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Abstract: In this research, the photo catalytic degradation of textile dyes as a model Maxillion Blue (GRL) dye
by using Ag/ZnO/V,05 nanocomposites synthesised via hydrothermal method. The physical properties of the as-
synthesised nanocomposites were examined using characterisation techniques such as scanning electron microscopy
(FE-SEM), energy-dispersive X-ray spectroscopy (EDX), TEM, and UV-vis spectroscopy. the production of pure
Zn0O, V,0; nanoparticles and the discovery, by XRD analysis, of diffraction peaks related to the hexagonal phase
of ZnO, V,0s, UV-vis spectroscopic calculations of the nanocomposite’s energy bandgap (2.63 eV) indicated that
it might function as a photo catalyst when exposed to UV-visible light. XRD also supported the fabrication of
the ZnO/V,05 nanocomposite. FE-SEM images showed that the object was spherical and somewhat hexagonal
in form. EDX analysis reveals the presence of Zn, V, and O in the nanocomposite; its photocatalytic activity was
evaluated through the degradation of GRL dye under exposure to solar light. The results showed that the optimum

mass nanocomposite for efficient photo degradation was 0.4 g/L, with a degradation efficiency of 91.6%.
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Introduction

Environmental contamination is a problem that is
getting more and more serious today. In this regard, the
photocatalytic technology, which aims to decompose
the organic materials discharged in the atmosphere,
offers a fresh idea for the preservation and restoration
of the environment. ZnO is one of the most effective
semiconductor photocatalysts due to its benefits
including quick response, full degradation, consistent
performance, mild reaction conditions, and low cost.
More importantly, ZnO has great potential for the
breakdown of organic materials and is devoid of toxicity
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and secondary contamination. In particular, ZnO has
a huge surface area when it exists as nanoplatelets,
which offers a lot of photocatalytic sites, a lot of
electrode-electrolyte contact regions, a short diffusion
path, and a fast transport rate (Aljeboree et al., 2019;
Hashim et al., 2019). Additionally, it possesses great
mechanical toughness and enough free volume, which
are crucial for reducing structural stress brought on by
the photocatalysis process. ZnO has two drawbacks as a
single photocatalyst, though: (1) ZnO has a low quantum
yield due to its quick electron-hole recombination. (2)
Due to its large band gap, ZnO can only be activated
by UV, which results in a low utility of solar energy
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since UV only makes up 3-4% of sunlight. Therefore,
the effective improvement of ZnO quantum yield and
the expansion of ZnO’s absorption spectrum to the
visible light region have emerged as major research
arcas (Jamil et al., 2018; Mosaa et al., 2019). Noble
metal deposition and oxide semiconductor hybridization
are generally acknowledged as two effective techniques.
Oxide semiconductor hybridization is a technique that
combines two distinct semiconductors for a beneficial
outcome. The circular movement of the photo-generated
electrons and holes between the two semiconductors
has the potential to extend carrier lifespan, widen the
absorption spectrum and improve the efficiency of solar
energy. For instance, V,05 is an oxide semiconductor
with a small (2.80 eV) band gap. As a result, the
absorption spectrum can be widened to include the
visible light area through the hybridisation of ZnO with
V,05 (Algubili et al., 2015).

However, it has been discovered that the presence
of low-valence vanadium ions leads to the formation
of impurities that reduce the band gap. Additionally,
the oxygen vacancies created by the lattice flaws act
as the centers for the electron-hole pairs to be trapped,
which promotes their quick recombination and hinders
the successful destruction of the organic material. A
significant difficulty in this area is figuring out how to
prevent recombination and increase the lifetime of the
electron-hole pairs (Karam et al., 2015).

On the other hand, due to the surface plasmon
resonance, the deposition of a noble metal (such as
Ag) can achieve significant visible light absorption
and effectively separate the electron-hole pairs. The
development of delicate ternary nanostructures made
of co-doped Ag and V,05 nanoplatelets is a highly
intriguing idea, and by doing so, we hope to attain
higher photocatalytic activities, particularly in the
visible light area, through an amazing synergistic effect.
To the best of our knowledge, hierarchical assembly
does not offer a straightforward method for creating
delicate ternary nanostructures. In our earlier study, we
revealed a simple method for the hierarchical assembly
of low-dimensional entities on two-dimensional
nanoplatelets based on van der Waals interactions (Al-
Gubury et al., 2015). Here, we describe fragile ternary
nanostructures made of co-doped ZnO nanoplatelets,
Ag, and V,0; nanoparticles for the first time. This
systematically investigated process forms a connection
between composition and photocatalytic performance.
We discovered a striking synergistic relationship
between the three elements, providing a solid foundation
for the creation of high-performance, next-generation
composite photocatalysts.

