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ARTICLE INFO ABSTRACT

Document Type: The photocatalytic degradation of Quinalphos, an organic pesticide, in the
Research Paper presence of modified ZnO metal composites, namely ZnO/MgO and ZnO/Sn0O;,
was investigated at normal pH in the presence of sunlight. The structural and
morphological properties of both the synthesized nanocomposites were
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Keywords: efficiency was investigated. The photocatalytic activity of the respective
Organic contaminants nanocomposites on the degradation of Quinalphos was confirmed by UV-
Quinalphos Visible spectroscopy. Moreover, the recycling ability of the prepared
Nanocomposite nanocomposites was also conducted and analyzed. However, the

Photocatalyst

k . photocatalytic efficiency of ZnO/SnO; nanocomposite was more efficient than
Photocatalytic degradation

the ZnO/MgO nanocomposite for the treatment of pesticide effluent,
achieving 98 % and 95 % of total organic carbon (TOC) and chemical oxygen
demand (COD) removals, respectively. The present study therefore concluded
that the ZnO/SnO; nanocomposite was the more stable and well organised
composite, which could be the preferred treatment of industrial and
agricultural wastewater containing organic contaminants within a short span
of time.

applied extensively in agriculture to enrich the yield
of food grains and protect crops from pests [2].
Quinalphos is one of the powerful
organophosphate pesticides utilised for the
conservation and high productivity of vegetables,
tea, cotton, and fruits. Besides their advantages,
the incessant usage of this chemical pesticide in
agriculture has negatively impacted property,

has created acute contamination and degradation  productivity, and the texture of the ecosystem [3].
in water quality. Organophosphate pesticides are

1. Introduction

Water pollution created by pesticide contaminants
has exploited the affluence of the environment,
giving rise to several health problems for humans
and aquatic organisms [1]. The uncontrolled usage
of pesticides in agriculture and their application in
paper, leather, paint, and wood conservation units

Quinalphos is readily soluble in water; hence, it is
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easily transported through the soil and
contaminates the underground water streams.
Moreover, this organic pollutant stays in aqueous
media for a long time, contaminating the
groundwater even at very low concentrations [4].
Also, the availability of potable drinking water has
been declining every day due to the contamination
of this type of pesticide pollutants [5]. Hence, to
improve the quality of water, there is a need for an
instant remedy for the eradication of Quinalphos
and its residues from water [6]. In recent times,
several procedures, including physical absorption,
biological degradation, etc., have evolved for the
eradication of organic pollutants [7]. However,
ordinary treatment processes cannot eliminate
these pesticide effluents [8]. Hence,
effective, energetic, and eco-friendly method is
required to eliminate these pollutants. Among the
various advanced water treatment methods, photo
catalytic degradation has been proclaimed as an
efficacious, affordable, and environmentally
friendly process [9]. Moreover, this method is
regarded as a boosting technology for the
treatment of water contaminants [10]. Among the
various natural energy resources, solar energy is
regarded to be the most efficient, readily available,
and renewable energy source on Earth [11].
Furthermore, solar irradiation has been utilised to
transform pollutants from convoluted compounds
to uncomplicated molecules,
avoiding the need for further treatment and
disposal of by-products [12]. The photocatalytic
degradation method presents a sparing and
satisfying feasible solution for the treatment of
organic contaminants present [13].
Photocatalyst metal oxide nanoparticles and their
composite materials have
attention in recent times owing to their catalytic
activity [14,15]. They have been extensively applied
for the degradation of pollutants present in local
and industrial water streams [16]. Semi-conductor
modified nanocomposites are highly photosensitive
and possess effective charge transporting capacity
[17,18]. Consequently, they can be applied in
environmental remediation for the treatment of
pollutants present in water [19,20,21]. Zinc oxide is
a semiconductor that is applied widely for the
degradation of organic pollutants due to its
excellent chemical stability, low fabrication cost,

