adsorption kinetic followed pseudo second-order model
(R2=0.9898), while the adsorption mechanism was controlled by external mass transfer as well as
intra-particle diffusion. This study demonstrated that B-CuAl(LDH) could be apromising
adsorbent for removal of pesticides from wastewater.
Keywords: Pesticides, Morphology, Isotherm, Kinetics
1. Introduction
Environmental pollution, particularly water pollution, has increased over the years as a result of a
lack of monitoring, ineffective current laws, and, most importantly, an absence of education and
awareness programs. Water and river studies show the presence of compounds caused by
human activities around the world. Pesticides are one type of compound that has been widely
recognized as such (de Souza et al., 2019). Pesticides are a class of chemically synthesized
substances that are used to combat pests and enhance agricultural production. They are organic
toxic agents with long-term bio accumulative impacts due to their toxicity to living organisms and
slow degrade (Salman & Kadhim, 2017;Mohammed & Jaber,2022).
The pesticide abamectin (ABM), an analogue of ivermectin that is a novel insecticide generated
from the fermentation of an actinomycete called Streptomyces avermectilis ,it is also widely
utilized active component that is employed not only in agriculture but also in medicines for both
human and animal protection, however it can cause unconsciousness, acidosis, hypotension, and
even death in extreme cases of overdose (Aminiahidashti et al., 2014). Most ABM was promoted
as acaricide and an insecticide for fruits, vegetables and ornamental plants as well as an
anthelmintic for animals. Because of its slow disintegration and lipophilic nature, ABM residues
can infiltrate aquatic habitats via runoff or drifting and build up in aquatic bodies and fish after use
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in agriculture (Mahmoud et al., 2021). There are a various methods for the removal of pesticides
from wastewater including chlorination, iron-enhanced sand filters (IESFs), advanced oxidation
processes (AOPs), membrane processes, adsorption and biological treatment methods (Saleh et al.,
2020).Among of the above processes adsorption is one of the most commonly used methods for
purifying and separating contaminants via chemical or physical bonding. It is also promising
method to remove organic and inorganic contaminants by using inexpensive materials (Al-Ghouti
& Da’ana, 2020). Adsorption efficacy is highly dependent on adsorbent characteristics. The most
commonly adsorbents that employed in the removal of organic contaminant from wastewater are
bentonite, activated carbon, biochar, graphene, chitosan, zeolite and also layered double hydroxide
(Mu’azu et al., 2018). Layered double hydroxides (LDHs) are structurally two-dimensional
anionic clays composed from layers of divalent such as (Cu 2+, Mg2+, Ni2+,Ca2+,Zn2+) and trivalent
such as (Al3+, Fe3+, Cr3+, Ga3+, Mn3+) metal ions with interlayer space of anion such as (Cl −, Br−,
NO−3, CO2−3, SO2−4 , SeO2−4). Depending on the manufactured situation and application goal, the
anion on the interlayer space can be exchanged (Lesbani et al., 2021). The general chemical
formula for LDH can be represented as [MⅡ1-xMⅢx(OH)2]x+[An-x/n.mH2O]; where MⅡand MⅢ are
divalent and trivalent metal cations respectively, A n− the hydrated interlayer regions which balance
the layers' positive charges, and x is represented the ratio of M Ⅲ/(MⅢ+MⅡ) (Msamadya, 2016). To
the best of authors knowledge there has been no research investigated the ability of using bentonite
supported CuAl-LDH (B-CuAl) manufactured by a co-precipitation technique for pesticide
adsorption. The structures and morphology of the prepared B-CuAl (LDH) were characterized by
Fourier transform-IR (FTIR), X-Ray Diffract meter (XRD), and scanning electron microscopy
(SEM). The impact of adsorption parameters such as pH, contact time, initial ABM concentration,
adsorbent dosage and particle size on the removal efficiency of ABM as well as, equilibrium
isotherms and kinetics for adsorption were investigated.
2. Experimental section
2.1 Materials
Abamectin pesticide was used as adsorbate in this study. A stock solution (1000mg/l) was prepared
and diluted approbiately at room temperature by using the following dilution equation:
N1V1=N2V2
(1)
Where: N1 Normality of solution of Abamectin (standard), V 1 Volume of a dilute solution of
Abamectin (ml), N2 Normality prepares a dilute solution for the experiment, V 2 the volume of
deionized water needed for the experiment (ml).
2.2 Synthesis of Adsorbent
Bentonite incorporation with CuAl /LDH was synthesized by the coprecipitation technique
according to (Mu’azu et al., 2018) with slight modification. First about 50 mL of 0.5 M of divalent
cation Cu(NO3)2.3H2O with 50 mL of 0.250 M trivalent cation of AL(NO 3)3.9H2O mixed in
deionized water under constant stirring for one hour until the starting materials dissolved. Then, 3
g of bentonite was dispersed in 60 mL of deionized water and stirred for one hour until being added
to the reaction flask that containing divalent and trivalent salts. Subsequently asolution of 1M
sodium hydroxide was added dropwises to achieve pH 10±0.5 while keeping the stirring speed
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maintained for afew hours (Chakraborty et al., 2015). The composite separated by filtration and
washed thoroughly with deionized water for LDH purification until the pH reached 7 and then
dried at 60°C overnight (Tajuddin et al., 2019).
2.3 Characterization of Adsorbent
The B-CuAl composite was characterized using several techniques. The structures of the adsorbent
were analyzed at room temperature by X-Ray Diffract meter (Philips PW 1730/10) (XRD) with a
copper anode of (λ =1.5406 Å) radiation. The functional groups were identified by Fourier
transform-IR (FTIR) spectroscopic (Shimadzu, Japan) at wavenumber of 400–4000 cm -1.
Scanning electron microscopy by (Tescan Mira3, 10 KV) SEM at various magnifications was used
to evaluate surface morphology and shape changes due to the adsorption process.
2.4 Batch Adsorption Studied
Batch adsorption experiments were performed to investigate the impact of pH(4-9), ABM initial
concentration (10-100)mg/l, adsorbent dosage(1-10)g/l and particle size (250-600)µm. The initial
pH maintained by addition of NaOH or HCL solutions as required. Eqs. (2 and 3) were used to
calculate the quantity of pesticide adsorbed on the adsorbent q e (mg/g) and the % removal
efficiency, respectively (Mohammed et al., 2015).
q =

