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Abstract—By using electrochemical precipitation method was prepared a SnO2/ZnO nanocomposite with a ratio of 1:1.25 a, and its structural
and surface characteristic were studied utilize XRD, FTIR, FESEM, HRTEM, and EDX techniques. Which confirmed crystallographic and
structural analyses the construction of a homogeneous and well-crystalline nanocomposite sizes of about 19 nm and a symmetric elemental
distribution. The morphology images explain interparticle adhesion, which raise highly efficient electron—hole pair separation. The execution of
the nanocomposite as a photocatalyst for the degradation of alizarin red S (ARS) dye was estimated in a home-made photoreactor used lampe
250 W, UV illumination. The experience involved preparing the dye solution, modify the pH and catalyst concentration, and con stantly stirring
to reach adsorption equilibrium with absence of UV rays %PDE 16.21. The effects of operating variables such as dye concentration, catalyst
dosage, and pH on the photodegradation efficiency were studied. The results demonstrated high dye removal efficiency (>86%) under optimized
conditions (dye concentration 20 ppm, catalyst dosage 0.5 g, andpH =9 , temperatur K338). revealed analyses of Kinetic and thermodynamic,

low activation energy (Ea = 8.95 kJ/mol-1), signal that the photocatalytic reaction is largely temperature independent. The positive enthalpy

and free energy values (AH* and AG*) specified that the reaction is endothermic and nonspontaneous beneath the experimental c onditions,

while the negative entropy (AS* < 0) tick that the transition state is more systematic. The high catalytic efficiency of the nanocomposite is refer
to the efficient generation of reactive species such as hydroxyl radicals (*OH) and superoxide anions (O:") on the surface of the composite,

which participate to the decomposition of organic pollutants into modest products such as CO: and H:O, the results proved that the reaction

behaves as a pseudo-first-order reaction, Langmuir-Hinshelwood model. This project explain that the SnO:/ZnO (1:1.25) nanocomposite system

is functional and promising for industrial and environmental wastewater treatment applications .

Keywords— Electrochemical, SnO/ZnO ratio 1:1.25 Nanocomposite, Photodegradation.

many photogenerated electron-hole pairs in single-phase
photocatalysts undergo significant recombination or occur on
Dangerous organic waste is one of the most  the particle surface. Many efforts are being made to reduce

L INTRODUCTION

prominent environmental problems facing various  this recombination rate by incorporating dopants with external

