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Abstract

Introduction: This study synthesized a nanocomposite using corn cob fiber and ZnFe,O., characterized by electron microscopy, X-ray
diffraction, infrared spectroscopy, and surface porosity analysis. The research focused on evaluating the adsorption capacity and kinetics of this
nanocomposite for removing malathion and bendiocarb, representing organophosphate and carbamate pesticides, respectively.

Materials and Methods: The nanocomposite was prepared and characterized using various techniques. Adsorption experiments assessed the
removal efficiency of the pesticides under different conditions, including contact time, initial pollutant concentration, pH, and nanocomposite
dosage. Kinetic studies utilized pseudo-first-order (PFO) and pseudo-second-order (PSO) models.

Results: Rapid adsorption occurred within the first 20 minutes, with removal efficiencies of 45.4% for malathion and 40.5% for bendiocarb.
Final efficiencies reached 49.3% for malathion and 47.7% for bendiocarb at 85 minutes. Optimal contact times were around 30 minutes for
malathion and 40 minutes for bendiocarb. The PSO model provided a better fit, with higher equilibrium adsorption capacities (116.3 mg/g for
malathion and 129.9 mg/g for bendiocarb). pH had a positive but minor effect on removal efficiency, and a dosage-dependent increase was
observed, with a saturation point beyond 10 mg of nanocomposite.

Conclusions: The corn cob fiber and ZnFe,O, nanocomposite effectively removed malathion and bendiocarb from aqueous solutions. Key
factors influencing adsorption included contact time, pH, and nanocomposite dosage, highlighting the nanocomposite's potential for pesticide

removal applications.

Keywords: Pesticides, Organophosphates, Carbamates, Nanocomposites, Adsorption

Citation: Gholipour N, Valian M, Ranjbari N, Baghersad MH. A Green and Low-Cost Nanocomposite Using Corn Cob Fiber and ZnFe204 for
Pesticide Adsorption from Water. ] Appl Biotechnol Rep. 2024;11(4):1449-1460. doi:10.30491/jabr.2024.487251.1805

Introduction

Nowadays, various pesticides are used to control pests and
insects in agricultural fields, increasing the economic
productivity of this industry. Organophosphates and carbamates
are two important groups of these pesticides that, in addition
to their benefits for agriculture, can cause complications in
different populations, including humans and other mammals,
by contaminating drinking water sources.! Both groups of
pesticides inhibit the enzyme cholinesterase, leading to
cholinergic symptoms such as miosis, rhinorrhea, dyspnea,
convulsions, and even death, depending on the contamination
level.23 These pesticides also damage the central nervous
system and cause peripheral nerve dysfunction.* Poisoning
from organophosphates is generally more severe and lasts
longer than that from carbamates.

Organophosphorus  pesticides are widely used as
herbicides, fungicides, and nematicides.> They inhibit
acetylcholinesterase by forming a covalent bond with the
hydroxyl group of the amino acid serine in the enzyme's
active site, causing a central cholinergic crisis with peripheral

symptoms such as tearing, salivation, neuromuscular, and
respiratory problems, potentially leading to coma and death.®
Malathion, a commonly used organophosphorus pesticide,
improves agricultural productivity but poses serious risks to
humans. Symptoms of malathion poisoning include headache,
respiratory problems, and dizziness. Continuous exposure
during pregnancy can lead to fetal poisoning. Acute toxicity
of malathion can inhibit cholinesterase, causing severe
cholinergic symptoms, respiratory paralysis, and death.
Malathion can persist in the environment for months and is
associated with chronic effects, neurological damage, genetic
disorders, carcinogenicity, endocrine disruption, and fertility
issues.” Exposure to malathion significantly increases DNA
damage in humans and other species.® Carbamate pesticides,
derivatives of carbamic acid, have a similar pest control
mechanism to organophosphorus pesticides but pose less
risk to mammals. However, their persistence in water and
agricultural fields adversely affects plants and beneficial
microorganisms, necessitating effective methods to remove
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these pesticide residues from the environment.®°

Bendiocarb is a carbamate insecticide widely used for pest
control in agriculture and public health. Bendiocarb
functions as an acetylcholinesterase inhibitor, disrupting the
nervous system of insects. It is effective against a broad
spectrum of pests, including those affecting maize and sugar
beet crops, as well as domestic pests. Due to its relative
stability and potential for environmental accumulation,
bendiocarb poses significant risks to human health and
ecosystems. Residues of this insecticide in soil and water
can enter the food chain, causing harm to living organisms.
For example, bendiocarb can leach into groundwater, affecting
drinking water quality. Additionally, its accumulation in soil
can reduce biodiversity and harm soil-dwelling organisms.

