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ABSTRACT

This study aims to evaluate the photocatalytic activity of a SiO,/ZnO
nanocomposite (where the surface characterized by using XRD , EDX and
SEM techniques) for the degradation of organic pollutants, using Congo red
dye as a model contaminant. Photocatalytic experiments were conducted
using an aqueous solution containing 0.15 g of the nanocomposite per
100 mL of a 10 mg/L Congo red solution, under UV light irradiation.
The influence of several operational parameters on the photocatalytic
degradation efficiency was systematically investigated, including: Effect of
catalyst dosage, a concentration of 0.15 g/100 mL was found to be effective,
effect of initial dye concentration, various concentrations were tested, with
10 mg/L determined to be optimal, Effect of Initial pH of the solution,
The photocatalytic performance was evaluated at different pH levels, with
the best degradation observed at pH 8, Effect of addition of hydrogen
peroxide (H,O,), the effect of H,O, as an oxidizing agent was assessed
to enhance the degradation efficiency, Effect of light intensity ,the effect
of varying UV light intensity on the degradation process was examined
and, Effect of reaction temperature, the influence of temperature on the
photocatalytic reaction rate was analyzed. Kinetic and thermodynamic
studies were carried out to understand the mechanism of degradation. The
activation energy and other thermodynamic parameters were calculated
using the Arrhenius and Eyring equations. The results were as follows:
Activation Energy (Ea)= 38.61 kJ-mol™,Enthalpy of Activation (AH®) =
31.06 kJ-mol’,Entropy of Activation (AS°)= -0.14842 kJ-mol'-K'and
Gibbs Free Energy of Activation (AG®) = - 44.19 kJ-mol'.The degradation
process was monitored using UV-Visible spectrophotometry to assess the
concentration of the dye before and after irradiation.

How to cite this article

Q AL-Hussin A., Y. Al-gubury H., Taleb Bader A. Factors Influencing the Enhanced Photocatalytic Degradation of Congo Red
Dye UsingSiO,/ZnO Nanocomposite Under UV Irradiation. ] Nanostruct, 2026; 16(1):517-530. DOI: 10.22052/JNS.2026.01.047

INTRODUCTION

In recent years, toxic organic pigments and
their wastewater byproducts, generated from a
wide range of industries including textiles, plastics,
paper, pesticides, leather, and petrochemicals,
have emerged as significant environmental
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pollutants, posing serious threats to aquatic
ecosystems and human health. These hazardous
dyes are major contributors to water pollution,
with an estimated 10-15% of the dyes used in
industrial processes discharged into wastewater
streams. Due to their complex molecular
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structures and high chemical stability, the organic
dyes present in industrial effluents are highly
resistant to natural degradation processes [1]. To
address this challenge, various physicochemical
and biological treatment methods have been
employed, such as chemical oxidation, adsorption,
precipitation, ion exchange, biological treatment,
reverse osmosis, and photocatalytic degradation.
Synthetic dyes, which are chemically and physically
robust, are widely used in textile manufacturing.
Their high solubility and stability in water lead to
persistent accumulation in industrial effluents,
thereby posing long-term environmental and
health hazards [2, 3].

In light of the growing concern over dye-
contaminated water, photocatalytic degradation
using semiconductor nanoparticles has recently
garnered significant attention as a promising
approach for the treatment and reclamation
of polluted water bodies. This technique offers
numerous advantages, including high efficiency,
environmental safety, and the potential to degrade
dyes without producing harmful intermediate
byproducts in most cases. Under light irradiation at
specificwavelengths, semiconductor nanoparticles
are capable of generating electron—hole pairs that
initiate a series of redox reactions. These reactions
lead to the formation of hydroxyl radicals, which
serve as the primary oxidizing species responsible
for breaking down complex organic dye molecules
into environmentally benign end-products [4, 5].