industrial sectors, due to its great negative impact ~ sources or by coupling with semiconductor oxides that have a
on the environment and human health. To reduce these suitable band gap to introduce heterojunctions. Considerable
pollutants, many processing techniques have been developed, heterogeneous functional oxides, like CuO and ZnO, possess
including oxidation processes that aim to dismantle organic high photocatalytic efficiency due to their ability to absorb
pollutants and convert them into simple, harmless compounds light and result electron-hole pairs effectively, which elevate
[1-4]. In the field of heterogeneous optical stimulation, photocatalytic reactions at their surfaces. The formation of a
mineral oxides such as TiO: and ZnO have emerged as heterojunction among these two oxides also contribute in
promising materials that have their high ability to dismantle =~ amended charge division and reduced recombination, thus
organic pollutants, especially fabric dyes, while reducing  rising photocatalytic fulfillment, especially in the therapy of
emissions or secondary pollutants to the lowest possible [5-7]. organic pollutants [13,14]. ZnO and TiO: [15-17], ZnO and
ZnO is one of the most used materials in UV-UV. Thanks to CdS [18], etc. One candidate to reduce the recombination rate
its wide range of about 3.2 electron volts, along with its low of the ZnO photocatalyst is by compositing with the SnO:
cost and high chemical stability, it is an ideal choice in phase [19-22]. SnO: works as an electron, while the holes tend
dismantling organic pollutants and treating environmental to move from the equivalence of SnO- towards ZnO, which
waste [8-12]. When the surface of the particle is exposed to leads to an effective separation of electron-hole pairs. Previous
light, electrons are transmitted from the equal range to the studies have shown that the inclusive ratio between Zn and Sn
delivery range, resulting in the formation of pairs of electrons in the ZnO-SnO compound greatly affects its properties [23-
and gaps (e/h*). These husbands stimulate the reactions of ~ 25]. These systems have been widely studied, but the effect of
oxidation and reduction on the surface of the material, which the basic material pussy is rarely mentioned. The structure of
leads to the disintegration of organic pollutants and converts the ZnO-SnO: nanopotype can be prepared using several
them into simpler compounds such as carbon dioxide and analytical chemical methods, such as the electrochemical
water. Nevertheless, many of the photogenerated electron-hole ~ method [26]. and microemulsion methods [27]. Sol-gel: This
pairs are in a single-phase photocatalyst, in a large wet chemical technique include converting precursors to a gel,
reinstallation, or on the surface of the particles. However, which is then dehydrated and sintered to compose the wanted
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nanomaterial. While relatively simple, it can demand long
processing times and the employ of surfactants or stabilizers
[28]. Laser ablation: this technique utilize a laser to steam a
target material, creating nanoparticles in a liquid medium. It
can produce high-quality nanoparticles; however, the tools can
be expensive, and scaling up manufacture can be challenging
[29]. Hydrothermal process, employ high-pressure and high-
temperature water for chemical reactions, can be effective for
synthesizing ZnO/SnO: materials but often require complex
setups and specific conditions. The process consist on the
solubility of reactants in water beneath large temperatures and
pressures within a closed vessel [30]. The electrochemical
method is the preferred method, which is a simple, reliable,
and inexpensive method. In this article, synthesized SnO»/ZnO
nanocomposites enhance the photocatalytic activity of tin,
observed as the wide band gap of SnO: decreased from 3.6 eV
to 2.916 eV in Sn02/ZnO [31]. In this work, the ZnO/SnO-
nanocomposite powder was prepared with a molten (1:1)
percentage using the chemical method, and its performance
was evaluated in the optical decomposition of the Alizarin Red
dye. The FESEM electronic microscope was also used to
study the morphology and microstructure of the thin films.
This study focuses on the synthesis of Sn0:/ZnO
nanocomposite using an effective and surfactant-free
electrochemical method. The research aims to take advantage
of the priority of electrical expression, such as the exact
control of the thickness of the film, uniformity, and formation,
to produce these nanoparticles. The study will investigate the
structural and optical properties of the synthesized
nanocomposite, with the aim of exploring their potential
applications in electronics, antibacterial and sensor
technologies, and photodegradation properties. The
advantages of electrogeneration include its low cost, low
energy consumption, environmentally friendly nature, reduced
material waste, and the ability to produce thin films at low
temperatures. The nanocomposite formation process and
fundamental properties can be controlled by adjusting the
applied potential [32]. However, the main limitation is that
this technique is generally unsuitable for large-scale
production. Therefore, the deposition process should be
improved to achieve ideal conditions. The properties of the
obtained nanocomposite have been distinguished by the
techniques UV-Vis, FTIR, XRD, FESEM, EDX, and HRTEM.

II. MATERIAL AND METHOD

Prepare a 1:1.25 SnO2/ZnO nanocomposite using a 200 ml
glass cell. The system includes a positive electrode (anode)
made of a 4 cm tin plate (99% purity Aldrich) and a zinc
electrode of the same area (99% purity Aldrich). The negative
electrode (cathode) is made of 4 cm graphite. The electrodes
are washed with ethanol and then deionized water to remove
any suspended organic matter. Add approximately 1 gram of a
strong electrolyte, such as KCl. Add 20 ml of a solution
containing 1 gram per 100 ml of stabilizer (polyvinyl alcohol,
PVA). Add 135 ml of deionized water and a zinc foil (4 cm X
2 cm x 0.25 mm) for use in one test, plusan tin foil (4 cm x 2
cm % 0.25 mm) for the other tests. The electrodes (anode and
cathode) are placed facing each other in the electrolyte
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solution, each 2 cm deep. The electrolyte is equipped with a
device that supplies a current of up to 5,000 milliamps (mA)
and a maximum of 30 volts (V). This device serves as a
magnetic stirrer to stir the mixtures. The electrolyte is
operated for one hour at a temperature of 40 to 50°C. The
precipitates are then centrifuged and washed three times with
deionized water and ethanol. The precipitates are dried at
60°C for one hour, then calcined in an oven at 200°C for two
hours. A certain weight of ZnO from the first experiment 0.70
g was added to the certain weight of the electrolytic cell. In the
second experiment, 0.70 g of SnO2 were added to obtain SnO:
/ZnO composites using a 1:1.25 ratio, as shown in Table 1.
The process needs to control the size of nanoparticles by
changing the size of the electrodes. This is mostly true for the
zinc anode, which has an area of 4 cm? and a total area of 32
cm?, and the graphite cathode, which has the same area. In the
second experiment, tin electrode were prepared to the required
dimensions before the operation and in the same space. 135
mL of deionized water with 25 mL of 2-propanol (C:HzO) ,
used to increase the reaction temperature and suppress
agglomeration, ensuring homogeneity of the solution. 20 ml of
PVA with 20 ml of KOH , used as electrolyte. EDX analysis
indicated that the atomic ratio of SnO»/Al.Os was 1:1.25.

