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Abstract. Photocatalysis is a green technology that plays a vital role in achieving
sustainable development goals and ensuring a clean environment. Metal oxide
materials, in particular, have gained tremendous attention for their versatility in
fields such as catalysis, semiconductors, ceramics, sensors, and energy storage.
In this work, the sol-gel method has been used to synthesize CuO-ZnO composite
particles. To understand their structural transformations, CuO—ZnO composite
materials' thermal decomposition and phase evolution. Thermal analysis is
crucial for determining the optimal calcination temperature during synthesis. We
studied mass loss and phase transitions to identify the temperature, which affects
vital photocatalytic parameters including crystallization, particle size, and surface
area. To examine thermal stability and temperature-specific mechanisms, we
analyzed samples dried at 120°C and 500°C using ThermogravimetryDifferential
Thermal Analysis (TG-DTA), Fourier-transform infrared spectroscopy (FTIR),
and X-ray diffraction (XRD). Thermal kinetic evaluation using the Coats—
Redfern method resulted in an activation energy of 38.63 kJ/mol with a strong
correlation coefficient of R?=0.94, indicating reliable thermal decomposition
behavior. These values reflect moderate thermal stability, which is favorable for
the formation of active photocatalytic phases without excessive energy input. We
then characterized the composite's chemical composition using Raman
spectroscopy while examining its optical and morphology properties through
Ultraviolet-visible (UV-Vis) spectroscopy and Atomic force microscopy (AFM).
These findings contribute to understanding the thermal stability, crystallization
behavior, and phase interactions of CuO—ZnO composites, supporting their use
in photocatalysis and functional materials. The results contribute to a better
understanding of the temperature-dependent transformations in CuO-ZnO
materials and provide a quantitative basis for their potential applications in
photocatalysis and multifunctional materials. Future work will aim to include
naturally occurring Cu20 phases in the composite structure to improve green
photocatalytic efficiency and expand the use of the material in cleaning up the
environment.
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1 Introduction

Recently, the environmental pollution levels from chemical, soil, and air
pollution have exceeded planetary boundaries, which put at risk for entire ecosystems
[1-2]. Photocatalysis, widely employed in water and air purification, self-cleaning
surfaces, antibacterial coatings, energy production, and the food industry, is based on
the principle of excitation, in which a photon excites an electron from the valence
band to the conduction band of a semiconductor, leaving behind a hole in the valence
band [3-8]. Photocatalytic reactions on metal oxide semiconductors can degrade many
pollutants and are, thus, of great interest [3]. Photogenerated charge carriers formed
through band gap excitation can reduce or oxidize species adsorbed on the
semiconductor material. However, the high degree of recombination of charge carriers
is a disadvantage [4]. Among the transition metal oxides, copper oxide (CuO) belongs
to the group of p-type transition metal oxides with a monoclinic crystal structure and
semiconductor properties at high critical temperatures [5]. It is a semiconductor with a
band gap of 1.2-1.8 eV [6]. To synthesize copper oxide with various morphologies
and dimensions, methods such as thermal evaporation, sonochemical synthesis,
sol-gel, hydrothermal, electrochemical, and microwave radiation techniques are used.
Among these, the sol-gel method stands out due to its simplicity, cost-effectiveness,
and high efficiency. For example, CuO can be synthesized by calcining a precipitate
formed from a Cu(lIl) salt solution at high temperatures. The phase size and shape of
the precipitated material largely depend on the chemical characteristics of the Cu(Il)
complexes in the gel solution, which can be controlled. These characteristics depend
on factors such as the type and concentration of complexing anions and the pH of the
solution. The addition of organic or inorganic additives such as urea, polyethylene
glycol, and polyvinyl can guide the precipitation and reaction processes, enabling the
formation of CuO with a desired structure [12-13].