To mitigate the detrimental environmental
impacts of these pollutants and comply with
increasingly stringent environmental regulations,
research on the treatment of azo dyes in
wastewater has intensified in recent vyears.
A range of conventional treatment methods
encompassing physical, chemical, and biological
approaches have been investigated for the
effective removal of azo dyes from industrial
effluents. The degradation of ecosystems due
to human activities has become a critical global
concern that demands serious attention. Among
the most pressing environmental issues, water
contamination stands out as a major contributor
to ecosystem disruption. This pollution is primarily
caused by a wide range of organic pollutants,
leading to significant environmental and public
health challenges worldwide. In particular,
wastewater containing synthetic dyes discharged
untreated from industries such as textiles, dyeing,
pharmaceuticals, cosmetics, printing, and food
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processing poses a severe threat to freshwater
resources and aquatic ecosystems [6, 7].

Nanocomposite  coatings represent an
emerging class of advanced surface treatments
designed to offer intelligent, cost effective, and
high performance solutions with exceptional
functional properties. These coatings are
increasingly employed in various applications,
including corrosion resistance, antimicrobial
activity, antifogging surfaces, and adhesive
technologies. Compared to conventional coatings,
nanocomposite coatings are often favored due to
their enhanced structural morphology and the
presence of phase-separated nanoscale domains,
which contribute to superior performance
characteristics. Typically, nanostructured filler
particles are uniformly dispersed within a matrix
to form a nanocomposite coating. Recently, the
semiconductor nanomaterials have attracted a
wide attention because of their exotic optical,
electrical, electronic, photocatalytic, mechanical,
thermal, etc. properties [8-10].

In recent years, semiconductor nanomaterials
have garnered significant attention due to
their unique and versatile properties, including
optical, electrical, electronic, photocatalytic,
mechanical, and thermal characteristics. Among
these materials, photocatalytic semiconductors
such as titanium dioxide (TiO;) [11]and zinc
oxide (ZnO) [12]have been widely studied for
their potential applications in environmental
remediation, particularly in water and air
purification. In heterogeneous photo catalysis
for water treatment, the degradation process
typically involves four essential steps. Adsorption,
of the pollutant molecules onto the surface of the
photocatalyst. 2- Light absorption, by the photo
catalyst, resulting in the excitation of electrons
from the valence band (VB) to the conduction
band (CB), creating electron—hole pairs; 3- Redox
reactions, at the catalyst surface, where the photo
generated charge carriers interact with adsorbed
species (e.g., pollutants, water, or oxygen) to
directly degrade contaminants or generate
reactive oxygen species (ROS). 4- Desorption, of
the reaction products from the catalyst surface.
This sequence of processes enables the effective
breakdown of organic pollutants into less harmful
or mineralized products under light irradiation
[13,14].

Congo red was first synthesized in 1883 by
Paul Bottiger, an employee of the Friedrich
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Bayer Company in Elberfeld, Germany. It is
an organic azo dye with the chemical formula
Cs32H22N6Na,06S,, and is chemically identified as
the sodium salt of 3,3'-( (1,1'-biphenyl)-4,4'-diyl)
bis(4-aminonaphthalene-1-sulfonic acid) as shown
in Fig. 1. Congo red is water-soluble and forms a
red colloidal solution; however, it exhibits higher
solubility in organic solvents. Although historically
used in the textile industry, the application of
Congo red has been discontinued mainly due to its
carcinogenic nature [15, 16].

MATERIALS AND METHODS
Chemicals

Fluka provided Congo red dye. Sodium
hydroxide was provided by Fluka (Buchs,

Switzerland), Hydrochloric acid was supplied by
Fluka AG, Zinc oxide nanoparticles by Fluka AG,
Silica oxide by Fluka AG, and Hydrogen peroxide
by Fluka AG. All chemicals were employed without
any further purification.

