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ABSTRACT

This work has proposed a preparation membranous shaped Cu-Al layered double hydroxide (LDH)
based nanocomposites using a co-precipitation technique with bentonite incorporation. The prepared
bentonite-supported CuAl-LDH (B-CuAl) structures and morphology were identified by Fourier-
transform infrared spectroscopy, X-ray diffraction and scanning electron microscopy. Furthermore,
the regeneration capability and reuse of the prepared adsorbent have been investigated. The
response surface methodology was applied to optimize the adsorption parameters and assess the
interaction effects. The results revealed that the highest abamectin removal was 97.99%, at optimal
conditions of pH = 8, 10 mg/L abamectin pesticide concentration, 10 g/L adsorbent dosage, 90 min
contact time, 40°C temperature, 250 um particle size, and 300 rpm shaking speed. A second-order
polynomial model was fitted to predict the adsorption yield of abamectin pesticide on the sum of
squares, P-value, and F-value of the model obtained from analysis of variance results, which con-
firms a successful correction with the obtained data (R*=99.97%, R*, g = 99.64%, and Rzpre 4 =96.51%).
This work demonstrates the potentials of environmental applications of bentonite supported

LDH as an efficient adsorbent’s removal of pesticides contaminants from aqueous solutions.
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1. Introduction

Anthropogenic behaviors and industrial outputs are
increasing the number of pollutants in the natural environ-
ment [1]. Pharmaceuticals (hormones, antibiotics, and oth-
ers), cosmetics, synthetic dyes, and pesticides are among the
pollutants that are causing great concern in many parts of
the world [2]. Abamectin pesticide (ABM), an analogue of
ivermectin is a novel insecticide generated from the fermen-
tation of an actinomycete called Streptomyces avermitilis, 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,

* Corresponding author.

acidosis, hypotension, and even death in extreme cases of
overdose [3]. Because of ABM slow disintegration and lipo-
philic nature, its residues can infiltrate aquatic habitats via
runoff or drift and accumulate in fish and aquatic bodies
after use in agriculture [4].

The removal of pesticides from contaminated waste-
water is a paramount issue and that’s led to use various
methods including iron-enhanced sand filters (IESFs) [5],
chlorination [6], advanced oxidation processes [7], adsorp-
tion and biological treatment techniques [8]. Among them,
adsorption is one of the most effective and economic
method to sequestrate pesticides from wastewater due to
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easy operation, high efficiency, and easy recovery or reuse
of adsorbent [9]. Adsorption efficacy is highly dependent
on adsorbent characteristics thus; adsorbents with high sur-
face area and more binding sites are required. Currently,
many adsorbents have been investigated to remove pes-
ticides from wastewater such as clay [10], zeolite [11],
active carbon [12], graphitic carbon [13], biochar [14,15],
and layered double hydroxide [16,17].

Layered double hydroxide (LDH) is a layered sub-
stance composed of divalent and trivalent metal ions from
layers with anion interlayer space. The anion on the inter-
layer space can be exchanged based on the synthetic situ-
ation and application goal. Sulfate, carbonate, hydroxide,
nitrate, chloride, and polyoxometalate are the most prev-
alent anion on interlayer LDH [18]. The general chemical
composition can be written as [Mz*(H)M“x(OH)Z]x*[A”’]X/”.
mH,0 where M* and M* are trivalent and divalent metal
ions, respectively, A" is the interlayer anion which balances
the charge, and x is represented the ratio of M*/(M> + M?*")
[19]. LDHs and their calcined derivatives have been exten-
sively researched as water pollutant adsorbents in recent
years [20] due to their numerous properties like interlayer
anion-exchange capacity, large surface area, and a positive
charge on the surface. These characteristics make them good
adsorbents for organic/inorganic contaminants, particu-
larly their negatively charged species [21]. Recently, LDHs-
based nanocomposites such as those hybridized with car-
bon materials, anions or polymers have been increasingly
investigated for the removal of many types of hazardous
pollutants from aqueous solution. These nanocomposites
exhibit mixed qualities of parental material which resulted
in improvement in surface area, excellent selectivity, and
higher anion exchangeability [22].

