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In this study, titanium dioxide (TiOz) nanostructures on titanium foil were synthesized through a
hydrothermal procedure, subsequently followed by calcination at temperatures of 500, 600, and 700
°C. The morphological, structural, and optical properties were systematically characterized using
SEM, XRD, and DRS analysis. The results indicated that the calcination temperature exerts a
substantial influence on the morphology and crystalline phase composition of the TiO:
nanostructures. The calcined TiOz nanostructure at 600 °C (T(600)) indicated a well-defined and
interconnected sheets with porous structure. This architecture enhanced the surface-to-volume ratio,
light absorption and scattering, facilitated efficient charge carrier separation and improved molecular
accessibility and adsorption for tetracycline (TC) degradation. The T(600) sample exhibited better
performance in visible light assisted photocatalytic degradation of tetracycline as compared to T(500)
and T(700) samples due to its efficient charge carrier separation and transport in a proper
rutile/anatase composition. This sample reached removal efficiency of 56.50%, accompanied by a
first-order kinetic rate constant of 0.0058 min™* under visible light irradiation. The results were
attributed visible light absorption by TC and TiO2 nanostructures along with proper charge separation
in the appropriate crystalline phase composition of the T(600) sample. These findings underscore the
pivotal role of calcination temperature in optimizing TiO:-based photocatalysts for efficient
environmental remediation.

1. Introduction

Tetracycline (TC) as a type of antibiotic has been widely
used in both human and veterinary medicine [1]. However,
the extensive utilization of tetracycline due to major threat
to public health has given rise to the development of
effective degradation techniques from wastewaters and the
contaminated environments [2]. In the recent years,
degradation of tetracycline via photocatalytic method has
garnered significant attentions. A photocatalyst uses light to
expedite a photoreaction and eliminate persistent organic
pollutants. Among the various photocatalytic materials,
titanium dioxide (TiO2) as a UV active semiconductor has
emerged as a leading candidate due to its high chemical
stability and non-toxicity [3].
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The exploration of the crystal phases of TiO2 and their
influence on photocatalytic efficiency is imperative for the
optimization of the design and application of TiO2-based
photocatalysts in environmental remediation [4]. The
crystalline phases of the TiOz include brookite, anatase, and
rutile phase that anatase and rutile phases play a
particularly significant role in its photocatalytic efficiency.
The anatase phase is known for its better photocatalytic
activity compared to rutile phase, primarily due to its higher
surface area and the ability to generate more reactive
hydroxyl radicals (*OH) under UV light. Also, rutile phase
possesses high stability, density and oxygen adsorption
capacity and suffers from lower electron mobility than
anatase phase [5]. Based on the reports, calcination
temperature has significant and important effects on
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crystalline structures and the TiO2 with mixed phase
indicate higher photocatalytic degradation efficiency.
However, the practical application of TiO: is often
constrained by its substantial bandgap (approximately 3.2
eV), which restricts its activation to UV light, thereby
limiting its effectiveness in utilizing the solar spectrum [6].
To address this limitation, researchers have explored
various strategies to enhance the photocatalytic activity of
TiOz, including doping with metal and non-metal elements,
defect engineering, coupling with other semiconductors,
and the use of photosensitizers [7].

The integration of photosensitizers into TiO2-based
photocatalytic systems has been demonstrated to be a
successful strategy to improve visible light absorption and
overall photocatalytic performance. Tetracycline itself has
the capacity as a photosensitizer due to its propensity in
visible light absorption. This dual role of tetracycline not
only facilitates its degradation but also opens new avenues
for the development of advanced photocatalytic systems
that can effectively address the challenges posed by
antibiotic pollution in the environment [8]. Most of
researches investigated the photocatalytic degradation of
tetracycline over TiOz under UV light [9-11] and there are
few reports on the sensitization of the TiOz by antibiotics
and its photocatalytic activity in visible range. For instance,
Ti02-P25 achieved 25.1% TC removal under 700 nm light
and mineralized 35.7% of TC under UV light (350 nm) [12].
Furthermore, Qin and co-workers showed the effective
visible light photocatalytic degradation of TC by the
sensitized pure TiO:z via a ligand-to-metal charge transfer
mechanism [13].

On the other hand,
(photo)catalytic activity is the separation of photocatalyst
materials after photodegradation. In this regard, deposition
of photoactive materials on suitable substrate can solve the
separation and collection of them from pollutants solutions.
For example, Ti3* and N-codoped TiO2 nanotube array on

titanium foil exhibit excellent electrochemical degradation

one of the challenges in

performance (100%) of tetracycline and metronidazole
within 240 min [14].

In this study, the photocatalytic degradation of
tetracycline under visible light irradiation was investigated
using TiOz nanostructures on titanium (Ti) foil. This
research focuses on the structural, morphological, optical,
and photocatalytic properties of the synthesized TiO2
at different
temperatures. Furthermore, visible light photodegradation
of TC over the TiOz nanostructures and the effect of different

nanostructures on Ti foil calcination

parameters on photocatalytic activity were studied.