Photocatalytic degradation processes of Congo
red dye using SiO,/ZnO nanocomposite

Si0,/Zn0 nanocomposite surface  was
employed as a photocatalyst in degradation
experiments aimed at breaking down Congo
red dye in aqueous solution under ultraviolet
(UV) light irradiation. The entire process was
conducted in a custom-designed photoreactor
consisting of two main components. The first
component was equipped with a cooling system
through which circulating water maintained a
stable temperature of the suspension. The second

_/.
O/ \()’Na*

component served as the reaction chamber, with a
capacity of 100 mL, containing the dye suspension
for photocatalytic degradation. A 100 mg/L stock
solution of Congo red dye was prepared using
distilled water. For each experimental run, 100 mL
of the dye solution was mixed with 0.15 g of the
Si02/Zn0O nanocomposite. The mixture was stirred
thoroughly to ensure homogeneous dispersion of
the catalyst, forming a well-suspended solution.
The prepared suspension was then irradiated
with UV light. At regular intervals of 10 minutes,
2-3 mL aliquots were withdrawn from the
reaction mixture using a syringe. The samples
were immediately centrifuged at 3000 rpm for 10
minutes to separate the photocatalyst particles.
The supernatant was then analyzed using a UV-
Vis spectrophotometer to monitor changes in
the dye’s absorbance, allowing assessment of the
photocatalytic degradation efficiency over time.

RESULTS AND DISCUSSION
Crystal structure and surface characterization

The XRD pattern exhibits a broad hump
around 20-25° (28), characteristic of amorphous
SiO, (Sanchez et al., 2009), together with sharp
reflections attributable to hexagonal wurtzite ZnO
(JCPDS 36-1451). The most intense ZnO peaks
occur at approximately 31.8°, 34.4° and 36.2°,
which correspond to the (100), (002), and (101)
planes, respectively [17]. No secondary crystalline
phases such as Zn,SiO4 or Zn(OH), were detected
within the instrument’s sensitivity, indicating that
ZnO is the only crystalline component and that
SiO, remains amorphous after synthesis as shown

Fig. 1. Chemical structure of Congo red dye.
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in Fig. 2a. Peak broadening relative to bulk ZnO
suggests nanoscale crystallite size . The crystallite
size can be calculated using the Scherrer equation.
The EDX spectrum reveals strong Si Koo and O Ka
peaks, along with Zn Laand Zn Ka lines, confirming
the presence of Si, O, and Zn as the major
elements [18]. The absence of foreign elements
indicates high purity and effective removal of
residual precursors during processing. While
EDX provides only semi-quantitative data, due to
the influence of the sampling depth and matrix
effects, the results strongly support the successful
incorporation of ZnO into the SiO, matrix without
detectable contamination as shown in Fig. 2b.
The SEM micrographs at 1 pum (Fig. 2d) and
200 nm (Fig. 2c) scales display agglomerated
spherical nanoparticles anchored to a rough SiO,
substrate. At higher magnification, individual ZnO
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nanograins are visible, with estimated diameters
in the tens of nanometers, in agreement with
the XRD broadening. The aggregates exhibit
cauliflower-like hierarchical structures, consistent
with previous ZnO-SiO, composite studies. Such
morphology provides a high surface area and
strong interfacial contact between ZnO and the
SiO, network, which can enhance photocatalytic
or adsorption performance [19] as shown in Fig.
2cand d.

The combined XRD, EDX, and SEM results
confirm the successful formation of a Zn0O/SiO,
nanocomposite composed of crystalline ZnO
nanoparticles supported on an amorphous silica
matrix. The ZnO crystallites are in the nanometer
range, well-dispersed yet partially agglomerated
into micro-scale clusters, offering hierarchical

porosity and extensive interfacial contact
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Fig. 2. Structural, compositional, and morphological characterization of ZnO/SiO, nanocomposite: (a) XRD pattern, (b) EDX spectrum,
(c,d) SEM micrographs at 200 nm and 1 um scales.