(2)

v

Re(%) =

100

(3)

Where, qe(mg/g) is the amount of ABM adsorbed at equilibrium, C i and Ce (mg/l) are the initial
and equilibrium concentration of ABM in solution, respectively, V(L) is the initial volume of
adsorbate and W(g) is the mass of the adsorbent.
3. Results and Discussion
3.1 Characterization of B-CuAl LDH
3.1.1 FTIR Analysis
The FTIR spectroscopic analysis of the B-CuAL with mole ratio 2:1 before and after ABM
adsorption, are shown in Figs.1a and 1b. Fig.1a shown the stretching vibration related with the SiO-Al bond due to bentonite is centered at almost 1000 cm-1 (Mu’azu et al., 2018), the stretching
mode of the OH group is detected as a wide peak for B-CuAl LDH between 3000 and 3500 cm -1
(Habib et al., 2020), the peaks at 1534 cm-1 could be recognized to N-N stretching vibrations
(Nafisur Rahman, 2012), Bands 1388 cm-1 are related with the stretching vibrations of the NO3ions group (Chakraborty et al., 2015). Bands in the 500–800 cm -1 region are associated to Cu-O,
Al-O, and metal–oxygen bond in a brucite-type layer (El Hassani et al., 2017). Fig. 1b showed the
FTIR spectra for B-CuAl after adsorption. After ABM adsorption, the O-H peak of B-CuAl
changed from 3251 to 3244 cm-1, indicating that the surface O-H of B-CuAl and ABM which
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formed hydrogen bonding, may have contributed in the adsorption process (El Hassani et al.,
2017).