a very

and harmless

in water

received extensive

low toxicity, and other advantages [22]. Kaur et al.
studied the degradation of Quinalphos using ZnO
and TiO2 nanoparticles under UV light for four
hours. According to their analysis, TiO, performed
better catalytic activity than ZnO [23]; the activity
of ZnO was hindered by its band gap energy and
the recombination of electron hole pairs [24]. In
order to maximise its capacity as a semiconductor
in photocatalytic usage zinc oxide was doped with
other metal oxides. Thus, the present study
attempted to modify zinc oxide with magnesium
oxide and tin oxide to construct ZnO/MgO and
ZnO/SnOznanocomposites. Magnesium oxide is a
promising inorganic material widely used in many
applications such as sensors, water treatment,
catalysis, and adsorbents. This is mainly due to
their superior surface reactivity and chemical and
thermal stability [25]. Tin oxide has been found to
be a powerful photocatalyst for the degradation of
organic pollutants in aqueous solution due to its
excellent properties, such as transparency, good
chemical stability, and eco-friendly
character [26]. Only a few works have been
reported regarding the degradation of Quinalphos;
the decomposition of Quinalphos consumes more
time with low degradation efficiency. Sraw et al.
reported 98.09% of Quinalphos degradation in 180
minutes [27]. Lingaraj et al. studied the
degradation of Quinalphos under visible light using
a mercury vapour lamp for90 minutes [28]. Renuga
et al. exposed 84% degradation of Quinalphos
using ZnO/GO in 45 minutes under UV light [29].
Nidhi reported 87.5% of Quinalphos
degradation in 240 minutes using Mn-N-Co doped
TiO2 under visible light [30].

In  the study, ZnO/MgO and
Zn0O/SnOznanocompositeswerefabricated and
applied for the degradation of Quinalphos with the
objective of comparing their photocatalytic
performance. Zinc acetate, magnesium chloride,
ammonium hydroxide, and tin chloride were used
as precursors for synthesizing the ZnO/MgO and
ZnO/SnOznanocomposites. The surface
morphology, crystal structure, and properties of
the prepared materials were examined by using
different analytical techniques: X-ray (XRD),
Ultra-violet (UV), Scanning Electron Microscopy
(SEM), Energy Dispersive X-Ray EDX, and Fourier-
Transform Infrared (FT-IR) analysis. Moreover, the

low cost,

et al.

current



126 S. Sibmah et al. / Advances in Environmental Technology 9(2) 2023, 124-137

effect of pesticide concentration, photocatalyst
dosage, pH, and recycling ability of the prepared
nanocomposites was analysed and their
performance in degradation compared.
Fernandez et al. described an 87% degradation of
methylene blue for 60 minutes under UV irradiation
in the presence of a ZnO/MgO photocatalyst [31].
Sangeetha et al. declared a 78% degradation of IC
dye using ZnO/MgO in the exposure to UV light for
an irradiation time of about 90 minutes [32]. Zarei
et al. observed only a 70% degradation of
methylene blue in the presence of ZnO/SnO;
nanocomposite film under ultraviolet irradiation
[33]. Naveen et al. reported a 78% degradation of
cibacron red dye under ultraviolet irradiation for
120 minutes [34]. After a deliberated review of the
literature, earlier studies reported that ZnO/MgO
and ZnO/SnOznanocompositescould degrade the
contaminants only under UV light
irradiation, and the time required for the same was
greater. Hence, the purpose of this current work is
to introduce a fast, and energy
efficient solution to treat organic contaminants
present In most of the published
literature, the experiments were performed at a
high pH (test solution), but eco-friendly pH under
natural sunlight was used in the current study.

wdas

organic

economical,

in water.

2. Materials and methods

All the chemicals were of analytical grade. The
chemicals were utilised as received without further
purification.  Zinc  acetate dihydrate [Zn
(CHsCO2)2.2H20] and magnesium chloride (MgCl>)

were purchased from Nice laboratories,
Maharashtra (India). Ammonium hydroxide
(NH4OH) was purchased from Iso-chem

Laboratories, Kochi (India). Tin chloride (SnCl;) was
purchased from Reachem Laboratory Chemicals
pvt, Ltd, Chennai (India).

2.1. Synthesis of modified ZnO nanocomposites

The nanocomposite was prepared using zinc
acetate, graphite powder, and copper sulphate as
precursors.

2.1.1. Synthesis of ZnO/MgO nanocomposite

The ZnO/MgO nanocomposite was synthesised by
dissolving a known quantity of zinc acetate
dehydrate and magnesium chloride in 100 mL of
double distilled water. A calculated amount of

ammonium hydroxide solution was added drop
wise to the above suspension, and stirring was
continued for about 4 h. The supernatant liquid was
discarded and centrifuged. The obtained
precipitate was dried on a hot plate at 80 °C and
crushed in an agate mortar pestle to obtain the
ZnO/MgO nanocomposite [35].