520

J Nanostruct 16(1): 1-*, Winter 2026



A. AL-Hussin et al. / Photocatalytic Activity of SiO,/ZnO Nanocomposite

beneficial for functional applications.

Effect of loaded mass of SiO, / ZnO nanocomposite
on photo catalytic degradation of the Congo red
dye

The effect of the loaded mass of the Si0,/ZnO
nanocomposite on the photocatalytic degradation
of Congo red dye was investigated under the
following conditions: a dye concentration of 10
mg/L, an air flow rate of 10 mL/min, and ambient
room temperature. As shown in Fig. 3, increasing
the nanocomposite mass up to 0.15 g/100 mL
led to a gradual enhancement in photocatalytic

degradation efficiency. However, beyond this
optimal value, the degradation efficiency began to
decline [20].

At the optimal loading of 0.15 g/100 mL, the
photocatalyst achieves maximum light absorption,
enabling efficient generation of reactive species.
However, when the mass exceeds this threshold,
excess catalyst can cause light scattering and
shielding effects. As a result, the penetration of
UV light into deeper layers of the suspension is
hindered, reducing the effective photocatalytic
surface area and thus lowering degradation
efficiency. This phenomenon has been reported
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Fig. 3. Efficiency of photocatalytic degradation utilizing 10 mg /L of Congo red dye and
0.15g/100 mL SiO,/Zn0O nanocomposite.
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Fig. 4. Changes in (A / A)) with time and irradiation at various dye concentrations
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in several studies. Conversely, when the
nanocomposite loading is below the optimal
value, the photocatalytic efficiency also decreases.
This reduction is attributed to the limited surface
area of the catalyst available for light absorption
and interaction with dye molecules, resulting in a
lower rate of photo degradation [21, 22].

Effect initial concentration of Congo red dye on the
photocatalytic

The effect of initial Congo red dye concentration
on photocatalytic degradation was examined
under constant experimental conditions, with dye
concentrations ranging from 10 to 60 mg/L. The
results are illustrated in Fig. 4. The data indicate
that increasing the initial dye concentration leads
to a reduction in the photocatalytic degradation
rate. At lower dye concentrations, the solution is
more transparent, allowing a greater number of
photons to penetrate and reach the surface of the
Si02/Zn0O nanocomposite catalyst. This increased
photon availability enhances the generation of
reactive species such as hydroxyl radicals (¢OH)
and superoxide ions (O,¢7), thereby accelerating
the degradation of dye molecules. In contrast, at
higher dye concentrations, the solution absorbs
more light, reducing photon penetration and
limiting catalyst activation, which ultimately
suppresses degradation efficiency [23, 24].

When Congo red dye concentration was
sufficient, the high photo degradation efficiency

(91.45%) was (10 mg/L). Fig. 5 depicts the
photocatalytic degradation efficiency (P.D.E.),
which was determined at various Congo red dye
concentrations.

Effect of initial pH on the photocatalytic
degradation process

A series of experiments was conducted
to evaluate the effect of initial pH on the
photocatalytic degradation efficiency of Congo
red dye, with pH values ranging from 4 to 9. These
variations in pH were intended to elucidate the
relationship between the surface charge of the
Si02/ZnO nanocomposite and the ionic nature of
the dye molecules. The pH was adjusted using
0.01 mol/L solutions of hydrochloric acid (HCI) and
sodium hydroxide (NaOH). All experiments were
carried out under identical conditions: 0.15 g/100
mL of the SiO,/ZnO nanocomposite, 10 mg/L of
Congo red dye, and an air flow rate of 10 mL/min
at room temperature.