Zinc oxide (ZnO) is an n-type transition metal semiconductor with a wide
band gap of 3.37 eV and exhibits multiple properties such as semiconductivity,
piezoelectricity, and pyroelectricity, making it a unique material [9]. In addition to the
wurtzite structure, ZnO can also exist in zinc blends and very rarely in cubic rock salt
forms. The wurtzite structure is the most stable, in which anions are surrounded by
four cations forming a tetrahedral structure with sp* hybridization in a hexagonal
close-packed lattice [10]. ZnO is often used as a catalyst, and its catalytic properties
can be enhanced by forming composites with other metals. For example, Schlogl and
co-workers prepared a CuZnO catalyst from hydroxycarbonate [11]. In another study,
Karelovic synthesized a Cu-ZnO catalyst via the decomposition of citric acid [12].
Over the past decade, metal oxide composites have attracted significant attention from
researchers in various fields such as physics, chemistry, and materials science due to
their wide practical applications in semiconductors, photocatalysts, sensors,
microelectronics, piezoelectric devices, and biofuels [18-21]. Among the various
synthesis methods, the sol-gel process is favored for its simplicity, low cost,
efficiency, and environmental friendliness. It also allows control over the doping
process and the morphology of the materials [22-23]. Photocatalysis, especially
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heterogeneous photocatalysis, is one of the most investigated processes for
environmental remediation. Indeed, the use of solar light, which is an infinite source
of energy, to activate photocatalysts is a sustainable technology [38]. Another
alternative to obtain visible-light-assisted reactions is through the combination of
semiconductor and noble metal nanoparticles; these are the so-called plasmonic
photocatalysts [39]. Such photocatalytic processes have two major impacts in green
technology: (i) environmental remediation, including the degradation of toxic organic
dyes and pollutants in wastewater into harmless by-products, and (ii) renewable
energy generation, such as photocatalytic water splitting for hydrogen production and
CO: photoreduction into solar fuels. In particular, the combination of ZnO and CuO
into a composite semiconductor is expected to enhance charge separation, extend
visible-light absorption, and improve surface reactivity, thereby bridging both
environmental and energy-related applications. Our previous work by Ts. Nomin et al.
investigated using copper oxide nanocomposites [40]. Building on this, we are
particularly interested in copper oxide and other metal oxide composites. The present
study therefore aims to examine the characteristics of these materials, with a specific
focus on their photocatalytic applications.

One type of sol-gel method, the Pechini process, utilizes the chelating ability
of certain alpha-hydroxycarboxylic acids with metal ions. In a typical synthesis, metal
salts are dissolved in water with citric acid and ethylene glycol, resulting in a
homogeneous solution containing metal-citrate chelate complexes. Upon heating,
citric acid and ethylene glycol react to form polyesters through covalent bonding.

This study aims to synthesize CuO-ZnO composite materials via the sol-gel
method and to examine how thermal treatment and phase transitions influence their
physicochemical properties and structural formation. The composite was synthesized
via the Pechini method by heating at 500°C. The CuO-ZnO composite showed the
highest absorption at 373 nm with a band gap energy of 2.8 eV. Morphologically, the
particles aggregated to form a spherical structure. Since the decomposition of the
precursors begins at 400°C, the sample was calcined at 500°C to obtain the composite
material. XRD analysis confirmed the formation of monoclinic CuO and hexagonal
ZnO structures, indicating the formation of spherical composites. Spectroscopic and
thermal analyses were conducted to study the composite formation temperature,
intermolecular bonding, morphology, and surface changes.