Experimental Part

Materials

Maxillion Blue (GRL) dye was created using ammonium
metavandates (NH,VO;), zinc acetate, oxalic acid,
ethanol C,H;OH, and aqueous ammonia (25%) that
were all acquired from Sigma-Aldrich in Germany. In
order to get 100 mg/L of GRL dye in double-distilled
water, a standard solution of 0.1g in 1000 mL was
prepared.

Preparation of Silver (Ag) Doped ZnO/V,054
Nanocomposites

Ammonium metavandates (NH,VO;) were thermally
hydrolysed to prepare ZnO/V,05 nanoparticles, and
the experiment was conducted in a 150 mL teflon
cup housed inside a stainless steel autoclave. In each
experiment, 75 mL of an aqueous zinc acetate solution
(20.6 gm zinc acetate, 75 mL water) was added to 25
mL of ammonium metavandates (0.5 gm NH,VO;,
25 mL water), and the mixture was thoroughly stirred
for an additional 60 minutes. The mixture was then
thoroughly stirred for a further 120 minutes before
the addition of 6.3 g of oxalic acid and 65 mL of 25%
aqueous ammonia. The finished product was then
poured into a teflon cup. After the Teflon cup was
sealed within the autoclave, it was shut off and placed
into an electric furnace that was kept at 160°C for 24
hours. After the autoclave had finally cooled to room
temperature, the powder was separated by centrifuging
it repeatedly (at least three times) at 6000 rpm. It had
also been washed with cold water at least four times
and had been dried overnight in a 60°C oven, as shown
in Scheme (1).
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Scheme 1: Preparation of ZnO/V,05 nanoparticles.
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The silver Ag that was deposited on the ZnO/V,05
nanoparticle was created by placing 0.5g of ZnO/
V,0sNPs and 1.5 ml AgNO; in a quartz cell. Next,
the system was upregulated by N, (nitrogen gas) for 5
minutes before being exposed to UVA light (wavelength
365 nm and light intensity of 1.71mW/cm?) while
being continuously stirred for 24 hours. To obtain the
nanoparticles, the resultant powder was dried for 24
hours at 60°C and repeatedly rinsed with deionized
water. Scheme (2) depicts a real-world image of silver
being deposited onto ZnO/V,05 nanoparticles.
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Scheme 2: Preparation of silver(Ag) doped ZnO/V,04
nanocomposites.

Result and Discussion

Characterisation of Nanocomposite

This technique is used to study the shape and structure
of the surface and to study the particle size rate of the
Ag/ZnO/V,05 nanocomposite by means of a beam of
high-energy electrons with an acceleration voltage of
200 KV.

Figure 1 shows TEM images of Ag/ZnO/V,0s, where
the nanoparticles were observed, and it is noted that
the spherical silver particles are well distributed on the
surface of ZnO. A clear variation was observed in the
spacing between the tips of the zinc oxide and the silver
particles, and with crystal sizes of 200 nm, 100 nm and
60 nm, the zinc oxide nanoparticles were embedded
inside the silver and vanadium (Abd et al., 2020).

Figure 2 shows that very high agglomeration
results in better dispersion of the FE-SEM image. It
was determined from XRD crystalline size data and
SEM images that all Ag/ZnO/V,05 produced had tiny
nanoparticles crystallised (Alkaim and Ajobree, 2020;
Bader et al., 2019). SEM measurements, however,
provide a complete concordance with the crystal size
determined by XRD measurements.

Because of the poor crystallinity, ZnO/V,0;5
exhibits the agglomeration phase. Additionally, the
results demonstrate that the Ag/ZnO/V,05 sample is
homogeneous in terms of size and shape. The huge
specific surface area and high surface energy of Ag/

Figure 1: TEM images of Ag/ZnO/V,05 nanoparticle.
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ZnO/V,05 nanoparticles should have been the source
of the particle aggregation (or production of bigger
particles). Ag/ZnO/V,05 nanoparticles thus severely
agglomerate as a result of the high surface energy
and large specific surface area. Studying FE-SEM
micrographs reveal fewer pores and smaller lumps,
which would cause particles to behave differently
and form nanorode forms rather than spindle particles
(Abass et al., 2018; Abd et al. 2020).