2.1.2. Synthesis of ZnO/SnO2 nanocomposite

A known quantity of zinc acetate and tin chloride
was dissolved in 100 mL of double distilled water. A
calculated amount of 1:1 (v/v) ammonia solution
was added drop wise to the above suspension with
continuous stirring for 2 h. The precipitate was kept
without any interruption for 12 hours at room
temperature. The resulting products were filtered
and dried in an air oven at 80 °C for 2 hours. Finally,
the prepared composite was calcined at 300 °C for
2 h to obtain the ZnO/SnO2; nanocomposite [34].

3. Characterisation of nanocomposite

The structural and crystalline phase of the sample
was recognised using a Bruker D8 advance XRD
with Cu-Ka radiation 40 mA with a scanning rate of
2° min™. The morphology and structural analysis of
the composites was examined using Scanning
Electron Microscope (model Jeol 5800LV). The
elemental composition was analysed using Energy
Dispersive X-ray spectrometry (EDS) analysis
(model JSM-7100F). The FT-IR analysis of the
nanocomposite was studied using a Bruker Invenio
spectrometer, and the diffuse
absorption spectra (DRS) were recorded on JASCO
equipment in the range of 200-2500 nm.

reflectance

3.1. X-ray diffraction analysis

The X-ray diffraction analysis is a non-destructive
methodology suited to examine the crystalline
structure of materials. Figure4A and Figure4B show
a standard XRD pattern of the ZnO/MgO and
ZnO/SnO  nanocomposites,  respectively. In
FigurelA, the diffraction peaks located at 31.93°,
34.54°, 36.33°, 47.68°, 56.82°, 68.17°, and 69.16°
(JCPDS card no: 36-1451) designate the presence of
the hexagonal phase of the zinc oxide lattice [36].
Moreover, the diffraction peaks at 36.41°, 42.96°,
56.82°, and 63.01° (JCPDS card no: 45- 09646)
specify the existence of a cubic phase of
magnesium oxide [37]. Using the Debye Scherrer
formula, the average crystal size of the ZnO/MgO
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nanocomposite was evaluated to be 32 nm. In
Figure1B, the diffraction peaks at 34.29°, 49.05°,
58.33°, and 62.96° (JCPDS card no: 36-1451)
relatively designate the presence of zinc oxide,
whereas the diffraction peaks located at 27.74°,
34.29°, 42.91°, 49.05°, and 58.33° specify the
tetragonal rutile phase of tin oxide, respectively
(JCPDS card no: 39-0511) [38]. This rutile phase in
the ZnO/SnO; nanocomposite improved the
employment of photo generated charge carriers.
Hence, the organic contaminants can be degraded
easily within a short span of time [39]. Moreover,
the small size and large specific surface area of the
ZnO/Sn0O; catalyst gave a favourable contribution
towards high photocatalytic degradation activity.
The average size of the prepared ZnO/SnO:
nanocomposite was evaluated to be 28 nm.

3.2. SEM analysis

The surface morphology of the synthesised
nanocomposites was ascertained through SEM
analysis as shown in Figure - 2A and 2B. The
ZnO/MgO nanocomposite revealed a flake like
morphology, whereas the particles in the ZnO/SnO;
nanocomposite rough and possessed
spherical morphology with less agglomeration
[40,41]. The morphology of the Zn0O/SnO;
nanocomposite provided drastic charge separation
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efficiency for this composite and thus showed an
effective photocatalytic performance towards
pollution degradation.

3.3. EDX analysis

In order to authorise the purity of the prepared
Zn0O/MgO and ZnO/SnO; nanocomposites, the EDX
interpretation was analysed, as shown in Figure 3.
The attributing peaks shown in Figure 3 (A)
represent zinc, magnesium, and oxygen, but there
are no additional peaks, further certifying the
purity of the synthesized Zn0O/MgO
nanocomposite. The weight percentage of
magnesium, zinc, and oxygen was found to be
33.54, 42.05, and 24.41, respectively. And this
indicated that the prepared nanocomposite was
composed only of zinc, magnesium, and oxygen
without any other foreign elements. In Figure 3(B),
the purity of the prepared ZnO/SnO, sample was
certified by the attributing peaks representing zinc,
tin, and oxygen, but there are no additional peaks,
which further represented the purity of the
synthesized ZnO/SnO; nanocomposite. The weight
percentage of tin, zinc, and oxygen was 21.59,
50.61, and 27.80, respectively.

