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Abstract: In the present study, photocatalytic performance of mesoporous Ag/Cu-
ZnO/biochar (ACZ-B) nanocomposite has been investigated for the removal of
chlorpyrifos (CP) and 2,4,5-trichlorophenoxy acetic acid (2,4,5-T) from water system
under solar radiation. The texture and morphology of nanocomposite was determined by
X-ray diffraction (XRD), Fourier-transform infrared (FTIR) spectroscopy,
photoluminescence (PL) analysis, transmission electron microscopy (TEM), Brunauer-
Emmett-Teller (BET), and Dynamic light (DL) scattering. The optical band gap of ACZ-
B nanocomposite was observed to be 2.84 eV. The effect of various parameters such as
photocatalyst dosage, pH, concentration, times were optimized. After 150 minutes of
irradiation about 94% and 89% removal of CP and 2,3,5-T, respectively was recorded
with synergistic adsorption and photocatalysis. The kinetic analysis confirmed the
pseudo-first-order for the degradation of pollutant.

Keywords: Nanocomposite, Photocatalyst, Chlorpyrifos, 2,4,5 Trichlorophenoxy acetic
acid.
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1. Introduction

The development of agrochemicals has been increased after the Second
World War in order to enhance the productivity and availability of food
production. Agrochemicals are used to prevent, eradicate, repel, or
mitigate pests in order to maximize crop output and productivity.
Organophosphates and other chemicals have been widely used for crop
protection against pests. Rachel Carson released the book "Silent Spring"
in 1962, which addresses the risks and consequences of pesticides on
human and environment. However, the environmental issues and public
health concerns resulting from chemical pesticides have already been well
recognized [1]. The extensive use of pesticides provides benefits, but they
also pose many ill effects on human [2,3]. The majority of the
agrochemical run-off to surface water bodies and entered groundwater,
remained in the environment for an extended period, with less than 1%
remaining to target. The National Water Quality Inventory 2002 reported
that agrochemicals are the primary source of river and stream water
pollution [4].

Pesticides are classified on the basis of their prospective to shatter living
organisms including insecticides, herbicides, and fungicides. The acute
poisonings caused by pesticides are associated with more than 250,000
deaths per year. 2,4,5-Trichlorophenoxyacetic acid is broadly used
chlorophenoxy herbicides, in agriculture, structurally associated with
chlorine or methyl-substituted ring attached with an aliphatic carboxylic
acid moiety [5]. Between 1945 and 1989 in Wales, chlorophenoxy
herbicide poisoning was the second leading cause of mortality from
herbicide poisoning [6]. During the Vietnam War, the United States
sprayed nearly 12 million gallons of defoliant orange agent (a combination
of 2,4-D and 2,4,5-T) in Operation Ranch Hand. It has been linked to
inconsistent liver disease in veterans from the United States [7]. Various
potential toxicities of Agent Orange such as headache, hypotension,
nausea, dizziness, myotonia, hepatic injury, abdominal pain, etc. In 1985,
the EPA in the U.S. prohibited the uses of 2,4,5-T and the Rotterdam
Convention refused all international trade of 2,4,5-T. After 1985, the use
and sale of this herbicide in Canada were restricted [8-10].

Chlorpyrifos is the largest organophosphate insecticide used worldwide in
term of volume and value [11]. Organophosphorus compounds are highly
noxious and causes certain problems like asthma, cancer, diabetes, etc [12-
15]. Chlorpyrifos is readily absorbed through the skin courses skin
irritation and systemic intoxication [16]. Absorption of pesticides through
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the skin may result in high toxicity which can harm the endocrine,
respiratory, cardiovascular, neurological, and reproductive systems [17-
27]. Gradually the use of agrochemicals is increasing worldwide and
which results in contamination of water. Therefore, scientists are forced to
track down more inventive and environmentally affable tools for the
elimination of toxic agrochemicals. Several methods have been used for
the removal of pesticides from water includes chemical oxidation with
ozone, photocatalytic method, combined ozone and UV irradiation, Fenton
degradation, biological degradation, ozonation, membrane filtration and
adsorption [22, 28-30]. Adsorption and photocatalytic oxidation methods
are now recognized as the best options for the degradation of pollutants.