2 Experimental

2.1  Synthesis of CuO-ZnO composite

Synthesis of CuO-ZnO composite used the sol-gel method [20]. Firstly, 25
mL of ethylene glycol was mixed with 5.3247 g of Zn(CH;COO), 2H,0, 25 mL of
distilled water, and 6.3 g of citric acid with vigorous stirring for an hour. After an
hour, 1.2733 g of CuSO,-5H,0 was added to the suspension at 60°C for 3 hours and
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mixed quickly. The solution was kept in the dark for 48 hours and washed with
distilled water several times. The obtained gel was dried at 120°C to constant weight
and calcined at 500°C for 4 hours to produce the CuO-ZnO composites. The
precursor concentrations were selected to achieve the targeted stoichiometry of the
final CuO—ZnO composite while ensuring homogeneous mixing at the molecular scale
during the Pechini sol-gel process. The CuSO,x5H,0:Zn(CH;COO),xH,0 ratio of
1:3 was chosen to (i) modulate the band gap into the visible-light absorption region,
(ii) balance the conduction and valence band positions for effective charge separation,
and (iii) control the morphology by influencing nucleation and growth rates during gel
combustion and calcination. Higher Cu precursor concentration typically promotes the
formation of smaller, more aggregated particles due to the lower thermal stability of
CuO nuclei, whereas higher Zn precursor content favors elongated wurtzite ZnO
crystallites. The final stoichiometry was confirmed by quantitative phase analysis of
the calcined powders using XRD data. We targeted a CuO—ZnO heterojunction with
visible-light absorption and effcient charge separation. Based on the weighed salts:

Zn(CHsCOO)2-2H:0 = 5.3247 g — 0.02426 mol Zn*';

CuSO+5H:0 =1.2733 g — 0.00510 mol Cu*'.

Thus, the feed molar ratio was Cu:Zn =~ 0.21:1 (=1:4.76), which would yield
a theoretical oxide fraction of = 17 wt% CuO and 83 wt% ZnO after calcination,
assuming quantitative conversion.

2.2 Mechanism of composite formation

1. Chelation — Formation of Chelate Complexes: An aqueous solution
containing metal oxides is mixed with an alpha-hydroxycarboxylic acid such
as citric acid. This acid acts as a chelating agent, forming ring-like chelate
complexes with the metal cations present in the solution.

2. Polymerization: Next, a polyhydroxy alcohol such as ethylene glycol is
added to the mixture. Upon heating, the chelate complexes undergo
polymerization, leading to the formation of a polymeric network.

3. Gel Formation: As heating continues and excess water evaporates, a gel is
formed that contains a solid polymer matrix with evenly distributed metal
cations.

4. Calcination: The gel is then calcined at elevated temperatures, typically
between 500°C-900°C. This thermal treatment decomposes the organic
components and results in the formation of the metal oxide composite. The
resulting particles typically range in size from 20 to 50 nanometers, though
larger aggregates may form due to particle agglomeration [26-27].
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3 Results and Discussion

3.1 Molecular Spectroscopic Characterization
3.1.1 Determination of Band Gap Energy via UV-Vis Spectroscopy

The UV-Visible absorption spectrum of the CuO-ZnO composite is
presented in Figure 1. The sample was ultrasonically dispersed in deionized water at a
1:100 ratio and measured in the wavelength range of 250-700 nm. The absorption
peak was observed at 373 nm. Based on this result, the optical band gap energy was
estimated to be 2.8 eV using Tauc’s relation. The Tauc equation (3.1) describes the
relationship between the optical absorption coefficient and the electronic transition
across the band gap. The formation of the CuO-ZnO composite leads to a narrowing
of the band gap, which is attributed to hybridized transitions from O* (2p) orbitals to
Zn* (3d"°-4s) and Cu?" (3d°) states [20]. The reduced band gap energy suggests that
the CuO-ZnO composite possesses enhanced photocatalytic activity compared to the
individual oxides, CuO and ZnO.
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Fig. 1. UV-Vis spectrometry absorption value and band gap.

3.1.2 Results of Molecular Interaction Analysis Using Raman Spectroscopy

Raman spectroscopy is a molecular spectroscopic technique based on the
interaction mechanism between light waves and matter, used to determine the
structure and properties of materials. Raman spectroscopy measures intra- and
intermolecular vibrations. In this study, the Resonance Micro Raman spectrum of the
Department of Physics of the State University of Technology of Mongolia was
obtained using a NRS 5500 spectrometer equipped with a solid-state green laser
generator with a wavelength of 532-1100 nm and a confocal optical microscope with a
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magnification of 100 times. The cross-sectional diameter of the laser spot was
approximately 2 pum, and the Raman spectrum was obtained with a diffraction grating
with a grating constant of 1800 lines/mm with a resolution of 1 cm-1. For the
measurements, a thin layer was formed on a glass substrate, and a 25 mW laser was
used. The results of the Raman spectra of the sample obtained are shown in Figure 2.