Given the significant risks associated with pesticide
contamination, it is crucial to develop effective methods for
removing these substances from the environment. Various
adsorbents have been explored for this purpose, each with
unique properties and advantages. Among these, biochar,
activated carbon, graphene, bentonite, zeolite, chitosan, and
nanoparticles are widely used for removing organic pollutants
from aquatic environments.’>** Commercial activated
carbon is the most common sorbent due to its high sorption
capacity. However, its expensive preparation, involving
costly feedstocks, high temperatures, and subsequent
activation treatments, has led to the development of
alternative low-cost sorbents.!>¢ Biochar, derived from the
thermochemical treatment of lignocellulosic wastes, offers
high surface area, wide sources of raw materials (e.g., rice
husk, wheat bran, sawdust, peanut shell, walnut shell, oak
bark, pine cone), low cost, and high environmental stability.-1°
The diameter of many pesticides is smaller than the size of
biochar pores, facilitating their absorption. Despite their
effectiveness, biochar requires centrifugation or filtration for
removal from aqueous solutions, complicating industrial-
scale applications.1%-%

Recent studies have incorporated inorganic or organic
compounds into carbonaceous matrices to create hybrid
materials with bifunctional properties.??* For example,
magnetite nanoparticles impart magnetic properties to
carbonaceous materials, aiding in post-sorption recovery
using a simple magnet.? Iron oxides (Fe,O3 and Fe304) have
gained attention for their magnetic properties and effectiveness
in removing pollutants, including heavy metals, radioactive
materials, and dyes. Adding materials like ZnO and SiO, to
iron oxide enhances pollutant removal efficiency.??" Yi et
al. prepared magnetic biochar from rice straw to sorb crystal
violet.® The material showed efficient removal percentages
of 97%. The Kinetics fitting (by pseudo-first and pseudo-
second-order models) and the characterization results (by
XPS, XRD, Raman analysis, and FTIR) suggested that the
main sorption mechanisms are -, H-bonding, and electrostatic
interactions. Furthermore, Huang et al. synthesized magnetic

biochars (from rice straw (M-RHB) and sewage sludge (M-
SSB)) that were compared with the non-magnetic biochars
(RHB and SSB) for the sorption of Cd?*.2® After magnetization
of the biochars, the sorption capacities decreased from 58.65
(RSB) and 7.22 mg L™ (SSB) to 42.48 (M-RSB) and 4.64
mg L (M-SSB). Another research study used empty fruit
bunch, a residue from the palm oil industry of Malaysia, to
synthesize magnetic biochar by the microwave heating
technique.®® The obtained material had a high surface area of
890 m? g~* and was demonstrated to be highly efficient for
methylene blue removal of about 99.9% from an aqueous
solution.

Recent advancements in the development of nanocomposites
for environmental applications underscore the potential of
using agricultural waste materials and metal oxides. For
instance, a study by Luo et al. demonstrated the enhanced
mechanical properties of composites derived from various
parts of corn stalks, including cobs, due to their high
cellulose and lignin content.3* Additionally, research on
Zn/ZnO modified cellulosic nanocomposites has shown their
efficiency and eco-friendliness in wide-scale applications.3?
The integration of ZnFe;0, with carbon-based materials has
also been explored for its photocatalytic and pollutant
removal capabilities.®® Spinel ferrites with the general
molecular formula MFe;O, (M=Zn, Co, Mn) have higher
resistance in critical acidic and alkaline conditions and have
been used as photocatalysts for the removal of nitroaromatic
compounds in water.3* They also have photocatalytic properties
on some microorganisms that can act as disinfectants.
Among the ferrites, ZnFe,Os composite with carbon has
been prepared and has shown suitable pollutant removal
efficiency.3536

