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Abstract

In this study, the photocatalytic degradation of tetracycline (TC), which is responsible for water pollution, was
investigated in an aqueous solution by using two types of nanoparticles (NPs) based on green synthesis of ZnO NPs and
CuO NPs as photocatalysts. Eucalyptus plant extract was chosen as a good reductant and capping agent because of its cost-
effectiveness, nontoxic characteristics and ease of usage. Different molar ratios of Cu:Zn (1:3, 1:6, 1:9 and 1:12) were
prepared, and then these ratios were evaluated to select the effective ratio for removing TC. The 1:6 ratio demonstrated the
best photocatalytic performance, degrading 72.15% of TC at the ZnO/CuO nanocomposite (NC) dose of 0.5 g/L, an initial
concentration of 10 mg/L, pH 7, an agitation speed of 300 rpm, a temperature of 25 °C, UV intensities of 15 W/m? and a
contact time of 180 min. The synthesis of NCs was characterised using different analysis methods. CuO/ZnO characteristics
were investigated using several analytical techniques, including FTIR, FESEM, EDAX, AFM, BET and zeta potential
analysis. The NP’s structure, morphology, thermal behaviour, chemical composition and optical properties were analysed.
The FESEM images verified that the (1:6) CuO/ZnO NPs calcined and not calcined, with sizes of 13.92 and 26.73 nm,
respectively, were crystalline and spherical. The quantity of TC degradation by metal oxide NCs was investigated using
UV-Vis spectroscopy. This method is sustainable and environmentally benign because it synthesises both NPs from plant
sources. These hybrid nanoparticles may be used to treat other pharmaceuticals that are hazardous to reduce pollution in
water.
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1. Introduction are released into the environment through
wastewater, exposing humans, aquatic species and

Human and veterinary medications are one of the
leading sources of contamination in natural water
systems owing to their widespread usage nowadays.
Many antibiotics are released into rivers together
with  medical waste and wastewater from
pharmaceutical plants. Antibiotics in aquatic
environments are a substantial source of
environmental contamination [1]. Conventional
water and wastewater treatment plants cannot
entirely  remove  antibiotics and  other
pharmaceutical compounds. As a result, antibiotics
This is an open access article under the CC BY license:

plants to them. For these reasons, future research
must focus on developing suitable treatment
systems that may be integrated into water and
wastewater facilities [2].

Tetracycline (TC) antibiotics are the second
most commonly employed antibiotics globally,
producing and using antibiotics widely utilised
today to treat various infectious disorders. This
antibiotic’s presence in the environment harms
human health and ecological function [3]. In 2002,
the worldwide usage of antibiotics was between
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100,000 and 200,000 tons per year. By 2015, this
amount had risen to 34.8 billion, representing a
significant increase of 65% since 2000. It is
projected that by 2020, the consumption of
antibiotics will reach 4.5 trillion doses [4].
Hospitals, pharmaceutical industries, and livestock
contribute to the buildup of TC in wastewater
systems [5]. Domestic wastewater has a low content
of TCs, namely, 1 mg L™, whereas hospital
wastewater has a considerably larger concentration
of TCs, specifically 100 mg L™ [6, 7]. Thus, an
effective technique to eliminate harmful compounds
is necessary [3]. Various methods were used to
remove pollutants, such as physical [8], chemical
and biological procedures like adsorption [9],
membrane process [10], chemical oxidation [11],
ozonation [12], ultrasound [13] and membrane
reactors to eliminate antibiotic residues, including
TC [14]. Advanced oxidation processes (AOPS) are
effective methods of degrading harmful and
biodegradable contaminants in aquatic
environments [3], as shown in Figure 1. AOPs,
including photolysis, ozonation, Fenton and photo-
Fenton processes and the oxidation of antibiotics in
the presence of ozone/UV/hydrogen peroxide,
primarily include the transformation and release of
oxidised products.
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Fig. 1 Advanced processes for the removal of TC.