(B)

Number of counts

T T T T |
20 0

a0 &
2 theta ( degrees)

-
=

Fig. 1. XRD pattern of (A) ZnO/MgO nanocomposite (B) ZnO/SnO2 nanocomposite.
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Fig.3. EDXpattern of (A) ZnO/MgO nanocomposite (B) ZnO/SnO; nanocomposite.

The atomic percentage of the synthesized
nanocomposites together with the weight
percentage was displayed in Table 1.

3.4. UV-Vis diffuse reflectance spectra (DRS)
analysis

The optical properties of the prepared
nanocomposites were investigated by UV-Vis
diffuse reflectance spectra, as shown in Figures. 4A
and 4B. The band gap energy of ZnO was 3.37 eV
and hence it could not be excited by visible light
under ambient conditions. In an attempt to
magnify the photocatalytic activity of ZnO, it was
coupled with MgO as well as SnO;. The performance
of a photocatalyst strongly depends on its
electronic band gap energy. For a photocatalyst to
be active under visible light, its band gap energy
should be smaller than 3 eV, which was achieved

for the synthesised ZnO/MgO and ZnO/SnO,. The
band gap energy of the prepared ZnO/MgO
nanocomposite was 2.78 eV and 2.25 eV for
Zn0O/Sn0;. As the band gap energy of the ZnO/SnO;
nanocomposite was smaller than the ZnO/MgO
nanocomposite, the former was more dynamic.

Table 1. Elemental composition of ZnO/MgO and
ZnO/SnOz2nanocomposite.

Element Weight percentage Atomic percentage

Zinc 50.61 28.74
Tin 21.59 6.75
Oxygen 27.80 64.51
Element Weight percentage Atomic percentage
Zinc 50.61 28.74
Tin 21.59 6.75
Oxygen 27.80 64.51
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Fig. 4UV-Vis DRS spectrum of (A) ZnO/MgO nanocomposite (B) ZnO/SnOz2nanocomposite.
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Fig.5. FT-IR spectrum of (A) ZnO/MgO nanocomposite (B) ZnO/SnO;nanocomposite.

3.5. FT-IR analysis

FT-IR studies were carried out to establish the
functional groups and chemical bonds present in
the metal oxide nanocomposites [42]. In the
ZnO/MgO nanocomposite, the peak at 580 cm
and 827 cm™ was due to the presence of Zn-O and
Mg-O bonds, which assured the formation of a pure
and composite form of the respective
nanocomposite [43]. The peak at 1417 cmand 2883
cm'was characteristic of the metal carbonyl group

and residual organic components, respectively

[35]. Further, a broad peak at 3446 cm
corresponded to the primary alcoholic O-H
functional group [44,45]. For the

ZnO/SnO2nanocomposite, the origin of a well-
defined band at 443 cm™ indicated the presence of
pure zinc oxide [46]. A strong peak at 640 cm'was
attributed to the vibration of the O-Sn-O bond in
ZnO/SnO, nanocomposite, as reported in the

literature [47]. The band at 2380 cm™' represented
the stretching vibration of the C-H bonds. Finally,
the absorbance at 3737 cm™ corresponded to the
stretching vibration of hydroxyl group.

4. Photocatalytic Experiment

In order to analyse the photocatalytic performance
of the prepared nanocomposites (ZnO/SnO; and
Zn0O/MgO) possessing different  chemical
compositions in the photocatalytic degradation of
Quinalphos, the same doses of the synthesized
nanocomposites were introduced into an aqueous
solution containing 30 ppm of organic pesticide
and Quinalphos as the contaminant at a neutral
pH; the experiments were carried out separately for
each nanocomposite. The solution was kept in the
dark with stirring for about 30 minutes to establish
an adsorption-desorption equilibrium. Then, the
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whole experimental setup was kept in sunlight, and
the stirring was continued. The degradation of
Quinalphos was monitored by sampling 3mLof the
test solution at regular intervals after irradiation,
followed by centrifugation [48]. The concentration
of the solution was analysed using a UV-visible
spectrophotometer by monitoring the absorbance
at 230 nm. A visual representation of
photocatalytic degradation experiment was shown
in Figure 6. The percentage of degradation
efficiency of Quinalphos was calculated as follows:
efficiency of degradation (%) = % x 100
where Cp is the initial concentration of the test
solution and C is the concentration of the solution

after photocatalytic degradation.