The results indicate peaks at 278 cm™', 416 cm™, 564 cm™, and 1096 cm™,
suggesting the formation of a CuO-ZnO composite. According to previous studies,
the CuO-ZnO composite typically exhibits peaks at 277.40 cm™', 324.96 cm™, 426.6
cm’!, 591.38 cm', 609.50 cm™, and 1067.69 cm™! [23].

CuO-ZnO

260

240 4

Intensity (a.u)

220+ 1096 em™

200

300 600 900 1200
Raman shift (cm™)

Fig. 2. Raman spectra of CuO-ZnO.

Monoclinic CuO, which has a centrosymmetric C2h6 space group, displays
optical phonon modes in the A, and 2B, stretching regions, with characteristic peaks
at 296 cm', 346 cm’!, and 636 cm™ [24]. According to the findings of Wang et al.,
three peaks at 380 cm™', 436 cm™, and 576 cm™ correspond to the Ay, Eoy, and Ay,

stretching modes, respectively [12].

3.2  Study of Morphological Changes using AFM

Figure 3 presents two-dimensional and three-dimensional images captured
over 0.3 um x 0.3 um. The AFM analysis reveals an uneven distribution with
spherical-shaped CuO—-ZnO particles that are aggregated and interconnected. From the
area depicted in Figure 4, cross-sectional measurements were performed on 20
selected points, yielding an average particle size of 13.18 nm.



Spectroscopic and Thermal Analysis of CuO-ZnO Composite Particles ...

45mm

0nm

Fig. 4. Cross-sectional view of the AFM image.

Figure 5 shows the values of the measured regions of the AFM line profile at n=5.
The mean value was 14.37 nm, with a standard deviation of +2.64 nm (n = 5). The
standard error of the mean was 1.18 nm, giving a 95% confidence interval of
14.3743.27 nm. Also, the corresponding uncertainty (£1.7-3.9 nm). The mean value
(13.18 nm) shown in Figure 4 is within the 95% CI determined from the 5 parameter
values. The calculation data and results are shown in Table 1.
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Fig. 5. AFM step height measurements error bar (n = 5).

Table 1. Statistic calculation.

Term / Formula Calculation
Data (xi) 14.246, 17.872, 14.693, 10.432, 14.595
Mean (X) =Xxi/n 14.37
Deviation (xi - X) -0.122, 3.504, 0.325, -3.936, 0.227
Squared deviation (xi - X)? 0.015, 12.281, 0.106, 15.489, 0.052
T (xi-Xx) 27.94
Variance = Z(xi - X)?/ (n-1) 6.99
Standard Deviation (SD) = \'Variance 2.64

3.3  Thermal and Structural Analysis

3.3.1 Results of Mass Change Determination Using TG-DT

Thermogravimetric analysis (TG) is a technique used to measure the change
in mass of a substance as a function of temperature by heating the sample under
controlled conditions. In the synthesis of the CuO-ZnO composite, the material was
first dried at 120°C for dehydration and then further heated to 500°C to form the
composite. Thermal analysis methods were employed to study the thermal stability of
the composite and the mechanisms occurring at specific temperatures. Each sample,
dried at 120°C and 500°C respectively, was heated up to 1000°C at a heating rate of
20°C/min, and the results are presented in Figures 6a-b and Figure 7.

300
TG (TG
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ampecatues (C)

Fig. 6. Thermal analysis of a sample dried at 120°C. (a) Relationship between mass change and
heat flow, (b) thermal decomposition of the material — mass change.