Response surface methodology (RSM) based on a central
composite design (CCD) has been utilized as a powerful and
valuable method for modeling and optimizing a variety of
processes [23]. Using experimental data, this model devel-
ops a functional link between the input parameter and the
output response. RSM is a combination of analytical models
that can be used to design experiments, develop processes,
and optimize them to produce the desired outcome [24].
The RSM was applied as a systematic experimental design
in many types of research such as the optimization of sul-
fate and nitrate removal using magnetic multi-walled carbon
nanotubes [25,26]. In addition, many researchers used RSM
to model the experimental pesticide adsorption in an aque-
ous solution by various adsorbents such as eggshell powder
[27], GO/ZIE-8 [28], graphene oxide [29], activated carbon
[30] and porous pumice [31]. A typical RSM design known
as the Box-Wilson central composite design is appropriate
for optimizing significant parameters such as pH, contact
time, adsorbent dosage, agitation speed, particle size, ini-
tial ABM concentration, and temperature with a minimum
number of tests, as well as analyzing the interaction between
these variables. Based on our knowledge, there has been no
work investigating the ability to use bentonite-supported
CuAl-LDH (B-CuAl) synthesized by a co-precipitation
method for the adsorption of pesticides from aqueous solu-
tion. Scanning electron microscopy (SEM), X-ray diffraction
(XRD), and Fourier-transform infrared spectroscopy (FTIR)
were used to characterize this novel adsorbent.

2. Experimental
2.1. Adsorbate

Abamectin pesticides were used as adsorbate. A stock
solution (1,000 mg/L) was prepared and diluted appropri-
ately. The concentration of abamectin was determined by
ultraviolet-visible (UV) spectrophotometer (PG Instruments,
Model T80 Double Beam, UK) at a wavelength of 210 nm.
The structure of ABM is shown in Fig. 1.

2.2. Adsorbent

Bentonite incorporation with CuAl/LDH was synthe-
sized by the coprecipitation technique according to [22,32]
with slight modification. First about 50 mL of 0.5 M of
divalent cation Cu(NO,),-3H,0 with 50 mL of 0.250 M tri-
valent cation of AL(NO,),-9H,0 mixed in deionized water
under constant stirring for 1 h until the starting materials
dissolved. At that point, 3 g of bentonite in 60 mL of deion-
ized water was stirred for 1 h before being added to the
reaction flask of divalent and trivalent salts. Subsequently,
a solution of 1 M sodium hydroxide was added dropwise
to achieve pH 10 + 0.5 while keeping the stirring speed
maintained for a few hours, this NaOH solution acted as
a precipitating agent [33]. The composite was separated by
filtration and washed thoroughly with deionized water to
purify the LDH until the pH was 7 and then dried at 60°C
overnight [34].

2.3. Characterization of B-CuAl LDH

The B-CuAl was characterized using several techniques.
The structures of the adsorbent were analyzed at room
temperature by X-ray Diffractometer (Philips PW 1730/10)
(XRD) with a copper anode of (A = 1.5406 A) radiation, FTIR
spectroscopic test made in (Shimadzu, Japan) was inves-
tigated to detect the surface, functional groups of the ana-
lyzed adsorbents, at a wavenumber of 400-4,000 cm™ and
scanning electron microscopy by (TESCAN Mira3, 10 kV)
SEM at various magnifications was used to evaluate surface
morphology and shape changes.

2.4. Response surface methodology

In this study, RSM and historical data design using
Design-Expert V13 were employed to optimize the following
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Fig. 1. Chemical structure of abamectin.
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seven parameters: initial ABM concentration, shaking speed,
pH, adsorbent dose, temperature, particle size, and contact
time as independent variables, these seven variables were
chosen. The output response variable was set to the per-
centage of ABM removed (%).