These studies provide a strong foundation for the
development of green and low-cost nanocomposites, such as
the one proposed in this work, which aims to utilize corn cob
fiber and ZnFe,O4 for effective pesticide adsorption from
water. So, continuing our previous works.3"*2 we prepared
nanocomposites using biochar from corn cob fiber and
ZnFe;O4 with various weight ratios. We evaluated their
adsorption capacity for malathion and bendiocarb from
water solutions after characterizing them. This approach
aims to leverage the high surface area and environmental
stability of biochar, combined with the magnetic properties
of ZnFe;0,4, to develop an efficient and sustainable method
for pesticide removal from contaminated water.

Materials and Methods

Preparation of Corn Cob Biochar

The method of Ding et al. was used to prepare biochar from
corn cob fiber.*® One liter of 68% sulfuric acid was added to
100 g of corn cob fiber and stirred for 10 minutes. This
mixture was slowly added to 507 ml of distilled water under
stirring and the resulting slurry was filtered. The filtrate was
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transferred to a beaker and 347 ml of 98% sulfuric acid was
added dropwise under stirring. The beaker was heated at 95
°C for 6 hours with occasional stirring. The mixture was
filtered again using a paper filter and the solid residue was
collected. The residue was dried in an incubator at 60 °C for
24 hours to obtain biochar from corn cob fiber (6.28 g).

Preparation of ZnFe204

FeCl3-6H20 (4 mmol) and ZnCl, (2 mmol) were dissolved in
ethylene glycol (70 ml) and ammonium acetate (30 mmol)
was added as a protective agent. The mixture was sonicated
for 30 minutes and stirred at 600 rpm at room temperature.
The mixture was transferred to a 100 ml Teflon-lined
stainless-steel autoclave and heated at 210 °C for 48 hours.
The system was cooled to room temperature and the black
precipitate was collected by magnetic field decantation. The
precipitate was washed with ethanol and distilled water
several times and dried in a vacuum system at 60 °C for 12
hours.* Then the resulting mixture was passed through filter
paper, and the solid on the filter was washed alternately six
times with ethanol and then with distilled water to remove
any possible contaminants. Finally, after drying the solid,
0.22 g of ZnFe204 was obtained.

Preparation of Magnetic Biochar

In this research, three nanocomposites with different weight
ratios of corn cob biochar and ZnFe,O4 were prepared. To
prepare the magnetic nanocomposites, the same method as
described in section 2.2 was used, with the addition of 0.11
g, 0.22 g, and 0.44 g of biochar prepared in section 2.1 to the
mixture before sonication for nanocomposites 1 to 3,
respectively. The mixture was then stirred for 10 minutes.

Characterization of Magnetic Biochar

Scanning electron microscopy (SEM, TESCAN S9000,
Czech Republic) coupled with energy-dispersive X-ray
spectroscopy (EDS, Oxford XMAX, UK) was used to
observe the surface morphology of the nanocomposites. A
surface analyzer (JW-SEL200, China) was used to analyze
the specific surface area and pore size distribution of the
nanocomposites. The surface functional groups of the
nanocomposites were determined by Fourier transform
infrared spectroscopy (FT-IR, Thermo Nicolet 6700, USA).
X-ray diffraction (Bruker D8 advance, Germany) was
performed to analyze the phase structure of the nanocomposites.
Magnetic properties of the nanocomposites were determined
by vibrating-sample magnetometry (VSM, LBKFB, Iran). A
UV-visible spectrophotometer (Shimadzu, Japan) was used
to measure the concentration of malathion and bendiocarb in
aqueous solutions.