S. Sibmah et al. / Advances in Environmental Technology 9(2) 2023, 124-137

5. Photocatalytic degradation studies.

The results obtained from this examination
displayed the excellent photocatalytic ability of the
prepared photocatalysts for the degradation of
Quinalphos under direct sunlight. The colour of the
test solution turned from turbid pale blue to a
colourless solution. The result of the
experiments revealed that both ZnO/MgO and
ZnO/SnO; nanocomposites showed very good
degradation  efficiency under light
irradiation.  The  ZnO/MgO  nanocomposite
displayed 80% colour decay in 30 minutes (Figure
7A), whereas 100% of degradation was achieved by
the ZnO/SnO2 nanocomposite at 30 minutes of light
irradiation (Figure 7B), indicating the degradation
of Quinalphos pesticide.

clear

visible

(A)
Fig. 7.Visual observation for (A) ZnO/MgO degradation at 10, 20 and 30 minutes (B) Visual observation for
Zn0O/Sn0Ozdegradation at 10, 20, and 30 minutes.

6. Absorbance spectra measurements

Figures 8A and 8B show the evolution of the
absorption spectra of the Quinalphos solution
during the photocatalytic degradation experiments
with the ZnO/MgO and ZnO/SnO2 nanocomposites.
The absorbance of the Quinalphos solution, i.e., 30

(B)

ppm before and after irradiation, was monitored.
The absorption maximum for the test solution at
230 nm was gradually decreased with irradiation
time. The results of degradation revealed that the
percentage of degradation with an irradiation time
of 30 minutes using the ZnO/MgO and
ZnO/SnOznanocomposite was found to be 80 and
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100, respectively. From the UV-Visible spectral
analysis, it could be confirmed that ZnO coupled
with SnO, degrade Quinalphos more briskly than
Zn0O/MgO nanocomposite.

7.2. Effect of photocatalyst loading

The degradation of pesticide depends on the
adsorption of pesticide over the active sites on the
surface of the photocatalyst, and only the
adsorbed organic contaminant will undergo
complete  degradation. The photocatalytic
degradation experiment was conducted over a
range of catalyst amounts from 0.1 to 0.4 mg for
the Quinalphos pesticide. The ZnO/SnO;
nanocomposite showed the highest degradation of
100 % for 0.2 mg in 30 minutes. The degradation
rate was less for the remaining doses of 0.1, 0.3,
and 0.4 mg; for 0.4 mg of ZnO/MgO
nanocomposite, it was recorded at 80% in 30

120

——30 ppm
100 - —8—35 ppm
S 40 ppm
+ 80 ~
<]
o
2
(o)) 60 N
@
o
S 40 -
*
20 (A)
0 A
0 10 20 30

Time (minutes)

minutes. This is illustrated in Figures 10(A) and
10(B). However, compared to the Zn0O/MgO
nanocomposite, the ZnO/SnO2 nanocomposite was
more effective, as it showed better degradation
efficiency. From the results of the XRD analysis, the
potential of the ZnO/SnO; catalyst was higher due
to its smaller size, larger surface area, and the
presence of a sufficient number of surface-active
sites on the catalyst. A further increase in the
dosage of the photocatalyst generated more
numbers of electron hole pairs, and the
degradation of the pesticide molecules was
induced due to the formation of more reactive
radicals on the surface of the photocatalyst.
Moreover, the increase in dynamic sites on the
surface of catalyst was more accessible for the
degradation to take place. Therefore, as the
loading of the photocatalyst increased,
photocatalytic degradation also increased.
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100 ——35 ppm
c
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@
o
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Fig.9. Effect of concentration of pesticide on (A) ZnO/MgO nanocomposite (B) ZnO/SnO2 nanocomposite.
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nanocomposites.