Nanotechnologies have recently become
important in eradicating environmental
contaminants. Nano-adsorbents exhibit better
adsorption capacity than traditional adsorbents due
to their larger specific surface area and enhanced
selectivity. This is achieved through precise surface
modification of the nanomaterial to target
impurities in particular [15]. By utilising plant
extracts or bio-organisms, green synthesis is a
simple substitute for chemical synthesis. It offers
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several advantages over chemical processes,
including scaling up systems whilst ensuring
economic viability, environmental friendliness and
operational  efficiency [16].  Photocatalytic
remediation for removing antibiotic contaminants
from water is an extremely promising method. The
process can  potentially  convert  organic
contaminants in effluent into innocuous molecules
whilst being environmentally sustainable [17].
Photodegradation, when combined with the
application of chemical compounds like TiO, and
ZnO suspensions, is a very promising technology
for rapidly degrading TC. This method has been
extensively studied and shown to be effective in
previous research [13, 23, 24]. The advantageous
properties and wide-ranging uses of metal oxide
nanoparticles (NPs) have garnered significant
interest across various disciplines in recent decades.
ZnO and CuO are two examples of NPs [20]. ZnO
and CuO NPs are widely used because they have
unique chemical, physical and mechanical
properties, including low melting point, large
surface area, excellent structural stability, rapid
diffusion and high surface energy [21]. ZnO is
classified as an n-type semiconductor because of its
notable direct energy band gap measuring 3.37 eV.
Meanwhile, CuO is categorised as a p-type
semiconductor owing to its comparatively narrower
band gap of 2.5 eV. The incorporation of ZnO NPs
into the CuO matrix was effectively carried out
through environmentally sustainable synthesis
methods, leading to a band gap reduction of 1.45
electron volts relative to the initial constituents [22].

CuO/ZnO NCs were formed using biological
systems, particularly extracts obtained from diverse
plant constituents (including leaves, seeds, pith and
bark) and biomass generated from bacteria, algae
and fungi. Innovative precursor substances were
produced in the structure of biogenic molecules
[23]. Recent proposals suggest that for the synthesis
of CuO/ZnO NCs, leaf extracts are a superior
alternative to currently available biological systems.
This  technology  promotes  environmental
sustainability and reduces costs by eliminating the
requirements for biological material collection,
storage, manipulation and disposal [24]. Various
techniques are employed to characterise the
composites, including energy dispersive X-ray
spectroscopy (EDAX), Fourier transform infrared
(FTIR) spectroscopy, atomic force microscopy
(AFM), Brunauer—-Emmett-Teller (BET) method,
zeta potential (ZP) and field-emission scanning
electron microscopy (FESEM). Eucalyptus serves
as a reliable source of bioactive compounds. The
ecological methodology produces NPs by utilising
terpenoids, phenols and their derivatives. Moreover,
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this plant is easily accessible in most nations [15].
The well-known perennial tree Eucalyptus globulus
is utilised in numerous industries, including
construction, biology, medicine, flavouring,
fragrance and essential oil production [25]. In the
present study, CuO/ZnO NCs were produced by
blending the two components in different ratios by
utilising an extract obtained from the foliage of the
eucalyptus plant. These ratios were evaluated to
determine the best ratio for eliminating TC from
water.

2. Experimental Procedures
2.1. Chemicals and Reagents

The target adsorbate TC was provided by The
State Enterprise for Drug Industries and Medical
Appliances in Samara, Iraq, Table 1 outlines TC’s
primary characteristics. The eucalyptus leaves used
were picked up from a yard at the University of
Baghdad, Irag. ZnS0..7H,O with a purity of >
98.0% and CuSO4-5H,0 with a purity of > 99%
were purchased from CDH company, India, and
Alpha Chemicals, India, respectively. NaOH was
acquired from CDH Company. Absolute ethanol
was purchased from Carlo Erba’s company.