TABLE 1. Demonstrate , measurements , EDX and empirical data

g?p Chemicals EDX
KCL (99% Thomas
Indi) 0.5 ¢/100ml
KOH (99% Thomas 5g/100 ml We
,Indi) take 20 ml
. 1g/100 ml We
PVA (CDH-India) ke 20 ml
Deionizedwater 0.7 “Sr/:ﬂn 135 Exp: 142
2-pr0pan01 (C;HgO) 25 ml Zl’lO/Alex w/w %=
M.Wt:60.10 m 0.70¢/0.70g
pH 10-12 -
Temperature 40-50 °C Zn=32.1 .
- 7 Sn=26.1 Atomic %
Current density 500 mA/m ratio =(1:1.25)
Sn (4cm?) Anode area 32 cm? g: 4i 9
! Graphite cathode 32 cm? ’
Current density 1.6-18 A
Voltage/time 9-12 V/60 (min)
Al (4cm?) Anode area 32 cm?
’ Graphite cathode 32 cm?
Current density 1.6-1.9 A
Voltage/time 9-12 V/60 (min)
OI.  RESULTS AND DISCUSSION
UV-visible analysis

The ultraviolet—visible (UV-Vis) spectrum of the
Sn02/ZnO composite in the range of 400—600 nm showed that
the prepared nanoparticles exhibited significant photoactivity
under visible lightirradiation The band gap of SnO2/ZnO was
calculated using Tauc's plot Fig.1. For a semiconductor
sample, it is possible to determine the optical absorption near
the band edge by the equation, ahv=A(hv-Eg)"?>where a, h, v,
Eg and A are absorption coefficients, Planks constant,
radiation frequency, band gap and good stability. The n value
determines the nature of the transition in a semiconductor,
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with n=1 for the direct transition and n=4 for the indirect
transition. To accurately determine the energy gap, the
relationship between (ahv)!/? and hv, known as the Tauc
diagram, was drawn [33]. By analyzing the optical absorption
spectra, it was found that the SnO2/ZnO nanoparticles had a
maximum absorption peak at 484 nm, and the band gap was
calculated from the Tauc diagram to be 2.8 eV.

Infrared Spectroscopy (FT-IR) Analysis:

Figure 2 exhibit the infrared spectrum of SnO/ZnO
nanocomposite. This analysis objective to recognize the
functional groups and chemical bonds existent in the
compound structure. The spectrum expose characteristic
absorption peaks signal Sn-O and Zn-O bond vibrations,
confirming the formulation of tin and zinc oxides within the
nanostructure of the compound. Additional weak peaks may
also show, resulting from the existence of “OH groups on the
surface, which are commonly associated with adsorbed water
molecules or surface defects in the nanoparticles. The IR
spectra signalize that the absorptions at 3446 cm™' are
obviously related to the subsistence of hydroxyl groups of
water molecules [18] on the external surface of SnO:
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nanoparticles. The peaksat 1172 and 856 cm ™' correspond to
the bending and stretching vibration of Sn-O. The peak at
1439 cm ! indicates the formation of ZnO; the characteristic of
the FTIR peak appears in Table 2.[19,20].

3.0 SnO02/Zn0 ratio 1:1.25 Nanocomposite
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Figure 1. UV.vis spectra of the SnO,/ZnO ratio 1:1.25 Nanocomposite and

and Tauc's plots Eg=2.8 eV.
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Figure 2. Distinguishing peaks of FTIR spectrum for SnO,/ZnO, ratio (1:1.25) nanocomposites

TABLE 2. Characteristic the peaks in the FTIR spectrum and the functional groups of SnO,/Zn0O, ratio (1:1.25) nanocomposites

Was;:;n:x)nber Effective group/vibration type Interpretation Ref.