Several metal/metal oxides composites such as Fe/ZnO, ZnO/CoFez0s4,
AU/TiO2, TiO2/GO/CuFe 04, TiO2/AlLO3/G, and Fes04s@ AgsPOs4 have
been reported for the photodegradation of pesticides from the aqueous
environment [28-33]. Many experts have attempted the utilizing of
biomaterials for the degradation of agrochemical contaminants. The
incorporating transition metals and metal oxides into biochar were found
highly promising for pollutant removal [33].

Biochar (BC), a cost-efficient, carbon rich material produced in an
oxygen-free environment by pyrolysis of biomass. Some desirable
properties such as environmentally friendly, high porosity, high ion
exchange capability, and oxygenated functionality make them a better
agent for the removal of chemical contaminants from wastewater.
Previously various studies have been reported on biochar-based
nanocomposite and their utilization for water remediation [34-37].

Our main focal points are low preparation cost, low toxicity, and high
stability of prepared nanocomposites for degradation of agrochemicals.
Nanocomposite was characterized by techniques such as XRD, FTIR, PL
TEM, BET, and DL. Different reaction parameters were optimized for
photocatalytic effective degradation of pollutants.

2. Materials and methods

2.1. Collection of leaves
Diseases free fresh leaves of Melia azedarach were cleaned with distilled
water many times and dried for 5 days at room temperature. The leaves
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were then ground and dried in an oven for 24 hours at 600°C. Now,
leaves were pulverized and stored in an airtight container.

2.2. Preparation of aqueous leaf extract

It was prepared by boiling 6 g of leaves powder in 250 ml at 90 °C for 3
hours on stirrer using Soxhlet apparatus. It was then filtered,
concentrated, and stored for future nanocomposite production.

2.3. Biosynthesis of ACZ-B nanocomposite

In this process, ACZ-B nanocomposite was prepared in two steps. The
initial stage, 60 mL of 0.1M silver nitrate and 50 mL of 0.1M copper
nitrate solution were added in a 250 mL beaker. Then 15 mL of leaf
extract was added drop-by-drop while stirring continuously. This solution
was agitated for 30 minutes at 55 °C using a magnetic stirrer. To above
mixture 60 mL 0.1M zinc nitrate and 40 mL 0.2M sodium hydroxide
were added with constant stirring. The mixture was agitated for two hours
at 55 °C. The obtained precipitates were filtered, washed first with
ethanol and distilled water (1:10) and then with distilled water many
times. Then 1.5 g of activated biochar scattered in 50 mL double distilled
water was added into the slurry of Ag/Cu-ZnO nanomaterials with
constant stirring for 1 hour at 60 °C. The precipitates were filtered and
oven dried for 24 hrs at 60 °C.

2.4. Photocatalytic degradation of agrochemicals

The agrochemicals degradation was evaluated by photocatalytic
efficiency of ACZ-B nanocomposite for CP and 2,3,5-T as a targeted
pollutant in water. The influence of photocatalysis was explored using
equilibrium adsorption in the dark followed by photocatalysis and
synergic adsorption and photocatalysis. For the experiment, the
suspension of agrochemicals (100 ppm) and ACZ-B composite (100 mg)
were stirred magnetically for controlled agitation [38]. During adsorption,
the suspensions were retained in dark to establish adsorption-
desorptionequilibrium of agrochemical molecule. After achieving the
equilibrium, the suspension was exposed to sunlight directly for
photocatalysis. The effect of the different condition was studied by
compared theboth reaction set up. Now, 5 mL solutions were taken out at
definite time periods, centrifuged and exposed for determination of
absorbance at 450 nm in the double beam UV-Vis spectrophotometer.
Triplicates of readings are taken.
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3. Characterization

Perkin  Elmer  Spectrum RX-1  Fourier transform infrared
spectrophotometer in range between 4000 cm™! and 400 cm ™! was used to
know the function group in the nanocomposite. The crystallite size and
phase purity of ACZ-B was determined by X-ray diffractometer using
CuKoa radiation. High resolution transmission electron microscopy
(Techni G2 20 S-Twin) using the gold-coated grid was used to determine
the size of nanocomposite. Ultraviolet Visible spectrophotometer was
used to determine the absorption spectrum. The pH was measured by pH
meter (ELICO model LI-617, India). The specific surface area was
calculated using help of Brunauer—Emmett—Teller through N adsorption-
desorption isotherms.
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Fig. 1. ACZ-B nanocomposite (a) FT-IR spectrum (b) Band gap study
(c) XRD (d) Photoluminescence study
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4. Results and discussions