Washed
and dried
for 12 hr
Eucalyptus

ieaves at 50 °C
in the

Fig. 2. Diagram of eucalyptus extract preparation

2.3. Synthesis of CuO/ZnO Nanocomposites
(NCs)

Green synthesis of ZnO/CuO NCs was
conducted by altering the prescribed ratios for this
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Table 1.
Properties of tetracycline

Name of antibiotic Tetracycline
Molecular formula C2oHo4N-Og
SSS SN
Chemical structure (\;fxlvlf‘/ﬂm :
Molecular weight (MW) 4809 g
Colour Yellow
Solubility Light

2.2. Leaf extract preparation

CuO/ZnO nanocrystals were manufactured
using the same process as described in a previous
research [26], with some modifications. The leaves
of the eucalyptus plant were collected from the
grounds of University of Baghdad. They were
cleaned many times with distilled water and then
dried for 12 h at 50 °C in an oven. Once completely
dried and able to be crushed, the leaves were ground
into a powder and sieved using a 63 um sieve.
Subsequently, 15 g of eucalyptus leaf powder was
introduced into 200 mL of deionised water and
heated with magnetic stirring for 30 min at 85 °C +
5 °C, asshown in Figure 2. The resultant extract was
chilled and subsequently allowed to reach room
temperature. It was then filtered using vacuum
filtration using Whitman filter paper number 2 to
remove suspended leaves. The resulting solution
was enclosed in a glass bottle and stored in a
refrigerator at 4 °C for use in the next experiments.

Leaves
crush

Cooled and |

filtered

experiment. Table 2 lists the mass of CuSQO4-5H,0
and ZnS0O4.7H,0 in the molar ratios of Cu/Zn as
(2:3), (1:6), (1:9) and (1:12).
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Table 2.

Weight parameters of copper sulphate and zinc sulphate salts in synthesising CuO/ZnO heterojunctions.

Salt Molar ratio of Cu/Zn

1:3 1:6 1:9 1:12
CuS04.5H,0 0.6884 0.3888 0.2709 0.2078
ZnS0,.7H,O 2.3116 2.6112 2.7291 2.7922

In accordance with Basit et al. [27], with
minimal adjustments by utilising a chosen ratio,
solid ZnSO4 and CuSO; salts were added separately
to 100 mL of deionised water and magnetically
agitated at 150 rpm for 10 min, respectively. Once
the salts were fully dissolved, the contaminants
were eliminated by employing a 0.45 um membrane
filter. Subsequently, a solution of ZnSO4 and CuSO,
was combined for 15 min at 70 °C with continuous
stirring. The eucalyptus extract was incrementally
introduced into the zinc/copper salt solution, and the
resulting combination was agitated at 70 °C. The
solution’s pH was modified to 10 by gradually
adding a solution of NaOH (1 M). As a result, the
solution’s colour changed from dark brown to dark
yellow, indicating the formation of CuO/ZnO NCs
during the reduction process. The resultant mixture
was continuously agitated and heated at 70 °C for 3
h.

After the reaction, the precipitate of NCs was
obtained using vacuum filtering and promptly
subjected to five washes with distilled water and
three washes with ethanol to eliminate all
contaminants and the remaining salt from the items.
The precipitates were dehydrated in an oven at 60 °C
for 10 h and transformed into a fine powder by
using a mortar and pestle. The calcination process
was carried out at 500 °C for a duration of 3 h by
using a muffle furnace. Afterwards, the substance
was left to passively cool to ambient temperature.

2.4. Characterisation of (CuO-ZnO) NCs

Various techniques were utilised to determine
the surface area, structure, dimensions, size and
chemical composition of CuO/ZnO NCs. The
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crystalline structure and degree of phase purity of
the CuO/ZnO (NCs) synthesised via XRD were
determined using a Phillips X’pert diffractometer.
The “TESCAN-Vega3 model” was employed to
acquire SEM images of the NPs, which were
subsequently analysed to ascertain their structure,
particle size and shape. An energy-dispersive X-
ray spectroscopy EDAX analysis was conducted
to determine the chemical compositions. The
surface area of CuO/ZnO NCs was determined via
BET test using a device model (TriStar Il Plus
Version 2.03, USA). FTIR analysis (Shimadzu,
Japan) was employed to identify the functional
groups present during the process. Zeta potential
analysis was utilised to evaluate the NPs’ stability.
AFM (TT-2, USA) was utilised to determine the
morphology and surface texture of CuO/ZnO
NCs.