Table 1 displays the variables, ranges, and levels. The
cumulative influence of these seven factors was studied
using the central composite design (CCD). Eq. (1) was fitted
to the quadratic response surface model [35]:

k k k
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where Y is the predicted response; {3, is the constant coeffi-
cient, 3, is the linear coefficient, 3, is the quadratic coefficient,
Bi/ is the interactive coefficient; x, x?, and x, are independent
factor values in coded units, and ¢ = the model’s error. The
response is graphically depicted by contour plots and sur-
face plots, which highlight the interaction effects between
the fundamental precepts and optimum system conditions.
Analysis of variance (ANOVA) was used to evaluate the
statistically significant results of the quadratic model and
all of its related model terms. P-values less than 0.005 are
considered statistically significant. The data was analyzed
using design expert software, the experimental data was
added, and the interaction impact of independent factors
on the response was optimized. This approach allows us to
determine the effect of various processing parameters on
adsorption with a limited number of experiments.

3. Results and discussion
3.1. Characterization of adsorbent

The FTIR spectroscopic analysis of the B-CuAl with
mole ratio 2:1 before and after ABM adsorption, are shown
in Fig. 2a and b and the analysis of the B-CuAl with mole
ratio 4:1 before and after ABM adsorption, are shown in
Fig. 2c and d. Fig. 2a and c show the stretching vibration
related to the Si-O-Al bond due to bentonite being cen-
tered at almost 1,000 cm™ [32], the stretching mode of the
OH group is detected as a broad band between 3,000 and
3,500 cm™ in the wide peak for B-CuAl LDH [36,37], the

Table 1
Experimental range and values of the independent variables

peaks at 1,534 cm™ could be recognized to N-N stretch-
ing vibrations [38], bands 1,388 cm™ are related with the
stretching vibrations of the NO,~ ions group [33]. Bands in
the 500-800 cm™ region are associated with Cu-O, Al-O,
and metal-oxygen bonds in a brucite-type layer [39]. Fig. 2b
shows the FTIR spectra for B-CuAl after adsorption. After
ABM adsorption, the O-H peak of B-CuAl changed from
3,251 to 3,244 cm™, indicating that hydrogen bonding,
formed by surface O-H of B-CuAl and ABM, may have con-
tributed to the adsorption process [39] while in Fig. 2d the
O-H changed from 3,383.147 to 3,383.157 cm™. New peaks
were mostly seen in the range 3,251-1,006 cm™ after ABM
adsorption. As a result, the effective removal of the ABM
under consideration may be identified with the assistance
of the aforementioned functional groupings and a 2:1 ratio
is more preferable than a 4:1 ratio for ABM removal.

The XRD obtained results of B-CuAl determined using
two different ratios are shown in Fig. 3, the average diam-
eter size of B-CuAl computed using Debye-Scherrer
equation [39,40].

D- 0.891
bcos6

2

where D is the crystallite size, b is the full-width at half max-
imum (FWHM) in radians, A is the wavelength of the inci-
dent X-rays = 0.154 nm and O is the half diffracted Bragg
angle of 20, the size of crystallite is a key element that plays
a major impact in catalytic activity. Using Eq. (2), the diam-
eters of B-CuAl with mole ratios (2:1, 4:1) were determined
to be 16.45 and 22.04 nm, respectively.

Fig. 3a 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 the reflections 003, 006, 012, 009,
015, 018, 110, and 113, respectively while Fig. 3b confirms
the presence of diffraction reflections at intensities of 26.7°,
35.6° 38.5°, 48.8°, 53.7°, 58.1°, and 61.6° which match to the
reflections 006, 012, 009, 015, 018, 110, and 113, respectively
indicating that the materials have a layer structure [33]. The
basal spacing of B-CuAl LDH with mole ratio 2:1 is 7.345 A
at 20 = 12.04°, the (003) reflection, and it has a well-formed
layered structure [42]. The reflections (003), which define the
lamellar phase of LDHs, were not detected in the case of ratio
4:1. This absence is related to the copper ions’ Jahn-Teller