3400 — 3450 O-H stretching vibration It indicates the presence of hydroxyl groups (.—OH) or water adsorbed on the surface 137]
of the particles.

1600 — 1630 O-H bending vibration Bound to absorbed water or hydroxyl groups [38]

M-0O-M vibration (metal-oxygen— It indicates the formation of bonds between Zn—O—Sn in the nanostructure of the
1000-1100 [39]
metal) compound.

500 - 700 7n-0 and Sn—O vibration It confirms the presence of zinc oxides (Zr}O) and tin oxides (SnO:) in the [40]

nanocomposite.
) ) 110),(103),(200),(112),and (201) planes of the hexagonal
XRD diagnosis (110),(103), (200), (112),and (201) p g

The XRD pattern illustration in Figure 3 of the fabricated
SnO2/Zn0O ratio of 1:1.25 nanocomposite from which it was
organized that the diffraction peaks at 20 account for 31.81°,
34.62°, 36.19°, 47.49°, 56.61°, 62.85°, 66.39°, 67.95°, and
69.13° correspond well with the (100), (002), (101), (102),

8

wurtzite structure of ZnO, respectively (JCPDS 36-1451) [41].
Also, the diffraction peaks at 20 values of 26.64°, 33.82°,
37.89°,51.76°, 54.71°, 64.76°, and 78.73° correspond well
with the (110), (101), (200), (211), (220), (112), and (321)
planes of tetragonal SnO-, respectively (JCPDS 41-1445)[42].
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So, the apparition of the lattice plane conforming to both the
ZnO and SnO: implies the consistency of the Sn0./ZnO
nanocomposite [43]. Likewise, no impurity peaks were spotted
in any of the XRD patterns. Further, from the diffraction peak
of the XRD data, the average crystallite size was calculated
using the Debye-Scherrer equation [44]: D=0.9A /B Cos6.
Here, D is taken as the crystallite size in nm, A is the
diffraction wavelength in A, B is the FWHM in radians, 0 is
the diffraction angle in degrees (°), and K is a constant, which
is also called the shape factor, and its value is close to unity
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[45]. The crystallite size average of the invented SnO>/ZnO
nanocomposite was calculated using the overhead equation
and found to be 19.12 nm. This shows that the average
crystallite size of the invented SnO»/ZnO nanocomposite was
in the range of the average particle size measured from its
TEM image. Since the XRD data of the fabricated SnO-/ZnO
nanocomposite was in good agreement with the TEM results,
it further confirmed the formation of the Sn0:/ZnO
nanocomposite. Bragg diffraction peaks are shown in table 3.

S - SnO2, card No. (JCPDS 41-1445)
Z - ZnO0, card No. (JCPDS 36-1451)
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Figure 3. XRD patterns of SnO,/ZnO ratio 1:1.25 Nanocomposite ; at 10-70° 26 range.

TABLE 3. XRD difference of the different Bragg diffraction peaks of SnO,/ZnO, ratio 1:1.25 Nanocomposite. crystal size 19.12 nm

0.38791 0 65 5.3 773 11.8 1.011 8
0.34637 | 22 62 5 767 11.8 1.052 8
0.32382 | 28 517 42 1784 | 273 0.293 32
0.29959 | 100 878 714 | 1834 [ 28.1 0.178 61
0.28684 | 105 1230 100 | 5438 | 83.3 0.376 25
0.26673 | 103 676 55 2748 | 42.1 0.346 27
0.2533 94 1112 904 | 6525 [ 100 0.499 18
0.24505 | 51 40 3.3 444 6.8 0.944 9
0.22678 0 86 7 754 11.6 | 0.745 12
0.21003 9 315 25.6 | 1039 [ 159 0.28 35
0.20527 | 13 456 37.1 | 1952 [ 29.9 | 0.364 26
0.19435 | 20 241 19.6 | 2230 | 34.2 0.787 12
0.18326 | 12 88 72 | 1107 17 1.069 9
0.17143 | 14 71 5.8 321 4.9 0.384 26
0.1682 27 162 132 | 830 12.7 | 0435 23
0.16484 | 35 402 32.7 | 3230 [ 495 0.683 14
0.15359 | 17 53 43 519 8 0.832 12
0.14997 | 44 320 26 3219 | 493 0.855 12
0.14592 | 11 194 158 | 983 15.1 0431 24
0.14222 | 40 97 7.9 | 1063 | 163 0.931 11
0.13937 | 50 289 23.5 | 2237 | 343 0.658 16
0.13739 | 43 161 13.1 | 1337 [ 205 0.706 15
0.13057 1 166 135 | 1364 | 209 | 0.698 15
0.12523 0 83 6.7 | 1150 | 17.6 1.178 9