3.1.2 XRD Analysis
The XRD obtained results of B-CuAl are shown in Fig.2 which confirms the presence of diffraction
reflections at intensities of 12.04°, 26.4°, 35.4°, 38.4°, 48.5°, 53.4°, 57.9° and 61.2° which match
to the reflections 003, 006, 012, 009, 015, 018, 110 and 113 respectively (Yuan et al., 2013). Peak
at 61.2° appeared as an anion phase on interlayer distance. Metal oxide buildup on layer structure
is ascribed to diffraction peaks in the 20-35° range (Zhang et al., 2017). These peaks indicate a
layered structure and reflect the hexagonal LDH, LDH typically takes on a hexagonal shape with
an interlayer space that is entirely made up of anion interlayers and water molecules, the water
molecules in the interlayer formed hydrogen-bonded with the anions and metal hydroxide layer
(Forano et al., 2006). Because of the presence of bentonite, the surface of the LDH has a broad
peak at 26° (Mu’azu et al., 2018).
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3.1.2 SEM Analysis
Fig. 3 shows the SEM image of B-CuAl before and after interaction with ABM, Fig. 3a depicts
the creation of a plate-like layer for coated bentonite, which was composed of roughly aggregated
micrometric plates with uneven orientations and sizes, and a high surface-to-volume ratio.
Typically increasing the surface area subjected to contaminant interaction can enhance adsorbent
efficiency. The particle size distribution is determined by the synthesis conditions and ranges in
lateral dimensions from a few hundred nm to a few μm (Tabana et al., 2019). As a result of the
binding of ABM molecules with sorbent after the sorption process, the sorbent morphology was
noticeably changed Fig. 3b in contrast to sorbent before contact with ABM and characterized by
grooved lumped with considerable residues of whitish color pollutants sorbed that virtually
covered the sorbent surface.
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3.2 Effect of adsorption parameters
3.2.1 Effect of pH
The effect of pH on the adsorption of ABM solution was studied at 50 mg/l initial ABM
concentration, 4 g/l adsorbent dosage, 300 rpm and 289k by using B-CuAl composite at different
pH value varied from 4 to 9 at 60 min contact time, ABM adsorption capacity increases as the
initial pH increases from 4 to 8 where adsorption capacity 11.05 mg/g was reached at pH value of
8 as shown in Fig.4a.
Point zero charge (pHpzc) of B-CuAL is found be 6.3 as illustrated in Fig.4b. The interaction
between adsorbents and ABM molecules is negligible at pH > pH pzc due to the reduction of
electrostatic forces. The same observation was previously reported for removal of cationic dye
from aqueous solution by CuAl LDH/rice husk biochar composite (Palapa et al., 2020). The
enhanced adsorption capacity at pH 8 could be related to the surface charge and the existence of
binding sites on the composite surface, a feature that is mostly associated with the LDH, thus the
negative charge on the surface of these materials, making ABM more likely to be adsorbed (Parida
& Mohapatra, 2012). Furthermore, the pH of the adsorption process had a significant impact on
the interaction between adsorbent and adsorbate (Mohammed et al., 2019); As a result, pH 8 was
chosen for the further experiments in this work.
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3.2.2 Effect of Contact Time
The time required to reach equilibrium in the batch experiment is a fundamental step in
determining the distribution of contaminants between solid and liquid phases. Fig.5a shows the
adsorption as a function of contact time at 25°C using 50mg/l of ABM. This study reveals that the
ABM removal rate was greater within the first 30min, after that, the increase in contact time
resulted in a slower ABM adsorption rate, with equilibrium level reached after 60min total contact
time. This behavior is due to the presence of a significant number of available active sites at the
initial time, consequently, the available surface sites for adsorption decrease over time due to
repulsive forces that forming between the ABM molecules and the B-CuAl LDH surfaces (El
Hassani et al., 2017). Thus, 60 minutes was determined to be the best period for the further
experiments in this work.
3.2.3 Effect of Adsorbent Dosage
Adsorbent dosage has been shown to be one of the most significant parameters that directly
influence the contaminants removal from aqueous solution. According to the literature, increasing
the adsorbent dose led to increased removal efficiency due to an increase in the amount of available
adsorption sites in aqueous solution, which allows contaminants to be adsorbed on a greater
number of active sites (Zubair et al., 2017).
The effect of different dosage of B-CuAl on the ABM adsorption capacity was studied and the
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outcomes were depicted in Fig.5b. It can be noticed that increasing the adsorbent dosage from 1
to 4 g/l of B-CuAl enhanced ABM removal efficiency and the adsorption capacity were 10.78
mg/g. At a higher adsorbent dosage which represent an excess and waste of adsorbent, not much
more ABM removal was observed, and the removal remained approximately constant. Thus, 4g/l
was chosen for the further experiments in this work.
3.2.4 Effect of Initial ABM Concentration
The effect of initial concentrations (10–200) mg/l on the adsorption efficiency was studied and the
outcomes are shown in Fig.5c. It can be noticed that when ABM initial concentration increased,
ABM removal efficiency reduced while ABM adsorption capacity increased to 26.72 mg/g. With
increasing ABM concentration, the adsorption capacity of adsorbent improved due to the
interaction of ABM anions with unoccupied active B-CuAl adsorption sites (Balarak et al., 2016).
However, at higher concentrations, the solution would have fewer sites available than the initial
pesticide molecules which decrease the ABM removal percentage (Nait-merzoug et al., 2021).
Factors influencing diffusion have a major impact on adsorption rate due to adsorption capacity is
restricted by diffusion, for example, a higher concentration gradient over the adsorbent particle
surface will improve adsorption rate (Hummadi, 2021).
3.2.5 Effect of Particle Size
The particle size has a significant impact on the removal efficiency of pesticide. Sieves with
diameters of 250, 500, and 600 µm were employed in this study. Efficiency has been shown to be
inversely proportional to particle size (Yang et al., 2006).
The percentage removals of ABM by different size of B-CuAl are shown in Fig.5d. This figure
revealed that with decreasing particle size from 600 to 250 µm the adsorption capacity enhanced
from 9.91mg/g to 11.14mg/g. This is attributed to that larger surface areas are provided by smaller
particle sizes, allowing for faster adsorption. When the mainly surface phenomenon is adsorption
the diffusion resistance of mass transfer is larger for large particles since smaller particles allow
for faster eliminate kinetics (Mohammed & Kareem, 2019).
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Fig. 5: parameters Effects on ABM adsorption onto B-CuAl LDH; (a) contact
time, (b) adsorbent dose, (c) Initial concentration and (d) Particle size.
3.2 ABM Isotherm Studies
To demonstrate the adsorption capacity at various solution concentrations, the adsorption isotherm
was used, which aids in understanding the adsorbent-adsorbate relationship. Eqs.4 and 5 were used
to fit the experimental data with the Langmuir and Freundlich models, respectively (Ali &
Mohammed, 2015).
(4)