X-ray diffraction (XRD) pattern of ZnO shows no
other summit, indicating the presence of the impurity.
This is an indication that these nanoparticles of zinc
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oxide possess one phase. The impurity patterns were
observed due to the effect of calcination. Nine peaks
appear at 31.7°, 34.4°, 36.2°, 47.5°, 56.5°,62.82°,
66.4°,67.9° and 69.10°, which correspond to the (100),
(002), (101), (102), (110), (103), (200), (112) and (201),
reflection planes, in the same order (Abdulrazzak, 2016;
Abdulrazzak et al., 2021). All the peaks diffraction can
also be suggested to the hexagonal wurtzite structure of
ZnO JCPDS card (no. 36-1451) and phase pure with the
result a highly crystalline due to very sharp and strong
peaks as shown in Figure 3a.
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Figure 2: FE-SEM images of Ag/Zn0O/V,05 nanocomposite.
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Figure 3: X-ray diffraction patterns of (a) ZnO and (b) ZnO-V,05 nanocomposite.
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The phase stability and phase transition of the
ready catalysts, V,0s, were investigated using XRD.
Figure 6 displays the outcomes of employing the full
width at half maximum (FWHM). Based on the peak
width (B), one may calculate the particle size (P),
which yields a shape factor (k) of 0.9, a wavelength
of the x-ray source of 0.1541 nm, and a B value for
the whole peak width at half maximum corrected for
instrumental broadening (Khedaer et al., 2021). The
XRD pattern of the synthesised catalyst is shown in
Figure 3b. One type of phase is well indexed to V,05
with an orthorhombic structure. The other type of phase
is known to exist in ZnO hexagonal structure. This
XRD pattern revealed no further possible impurities,
such as VO; and V,0;, indicating that the final product
solely contained the distinct diffraction peaks of V,04
and ZnO (Abdulrazzak et al., 2021; Ali et al., 2019;
Hashim et al., 2019).

Effect of Mass Dosage

Effect of quantities (0.1, 0.2, 0.4, and 0.6 gm) of
Ag/Zn0O/V,05 nanocomposite on the photocatalytic
degradation of (GRL) dye at a reaction temperature of
25°C for a period of one hour. The analysis of first order
experimental data is depicted in Figure 5. The effect
of adsorbent dosage on the removal of 10 mg/L. GRL
dye. After one hour, the PDE% increased by [60.089 -
71.068]% due to the Ag/ZnO/V,05 NPs’ rising weight
of around 0.1-0.6 gm (Abdulrazzak et al., 2019; Ali et
al., 2019).

Effect of Concentration of GRL Dye
To examine the impact of the initial GRL dye
concentration on Ag/ZnO/V,05 nanocomposite, many
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Figure 4: Effect of photo degradation efficiency of GRL
at several dosages.

dye concentrations (4-25 mg/L) were chosen for this
study. The amounts of GRL adsorbed at solution pH
6 are depicted in Figure 6 as 0.6 g of Ag/ZnO/V,0;
nanocomposite. GRL dye solution is essential for
estimating the rate of photocatalytic degradation as
well as the time dependency of this process at various
concentrations. Assuming first-order kinetics based on
the experimental results, Figure 5 shows first-order
kinetics. After 1 hour of adsorption, the elimination
percentage increased by [91.03-16.37]% as the GRL
dye concentration increased by roughly 2 to 25 ppm
(Abdulrazzak and Hussein, 2018; Abdulrazzak et al.,
2021).

Effect of Light Intensity (L.L.)

By varying the distance between the light source and
the material’s exposed surface, the influence of light
intensity (0.8-2.6 mW/cm?) was seen. GRL dye photo
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Figure 5: Photocatalytic degradation of GRL at several
concentrations.
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Figure 6: Effect of light intensity onto photocatalytic
degradation of GRL dye.
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degradation under the effect of L.I. was examined in
0.4 g of Ag/ZnO/V,05 nanocomposite with a GRL
dye concentration of 10 mg/L. All reactions were
found to proceed in accordance with the first-order
kinetics shown in Figure 6. The rate of photocatalytic
degradation and PDE% increased with increasing UV
intensity light since more radiation is available to excite
the catalyst and, as a result, more charge carriers are
produced (Mashkour et al., 2011).

Conclusion

The hydrothermal method was successfully used to
prepare ZnO/V,05 nanocomposite and enhanced the
surface by using the photo deposition method of silver
metal to prepare Ag/ZnO/V,0s. The effect of light
intensity plays a good role in increasing surface activity
while when the concentration of aqueous dye increases
the activity of the surface reduces as a photocatalyst. We
conclude the prepared surface has good photo-catalytic
activity for degradable aqueous pollutants.
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