Designation Data Unit Lower limit ~ Upper limit  Lower Upper Importance
weight weight
Factor 1 Contact time min 15 90 1 1 3
Factor 2 pH 4 9 1 1 3
Factor 3 Adsorbent dosage  g/L 1 10 1 1 3
Factor 4 Shaking speed rpm 200 300 1 1 3
Factor 5 Temperature °C 20 40 1 1 3
Factor 6 Initial concentration mg/L 10 200 1 1 3
Factor 7 Particle size pm 250 600 1 1 3
Response Removal % 0 98 1 1 3
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Fig. 2. FTIR spectra (a) for B-CuAl (2:1), (b) for B-CuAl after ABM adsorption (2:1), (c) for B-CuAl (4:1), and (d) for B-CuAl after ABM
adsorption (4:1).
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Fig. 3. XRD patterns (a) for B-CuAl (2:1) and (b) for B-CuAl (4:1).
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effect [43]. This result shows that when the concentration
of Cu* in the layer increases, the distortion caused by the
Jahn-Teller effect decreases hydrogen bonding resulting in
poor long-range ordering, as is frequently documented for
copper-divalent LDH systems and this is in agreement with
the information provided by [44]. Generally, peaks at 61.2°
and 61.6° appeared as an anion phase on interlayer dis-
tance. Metal oxide build-up on layer structure is ascribed
to diffraction peaks in the 20°-35° range [45]. These peaks
also 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 interlay-
ers and water molecules, the water molecules in the inter-
layer formed hydrogen-bonded with the anions and metal
hydroxide layer [46]. Because of the presence of bentonite,
the surface of the LDH has a broad peak at 26 [32].

Fig. 4 shows the SEM image of B-CuAl with mole ratio
2:1 and 4:1 before and after interaction with ABM, Fig. 4a and
¢ depict the creation of a plate-like layer for coated benton-
ite, which was composed of roughly aggregated micrometric
plates with uneven orientations and sizes, and a high sur-
face-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

I ) .
SEM HV: 10.0 kV ‘ Wi MIRA3 TESCAN

from a few hundred nm to a few um [47]. As a result of the
binding of ABM molecules with sorbent after the sorption
process, the sorbent morphology was noticeably changed
Fig. 4b and d 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.

3.2. Regeneration

Regeneration of used LDH is essential in both economic
and environmental aspects [22]. Many adsorption—desorp-
tion cycles were performed sequentially to test the feasibility
of the ABM removal procedure. The regeneration method
depends on the desorption of ABM from the exhausted
sorbent. It consisted of extracting the LDH from the aque-
ous solution through filtering, washing it multiple times
with distilled water, repeating it with 0.5 M HCl as an elu-
ent agent, and drying it in an oven at 60°C until total dry-
ness. The adsorption was carried out under the following
conditions: pH = 8, C, = 50 mg/L, time = 60 min, agitation
speed = 300 rpm, and adsorbent dosage =4 g/L.

This technique was investigated by repeating the desorp-
tion procedure for five cycles, and the percentage of ABM
recovered was measured for each cycle. Fig. 5 clearly shows
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Fig. 4. SEM graphs magnification scale of 1 pm. (a) For B-CuAl (2:1), (b) for B-CuAl after ABM adsorption (2:1), (c) for B-CuAl (4:1),

and (d) for B-CuAl after ABM adsorption (4:1).
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that the sorption effectiveness was 86.32%, 84.12%, 65.06%,
40.1%, and 32.3% for the first, second, third, fourth, and
fifth cycles, respectively.

Since B-CuAl LDH dissolves in the acidic reagent and
cannot be reused, its efficiency was lowest after the fourth
regeneration. According to Nishimura et al. [48], LDHs
treated in regeneration procedures may suffer structural
damage owing to exfoliation. However, the synthesized
sorbent in this study had acceptable recyclability, indicat-
ing that it may be a promising choice to serve as an effec-
tive and sustainable adsorbent for ABM sorption.