4.1 FTIR analysis
FTIR spectrum of ACZ-B nanocomposite is shown in Fig. 1a. Peaks at
3427, 2913, 1593, 1338, 1113, 663, 550 and 400 cm™ were identified.
Peak at 3427 cm™!' was inferred from stretching of O-H groups. Peak at
1593 and 1113 cm™' were recorded due to C=O bond of carboxylic
groups and stretching vibrations of C-C stretching of aromatic skeleton
[39]. The broad peak at 2913 cm™ was assigned to C-H vibration of
aromatic compounds [40]. The peak at 1338 cm™! was observed from C—
H stretching, C—O stretching or CH2 wagging. The peaks at 663, 550, and
400 cm™ were recorded due to Zn-O vibrations [41,42].
4.2. Band gap study
The optical bandgap (Eg) energy of ACZ-B nanocomposite has been
determined from a Tauc-plot as per equation (Eq. 1) as follow:
a = —A(hv;jg)m (1)
Where a is absorption coefficient, v is frequency of light radiation, h is
Planck’s constant and Eg is band gap energy [43-45]. The band gap
energy of nanocomposite was found to be 2.84 eV (Fig.1b).
4.3. XRD analysis
The purity and crystallinity of the synthesized ACZ-B nanocomposite
was confirmed by X-ray diffraction. The XRD pattern of ACZ-B
nanocomposite is shown in Fig.1(c). The crystallite size was calculated
from Scherrer’s formula as:
kA

- BcosO
()
Where k is constant, value of =0.90, B is the full width at half maximum
(FWHM) of the peak, A for Cu Ka is 1.5418 A and 0 is diffraction angle.
The XRD pattern was compared to the standard database and distinctive
peak of copper was developed at 50.4°, which corresponds to the (200)
crystal facets [46]. Furthermore, the emergence of peaks at 38.15°
44.36°, and 64.53°, comparable to (111), (200), and (220) planes of silver
(AQ), respectively indicated face-centered cubic structure [47]. The three
characteristic peaks 31.6°, 34.4°, and 36.2° recorded for hexagonal
wurtzite structure of ZnO matched to the crystal facets (100), (002), and
(101) with the JCPDS, File No. 036-145145 [48]. The XRD pattern
indicated the presence of copper, silver, and zinc oxide. The size of
particles obtained from XRD data ranged between 15 nm and 20 nm.
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4.4. Photoluminescence (PL) study

To study the recombination rate of photogenerated charge carriers and
migration efficiency of ACZ-B nanocomposites PL technique was used.
Fig.1d illustrates the photoluminescence spectra of ACZ-B
nanocomposites. Broad bands were recorded at 600- 680 nm in the visible
region [49]. ACZ-B exhibits a red emission at 660 nm due to the
interstitial zinc transition and over-sufficiency of oxygen. The efficient
charge separation and inhibition of electron-hole recombination enhances
the photocatalytic activity. The deposition of Ag NPs onto the ZnO defect
sites reduces the number of surface defects in ACZ-B nanostructures
[50].

4.5. Brunauer-Emmett-Teller (BET) surface area analysis

The nitrogen adsorption/desorption isotherms and pore size distribution
plot of the ACZ-B nanocomposite are shown in Fig. 2. Using BET
surface area, the pore size distributions of the ACZ-B nanocomposite are
shown in the inset of Fig. 3. The pore size of the ACZ-B nanocomposite
was 2.49 nm. The ACZ-B nanocomposite confirmed type IV curve as
appeared by a type H3 hysteresis loop.

50 - o 249

i

40 -

Pore volume (cm®ig.A")
°

30

-
0 0044 -

[
Pore radius (nm)

20 |-

H
10
—a— Adsorption

1 1 1 1
0.0 0.2 0.4 0.6 0.8
Relative pressure (p/p,)

Volume adsorbed (cm?'lg)

Fig. 2. N2 adsorption/desorption isotherms and pore size distribution

(inset) of ACZ-B nanocomposite
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4.6. TEM Analysis

TEM results indicated the presence of needle shape particles distributed
in biochar matrix with particle size ranged between 60 nm and 80 nm as
shown in Fig. 3. The small aggregations arise in synthesized
nanocomposite, which may be due to the hydrogen bonding between
biomolecules and nature of the extract used as reducing agents.

Fig. 3. TEM image of ACZ-B nanocomposite

5. Photocatalysis

The photocatalytic dehradation of ACZ-B nanocomposite was studied at
two model targeted pollutants; CP and 2,4,5-T under different processes
under direct-sunlight illustration (Figs. 4 and 5).