Figure 6a displays the mass change and heat flow as functions of temperature.
According to the graph, a significant mass loss occurs between 280°C and 400°C,
with a total reduction of 39.46%. The decomposition process is observed to be
exothermic, as indicated by the thermal flow curve. The decomposition of citric acid
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produces by-products such as H:O (Equation 3.1) and CO: (Equation 3.2) [25-26].
This decomposition plays a key role in the formation of the organic matrix. The
phases resulting from the mass loss have been color-coded to indicate phase
transitions. The thermal decomposition process can be divided into two main stages:
dehydration (25°C-200°C) and decomposition of residual organic compounds
(200°C-400°C) [27].

CH0, — CH,0, + H,O  (3.1)

CsH,05,— CO, (3.2)

Figure 6b presents the derivative thermogravimetric (DTG) curve, which
expresses the rate of mass loss as a function of temperature and reflects the thermal
decomposition rate of the material. The mass loss and decomposition rates during
thermal degradation are summarized in Table 2. Water loss in the sample occurs in
multiple stages. For the copper compound, the initial stage of dehydration occurs at
approximately 150°C, while for the zinc compound, it begins around 140°C. The
second stage of copper decomposition starts above 200°C and completes near 500°C.
In the case of zinc, this stage is confirmed by a change in the decomposition rate
around 450°C, which is more prominently visible in the DTG curve [28-29].

Table 2. Thermal decomposition rate and mass change.

Temperature range 25-100°C 100-280°C 280-340°C 340-402°C

Mass change -0.01 mg -0.237 mg -0.668 mg -1.276 mg

Decomposition rate - -0.003 mg/s  -0.001 mg/s  -0.013 mg/s

The mass loss observed on the thermogravimetric (TG) curve below 300°C
is attributed to the release of water molecules formed during the esterification process.
The mass loss up to 400°C is related to the products generated during oxidation and
decomposition reactions. Above 400°C, the minimal mass loss is associated with the
crystallization process [22]. Figure 7 presents the thermal analysis results of the
sample dried at 500°C. When heated up to 1000°C, 96% of the sample mass
remained, indicating high thermal stability. As the temperature increases, oxygen
release becomes more pronounced, and a new phase forms as a result of the reaction
between two existing phases, as shown in Equation 3.3 [30-31]:
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ZnCu,0, + Zn,CuO; — 3ZnCu0, + 1/20, 3.3)
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Fig. 7. Thermal analysis of samples dried at 500°C.
Kinetic Analysis using the Coats—Redfern Method
To further investigate the thermal decomposition behavior of the CuO—ZnO
composite, kinetic analysis was performed using the Coats—Redfern method (Equation
3.4-3.5). The Coats-Redfern integral method can deal with the reaction kinetics at a
constant heating rate; therefore, Coats-Redfern integration method is also employed
for comparative kinetic analysis [32-33].

0
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y =-5556.4X- 8%
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Fig. 8. Coast-Redfern plot
The most significant mass loss region observed in the TG curve at a heating

rate of 20°C/min was used for the analysis. Assuming a first-order reaction
mechanism (n = 1), the Coats—Redfern equation was linearized in the form:

ln(—ln(l—a)) — ln( _AR)— (E“) (34)

BEa RT

q =" (3.5)
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mo—mf

A linear plot of In[-In(1-a)/T2] versus 1/T yielded a straight line with a
correlation coefficient of R? = 0.94, indicating good model fitting (Figure 8). From the
slope of the line, the calculated activation energy was 38.63 kJ/mol, suggesting that
the thermal decomposition proceeds via a relatively low-energy pathway. This
moderate activation energy implies that the decomposition and -crystallization
processes in the CuO—ZnO system are energy-efficient, which is advantageous for
green synthesis and photocatalytic applications.