Effects of ZnFe20O4 Content on Pesticides Adsorption by
Magnetic Biochar

Biochar and magnetic biochar (5 mg) prepared with different
corn cob biochar/zZnFe,O4 weight ratios (2:1, 1:1 and 1:2)
were added into a 10-ml serum bottle containing malathion
or bendiocarb (initial concentration = the highest concentration
of poison that resulted in a clear solution, 68.4 mg/L and 75
mg/L, respectively) and placed into a shaker at a speed of
200 rpm for 120 min (room temperature). The nanocomposite
was isolated from the solution by utilizing a magnet, and the
concentration of residual poisons was measured by the UV—
visible spectrophotometer at 221.1 nm for malathion and
214.4 nm for bendiocarb.

Adsorption Experiments

10 ml of pesticide solution with a known initial concentration
was stirred with the optimum amount of magnetic biochar on
a shaker operating at 25 °C. Then samples were allowed to
settle for 15 minutes under a magnetic field. The concentration
of the residual pesticides was measured using a UV-VIS
spectrophotometer at the appropriate wavelength corresponding
to the maximum absorption of pesticides (221.10 nm for
malathion and 214.40 nm for bendiocarb). The percent
removal of pesticides from the solution was calculated using
the following equation:

Co — G

Removal (%) = x 100

0

Where CO is the initial concentration of pesticide and Ci
is the final concentration of pesticide.

Results and Discussion

Characterizations of the Nanocomposites

The nanocomposites were prepared by mixing zinc ferrite
and biochar in different weight ratios, as described in section
2.3. The weight ratio of biochar to zinc ferrite was 1:2 for
nanocomposite 1, 1:1 for nanocomposite 2, and 2:1 for
nanocomposite 3.

FT-IR Spectroscopy

Figure 1 displays the FT-IR spectra of ZnFe;O4 and the
nanocomposites 1-3. The spectra exhibit absorption bands in
the range of 460-740 cm™ for all samples, which correspond
to the Zn-O and Fe-O bonds in ZnFe,O.. The spectra of the
nanocomposites 1-3 also show absorption bands of C-O
bonds around 1100 cm™* and C-C bond around 1600 cm™,
indicating the presence of biochar in the nanocomposites.
The C-H stretching peaks (2900-3000 cm™) increase in
intensity with increasing biochar content, reflecting the
higher carbon content in the nanocomposites. The O-H
stretching peaks (3200-3600 cm™) shift slightly to lower
wavenumbers with increasing biochar content, suggesting
that some hydrogen bonding may have occurred between the
hydroxyl groups of biochar and the oxygen atoms of zinc
ferrite.
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Figure 1. FT-IR Spectra of ZnFe2Osand the Synthesized Nanocomposites 1-3.

FE-SEM Analysis

The morphology of zinc ferrite and its nanocomposites with
biochar was investigated by electron microscopy, as shown
in Figure 2. The zinc ferrite nanoparticles exhibited a
spherical shape with a uniform size distribution, indicating a
successful crystallization process. The image of nanocomposite
1 revealed a good dispersion of zinc ferrite and biochar
nanoparticles, without any noticeable agglomeration. However,
for nanocomposites 2 and 3, the increased weight ratio of
biochar resulted in a more porous and rougher surface
morphology, which could affect the properties of the
nanocomposites.

VSM
The hysteresis curves obtained from VSM are shown in
Figure 3. These curves show that the production of
nanocomposites has reduced the magnetic properties of zinc
ferrite. The magnetic moment of zinc ferrite was 50 emu/g,
while it was 25 emu/g for nanocomposite 1, and 12.5 emul/g
for nanocomposites 2 and 3. This reduction may be due to
the pinning effect or the locking of the magnetic domains by
biochar. The results suggest that the addition of biochar to
zinc ferrite decreases the saturation magnetization (Ms) of
the nanocomposites, as evidenced by the decrease in Ms
values. The effect of biochar on Ms is proportional to the
amount of biochar added, as nanocomposite 1 has the lowest
biochar content and the highest Ms value among the
nanocomposites, while nanocomposite 3 has the highest biochar
content and the lowest Ms value among the nanocomposites.
This may be related to the dilution or shielding effect of
biochar on the magnetic domains of zinc ferrite. However,
this effect seems to reach a limit when the biochar content