Asillustrated in Figs. 6 and 7, the photocatalytic
degradation rate was lowest in highly acidic
conditions, with a removal efficiency of 69.33%
at pH 4. The highest degradation efficiency was
observed at pH 8, reaching 92.11%. In contrast,
under basic conditions, the removal efficiency
decreased to 60.16%. This variation in degradation
performance across different pH levels can be
attributed to the influence of pH on the surface
charge of the catalyst, which in turn affects the
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Fig. 5. Efficiency of photocatalytic degradation utilizing 10 ppm of Congo red dye and 0.15g/100 mL
Si0,/Zn0 nanocomposite.
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interaction between the dye molecules and the
active sites on the photocatalyst surface [25, 26]

Effect of addition of H,0, on the photocatalytic
degradation process

The effect of hydrogen peroxide (H,0,)
addition on the photocatalytic degradation of
Congo red dye was studied over a concentration

range of 0.098 mol-L™" to 0.932 mol-L™". The
results, presented in Fig. 8, demonstrate that
the photocatalytic degradation efficiency initially
increases with increasing H,O, concentration,
reaching an optimal value at 0.293 mol-L™". Beyond
this concentration, however, a further increase in
H,0, leads to a decline in the degradation rate
constant [27].
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Fig. 6. Effect of pH on photocatalytic degradation of Congo red dye by 0.15 mg/ mL dose of Si0,/ZnO
nanocomposite with 10 mg/L.
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Fig. 7. Efficiency of photocatalytic degradation utilizing 10 mg/L of Congo red dye and 0.15g/100 mL
Si0,/Zn0 nanocomposite with different pH.
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The observed enhancement in degradation
efficiency at lower H,O, concentrations can be
attributed to the increased generation of hydroxyl
radicals (¢OH), which are powerful oxidizing agents
responsible for breaking down dye molecules. The
following reaction illustrates the formation of
hydroxyl radicals upon interaction between H,0,
and photogenerated electrons [28]:

Si0, (e ) + H,0,~> SiO, + OH" + « OH (1)

H,0, also reacts with superoxide anion to form
e OH radical:

At higher concentrations, excess H,0, may act as
a scavenger of hydroxyl radicals or photogenerated
holes, reducing the availability of these reactive
species for dye degradation and thus diminishing
overall efficiency, as shown in Egs. 3 and 4:

H,0,+* OH->HO", +H.0 (3)
HO*, +" OH->H,0+0, (4)

The Effect of Light Intensity on Photo degradation
of Congo red dye

A series of experiments was performed to
evaluate the effect of light intensity on the
photocatalytic degradation of Congo red dye
using the SiO,/ZnO nanocomposite. The light

H,0,+"0,> "OH+0H +0, (2)
100.00
94.44
90.00
80.00
70.22
70.00
60.00 56.52
X
w
a 50.00
a
40.00
30.00
20.00
10.00
0.00
H202=0.098 M H202=0.196 M H202=0.293 M H202=0.392 M
Concentration of Hydrogen peroxide/M

Fig. 8. Efficiency of photocatalytic degradation utilizing 10 mg/L of Congo red dye
and 0.15g/100 mL SiO,/Zn0O nanocomposite with different H,0, concentration.
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Fig. 9. Efficiency of photocatalytic degradation utilizing 10 mg/L of Congo red dye
and 0.15g/100 mL SiO,/ZnO nanocomposite with light intensity.
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intensity was varied in the range of 2 to 8 mw/
cm?, while keeping other conditions constant: a
dye concentration of 10 mg/L, a catalyst dosage
of 0.15 g/100 mL, an air flow rate of 10 mL/min,
and ambient room temperature. As shown in
Fig. 9, an increase in light intensity resulted in a
corresponding enhancement in the photocatalytic
degradation rate of Congo red. This improvement
can be attributed to the increased generation
of photons, which promotes the excitation of
electrons from the valence band (VB) to the
conduction band (CB) of the photocatalyst, thereby
producing more electron—hole pairs. These charge
carriers are essential for initiating redox reactions
that lead to the formation of reactive oxygen
species (ROS), which are responsible for the
degradation of dye molecules [29, 30].