3.3.2 Results of Vibrational Energy Analysis of Chemical Bonds Using FTIR

The FTIR spectral analysis results of the synthesized composite are shown in
Figure 9 and Table 3. For the sample dried at 120°C, the FTIR spectrum revealed the
presence of the following functional group peaks: O—H stretching vibrations of the
carboxyl group at 3454 cm™ and 3832 cm’'; C-H bending vibration at 2315 cm™'; and
carboxylrelated C-O stretching vibrations at 1416 c¢cm’ and 1575 cm’. These
functional groups likely originate from the decomposition of the -CH:COOQO" group in
Cu(CHsCOO):-H:0 [34]. The Cu-O stretching vibration is observed at 636 cm™,
while Zn—O bonds appear at 468 cm™ and 574 cm™. For the sample dried at 500°C, the
FTIR spectrum shows O— H stretching of the carboxyl group at 3435 ¢cm™, C-H
bending vibration at 2806 cm™, and stretching vibrations of the C-O and C=0 bonds
at 1625 cm” and 1115 cm™, respectively. The decomposition of zinc acetate used in
the synthesis results in the formation of C=0 and C-H bonds. The Cu-O stretching
vibration is observed at 876 cm™, while the Zn—O bond is found at 445 cm™'. The
CuO-ZnO composite exhibits stretching vibrations in the 700-1100 cm™' range, where
metal oxides typically show strong absorption in the fingerprint region [29]. From
these results, it can be concluded that citric acid forms coordination bonds with metal
ions through its carboxyl groups. Additionally, at 120°C, the decomposition of copper
sulfate has initiated, while further heating to 500°C leads to the decomposition of zinc
acetate, the precursor of ZnO.
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Fig. 9. FTIR analysis results of samples dried at 120°C and 500°C, respectively.

This is evidenced by the formation of Zn—O bonds and the appearance of C—O and
C=0 bonds resulting from the breakdown of the CH:COO" group.

Table 3. Interpretation of wavenumber assignments in FTIR analysis.
Experiment results

Bonds Reference 120°C 500°C Mode of vibration
stretching
-O-H 3200-3500 [28] 3454, 3832 3435 vibratio
n
bending
C-H 2320 [35] 2351 2806 vibratio
n
c-0 1600-1640 [36] 1416, 1574 1625 retchi
Cc=0 1100-1500 [30] 1074, 1269 1125 stretehing brati
Cu-0 624 [31] 636 876 Z‘ ratio
Zn-0 400-590 [35] 468, 574 445

3.3.3. Results of Crystalline Structure Determination Using XRD
Analysis The XRD analysis results of the CuO—ZnO composite are presented in
Figure 10. Xray diffraction (XRD) patterns were recorded using a [Shimadzu Maxima
7000] with Cu Ka radiation (A = 1.5406 A), operating at [40 kV, 30 mA] over a 20
range of [20— 80°] with a step size of [0.02°]. The raw diffraction data were processed
using OriginPro 2024 software with baseline correction, Ka: stripping, and
pseudo-Voigt peak fitting. Peak positions were identified by comparison with
reference data from the ICDD PDF-4+ database (ZnO: #36-1451, CuO: #45-0937).
Phase identification was carried out by matching the observed diffraction peaks to the
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characteristic (hkl) reflections of each phase. For the sample dried at 120°C, the
diffraction pattern showed weak peaks corresponding to CuO (110) at 32.2° and ZnO
(002, 102) at 35.9° and 47.4°, which indicated an amorphous structure with emerging
crystalline phases. Compared to standard reference values, these peaks indicate an
amorphous structure, as a well-defined crystalline structure is not observed at this
stage. However, the sample dried at 500°C exhibits a more developed crystalline
structure. According to the JCPDS card No. 36-1451, the sample exhibits three
primary peaks corresponding to the (100), (002), and (101) planes at 20 angles of
31.8°, 34.4°, and 36.3°, respectively. These peaks confirm the presence of a hexagonal
wurtzite structure. The ZnO phase is characterized by diffraction peaks at 26 values of
31.8°,34.5°,36.4°,

47.6°, 62.9°, and 69.2°, corresponding to the (100), (002), (101), (102), (103), and

(201) planes.