2.5. Analytical Method

A calibration curve was constructed for the
standard antibiotic tetracaine TC solution before
commencing the experiments to determine the
maximum wavelength (Amax) and establish the
equation relating absorbance to concentration.
According to Figure 3, the Amax Of TC was seen at 276
and 357 nm. The wavelength 357 nm is the most
significant one for TC because it yields the highest
absorbance [2]. The calibration plot of TC at the
maximum wavelength of this antibiotic is shown in
Figure 5. The percentage degradation efficiency (DE
%) was estimated using the following formula, where
Co and C; are the concentrations of TC at zero and
time t, respectively, (mg. L ™) [26]:

DE% = <= x 100

(0]

)
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TC calibration graph at A max 357 nm
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Fig. 3. (a) UV-Vis analysis for various concentrations of TC solutions. (b) Calibration plot at Amax 357 nm.

2.6. Photocatalytic Activity

The effectiveness of 2ZnO/CuO NCs in
photocatalysis was assessed by measuring the
photodegradation of TC under different molar ratios
of Cu to Zn (1:3, 1:6, 1:9 and 1:12), as shown in
Table 1. This analysis aimed to identify the optimal
molar ratio of Cu/Zn. The experimental parameters
for the removal of TC for each ratio were used, with
the catalyst doses of ZnO/CuO NCs at 0.5 g and a
pH of 7. To achieve this, 1000 mL of a 10 ppm TC
solution was mixed with the catalyst dose amounts
ina 1 L beaker and continuously stirred at 300 rpm
at room temperature. The mixture was left in the
dark for 30 min to ensure adsorption—desorption
equilibrium [28, 29]. Photocatalysis experiments
were conducted utilising a semi-piolet-scale
photoreactor that has been designed and is powered
by 24 UV-A lamps with the following dimensions:
30 cm in length, 2.2 cm in width and a maximal
wavelength peak of 365 nm. Afterwards, the
experiments were conducted for 180 min; the Amax
of TC chosen from the calibration curve was 357
nm. Throughout the assays, 10 mL of the specimens
was collected at consistent time intervals (0, 5, 10,
15, 20, 25, 30, 45, 60, 90, 120 and 180 min) and
filtered through a 0.45 m filter. The concentration of
TC was measured using a Shimadzu-Japan UV-Vis
spectrophotometer. The elimination rate was
computed by employing Equation 1.

3. Results and Discussion
3.1 FE-SEM and EDAX Analyses

Figures 4 (a) and (b) show the FESEM images of
calcined CuO/ZnO NCs and non-calcined NCs. The

X-rays in SEM can be used to identify a sample’s
elemental composition by using EDAX.

The SEM images showed that the
CuO/ZnO NCs have a semi-spherical morphology,
with some degree of aggregation attributed to the
presence of biomolecules from eucalyptus leaf
extract that cap these NCs [30]. In Figure 4 (a), the
synthesised NCs exhibited porous and spherical
morphology, with an average diameter of ~14 nm.
The SEM image indicates a randomly distributed
sphere and few nanorods with an average diameter
of ~27 nm, as shown in Figure 4 (b).