Effect of temperature on photocatalytic
degradation of Congo red dye

A series of experiments was conducted to
investigate the influence of temperature on the
photocatalytic degradation of Congo red dye
within the temperature range of 293-308 K. The
tests were carried out under constant conditions:
an initial dye concentration of 10 mg/L, a SiO,/
ZnO nanocomposite catalyst dosage of 0.15 g/100
mL, and identical experimental settings across all
trials. As illustrated in Fig. 10, the degradation
rate of Congo red dye increased significantly
with rising temperature. This enhancement in
photocatalytic efficiency at elevated temperatures
can be attributed to the increased generation
of reactive hydroxyl radicals (eOH), which are
key oxidizing agents in the degradation process.
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Fig. 10. The variation (A, / A,) with UV radiation exposure time and temperature, with
initial Congo red dye concentrations of 10 mg/L and photocatalyst amounts of 0.15

g/100 ml.
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Fig. 11. Arrhenius plot of Congo red dye.
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Additionally, higher temperatures may improve
the mobility of reactant molecules and the rate
of electron—hole separation, further facilitating
the degradation reaction. As shown in Fig. 11, the
apparent activation energy for the photocatalytic
degradation process was determined by plotting
In k versus 1/T, following the Arrhenius equation.
The calculated activation energy was found to
be 38.61 kJ-mol™, indicating a thermally assisted
photocatalytic process [31].

To evaluate the thermodynamic parameters
associated with the photocatalytic degradation
process, such as the enthalpy of activation
(AH®) and entropy of activation (AS°), a linear
relationship was obtained using the Eyring
equation, as illustrated in Fig. 12.

n()=- (D@ rE o

R T R

Where, KB= Boltzmann’s constant (1.381x10"
B)\K), T= absolute temperature in Kelvin (K),
h= plank constant (6.626x103 Jes), k: the rate

constant.]

According to the equation 5. a plot of In(k\T)
versus 1\T produces a straight line and the value of
Enthalpy of activation can be calculated from the
slop of this line (AH°=31.06 kJ\mol). And from the
y-intercept the Entropy of activation value (AS°= -
0.14842 k J\ mol. k). The positive value of Enthalpy
of activation refers to endothermic reaction. In the
present case the value of Entropy of activation is
negative as in Table 1, so that the product formed
is more ordered than the reactants.

AG = AH — TAS (6)

AG: Change in Gibbs free energy, AH: Change
in Enthalpy, AS: Change in Entropy, T: absolute
temperature in Kelvin (K).]

The Gibbs’ free energy AG® can be determined
by utilizing the following formula: Eq. 6 and
equal (44.19 kJ\mol). The positive values of AG®
for the reaction suggest that the photocatalytic
breakdown of the substance is not spontaneous
for Congo red dye.

1000/T

Ln(k/T) (mintk?)

3'2 3.-25 3.3

y=-3.7363x+5908 ¢
R? = 0.9528

3.35 3.4 3.45

Fig. 12. Erying equation plot In(k\T) against 1000\T for Congo red dye.

Table 1. The thermodynamic parameters of the photocatalytic degradation of dye.

Enthalpy of activation/kJ - mol*

Temperature/K Entropy of activation/ KJ.molt.k* Gibbs’ free energy/ kJ.mol*
298 31.06 KJ/mole -0.14842 44.19
526 J Nanostruct 16(1): 1-*, Winter 2026
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Kinetics Studies

A series of experiments have been performed
to estimate the kinetic model; the data was
evaluated via pseudo-first-order reaction, which

the following equation can describe
A

in(52) = kt (7)
At

and the data was evaluated via pseudo-second-

order reaction which can be described by the
following equation :

1 1 _
L, ®

The equation first model assumes that the
solute uptake rate is directly proportional to the
saturation concentration— the uptake quantity of
dye through time. Plotting the natural logarithm