reaches a certain level. Nanocomposites 2 and 3 have
different biochar contents, but they have the same Ms value.
This means that adding more biochar to nanocomposite 2
does not reduce its Ms any further. This may be related to
some other factors that counteract or balance out the dilution
or shielding effect of biochar on Ms. For example, it is
possible that adding more biochar changes the structure or
morphology of zinc ferrite particles in a way that enhances
their magnetic alignment or interaction. It is also possible
that adding more biochar introduces some impurities or
defects in zinc ferrite particles that increase their magnetic
anisotropy or coercivity. The nanocomposites had very low
coercivity at room temperature, which showed that they were
superparamagnetic and did not retain any magnetization
after the removal of an external magnetic field. The
nanocomposites 2 and 3 also had a saturation magnetization
of about 12.5 emu/g, which meant that they could be easily
and quickly separated by a magnetic field without any
residual magnetism.

BET Analysis

The surface area and porosity of the samples were
investigated by BET analysis, a technique for measuring gas
adsorption on solid surfaces. The results of the BET analysis
are summarized in Table 1. The results indicate that the
specific surface area and total pore volume increased with
the weight ratio of biochar, except for nanocomposite 1,
which had a lower pore volume than zinc ferrite. This could
be due to the filling effect or the occupation of some pores
by biochar particles. The average pore diameter also changed
with the addition of biochar, showing a more heterogeneous
pore size distribution.
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Figure 2. SEM Images of ZnFe2O4and the Synthesized Nanocomposites 1-3.

The results suggest that adding biochar to zinc ferrite
increases the porosity of the nanocomposites, as seen in the
increase in specific surface area and total pore volume. The
effect of biochar on the average pore diameter depends on

the amount added, with nanocomposite 1 having smaller
pores than zinc ferrite, while nanocomposites 2 and 3 have
larger pores. This difference may be related to the aggregation
or dispersion of biochar particles in the nanocomposites.
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Figure 3. The Hysteresis Curves Obtained from VSM for ZnFe2O4 and Nanocomposites 1-3.

Table 1. Results of Surface Porosity Analysis for Zinc Ferrite and the Synthesized Nanocomposites 1-3

Sample ZnFe;04 Nanocomposites 1 Nanocomposites 2 Nanocomposites 3
Specific surface area [total area per unit mass| (m? g) 16.181 19.532 23.291 94.975
Total pore volume per unit mass (cm? g') 0.064066 0.049917 0.1379 0.2815
Average pore diameter (nm) 15.838 10.223 23.69 11.855

Therefore, it can be expected that nanocomposite 3, with the
highest specific surface area and total pore volume among
the four samples, would have the highest adsorption capacity
for organic pollutants.

XRD Analysis

X-ray diffraction (XRD) is a powerful technique for
characterizing the structural and chemical properties of
materials. It can provide information about the phase
composition, lattice parameters, crystallite size, strain, and
preferred orientation of the crystalline phases in a sample.

The XRD patterns of the samples are shown in Figure 4.

The biochar addition affects the structural properties of
zinc ferrite, causing lattice contraction, crystallite size
reduction, strain increase, and phase separation. The biochar
phase is mainly composed of amorphous carbon with some
graphitic domains, which may have intercalated into the zinc
ferrite lattice or formed a thin layer on the surface of the zinc
ferrite particles. The biochar may have acted as a nucleating
agent and a dispersing agent, promoting the formation of
smaller and more uniform zinc ferrite particles with higher
surface energy and defect density.

Zinc ferrite
Nanocomposite 1

Nanocomposite 2

Nanocomposite 3

Intensity (a.u)

10 20 30 40

20 (degree)