Cu0-ZnO (500°C)
Cu0-ZnO (120°C)

=0 &

= 9x10* |

Intensity (a.u

6x10* 7

(110)*
(002)
(102)

3x10* 7|

40 60 80
26°

Fig. 10. XRD analysis result.

For the CuO phase, diffraction peaks are observed at 20 values of 32.7°,
38.9°, 56.7°, and 68.1°, corresponding to the (110), (002), (021), and (220) planes,
respectively. Compared to standard reference values, copper oxide is confirmed to
have a monoclinic crystal structure. In the XRD pattern, the CuO peaks are marked
with an asterisk. No significant peak shifts were observed in the lattice planes
compared to standard values, suggesting that the particles are likely spherical in
shape. Relative quantification was done using intensity ratios of the strongest peaks.
Additional support for phase assignment was provided by FTIR (Zn—-O and Cu-O
bond vibrations) and Raman spectroscopy, which confirmed the coexistence of both
phases. Together, these complementary techniques validate the successful formation
of CuO-ZnO composites.

The composition of metal oxide materials is generally proportional to the
highest intensity peak in the diffraction pattern. The intensity ratio of CuO (I¢,o) and
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ZnO (Iz,0) can be used to estimate the relative concentrations of CuO (Re,o) and
ZnO (Rz,0)in the composite using the following expressions:

Icuo
R=_____ x100%
Icuo + Izno
Izno
R=___  xX100%
Icuo + Izno

The highest intensity peaks for I, and I, correspond to the (021) and
(101) planes, respectively. The relative concentrations of CuO and ZnO in the
composite were calculated to be 40.33% and 59.67%, respectively. The XRD-derived
ratio (~40/60) is discussed alongside the feed-based theoretical composition (~17/83
wt%). which can be explained by the preferred orientation of ZnO crystallites,
differences in crystallite size/strain, and microabsorption by CuO. We therefore report
the XRD-derived values as approximate estimates and discuss them alongside the
theoretical precursor-based composition.

Based on the analytical results, crystallinity increased significantly when the
temperature was raised from 120°C to 500°C. Amorphous structures can undergo
crystallization under thermal treatment [36]. A sharp exothermic peak observed in the
DTA curve indicates the transition from amorphous to crystalline phase [37].
Comparison of morphological and XRD results indicates that particle aggregation led
to the formation of a hexagonal structure. This approach assumes negligible preferred
orientation and similar crystallite sizes for both phases, and therefore provides only an
approximate estimation of phase composition.

4 Conclusions

In this study, a CuO-ZnO composite powder was synthesized using the
sol-gel method. According to the UV-Visible spectrometry results, the composite
exhibited an absorption peak at 373 nm. Raman spectroscopy analysis showed peaks
at 278 cm’, 416 cm', 564 cm’, and 1096 cm”, indicating the formation of the
CuO-ZnO composite. Structural and morphological analysis revealed that the
particles formed spherical-shaped composites with an average size of approximately
13.8 nm due to aggregation. Thermal analysis showed that moisture loss and the
decomposition of organic substances occurred between 280°C and 400°C, and
crystalline structures began to form at 500°C. FTIR analysis showed that as the
temperature increased, bond stretching decreased, and CuO-ZnO bonding occurred
through C—O and C=0 bonds. XRD analysis revealed that the sample dried at 120°C
had an amorphous structure, while increasing the heating temperature led to the
formation of monoclinic CuO and hexagonal ZnO structures. The activation energy
calculated by the Coats—Redfern method (38.63 kJ/mol) demonstrated moderate
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thermal stability, supporting efficient photocatalytic phase development with minimal
energy input. These characteristics position the CuO-ZnO composite as a promising
material for green photocatalytic applications such as wastewater treatment and
environmental decontamination. Future work will aim to enhance visiblelight
absorption by incorporating Cu,O phases or other dopants, optimizing the material for
broader applications in sustainable environmental technologies.
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