7.3. Effect of pH

In order to study the effect of pH on the
degradation potentiality of both the ZnO/MgO and
ZnO/Sn0O, nanocomposites, the experiments were
conducted in pH ranging from 2 to 10. The pH of the
test solution was adjusted before irradiation using
an HCI and NaOH solution. The percentage of
degradation increased at an acidic pH and was
reduced at basic pH, as shown in Figure 11. The
ZnO/SnO; nanocomposite showed a maximum
degradation of 100 % at pH 7, and the degradation
efficiency was reduced to 85% at pH 10 in 30

minutes. However, the ZnO/MgO nanocomposite
showed 80% degradation at pH 7 and decreased to
56% at pH 10 in 30 minutes. The current study
revealed that both the ZnO/MgO and ZnO/SnO;
nanocomposites have the capacity to degrade
Quinalphos in acidic pH conditions.

8. Recycling ability of the composites

The recycling ability of the catalyst is very
important for sustainable water treatment [49].
This capacity assures the stability of the catalyst
[50]. In order to analyse the recycling ability of the
prepared nanocomposites, the specified
nanocomposite accumulated by
centrifugation from the test solution after the
complete degradation of Quinalphos. The
reclaimed nanocomposite was washed, filtered,
dried, and employed for the next degradation cycle
of the Quinalphos pesticide. This procedure was
repeated for more cycles, and the degradation
efficiency of Quinalphos remained the same for five
cycles for ZnO/MgO and multiple cycles for the
Zn0O/Sn0O; nanocomposite, which was
authenticated from the UV-Visible absorbance
data. This was considered as a significant
character of the ZnO/SnO; nanocomposite. From
this outcome, it could be concluded that the
ZnO/SnO; nanocomposite more stable,
eminent, and exposed a marvellous performance in
activity for degrading

was

wdas

its photocatalytic
Quinalphos.
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Fig.12. Recycling ability of (A) ZnO/SnO; nanocomposite (B) ZnO/MgO nanocomposite.

9. Chemical oxygen demand (COD) analysis

The marvellous photocatalytic performance of the
ZnO/SnO; nanocomposite could also be evaluated
by COD analysis. The initial and final COD value for
the pesticide contaminant was found to be 11752
mg/L and 178 mg/L, respectively. The decrease in
the COD value of the degraded solution confirmed
the mineralisation of the pesticide molecule in
conjugation with the elimination of colour.
Therefore, in the presence of the ZnO/SnO;
nanocomposite, about 98 % of the total COD was
reduced in thirty minutes of light irradiation.

10. Total Organic Carbon (TOC) Analysis

The TOC measurement revealed the disappearance
of organic carbon in the Quinalphos solution. The
results obtained from this analysis showed that
about 95% of organic carbon was terminated from
the Quinalphos solution, which was achieved by
using the ZnO/Sn0O2 nanocomposite through photo
degradation in 30 minutes. From this evaluation, it
was observed that the ZnO/SnO; nanocomposite
was an efficient photocatalyst to mineralise
pesticide pollutants in a short span of time.

11. Conclusions

In the present study, the photocatalytic
degradation of Quinalphos pesticide was
successively achieved using a ZnO/MgO and
ZnO/SnO2nanocomposite  photocatalyst. Both
synthesised nanocomposites were characterised by
FT-IR, XRD, UV-DRS, SEM, and EDX spectradl
Furthermore, the  photocatalytic
performance of the prepared nanocomposites for
the eradication of the pesticide contaminant was

analysis.

compared, and the effect of catalyst dosage,
pesticide concentration, and pH were investigated.
However, the ZnO/SnO; nanocomposite degraded
the pesticide more effectively than the ZnO/MgO
nanocomposite because of the improvement in the
separation of charge carriers and other enhanced
optical properties. Moreover, both nanocomposites
could be regenerated and reused. The cycling
ability (multiple times) indicated that the
Zn0O/SnO; nanocomposite was photocatalytically
stable, and the rate of degradation was unaffected
when compared to that of the Zn0O/MgO
nanocomposite. This investigation concluded that
the ZnO/SnO; nanocomposite had the highest
degradation efficiency to degrade the Quinalphos
pesticide within 30 minutes of irradiation under

direct sunlight. Hence, the
ZnO/SnOznanocomposite exhibited better
photocatalytic activity than the Zn0O/MgO

nanocomposite for the treatment of wastewater
and other organic contaminants present in an
aqueous medium.
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