50 60 70 80

Figure 4. The XRD Pattern of ZnFe:O4 and the Nanocomposites 1-3.
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Selection of the most Suitable Nanocomposite
The removal efficiencies of malathion and bendiocarb
pesticides by three nanocomposites (1, 2, and 3) were
compared under the same experimental conditions. The
nanocomposites were prepared by mixing biochar with
different amounts of ZnFe,O4 nanoparticles, as described in
section 3.1. The initial concentrations of the pesticide
solutions were 68.4 mg/L for malathion and 75 mg/L for
bendiocarb, and the pH was adjusted to 7. Five milligrams of
each nanocomposite were added to 10 ml of the pesticide
solutions and stirred at room temperature for 40 minutes.
The residual concentrations of the pesticides were measured
by the UV-visible spectrophotometer at 221.1 nm for
malathion and 214.4 nm for bendiocarb, as explained in
section 2.5. The investigation of the removal efficiency of
both pesticides showed that there was no significant
difference between the three synthesized nanocomposites.
However, when the specific surface area of the nanocomposites
was measured by the Brunauer—-Emmett-Teller (BET)
method, as described in section 3.1, it was found that
nanocomposite 3 had the highest value (94.98 m?(g),
followed by nanocomposite 2 (23.29 m?/g) and nanocomposite
1 (19.53 m?/g). This suggests that nanocomposite 3 has more
available sites for adsorption than the other two nanocomposites.
Another advantage of nanocomposite 3 is that it has the
highest proportion of biochar, which is a low-cost and
renewable material, compared to nanocomposite 2 and
nanocomposite 1. This makes nanocomposite 3 more
economical and environmentally friendly than the other two
nanocomposites. Therefore, nanocomposite 3 was selected
as the most suitable nanocomposite for further studies.

Removal Efficiency and Adsorption Studies

Effects of Contact Time on Removal Efficiency and
Adsorption Kinetic

The removal percentage of malathion and bendiocarb
pesticides by the nanocomposite 3 was evaluated over a
period of 85 minutes. The initial concentrations of malathion
and bendiocarb in their respective 10 ml solutions were 68.4
mg/L and 75 mg/L, with 3 mg of the nanocomposite used for
the removal process. The initial concentrations were selected
based on the maximum concentrations of malathion and
bendiocarb that fall within the linear range of the UV
absorbance-concentration curve.

As shown in Figure 5a, the removal efficiency increased
rapidly within the first 20 minutes, reaching 45.4% for
malathion and 40.5% for bendiocarb. This rapid initial
adsorption can be attributed to the availability of abundant
active sites on the nanocomposite surface. After 20 minutes,
the removal rates began to plateau, with the final removal
percentages at 85 minutes being 49.3% for malathion and
47.7% for bendiocarb. The data indicates that nanocomposite
3 was slightly more effective in removing malathion

compared to bendiocarb, likely due to differences in their
chemical structures and properties. Overall, nanocomposite
3 demonstrated significant potential for pesticide removal,
with rapid initial adsorption followed by saturation of
adsorption sites over time.

The optimal contact time for the removal of malathion
appears to be around 30 minutes, as the removal efficiency
stabilizes at approximately 48.5%. For bendiocarb, the
optimal contact time is slightly longer, around 40 minutes,
where the removal efficiency reaches about 46.3%. Beyond
these times, the increase in removal efficiency is minimal,
suggesting that the adsorption sites on the nanocomposite
become saturated.

To determine the kinetic model that best describes the
removal process, two models were tested, including pseudo-
first order (PFO) and pseudo-second order (PSO). The
linearized forms of these models are given by equations (1)
and (2), respectively:

1) In(qe — q0) =In(qe) — k4t
2) t/qe=1/k,qZ +t/qe

Where ge and g are the amounts of pesticide adsorbed at
equilibrium and at time t (mg/g), respectively; ki and k; are
the model parameters. The model parameters were estimated
by linear regression using GraphPad Prism 8.0.2 software.
The correlation coefficients (R?) were used to evaluate the
goodness of fit. The results are summarized in Table 2 and
the related curves are shown in Figure 5b.