=
q =k C

/

(5)

Where; KL(l/mg), KF(mg/g)(l/mg)1/n are Langmuir and Freundlich constants, respectively,
qm(mg/g) is the Langmuir maximum adsorption capacity and n is the adsorption intensity. The
obtained isotherm study data were fitted into Langmuir and Freundlich models, nonlinear models
were suggested in this study, and the parameters of each model were directly calculated by the
analysis of nonlinear regression utilizing Microsoft Excel's solver tool as shown in Fig.6, the
equilibrium between ABM concentration and adsorption capacity was nonlinear and the obtain
parameters were calaculated and the results are listed in Table 1. The coefficient of calculation
(R2) values for B-CuAl LDH adsorbent show that both Langmuir and Freundlich models (R 2 >
0.98) fit the data. Moreover, the Langmuir model better represented the ABM adsorption onto BCuAl (R2 = 0.993) than Freundlich model (R2 = 0.989) suggesting mono-layered adsorption
phenomena with maximum adsorption capacity qmax= 54.67mg/g. The "1/n" ratio, which indicates
the intensity of adsorption, was for the B-CuAl (1.3) and the 1/n value ≤2 indicates that ABM
adsorption happened readily and favorably (Mu’azu et al., 2018). The Langmuir equation may be
used to compute the adsorption reaction's separation factor R L.
R = 1/(1 + C k )
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When RL = 0, 0 < RL < 1, and RL = 1, these values mean adsorption is irreversible, beneficial, and
linear, respectively, the separation factor (RL) specified utilized to measure adsorption favorability
was < 1, indicating that B-CuAl adsorption was favorable for all investigated experimental (Li et
al., 2020).
Table1. Isotherm parameters for ABM
adsorption onto B-cuAl LDH.
25