Figure 5 (a) and (b) show the EDAX spectrum,
atomic  distribution and elemental mapping
topology of CuO/ZnO NCs with a molar ratio of Cu
to Zn of 1.6, and the samples were calcined and not
calcined. The intense peaks of Zn, Cu and O in the
calcined CuO/ZnO NCs indicated the place of
atomic distribution on the surface and the chemical
composition. The weight percentages of Zn, Cu and
O were 57.78 wt%, 0.20 wt%, and 42.02 wt%,
respectively. By contrast, the intense peaks in the
CuO/ZnO NCs without calcination showed weight
percentages of 90.68 wt% for Zn, 0.10 wt% for Cu
and 9.22 wt% for O. Small particles exhibit a large
surface area due to their high surface-to-volume
ratio. Consequently, a higher quantity of atoms was
present on the surface of the particle than the atoms
located on the inside. Surface atoms possess
unoccupied valence or dangling bonds, rendering
them highly reactive for the adsorption of other
species or interaction with surrounding surface
atoms, leading to the formation of particle clusters
[31].
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Fig. 4. SEM image of CuO/ZnO NCs: (a) calcined and (b) not calcined
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Fig. 5. EDAX analysis of CuO/ZnO NCs: (a) calcined and (b) not calcined

3.2 AFM

The size and morphology of CuO/ZnO NCs
were assessed using AFM, which measures the
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force of contact between the tip and the surface.
Figure 6 presents a three-dimensional
representation of an AFM image, showcasing a
uniform and smooth surface of NPs exhibiting
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diverse sizes and compositions. The surface
roughness of the NPs improves their capacity to
absorb ions of organic pollutants [32]. The
synthesised NPs were round and triangular. The

22.03nm
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nm‘..ll
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5.001

Percentage(%)
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Percentage(%)
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4004
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average sizes were 76.95 nm for the calcined
CuO/ZnO NCs with a molar ratio of 1:6 and 88.61
nm for the NCs without calcination according to
AFM Figures 6 (a) and (b).
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Fig. 6. Atomic force microscopic (AFM) characterisation for CuO/ZnO NCs: (a) calcined and (b) not calcined.

3.3 FTIR spectroscopy

FTIR spectroscopy (Shimadzu, Japan) was
applied to determine the state of the catalysts and
provide details on their functional groups and
chemical bonds for all the four molar ratios of
calcined CuO/ZnO NCs. The analysis used a mid-
infrared spectrum ranging from 400 cm™ to 4000
cm %, as shown in Figure 7. The peaks seen at 3618
and 3406 cm™* are a result of the O—H stretching
vibration, indicating the presence of polyphenol
groups and supporting the existence of different
capping and reduced bioactive molecules in the
eucalyptus extract [30]. Phenolic compounds may
be the cause of the stabilising process of NPs. The
existence of a narrow absorption band indicates the
occurrence of aromatic C—C stretching within the
range of 865-870 cm . The stretching modes of C—
O seen at 1057 and 1188 cm* are present in the
spectra of ZnO/CuO NCs and ascribed to the
presence of adsorbed C=0O on the surface of
ZnO/CuO NCs due to the incomplete breakdown of
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the acetate group [25]. The presence of CuO/ZnO
NCs was demonstrated by the 413 and 517 cm™
peaks for all the four molar ratios of calcined
CuO/ZnO NCs.
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Fig. 7. Fourier transform infrared (FTIR) spectra of
CuO/Zn0O NCs with different molar ratios of Cu: Zn
from 1:3 to 1:12
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3.4 Powder XRD

XRD was used to characterise the crystalline
structure and degree of phase purity of the
synthesised CuO/ZnO NCs. The compositional
analyses or phase identification for all samples were
performed using Xpert-Pro software. The peaks in
the XRD of the molar ratio of Cu:Zn at 1:3, 1:6, 1:9
and 1:12 were searched and then matched with the
standard diffractograms given in the Joint
Committee for Powder Diffraction Standards
(JCPDS) database. The XRD patterns in Figure 8
showed that all the samples exhibited almost
identical major diffraction peaks, suggesting that
the crystal structures of the four samples, namely
1:3, 1:6, 1:9 and 1:12, were identical [29]. The
former represents the standard XRD of hexagonally
crystalline ZnO, whereas the latter represents
monoclinic CuO.