The adsorption kinetics of malathion and bendiocarb
were analyzed using both pseudo-first-order (PFO) and
pseudo-second-order (PSO) models. As shown in Table 2,
the PFO model yielded rate constants (ki) of 0.0776 min
for malathion and 0.0536 mint for bendiocarb, with
correlation coefficients R? of 0.7863 and 0.6526, respectively.
The equilibrium adsorption capacities (ge) were 47.1 mg/g
for malathion and 37.4 mg/g for bendiocarb. In contrast, the
PSO model provided a better fit for the experimental data,
with higher R? values of 0.9992 for malathion and 0.9990 for
bendiocarb. The rate constants (kz) were 0.0031 g/mg min
for malathion and 0.0012 g/mg min for bendiocarb, and the
equilibrium adsorption capacities (ge) were significantly
higher at 116.3 mg/g for malathion and 129.9 mg/g for
bendiocarb. According to Figure 5b, the time-dependent
adsorption data further supports the superiority of the PSO
model. For malathion, the PSO model closely predicted the
experimental values, with q. values of 74.52 mg/g at 5
minutes, 90.83 mg/g at 10 minutes, and 112.57 mg/g at 85
minutes. Similarly, for bendiocarb, the PSO model
predictions were 56.95 mg/g at 5 minutes, 79.18 mg/g at 10
minutes, and 120.77 mg/g at 85 minutes. The PFO model,
however, showed significant deviations from the experimental
data, particularly at higher contact times.
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Figure 5. a) Effect of contact time of nanocomposite 3 on the removal capacity of Malathion and bendiocarb (pH = 7, nanocomposite dosage = 3
mg/L, temperature of 298 K, pollutant volume 10 ml); b) Adsorption kinetic (PFO and PSO).

Table 2. Parameters of PFO and PSO Models for the Adsorption of Malathion and Bendiocarb on Nanocomposite 3

Kinetic model Parameter Malathion Bendiocarb
Pseudo-first order ki (min) 0.0776 0.0536

R2 0.7863 0.6526

ge (Mg/g) 47.1 37.4
Pseudo-second order k2 (g/mg min) 0.0031 0.0012

R2 0.9992 0.9990

qe (mg/g) 116.3 129.9

Effects of pH

To investigate the effect of pH on the removal efficiency of
malathion and bendiocarb from aqueous solutions, experiments
were conducted using nanocomposite 3. Malathion and
bendiocarb solutions with a concentration of 68.4 mg/L and
75.0 mg/L, respectively were prepared at pH levels between
5-9 in volumes of 10 ml, and 3 mg of the nanocomposite
was added to each solution. These mixtures were shaken at
160 rpm for 30 minutes for malathion and 40 minutes for
bendiocarb. pH levels below 5 and above 9 were avoided
due to the increased instability and rapid degradation of both
malathion and bendiocarb in these extreme conditions, which
could interfere with accurate measurement of adsorption
efficiency.*®

The results showed that while the removal efficiency of
both pesticides increased with rising pH levels, the increase
was not substantial (Figure 6). At pH 5, the removal efficiencies
were 46.9% for malathion and 41.3% for bendiocarb. As the
pH increased, the removal efficiencies improved slightly,
reaching 48.1% for malathion and 42.9% for bendiocarb at
pH 6, and further increasing to 55.2% for malathion and
49.8% for bendiocarb at pH 9. These findings suggest that higher
pH levels enhance the adsorption capacity of nanocomposite
3, likely due to increased ionization of the pesticides and
greater availability of active sites on the nanocomposite surface.
However, while the increased removal efficiency at pH 9 is
beneficial, its practical application depends on the specific
requirements and constraints of the water treatment process.
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Figure 7. Effect of Adsorbent Dosage on the Removal of Malathion and Bendiocarb by Nanocomposite 3.

Effect of Adsorbent Dosage

The effect of varying adsorbent dosage of nanocomposite 3
(1, 3, 5, 10, and 15 mg) on the removal of malathion and
bendiocarb was studied under conditions of pH 7 and a
temperature of 298 K. The initial concentrations were set at
136.8 mg/L for malathion and 136 mg/L for bendiocarb in
10 ml solutions (highest possible concentrations that their
solutions remained clear). The solutions were then subjected
to shaking at 160 rpm for optimal times (30 minutes for
malathion and 40 minutes for bendiocarb.