parameters
qmax(mg/g)
KL(l/mg)
RL
R²
KF(mg/g)(l/mg)1/n
1/n
R²

Langmuir

Freundlich

values
54.67
0.021
0.47
0.993
1.64
1.3
0.989

Langmuir

Freundlich

20
qe(mg/g)
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Experiment

15
10
5
0
0

10 ce(mg/l)

20

30

Fig.6: Isotherms for AMB adsorption
onto B-CuAl.
3.3 ABM Kinetic Studies
The kinetic parameters were assessed using pseudo-first-order, pseudo-second-order and intra
particle Diffusion models, which are represented by Eqs. (8, 9 and 10), respectively (Elkhattabi et
al., 2018).
ln(q − q ) = ln q − k t
=(
q =k

²
.t

+

)

.

+c

(8)
(9)
(10)

Where: k1 (min−1), k2 (g/(mg.min)) and kd (g /(mg.min0.5)) represent the rate constants for the
pseudo-first order, pseudo-second order and intra-particle diffusion model, respectively, q t (mg/g)
is the amount of ABM eliminated from an aqueous solution at time t and C the intercept value,
which corresponds to the boundary layer thickness (Deng et al., 2010).
The pseudo-first order parameters (k1, qe), pseudo-second order parameters (k2, qe) and intraparticle diffusion model parameters (kdiff, C) obtained from slope and intercept (Figs 7a, 7b and
7c) are shown in Table2. The higher correlation coefficient suggested that the pseudo-second order
(R2 > 0.989) kinetic model described the adsorption kinetics of ABM better than the pseudo-first
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order (R2 > 0.81). Furthermore, the predicted values of the pseudo second order model q e matched
better with the experiment data.
Table 2. Kinetics parameters for ABM adsorption onto B-CuAl LDH.
Kinetic
model

parameters

values

Portion 1

qe exp. (mg/g)

10.786

kdiff
(mg/g
0.5
min )
C (mg/g)
R2
Portion 2
kdiff
(mg/g
0.5
min )
C (mg/g)
R2

-0.002073
12.752151
0.8121
0.0133121

Intraparticle
diffusion

11.655011
0.9898
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Fig.7: kinetics models
(a)2 pseudo
t 1st order, (b) pseudo 2nd order and

4. Conclusion
In the present work, CuAl layered double hydroxide (LDH) based nanocomposite was produced
using a co-precipitation technique with bentonite incorporation to prepare a bentonite-supported
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Cu-Al-LDH (B-CuAl) with a high specific surface area at the pH10±0.5, Cu/Al mole ratio 2:1,
and dosage of bentonite 3g/60ml. XRD, FTIR, and SEM were used to characterize the synthesized
B-CuAl to investigate its ability for elimination of Abamectin pesticides from wastewater in batch
adsorption systems through different operating parameters and it found that the new adsorbent has
awell formed layer structure. According to the batch study, best conditions for the adsorption of
ABM on B-CuAl with maximum adsorption capacity 54.67mg/g were as follows: pH of 8, 4g/l
adsorbent dosage, 250µm particle size, shaking speed of 300rpm, 50mg/l initial ABM
concentration and temperature of 40°C at 60 min contact time. The experimental data fit better
well with Langmuir than Freundlich isotherm model suggesting mono-layered adsorption
phenomenon. The separation factor value (R L) of the Langmuir isotherm, was in the 0-1 range,
and the Freundlich constant value (1/n) was less than two, indicating that the ABM adsorption
process is favorable. The ABM adsorption was found to be well described by the pseudo-second
order kinetic model. The obtained results proved that the B-CuAl LDH adsorbent was an efficient
and low-cost adsorbent for pesticide removal from wastewater.
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