1.8 »
1.6 s ¢10mg / L 4
= 1.2 40mg/L
<
> 1 X60mg/L
<
c
= 0.8
0.6
0.4
0.2
0 T
0 10 20 30 40 50
Time/min

Fig. 13. Photocatalytic degradation of Congo red dye using SiO,/ZnO nanocomposite based photo
catalysts — first order reaction kinetics at different concentration of dye.
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Fig. 14. Photocatalytic degradation of Congo red dye using SiO,/ZnO nanocomposite-based photo
catalysts — Second order reaction kinetics at different concentrations of dye.
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of the ratio between the original concentration
of Congo red dye and the concentration after
photocatalytic degradation (Ln(A, /A) versus the
corresponding irradiation time (min) yields a linear
relationship as shown in Fig. 13. From the Fig. 14
the investigational result was flawlessly fitting to
the kinetic model First order, by great values R, =
0.9963 at optimum dye concentration (10 mg/L).

The Table 2, Fig. 13 and Fig. 14 give the
comparative  kinetic parameters and the
corresponding coefficients of determination for
the Congo red dye photo degradation reaction
using silica oxide nanoparticle. It is observed that
silica oxide nanoparticle degraded Congo red dye
according to first order kinetics [32].

Proposed Mechanism of photo catalysis of Congo
red dye

When aqueous Congo red dyes solution was
irradiated with UV radiation in the presence of
SiOZ/ZnO nanocomposite electron promotes from
valence band to conduction band of the silica
oxide leaving behind a positive hole(h*) in valence
band as shown in Fig. 15. The photo electrons
come into contact with oxygen, they will interact
and produce superoxide radical anions (* O,).
Furthermore, the vacancies in the valence band
of the n-type ZnO will undergo a reaction with
OH™or H,0, resulting in the formation of reactive
oxygen species ("OH). Subsequently, the hydroxyl
radical (¢OH) and superoxide radical (¢O,) might

7~ o "~
‘D
@
2,
>
o
e e e &
T B X anduction ba
9 eV
Valence Band
K KOk
Valence Band
o el el
% ZnO
y Si02
. =0 =4

Fig. 15. Mechanism of photocatalytic degradation of Congo red using SiO,/ZnO nanocomposite [34].

Table 2. Kinetic parameters for the photocatalytic degradation process of Congo red dye using SiO,/ZnO nanocomposite as a catalyst.

Concentration of Congo red

Pseudo-First order Kinetic model

Pseudo-Second order Kinetic model

sample name dye(mg/L) K( min) R Ko(M. min) R
10 0.0408 0.9944 0.1116 0.8787
. . 20 0.0262 0.9899 0.0316 0.917
Si0,/Zn0 nanocomposite 40 0.0168 0.9875 0.0229 0.9692
60 0.0087 0.9552 0.0058 0.9476
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undergo a reaction with Congo red dye, resulting
in its breakdown to H,0 and CO, is expected [33].

CONCLUSION

This work included synthesis of ZnO.SiO,,
the combined XRD, EDX, and SEM results
confirm the successful formation of a ZnO/SiO,
nanocomposite composed of crystalline ZnO
nanoparticles supported on an amorphous silica
matrix. Congo red dye photocatalytic degradation
processes were dependent on the catalyst dosage,
with 0.15 g of SiO,/ZnO nanocomposite per 100
mL being the ideal value. The ideal value of Congo
red dye (10 mg/L) has been researched in terms
of the impact of dye concentration. When the
concentration of Congo red dye is increased, the
photocatalytic degradation slows down because
there is less OH- adsorbed on the catalyst surface.
The photocatalytic breakdown of Congo red dye
has an efficiency of 94.44 %. Calculations show
that the activation energy is 38.61kJ.mol*using
Arrhenius equation, Enthalpy of activation=31.06
KJ.mol?, Entropy of activation= -0.14842 KJ.mol
Lk, Gibbs free energy =44.19 kl.mol™.
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