Surface morphology and elemental Composition of SnO2/Zn0O,

(1:1.25) nanocomposite using FESEM, EDX and HRTEM
This portion of the analysis target to survey the surface

morphology and elemental composition of the SnO2/ZnO
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nanocomposite with a ratio of (1:1.25) by utilize three
integrated techniques: Field-emission scanning electron
microscopy (FESEM), images exhibit that the nanoparticles
possess a homogeneous surface and a smooth, consolidated
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structure with a good particle size division. It can also be seen
that the particles arrange a spherical or rod-shaped shape,
carefully interconnected, signalize good interpenetration
between the ZnO and SnO: components as in Figur 4. The size
of the nanoparticles is approx (a, b, ¢ and d) depressed and
high magnification FESEM images scal 45.68 - 62.03 nm and
(c,d) HRTEM scal 40,20 nm. High-resolution transmission
electron microscopy (HRTEM), images reveal that the
nanocomposite have distinct crystalline structures with lattice
border matching the crystal planes of ZnO and SnOa,
confirming the consistence of a heterostructured
nanocomposite[46]. This structural correlation enhances the
activity of electron transfer within the composite, a key factor
in meliorative the photocatalytic properties. Energy Dispersive

500 nm
inspect f 50-FE| Compan

WD | mag o | det
7.7 mm 160 000 x ETD
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X-ray (EDX) Analysis, revealed the existence of only the
major elements zinc (Zn=32.1), tin (Sn=26.1), and oxygen
(0=41.9) atomic %, without impurities or strange elements,
confirming the purity of the nanocomposite as in Figur 4 (a).
The analysis also showed that the atomic ratio was
approximately regular with the preparative ratio (1:1.25),
signal a homogeneous elemental distribution in the sample
show in firur 5. (b,c,d, and €) maping distribution of the items.
The nanoparticles are tightly bound, contributing to the
efficient separation of electron—hole pairs through
photocatalysis. The size of the nanoparticles obtained from the
HRTEM measurements was close to that obtained from the
XRD measurements, with a value of about +6[47].

Figure 4. Structural and compositional analysis of the prepared SnO,/ZnO ratio (1:1.25) nanocomposites. (a,b and ¢) Low and high magnification FESEM images
scal45.68 -62.03 nm and (c ,d) HRTEM scal 40,20 nm.
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Figur 5. Compilation SnO,/ZnO, ratio (1:1.25) nanocomposites (a) image shows the distribution of the elements, (Zn =32.1, Sn=26.1, 0=41.9) Atomic %,

International Research Journal of Pharmacy and Medical Sciences

ISSN (Online): 2581-3277

Atomic %
41.9
32.1
26.1

Element
()

Zn

Sn

11.4
35.8
52.8

2.3
1.1
0.7

20 pm —

20 pm —

(b.cd,

and e) maping distribution of the items

Alizarin red S Dye Description

Alizarin red S (ARS) (1,2-dihydroxy-9,10-anthraquinone
sulfonic acid sodium salt; ARS; Mordant Red 3), molar
mass=342.253 g/mol, maximum wavelength 470 nm [48], a
water-soluble anthraquinone dye, has been exceedingly used
in the textile industry since ancient times, and its uncontrolled
release disturbs the ecosystem and poses a direct threat to both
man and animals [49]. Therefore, an effective photocatalyst is
needed for the efficient degradation of this hurtful dye, and an
effective photooxidation of ARS is carried out utilizing the
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heterosystem SnO>/ZnO ratio (1:1.25) nanocomposites. The
optimization of physical parameters is similar to the initial
ARS concentration, catalyst dose, initial pH, and chemical

structure of Alizarin Red S, as in Figure 6.
O OH O OH

A S, =

Figure 6. Chemical structure of Alizarin Red S (1) and its ionized structures
(2 and 3) [50].
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Photocatalysis activity:

The photocatalysis process is carried out using a
homemade photocatalytic reactor. This unit is an aluminum
box with wooden walls inside that help retain light and
prevent light scattering. The photocatalytic reactor is also
equipped with a medium-pressure mercury halogen lamp,
MH-250W/640 E40 CLU1SL/12, from the German company
Philips. A 250 W coverless is used to focus light vertically
onto the solution. The prepared solutions were placed in a
glass beaker. Leave a distance of 15 cm between the X-ray
source lamp and the cup, and a magnetic stirrer is used for
mixing. Photocatalytic analysis was complete on SnO2/ZnO
1:1.25 nanocomposites as a catalyst for the elimination of
ARS dye in a photocatalytic system at concentrations of 20-
100 ppm. The solution was prepared by diluting a stock
solution of 1000 ppm of ARS dye (99%, CDH India). The pH
was controlled using 0.1 M NaOH or HCI. A 100 mL volume
of ARS solution was placed inside the container, stored under
continuous stirring and UV light, and dye adsorption occurred
within 60 minutes without light. The photodegradation
experiment was carried out continuously for 220 minutes. The
results indicated that the structure of nanocomposites with a
ratio of Sn02/ZnO (1:1.25) has catalytic activity in isolation
from light-darkening reactions, where the catalyst suffers from
an adsorption process of the dye and forms a single layer of
physical adsorption, and a slight disappearance of the dye is
observed. Effectiveness of the adsorption dark reaction for the
nanocomposite (PDE=16.21,k=0.43x10"*sec™") shown in
Figure 9. On the other hand, the dye irradiation process takes
place in isolation from the catalyst, where the disappearance
of'the dye is observed without exaggeration due to the absence
ofthe electronic transfer process provided by the catalyst as a
result of the formation of an electron hole pair [51]. The result
was the effectiveness of photocatalysis in the absence of the
catalyst (PDE = 28.22%, k = 0.79%107*sec™") Observations
indicate that the concentration of ARS changes linearly with
extension of the irradiation time, suggesting the
decomposition of ARS [52]. Thus, further exams were
performed on the nanocomposite system. The effect of pH,
catalyst dose, and ARS concentration on photosynthetic
activity was studied.

Effect of pH

pH is a significant operating constant in wastewater
treatment. When the dye is partially ionized, the electrostatic
interactions occurring between the SnO>/ZnO ratio (1:1.25)
nanocomposites and the dye are taken into account, which
depend on the pH of the solution, the zero charge point (PZC)
of the adsorbent, and the pKa of the dye. The
photodegradation produced under various pH values for dye is
exhibited in Figure 7. These results showed that
photochemical decolorization is best in alkaline solutions. It
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can be assumed that the degradation rate residue is almost like
in the pH range between 9 PDE (82%) k=2.91x10-* sec! and
12 PDE (80.5%) k=2.61x10-* sec"!.

¢pH3 HPpHS pH7 pH9 { pH 12

Ln C,/C

S = N W s U N

150

Time (min)

Figure 7. The effect of changing the pH of the ARS dye solution in the
presence of the catalyst

Effect of catalyst dosage

The effect of catalyst dosage (0.1,0.3,0.5,0.7,0.9, 1 g) on
the photoactivity of the SnO./ZnO ratio (1:1.25)
nanocomposites is shown in Figure 8. As anticipated, the
activity excess with increasing catalyst dose and the better
photodegradation of ARS (84.9%) is acquired with a catalyst
dose of 0.5 g and rate constant k=3.10x107*. This is simply
due to the increasing number of photocatalytic sites and higher
reception surface for incident photons [53]. The optical
efficiency reduces as more powderis added due to saturation
of photocatalytic sites, shading effects, and light scattering.

Influence of the initial ARS concentration

The influence of initial ARS concentration on the
photodegradation rate is shown in Figure 9. The generality of
the degradation happens at the irradiated surface (reaction
region), where the light intensity is extremely higher than in
the lower irradiated area (background region). Thus, for high
ARS concentrations, the degradation in the minimally
irradiated region decreases due to decreased light penetration
(80 ppm, 48.20%, and 100 ppm, 42.81%) (the concentration of
ppm is equal to mg/L). However, for diluted (low-colored)
solutions, the degradation rate is commensurate to the ARS
concentration (40 ppm, 68.89% and 20 ppm, 84.21%), as
shown in table 4. The decomposition rate can almostreach the
maximum [54]. This can be demonstrated by the actuality that
when dye molecules occupy all catalyst sites, stabilization is
observed with a fairly constant decomposition rate, followed
by saturation and reduction in photoactivity. Coloring of
solutions alsorepresents a decrease in photosynthetic activity
[55].
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Figure 8. Changein photodegradationratio with change in the weight of the catalyst, ARS %PDE (84.9%) is gained with a cata lystdose of 0.5 g, rate constsnt k =
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Figure 9. Effectiveness of the adsorption dark reaction for the nanocomposite (PDE=16.21,k = 0.43x10* sec™!), the effectiveness of photocatalysis in the absence
of the catalyst (PDE = 28.22%, k =0.79x10* sec™'), effectiveness of photocatalysis depending on the concentration, maximum value 20 ppm (PDE=84.21%,
k=3.31x10"*sec™).