3.3. Representation of optimization

RSM was used to investigate the simple and interactive
impacts of operational variables on ABM removal. The opti-
mization design method, based on the central composite,
consists of the following key steps: carry out statistically
planned experiments in line with the experimental strategy,
suggest a mathematical model derived from empirical data
and analyze the variance result, predict the response and
verify the model [30]. Table 2 displays the findings of tri-
als in the form of ABM removal percentages from aqueous
solutions that were evaluated using the CCD. The applica-
tion of RSM’s historical data design resulted in a regression
model for the response of ABM removal (%). A second-or-
der polynomial model was chosen based on the sum of
squares, P-value, and F-value of the model obtained from
ANOVA results [49]. Eq. (3) depicts the second-order poly-
nomial (quadratic) equation produced from CCD in terms
of actual factors.

ABM removal =24.72863 +0.417360 A
+87.27435B —1050.19783C +2.78389D
—49.02719E +4.09863F +1.03681G
—0.270373AB +1.52248 AC — 0.006081AD
+0.166378 AE —0.013297 AF - 0.003691AG
+36.21267BC —0.2534BD +1.48378 BE
—0.357534BF —0.007307 BG +1.65989CD
—1.6366CE — 0.322556CF +0.934653CG
+0.044885DE +0.010390 DF —0.009065DG
—0.055904EF +0.047819EG —0.003653FG
—0.002117 A* - 3.27641B" +1.09837C>
-0.000711D" +0.114224E* - 0.000696 F*
-0.000102G* 3)

According to the equation, when the pesticide concen-
tration increased, the removal decreased, but increasing the
adsorbent dosage improved the removal. Fig. 6 depicts the
Pareto chart, it can be noticed that factors A, B, C, and D
(orange bar) which represented contact time, pH, adsorbent
dosage, and shaking speed, respectively have a synergis-
tic influence while F and G (blue bars) which represented
particle size and initial concentration, respectively have
an antagonistic influence on the B-CuAl LDH adsorption
capacity. The adsorbent dosage and initial concentration
have the greatest impact on the adsorption process. Fig. 7

0 T T T T \
1 2 3 4 5
Recycle number

Fig. 5. Removals of ABM using B-CuAl LDH in the recy-
cle tests (W =4 g/L; T = 25°C; C, = 50 mg/L; pH = 8; rpm = 300;
time = 60 min).

shows the predicted vs. actual ABM removal percentages.
The results show that the points in this figure have good
relationships and most of the 39 data points landed on
the parity diagonal, indicating that the model is accurate
for the intended purpose.

3.4. Statistical analysis

The ANOVA determines the model’s adequacy; Table 3
displays the results of the ANOVA for pesticide removal,
the variance of the independent parameters predicted by
the correlation/model is represented by the R? value, the
better the model; the closer R? is to 1 [50]. The findings
reveal that the regression was statistically significant for
ABM, with an F-value of 305.48. R* and adjusted R? val-
ues for the new model were 0.9997 and 0.9964, respec-
tively. Given that 39 lines of data, so high dependability
are remarkable, it is quite remarkable to obtain such high
coefficient of determination values while analyzing a large
set of data. This is a measure of how accurate the model
is in predicting the statistical significance of the compo-
nents, this test is important to show if the model has not
been adequately fitted [51]. The change in data surround-
ing the fitted model is described by the lack of fit tests. The
lack of fit F-value is 0.04 indicating that the lack of fit is
not significant in comparison to the pure error, confirming
the model’s data fitness. Furthermore, Table 3 reveals that
the Adeq. Precision ratio was 47.3948%, indicating a suffi-
cient signal. Adeq. Precision evaluates the signal-to-noise
ratio and is preferable at a ratio > 4 [52].