5.1. Adsorption in dark succeeded by solar light photocatalysis

In this process, the CP and 2,3,5-T solution containing the photocatalyst
ACZ-B were stored in dark with continuous stirring for 1 hrs to establish
adsorption/desorption equilibrium. For further photodegradation, the
solutions were kept in sunlight. Figs. 4 and 5 depict the adsorption of CP
& 2,3,5-T in the presence of ACZ-B photocatalyst.

Figures 4a and 5a indicating insignificant results of degradation by
nanocomposite under adsorption in dark succeeded by photocatalysis. It
was observed when solutions were kept in the dark containing ACZ-B
nanocomposite only 14% and 24% of CP & 2,3,5-T were adsorbed within
90 mints of irradiation (Fig. 4a).
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Fig. 4. Percentage degradation of chloropyrofors (a) adsorption in
dark succeeded by photo catalysis and (b) synergic adsorption/photo
catalysis; (c) pseudo-first-order Kkinetics for adsorption in dark
succeeded by photo catalysis and (d) pseudo-first-order kinetics for
photo degradation of chloropyrofors synergic adsorption/photo
catalysis in presence of nanocomposite (initial concentration of
chloropyrofors 100ppm, pH-6.7, temperature -30£5°C)

After, 210 minutes of sunlight exposure, 89% and 88% of CP and 2,3,5-T,
respectively were degraded. When the solution is placed in the dark, it is
likely that the surface of the nanocomposite is covered in pollutant
molecules, preventing degradation. Furthermore, in presence of sunlight,
an electron-hole pair was formed, which interacted with water and
producing hydroxyl and superoxide radicals, therefore disrupting the
mineralization of pollutants. ZnO nanoparticles had lower photocatalytic
activity under sunshine as compared to nanocomposite. During
photocatalysis the transition metal ions improves the absorption,
interfacial charge transfers with the recombination of electron-hole pairs,
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and significant increased the production of -OH. The reduction and
oxidation process is the main mechanism involving in photocatalytic
reactions. The degradation rate (D) is calculated as (Eq. 3):
D="C X 100% = 222 X 100% (3)
0 0
Where Co = initial amount of pollutants; C: = Amount of pollutants at
different time
Ao = Initial absorbance; A: = Absorbance at different time
The rate of photodegradation of pollutants was best fitted to pseudo-first-
order kinetic model as follow (Eq. 4) [50].
INA0/At = kapp t 4)
Figs 5¢ and 6¢ show that photodegradation of pollutants follows Langmuir
Hinshelwood model. The rate constants and R? of degradation of CP and
2,4,5-T are shown in Table 1.
5.2. Synergic Adsorption/Photodegradation by solar light
The synergic adsorption and photocatalysis was performed directly in
presence of solar light. In this process the adsorption of pollutants onto the
nanocomposite followed by photo degradation was observed. The
photocatalytic degradation of 94% and 88 % was found for CP & 2,3,5-T
after 150 min under synergic reaction as shown in Figs. 4b and 5b.
The pseudo-first-order kinetics was followed for CP & 2,3,5-T using
ACZ-B nanocomposite as shown in Figs. 4d and 5d. The rate constant k
and correlation coefficient (R?) for CP & 2,3,5-T are shown in Table 1.
The higher elimination of pollutants was obtained in synergic
adsorption/photocatalysis due to brakeage of the molecules conjugation
with superoxides. During synergic adsorption of agrochemical, absorption
of light electron-hole pairs and free radicals generate simultaneously for
breaking of the conjugation in the adsorbed and free molecules. The
degraded product left the surface of adsorbent free and facilitate the
photodegradation process by reduces the degradation time and increases
the degradation rate.
The photocatalytic degradation of organic pollutants was due to oxidation
reaction between photocatalyst and active species such as OH", O™ etc.
The mechanism for the degradation of pollutants is as follow:
ACZ-B+ Pollutants (P) — ACZ-B-P adsorbed (Sunlight)
ACZ-B(h")- P adsorbed + H,O — ACZ-B(OH *)-P + H™
ACZ-B (h*) —P adsorbed + OH"— ACZ-B(OH")-P
ACZ-B(e") -P adsorbed + O, — ACZ-B (0O2)-P
O, " or OH" + P-ACZ-B— Intermediate Product — Degraded Product +
Free ACZ-B
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Fig. 5. Percentage degradation of 2,4,5-T (a) adsorption in dark
succeeded by photo catalysis and (b) synergic adsorption/photo
catalysis; (c) pseudo-first-order kinetics for photo degradation
adsorption in dark succeeded by photo catalysis and (d) pseudo-first-
order Kinetics for photo degradation synergic adsorption/photo
catalysis in presence of nanocomposite (initial concentration of 2,4,5-T
100ppm, pH-5.2, temperature -30+5°C)

Synergic adsorption and photocatalysis was found more proficient and
effective compared with adsorption in dark succeeded photocatalysis
process [51-54]. The outstanding degradation performance of
nanocomposite improves its attributes for wastewater treatment.