The diffraction peaks for each of the molar
ratios of Cu:Zn from 1:3 to 1:12 were located at
(100), (002), (101), (102), (110), (103), (200),
(112), (20 1), (004) and (202), with its
corresponding 20 values of =~ 31.83°, 34.49°,
36.32°, 47.60°, 56.67°, 66.38°, 67.60°, 69.10°,
72.56° and 76.96°, respectively. These findings
were in good agreement with the JCPDS of 00-036-
1451 [28]. Typical peaks appeared with the
diffraction peaks of the CuO sample acquired at the
20 values of 32.51, 38.71, 46.26, 61,53, 74.98 and
79.73, which are due to (110), (111), ('112), ('113),
(004) and (023), respectively. These data were
found to be the same as those reported in Plans
JCPDS of 00-048-1548. The increase in the molar
ratio of Cu:Zn from 1:3 to 1:12 resulted in a drop
in Cu content, which, in turn, reduced the strength
of the distinctive diffraction peaks of CuO [33].
The product possesses a well-crystalline particle
structure, as seen by the diffraction peaks that are
narrow and robust [21].

Cu0:Zn0(1:12) A A A A
Cu0:Zn0(1:9) A )U \ A /\ A M

Cu0:ZnO(1:6) M " A A A

Intensity (a.u.)

ZnO

jepds 36-1451

CuO

jcpds 78 03 8 l

20 60 70 80
20 (Degree)

Fig. 8. XRD patterns of CuO/ZnO NCs with different
molar ratios of Cu:Zn from 1:3 to 1:12
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3.5 BET

Table (3) describes the surface area results of
CuO/ZnO NCs obtained by the BET technique. The
pore sizes of calcined and uncalcined CuO/ZnO
NCs were 12.92151 and 11.63821 nm, respectively.
According to the International Union of Pure and
Applied Chemistry (IUPAC), a pore size in the 2—
50 nm range indicates mesoporous, which enhances
the catalytic activities due to the enhancement of the
diffusion of materials [34].

Table 3.
BET parameters for CuO/ZnO NPs: (a) calcined and
(b) not calcined

(a)
Parameter Value
BET (m?qg) 25.9477
Pore size (hm) 12.92151
Pore volume (cm®/g) 0.083821
(b)
Parameter Value
BET (m?/g) 49.7492
Pore size (hm) 11.63821

Pore volume (cm®/g) 0.144748

3.6 ZP Analysis

Measuring zeta potential is an essential method
for ensuring the stability of particles. NPs
demonstrate stability because of their increased zeta
potential. A significant negative value proves the
repulsion between particles, preventing the
agglomeration of NCs and verifying their stability.
Conversely, their diminished potential encourages
and promotes flocculation. As shown in Figures 9
(@) and (b), the high negative values at —37.61and
—29.01 mV acquired by zeta potential analysis
revealed that excellent stability of CuO/ZnO NCs
with and without calcination, respectively. The
catalyst’s stability is attributed to the application of
a polyphenol coating derived from eucalyptus
leaves onto the surface of the NCs [35].
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Fig. 9. Zeta potential of (CuO/Zn0O) NCs: (a) calcined
and (b) and not calcined

4. Photocatalytic Efficiency

The photocatalytic performance of a green-
produced CuO/ZnO NCs was evaluated by studying
the degradation of TC in a visible annular-type
photoreactor under UV light irradiation. Exposing
the specimen to light initiates the real study because
the semiconducting ZnO absorbs the photon of
energy from the CuO NC, which has a higher
bandgap. As seen in Egs. (1) and (2), visible light
photons are expected to stimulate the valence
electrons of CuO due to their small bandgap energy.
This process creates a hole in the valence band (V)
of CuO, which then moves towards ZnO, causing
reduction processes and the production of
superoxide ions, as in Eqg. (3). Therefore, the
electrons created by light can only transfer from the
conduction band (Cg) of CuO to the conduction
band of ZnO due to the difference in their Cg energy
levels [33]. The transfer of electrons from the
conduction band of ZnO to the valence band of CuO
is relatively unlikely. Instead, the presence of a hole
enables oxidation reactions to occur, resulting in the
generation of hydroxyl radical ‘OH and
hydroperoxyl H,O, species, as in Eq. (5). These
species exhibit a high level of effectiveness in
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breaking down organic contaminants [36]. Radical
oxidation species, such as "0* and "OH, oxidise
pollutants (TC) into degradation products, as in Egs.
(7) and (8). Thus, the heterojunction created by
mixing ZnO and CuO limits the recombination of
photogenerated pairs, allowing for improved
oxidative species formation [25]. The inclusion of
CuO reduces electron/hole recombination and
enhances the formation of active radicals, resulting
in a higher rate of organic pollutant degradation
[31].