3.5. Response surface plots for ABM residue removal

To obtain an understanding of the interactions between
variables and validate the optimal level of each variable
to a maximum adsorption value, three-dimensional (3D)
response surface plots and two-dimensional (2D) contour
plot illustrations of the response surface of the adsorbed
amount of ABM relative to the seven variables were used
[53]. RSM contour plots are generated as a function of two
variables at a time, with all other variables held constant
[51]. It is possible to construct a link between the signifi-
cant parameters during contaminant adsorption from Fig. 8
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Table 2
Experiment results according to central composite design

Std. Run Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7

A: Contact  B: pH C: Adsorbent  D:Shaking  E: Temperature  F:initial G: particle

time dosage speed concentration size
31 1 52.5 6.5 5.5 250 20 105 425
12 2 90 9 10 200 40 10 250
34 3 52.5 6.5 5.5 250 30 200 425
1 4 90 9 10 200 40 200 600
36 5 52.5 6.5 5.5 250 30 105 600
9 6 90 4 10 200 20 10 600
8 7 90 9 10 300 20 200 250
26 8 52.5 9 5.5 250 30 105 425
35 9 52.5 6.5 5.5 250 30 105 250
18 10 90 4 1 300 40 200 600
4 11 90 4 10 300 20 200 600
3 12 90 9 1 300 40 10 600
24 13 90 6.5 5.5 250 30 105 425
25 14 52.5 4 5.5 250 30 105 425
20 15 15 4 10 300 40 200 250
23 16 15 6.5 5.5 250 30 105 425
11 17 15 9 1 300 20 10 250
5 18 15 9 10 200 20 200 250
29 19 52.5 6.5 5.5 200 30 105 425
38 20 52.5 6.5 5.5 250 30 105 425
2 21 90 9 1 300 20 200 250
7 22 15 9 1 300 40 10 600
28 23 52.5 6.5 10 250 30 105 425
37 24 52.5 6.5 5.5 250 30 105 425
39 25 52.5 6.5 5.5 250 30 105 425
21 26 15 9 10 300 20 10 600
33 27 52.5 6.5 5.5 250 30 10 425
22 28 15 4 1 200 20 10 250
16 29 90 4 1 200 20 200 600
14 30 15 4 10 200 20 10 600
10 31 15 4 1 200 40 200 250
27 32 52.5 6.5 1 250 30 105 425
13 33 90 4 1 300 20 10 250
19 34 15 4 10 300 40 10 600
17 35 15 9 1 200 40 200 600
32 36 52.5 6.5 5.5 250 40 105 425
30 37 52.5 6.5 5.5 300 30 105 425
6 38 90 4 1 200 40 10 250
15 39 15 9 1 200 20 200 600

shows surface plots of ABM removal % with pH, shaking
speed, contact time, adsorbent dose, temperature, initial
concentration, and particle size. Fig. 8a shows the influence
of initial concentration, and adsorbent dose on ABM adsorp-
tion while keeping contact time, pH and temperature con-
stant at 60 min, 8, and 25°C, respectively, this figure clearly
shows that B-CuAl LDH dose and ABM initial concentration
were the most important factors influencing the response

and the results showed that the greatest adsorption occurred
in the adsorbent dosage 4 g/L and at low initial ABM concen-
trations, the capacity of the adsorbent to remove ABM from
the solution is determined by the adsorbent dosage, whereas
ABM initial concentration has a significant impact on the
mass transfer barrier between both the aqueous and solid
phases [54]. Fig. 8b shows the influence of adsorbent dose
and pH on ABM adsorption while keeping the initial ABM
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concentration constant at 50 mg/L, the temperature at 25°C
and contact time at 60 min, the data confirmed that the high-
est removal efficiency of ABM was shown under alkaline
conditions, and the removal of ABM increases with increas-
ing pH from 4 to 9. This can 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 neg-
ative charge on the surface of these materials, making ABM
more likely to be absorbed [41]. Fig. 8c shows the influence
of particle size and initial concentration while holding other
parameters constant; the study discovered that as particle
size reduced, ABM removal efficiency increased and this is
attributed to that smaller particle size s provide larger sur-
face areas, which allow for faster adsorption [55,56]. Fig. 8d
depicts the combined impact of adsorbent dose and shak-
ing speed, the data suggest that ABM removal increases as
agitation speed increases at a given time. This is most likely
owing to improved contact between the adsorbent and
adsorbate at greater speeds [57]. Fig. 8e represents the com-
bined effect of contact time and initial concentration, contact