TABLE 4. Values of photodegradation efficiency %PDE and rate constant (k)
at different concentrations of the Alizarin Red S (ARS) dye

ppm % PDE | Kk sec’!
20 84.21 3.31x10*
40 68.89 2.01x10*
60 56.26 1.57x10"*
80 48.20 1.18x10*
100 42.81 1.15x10*
uv 28.22 0.79x10*
darkreaction | 16.21 0.43x10*

Generating photons to decompose water pollutants is one
of the most energy-intensive stages of treatment unit
operation. In this context, photocatalysis contributes
significantly to reducing water treatment costs. Therefore,
ultraviolet light can be used as an effective energy source. The
figure exhibits the degradation rate of ARS dye down to 250
W and UV irradiation and shows the degradation behavior in
the dark. The kinetics of alizarin red S (ARS) degradation
was studied based on the products published in the literature
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[52,54]. In more studies, the degradation of organic molecules
to ARS is qualified as following the first-order kinetic model.
R =100(Co— Cy)/Co (1)
Where Co and C; they are the initial concentration and the
concentration at time t
r= % = kappCO (2)
Refer to r as the photocatalytic degradation velocity, & app as
the apparent degradation constant (min™'), Co as the dye
solution concentration (mg/L), and ¢ is the irradiation time
(min). Integrating this equation (in the limits C= Co at ¢ = 0)
leads to the following equation: The Langmuir-Hinshelwood
model is described as pseudo-first order when the contaminant
concentration is low and the adsorption process on the catalyst
surfaceis in a quasi-steady state, resulting in the reaction rate
being linearly proportional to the contaminant concentration in
the solution [56].
In CO/C = kappt (3)
Effect of Temperature on the Photodegradation of Alizarin
Red S (ARS) Dye

The impact of temperature on the photodegradation of
Alizarin Red S dye was calculated over a temperature range of
298-338 K, using an initial dye concentration of 20 ppm and a
catalyst mass of 0.5 g of Sn02/ZnO ratio (1:1.25)
nanocomposites at pH = 9 and under 250 W UV light
radiation. The results are appears in Figure 10., where the
photodegradation rate constant k =8.3x10*s™* was recorded,
and the photodegradation efficiency (PDE) reached
approximately 86.11%. From the results, we notice that the
Alizarin Red S dye is not significantly affected by an increase
in temperature, and according to Arrhenius’ law, the rate of
chemical reactions changes with temperature according to the
relationship.

k = Ae~ZaRT (4)
4338 K m328 K 4318 K - 308 K 1298 K
7 -
6 4
5 4
< 4
=
@)
= 3
~
2
1 4
0 . . . . . . :
20 40 60 80 100 120 140
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Figure 10. Irradiation time of Alizarin Red S dye at different temperature in
presence SnO,/ZnO ratio (1:1.25) nanocomposites, Photodegradation reaction,
PDE=86.11%, Rate constant, k =8.3x10*sec™.

The activation energy (E.) of the thermal reaction can be
calculated based on the straight-line equation derived from the
Arrhenius equation. The graph representing the relationship
between Ln k on the (y) axis and 1/T on the (x) axis is shown
in Figure 11. Through the equation of a straight line, the slope
of'the curve can be determined, which is expressed by E/R,
which equals E. = 8.95 kJ mol™ as shown in Figure 13. The
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entropy of activation A4S™ was calculated from the same data.
The activation entropy (AS”) can also be estimated, which
provides an indication of the degree of order or randomness in
the transition state during the photolysis process. K33g, 45™=-
0.191 kJ mol-! was calculated from equation 5 [57]:

LnA =LnKs Th+— (5)

3.4 Alizarin Red S dye
3.3 A
y =-1077x- 6.4837
32 R*=0.9671
4
= 3.1
=
3 -
2.9 *
2.8 T T T T T |
0.0028 0.0029 0.003 0.0031 0.0032 0.0033 0.0034
T

Figure 11. Arrhenius plot by using SnO,/ZnO ratio (1:1.25) nanocomposites,
as catalyst with Alizarin Red S dye at different temperature.