ZnO + hv (visible light) — ZnO (egp +hifg ...(1)
CuO + hv (visible light) — CuO (ecp +hifg) ...(2)
0, + e~ —e+ 0; (Superoxide radicals) ...(3)
e 0; + H,0O — HO2e ( hydroperoxy) +OH~ ...(4)

HO; ¢ +H,O — H,0, + «OH( hydroxyl radicals) ...(5)

H2O + h* — «OH + H+ ...(6)
*0," + organic pollutants — degraded products  ...(7)
*OH + organic pollutants — degraded products  ...(8)

The photodegradation of TC in the presence of
as-prepared NPs was examined under UV-A light,
and the extent of degradation was measured in terms
of the absorbance of the TC solution by using a UV—
Vis spectrophotometer after certain intervals of time
for 180 min [37]. Figure 10 showcases the results of
the degradation studies, revealing an increase in TC
degradation with increasing irradiation time.
Experiments were conducted to test the efficiency
of different ratios of Cu to Zn (1:3, 1.6, 1.9 and
1:12). The results indicated that the ratio of 1:6 had
the best degree of removal efficacy amongst all
ratios when the CuO/ZnO NC dose, pH, initial
concentration, temperature, agitation speed and
time were set to 0.5 g.L%, 7, 10 mg.L™%, 25 °C, 300
rpm and 180 min, respectively.

The degradation rate increased with increasing
amounts of copper in 1:6 ratio, but when copper
decreased in 1:9 and 1:12 ratios, the photocatalytic
activity decreased due to the higher bandgap for
ZnO NPs than for CuO/ZnO NCs. This finding
indicated that an increase in CuO amount in NCs
resulted in a decrease in the energy bandgap, which
improves visible light harvesting and decreases
photocatalytic activity. Still, in the 1:3 ratio, the
photocatalytic activity decreased as the amount of
copper increased. A higher percentage of copper
covered the ZnO surface, reducing light absorption
[33, 38]. The absorbance spectra of TC clearly
showed that the TC solution was degraded by
47.8%, 72.1%, 53.08% and 53.9% after 180 min in
the presence of green-synthesized CuO/ZnO NCs.
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Fig. 10. TC removal for the ratios of Cu to Zn (1:3,

1:6, 1:9 and 1:12) at CuO/ZnO NC dose, pH, initial

concentration, temperature, agitation speed and time

of 0.5¢g.L7% 7, 10mg.L™, 25 °C, 300 rpm and 180 min,

respectively.

5. Conclusion

This study presents a cost-effective and
environmentally friendly solution to the water
purification problem. Eucalyptus leaf extract was
used for capping and reducing agents at four molar
ratios of copper to zinc for the biosynthesis of
CuO/ZnO NCs. These ratios were characterised
using FTIR, FE-SEM, EDAX, AFM, XRD, BET
and zeta potential. The calcined CuO/ZnO NCs
and the sphere and a few nanorods of the non-
calcined CuO/ZnO NCs demonstrated average
diameters of 14 and 27 nm, respectively, and
surface areas of 2595 and 49.75 m%g,
respectively. During the process setup, different
molar ratios (1:3, 1:6, 1:9 and 1:12) of CuO/ZnO
NCs were used to degrade TC through
photocatalytic reactions. The results showed the
1:6 ratio was better at photocatalytic drug removal
than the other molar ratios. It was able to remove
72.15% of the drug at an NC dose of 0.5 g.L ™, pH
7, an initial concentration of 10 mg.L, a
temperature of 25 °C and a contact time of 180
minutes.
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