time plays an important role in the adsorption of ABM
pesticide by B-CuAl LDH adsorbent, the amount of ABM
removed increased rapidly in the early time before reaching
the equilibrium level after 60 min, this might be attributed
to the presence of a significant number of available active
sorbent in the initial contact time, as well as the accelerated
rate of transfer of ABM molecules from the solution to the
surface of the adsorbent [58]. Fig. 8f depicts the influence of
contact time and adsorbent dose on ABM adsorption when
other parameters remain constant. The results reveal that
the ABM removal rate was greater within the first 30 min,
after that, the increase in contact time resulted in a slower
ABM adsorption rate [59]. Fig. 8g depicts the influence of
temperature and initial ABM concentration; the results
demonstrate that raising the adsorption process tempera-
ture improves LDH adsorption capacity, This is related to
increased contaminant mobility in aqueous solution, which
enhances adsorption site accessibility [22].

A comparison of the impacts of all variables on ABM
removal efficiency was assessed by perturbation plot in
Fig. 9. The steep lines in B-CuAl dosage (C), ABM initial
concentration (F), and pH (B) in the figure demonstrate that
the response of ABM removal efficiency was highly affected
by these parameters. ABM removal efficiency was 86.32%
at B-CuAl dosage 4 g/L, ABM initial concentration 50 mg/L,
pH 8, temperature 40°C, contact time 60 min, shaking
speed 300 rpm, and particle size 250 pm.

3.6. Optimization conditions

For multivariate problems, numerical optimization has
shown to be an extremely useful tool. This is due to the
complexities involved in determining optimal operating
points, which required data analysis of all independent and
dependent variables at a time [60]. To achieve maximal ABM
removal from wastewater, the optimal values of indepen-
dent variables such as pH, ABM initial concentration, contact
time, adsorbent dose, temperature, shaking speed, and par-
ticle size were determined. The goals are combined to create
a desirability function. The software is investigating ways to
improve this functionality; the application is looking into this
capability. The goal-finding procedure begins at random and
proceeds up the sharpest slope to the highest peak [61]. At
the following condition, the optimal parameters for 97.99%
ABM removal were obtained: 9 as pH, 10 mg/L ABM con-
centrations, 10 g/L adsorbent dosage (B-CuAl LDH), 90 min
contact time, 40°C temperature, 250 um particle size, and
300 rpm shaking speed, the desired profile response s for
ABM removal % using B-CuAl LDH adsorbent depicted in
Fig. 10. Table 4 compares some experimental optimal data
for pesticide adsorption by several adsorbents using RSM.
From Table 4 it can be noticed that the experimental results
demonstrated that different types of adsorbents may suc-
cessfully increase the removal of various types of pesticides
by up to about 100%. The variances in performance can be
attributed to the various characteristics of adsorbents, the
quantity of utilized adsorbents, pesticide types, pH, pesti-
cide initial concentration, shaking speed, contact time, and
temperature. This finding suggests that the B-CuAl LDH
has significant adsorption properties, implying that it might
be beneficial in pesticide removal from aqueous solutions.
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Table 3