As shown in Figure 7, the results demonstrated a clear
dosage-dependent increase in removal efficiency for both
pesticides. For malathion, the removal efficiency increased
from 34.8% with 1 mg of nanocomposite to 78.0% with 15
mg. Similarly, for bendiocarb, the removal efficiency rose
from 16.7% with 1 mg to 69.6% with 15 mg. The optimal
removal times were 30 minutes for malathion and 40
minutes for bendiocarb. These findings indicate that higher
dosages of nanocomposite 3 significantly enhance the adsorption
capacity, likely due to the increased availability of active
sites for adsorption. However, the marginal increase in
removal efficiency beyond 10 mg suggests a saturation point,

where additional adsorbent does not proportionally increase
removal efficiency. This highlights the importance of
optimizing adsorbent dosage to achieve maximum removal
efficiency while considering cost-effectiveness and material
usage.

Comparison

The adsorption capacities of different adsorbents for
organophosphates (Malathion) and carbamates are summarized
in Table 3. The results indicate significant variability in
adsorption capacities, highlighting the effectiveness of
different materials in removing these contaminants. Due to
the limited number of reports on the removal of bendiocarb,
we have included data on other carbamates in this table for
comparison. This approach allows for a broader understanding
of the adsorption capacities of various adsorbents for carbamates.
Nanocomposite 3, synthesized in this work using biochar
derived from corn cob and zinc ferrite, exhibits notable
adsorption capacities for both organophosphates and
carbamates, making it a versatile and effective adsorbent.
Additionally, it is a magnetic adsorbent, which offers the
advantage of easy separation from aqueous solutions using
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an external magnetic field. The comparative analysis shows
that while Nanocomposite 3 does not achieve the highest
adsorption capacities reported, it offers a balanced performance
for both organophosphates and carbamates. This dual
functionality, combined with the use of sustainable materials

like biochar from corn cob and its magnetic properties,
makes it a promising candidate for practical applications in
environmental remediation. Further optimization and cost
analysis will be essential to enhance its applicability and
efficiency.

Table 3. Adsorption Capacities of Various Adsorbents for Organophosphates (Malathion) and Carbamates (Including Bendiocarb and Other Carbamates)

Adsorbent

Adsorption Capacity (mg/g)
Carbamates
(as footnoted)

Organophosphates (Malathion)

TTA-bentonite*

Activated carbon*

Reduced graphene oxide*?

Magnetic graphene oxide*

Biochar from Jute fibers>®

Granular activated carbon derived from coconut shell>!
Granular activated carbon derived from palm shells®
Tangerine seed activated carbon>?

Graphene quantum dots>3

Chitosan/alginic beads*
Copper-BDC/chitosan/alginic beads>*

Zinc Oxide nano particles®

Nanocomposite 3 (This work)

16.7 -
32.1 -
68.8 -
43.3 -
71.63 -
909.1 -
555.6 -
- 7.97 2
- 125b
- 95.71b
- 225.51b
- 158.34 ¢
116.3 12992

a Carbamate: bendiocarb; b Carbamate: oxamyl; ¢ Carbamate: carbaryl (CBRL)

Conclusion

This study demonstrated that a nanocomposite prepared
from corn cob fiber and ZnFe,0; is effective in removing
malathion and bendiocarb from aqueous solutions. The
nanocomposite’s properties were characterized using advanced
techniques, confirming its suitability for adsorption applications.
The removal efficiency increased rapidly within the first 20
minutes due to the abundant active sites on the nanocomposite
surface, with optimal contact times identified as 30 minutes
for malathion and 40 minutes for bendiocarb. Adsorption
kinetics analysis revealed that the pseudo-second-order
model provided a better fit for the experimental data,
indicating chemisorption as the rate-limiting step. The effect
of pH on removal efficiency showed that while higher pH
levels enhanced adsorption, the increase was not substantial,
suggesting that pH 7 or 8 might be more practical for real-
world applications. Additionally, a dosage-dependent increase
in removal efficiency was observed, with a saturation point
beyond 10 mg of nanocomposite. These findings underscore
the importance of optimizing contact time, pH, and adsorbent
dosage to maximize removal efficiency while considering
economic and environmental factors. Further research should
focus on the regeneration and reuse of the nanocomposite to
enhance its practical applicability in water treatment processes.
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