The Enthalpy of activation (K333, AH"= 6.144 kJ mol'!) was
calculated from equation:
AH"=Ea-RT (6)
The free energy of activation (Ksss, AG* = 70.70 kJ mol-")
was calculated from equation:
AG*'=AH"-TAS" @)
The activation energy (E.) for photodegradation and
decolorization of ARS dye solution using a SnO»/ZnO ratio
(1:1.25)nanocomposite catalyst was calculated to be 8.95 kJ
mol ™. The very low activation energy value indicates that the
photocatalytic reaction is weakly dependent on temperature,
which can be explained by the photocatalytic activation
mechanism [58]. Thermodynamic calculations of ARS dye
decomposition showed that a positive AH" value signals that
the reaction is endothermic, while a positive AG* value
indicates that the reaction is non-spontaneous under the
current experimental conditions [59]. This can be explained by
the formation of a surface active phase characterized by high
solubility, arising between the dye molecules and the
generated hydroxyl radicals ("OH), which s also supported by
the presence of negative activation entropy (AS™ < 0) [60].
This negative value indicates that the intermediate formed is
more ordered than the reactants. In the first stage, this medium
is relatively unstable; however, the decomposition of the
reactants into products proceeds remarkably quickly under the
experimental conditions used, reflecting the high efficiency of
the photocatalytic system based on SnO2/ZnO, with a ratio of
1:1.25. The photodegradation mechanism of our
nanocomposite starts when the light from the source is
absorbed by the ZnO/Al:Os layer [61], and the excitation
electrons shift from the valence band to the conduction band.
The transferred electrons minimize oxygen molecules to form
superoxide anions (O:7), while holes oxidize water or
hydroxide ions to generate hydroxyl radicals ("OH). These
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reactive species decompose organic pollutants such as ARS
dye into minimal molecules such as CO. and H:O.

IV. CONCLUSION

In this research, a SnO2/ZnO nanocomposite with a ratio of
1:1.25 was prepared, and its structural, surface, and functional
properties were elaborate, in increment to estimate its
efficiency as a photocatalyst for the degradation of alizarin red
S (ARS) dye. Structural techniques (XRD, FTIR, FESEM,
HRTEM, and EDX) detect that the composite was
homogeneous, free of contamination, A smooth,
interconnected surface was found to have a uniform
distribution of the elements zinc, tin, and oxygen. The average
particle size estimated from TEM/XRD (~19 nm) promoted
the presence of regular nanoparticles, with a clear crystalline
structure that facilitates electron transfer and enhances
photocatalytic activity. The photodegradation survey of ARS
dye offer that the nanocomposite was highly efficient, obtain
high color abstraction (>86%) under the optimized
experimental conditions (initial dye concentration 20 ppm,
catalyst dosage 0.5 g, pH =9, and light intensity 250 W at a
temperature of 338 K). The photodegradation rate was also
shown to rely on operational factors such as pH, dye
concentration, and catalyst dosage, with the alkaline
environment being maximum effective in inducing efficient
electron—hole pair split. Kinetic and thermodynamic accounts
indicated thatthe activation energy is very low (Ea = 8.95 kJ
mol™), and that the photocatalytic reaction is little temperature
dependent, with a negative entropy (AS* < 0) indicating that
the transition state is more ordered. Also, a positive AH"
indicates that the reaction is endothermic, and a positive AG”
indicates that the process is non-spontaneous under the
experimental conditions, reflecting the importance of the
formation of an active surface phase that facilitates the
oxidation of the dye by hydroxyl radicals "OH and superoxide
ions (O2). The results proved that the reaction behaves as a
pseudo-first-order reaction, the Langmuir-Hinshelwood
model. The results confirm that the SnO>/ZnO nanocomposite
performs as an efficient and sustainable photocatalyst for the
elimination of organic pollutants from water, with
distinguished performance in the photodegradation of ARS
dyes, making it suitable for environmental and industrial
applications in industrial wastewater treatment.
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