ANOVA for response surface quadratic model of B-CuAl
Source Sum of squares df Mean square F-value P-value
Model 21,821.93 35 623.48 305.48 0.0003 Significant
A: Contact time 134.48 1 134.48 65.89 0.0039
B:pH 1,030.58 1 1,030.58 504.93 0.0002
C: Adsorbent dosage 8 1 8 3.92 0.1421
D: Shaking speed 8 1 8 3.92 0.1421
E: Temperature 192.08 1 192.08 94.11 0.0023
F: Initial concentration 264.5 1 264.5 129.59 0.0015
G: Particle size 3.65 1 3.65 1.79 0.2737
AB 539.64 1 539.64 264.4 0.0005
AC 1,827.89 1 1,827.89 895.57 <0.0001
AD 248.17 1 248.17 121.59 0.0016
AE 1,648.69 1 1,648.69 807.78 <0.0001
AF 1,173.78 1 1,173.78 575.09 0.0002
AG 523.74 1 523.74 256.61 0.0005
BC 807.11 1 807.11 395.44 0.0003
BD 433.86 1 433.86 212.57 0.0007
BE 1,263.85 1 1,263.85 619.22 0.0001
BF 686.43 1 686.43 336.32 0.0004
BG 12.27 1 12.27 6.01 0.0915
CD 675.27 1 675.27 330.85 0.0004
CE 23.17 1 23.17 11.35 0.0434
CF 169.95 1 169.95 83.27 0.0028
CG 509.24 1 509.24 249.5 0.0006
DE 162.98 1 162.98 79.85 0.003
DF 1,268.74 1 1,268.74 621.62 0.0001
DG 695.17 1 695.17 340.6 0.0003
EF 575.3 1 575.3 281.87 0.0005
EG 875.76 1 875.76 429.08 0.0002
FG 1,078.39 1 1,078.39 528.36 0.0002
A? 20.55 1 20.55 10.07 0.0504
B? 972.1 1 972.1 476.28 0.0002
c? 0.1147 1 0.1147 0.0562 0.8279
D? 7.33 1 7.33 3.59 0.1545
E? 302.46 1 302.46 148.19 0.0012
F 91.36 1 91.36 44.76 0.0068
G? 22.68 1 22.68 11.11 0.0446
Residual 6.12 3 2.04
Lack of fit 0.1231 1 0.1231 0.041 0.8582 Not significant
Pure error 6 2 3
Cor. total 21,828.05 38
Response of quadratic R? R, R Std. Dev. C.V. (%) Adeq. precision
summary statistics 0.9997 0.9964 0.9651 1.43 3.28 47.3948

4. Conclusions

In the present work, CuAl layered double hydroxide
(LDH) based nanocomposite was produced using a co-pre-
cipitation technique with bentonite incorporation to pre-
pare a high specific surface area bentonite supported CuAl
LDH (B-CuAl). The synthesized B-CuAl was characterized

using XRD, FTIR, and SEM to investigate its ability to elim-
inate abamectin pesticides from wastewater. ABM removal
was modeled using the RSM-CCD framework involving
Box-Behnken design based on seven independent variables,
and the interaction impacts of these process variables on the
removal efficiency were investigated. A high ABM removal
efficiency (97.99%) was obtained at the optimum conditions
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pH =9, ABM initial concentration = 10 mg/L, adsorbent dos-
age =10 g/L, contact time = 90 min, temperature = 40°C, par-
ticle size = 250 um and shaking speed = 300 rpm. ANOVA
indicated a coefficient of determination (R?> = 99.97%,
R, g = 99.64%, and RZ]Dre 4 = 96.51%) which was quite remark-
able for 39 lines of data. According to the sum of squares,
P-value, and F-value of the model derived from ANOVA
results, a second-order polynomial model could be ade-
quately fitted to the experimental data. Based on these
findings, the B-CuAl LDH nanocomposite has poten-
tial applications in ABM adsorption. Also, it can be easily
regenerated by 0.5 HCL and successfully used for several
cycles.
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Table 4

Comparison of some experimental optimum data by several adsorbents for pesticides adsorption

Adsorbent Adsorbent dose  Pesticides initial pH Contact time Re (%) References
(g/L) concentration (mg/L) (min)
B-CuAl LDH 10 10 9 90 97.99 This work
GO/Clay/Fe,O, 1.24 1.45 7 16 99.85 [62]
Activated carbons 1 100 9 120 96.05 [30]
Pumice 4 6.2 3 30 76.3 [31]
Chestnut shells 60 75 2 40 84.48 [63]
Egg-shell powder 1 244 2 5 92.2 [27]
Neem bark dust 1 12.38 5.51 - 99.74 [64]
Sodalite zeolite 50 6 80 63.4 [65]
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