6. Photocatalytic activities of ACZ-B nanocomposite on various
parameters

6.1. Effect of photocatalyst dosage

The degradation of CP (40 mg/L) and 2,4,5-T (100 ppm) were carried out
using various dosages of ACZ-B photocatalyst such as 0.025, 0.050,
0.075, 0.100, and 0.125¢/L. were illustrated under solar light using the
178 Orissa Journal of Physics, Vol. 31, No, 2 August 2024
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spectrophotometer (Fig.6a and 7a). The percentage of degradation was
measured with the help of spectrophotometer. Based on the results it has
been concluded that as the increase photocatalyst dosage, the percentage
of degradation also increases. This could be explained due to the
generation of the number of holes and radicals because the number of
active photocatalytic positions increases, thus lead to faster degradation.
Fig. 6a and Fig. 7a clearly show that 83% degradation rate at highest
dosage 0.125g/L was observed in 2,4,5-T. Therefore, in CP as the
photocatalyst dosage increases the degradation efficiency is reduced at
high photocatalyst dosage. This could be happened due to excess use of
photocatalyst, prohibits light penetration by reducing the transparency of
the solution, reduced the process efficiency and eventually leads to a
decrease in the percentage of degradation. Therefore, above results
concluded that the better photocatalyst amount was considered for
degradation of CP (0.100g/L) and 0.125g/L for 2,4,5-T [55-56].

6.2. Effect of concentration of pollutants

The concentration of CP and 2,4,5-T varied 20, 40, 60, 80, 100, and
120mg/L in a water solution containing 0.05 g of photocatalyst placed
under solar light for 120 min and measured by the UV-Vis
spectrophotometer (Fig. 7b and 6b). The results revealed that at a higher
concentration of pollutants the degradation percentage decreased because
as the contamination in water is too high, no adequate quantity of light
reaches to photocatalyst to degrade the pollutants [57-58]. 20 mg/L and 50
mg/L are recorded to be optimized concentration of CP and 2,4,5-T.

6.3. Effect of pH

The degradation of pollutants were greatly affected by solution pH. The
degradation of pollutants was investigated at varied pH at constant amount
of photocatalytic ( Figs. 6¢c and 7c). The degradation rate is low at high pH
and, with low pH, the degradation rate high. In maximum 89% CP
degradation was noticed at pH 6.7 and pH 5.2 maximum degradation was
observed 73% for 2,4,5-T.
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Fig. 6. Effect of reaction parameters on degradation of CP (a) effect of
photo catalyst dosages (b) effect of CP concentration (c) effect of pH
6.4. Effect of time

The impact of time on the degradation of CP and 2,4,5-T employing ACZ-
B photocatalyst in sunlight irradiation for 210 minutes under synergic
reaction are shown in Figs. 4b and 5b. The degradation efficiency was
gradually increasing with exposure time and degradation reached up to
94% and 88 % for CP & 2,3,5-T, respectively. The kinetic study at
different interval of time followed pseudo-first-order.
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Fig. 7. Effect of reaction parameters on degradation of 2,4,5-T (a)
effect of photo catalyst dosages (b) effect of 2,4,5-T concentration (c)
effect of pH

7. Conclusion

The focus of this study was to achieve better photocatalytic performance
by preparing Ag/Cu-ZnO-biochar nanocomposite via an easy, low-cost,
green co-precipitation method. The exceptionally high degradation of
2,4,5-T as compared to CP were recorded by adsorption/photocatalytic
process under solar illuminance. The parameters for photodegradation of
pollutants including pH, photocatalyst dosage, and pollutant
concentrations were optimized. TEM results inferred the formation of
needle shape nanoparticles and high crystallinity. The present combination
of biochar with transition metal and metal oxide has proven a better
material for photocatalytic degradation of wastewater treatment.
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