Also, to our knowledge, this is the first report on visible
light photocatalytic degradation of TC by the TiO:
nanostructures on substrate, calcined at different
temperatures. Calcination temperatures influence on the
crystalline structures and electron-hole separation and
transfer in visible light activated photocatalytic degradation
of TC. Due to deposition of the TiO2 on the Ti foil, the
photocatalysts can easily be separated and recovered from
wastewater. Photodegradation of the TC under visible light
of the LED is one of other benefits of this work.

2. Materials and methods

2.1.Chemicals

Titanium foil (Grade 2, thickness: 0.5 mm) and isopropyl
alcohol were purchased from Loterios and Moijallali
company, respectively. Hydrochloric acid (HCl) was
provided from Merck. Ammonium oxalate, sodium
hydroxide (NaOH), and ascorbic acid were prepared from
Sigma-Aldrich.

2.2.Fabrication of TiO; nanostructures on Ti foil

After polishing with sandpaper, a Ti foil (30x20 mm?2)
was cleaned in a mixture of water, acetone, and isopropanol
(volume ratio: 1:1:1) by ultrasonication for 30 min. Then, it
was placed at a specific angle in a (25 mL) Teflon lined
hydrothermal autoclave, containing 20 mL of 1 M NaOH
solution. Subsequently, the autoclave was attained at
temperature of 200 °C for 24 h. Then, the autoclave was
cooled down and the Ti foil was removed. The Ti foil was
immersed in 30 mL of 0.6 M HCl solution for 1 h to facilitate
the exchange of Na* ions with H* ions. The Ti foil was
thoroughly washed with deionized water and dried at room
temperature. The obtained layer was calcined at different
temperatures (500, 600, and 700 °C) for 2 h and named as
T(500), T(600), and T(700), respectively [15].

2.3.Characterization

The morphology and surface characteristics of the
fabricated TiOz nanostructures were analyzed using a
scanning electron microscope (SEM, QUANTA-200),
equipped with Energy-dispersive X-ray spectroscopy
(EDS) elemental mapping. The crystalline structure of the
samples was examined via X-ray diffraction (XRD) (Bruker,
D8-Advance). The optical properties of the synthesized
samples were studied wusing diffuse reflectance
spectroscopy (DRS, Evolution-220).

2.4. Photocatalytic degradation

Photocatalytic degradation of the TC was performed
using TiO2 samples in a photochemical reactor. A white LED
lamp (50 W) provided by Anashid Gostar Novin Iranian Co.,
served as the visible light source and located at distance of
5 cm from the sample. The calcined TiO2 at different
temperatures was placed on a Teflon stand in 40 mL of TC
solution and the solution was stirred under dark condition
for 30 min for adsorption-desorption equilibrium. Then, to
evaluate the degradation of tetracycline (TC) under visible
light irradiation, 2.5 mL of the solution was removed at 15
min time intervals and TC concentration was evaluated by
UV-visible absorption spectroscopy. Based on the Beer-
Lambert's law and relation between TC concentration and
optical absorption, photocatalytic degradation efficiency
(n) was calculated by:

n=(1-(C,/Cs)) x 100 1)

where Co is initial TC concentration and C: is TC
concentration at each time interval. All experiments were
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conducted at room temperature. The effect of TC
concentration on photodegradation efficiency was
analyzed at different initial concentrations of TC (5, 10, and
15 mg/L). The stability and reusability of the TiO2
photocatalysts were performed over multiple cycles of
degradation experiments. To identify the dominant
reactive species in the photocatalytic process, ascorbic acid
(AA), isopropanol (IPA), and ammonium oxalate (AO) were
used as superoxide radical, hydroxyl radical, and hole
scavenger, respectively.

3. Results and Discussion

The morphological evolution of the calcined samples at
different temperatures (500, 600, and 700 °C) was
systematically examined through scanning electron
microscopy (SEM) (Fig. 1). At temperature of 500 °C (Fig.
1(a)), the surface demonstrated a relatively dense
architecture, composed of the entangled nanowires. A
noticeable  degree of nanowire agglomeration
entanglement was observed, leading to a poorly developed
porous network and a restricted surface area [16, 17],
thereby limiting the potential for photocatalytic reactions.
Figure 1(b) shows SEM image of the calcined TiO2z at 600 °C
that a substantial enhancement in morphology was
observed, accompanied by the emergence of a well-defined
and interconnected sheets with porous structure. This
architecture not only enhanced the surface area but also
improved molecular accessibility and adsorption of
tetracycline, promoted light absorption and scattering and
facilitated efficient charge carrier separation in
photocatalytic activity [18-20].

At temperature of 700 °C Figure 1(c), an excessive grain
and particle growth were evident and lead to a substantial
reduction in porosity and surface area. This morphology
compromises the structural characteristics necessary for
effective photocatalyst [21, 22]. These observations indicate
that calcination at 600 °C yields the most favorable
morphological attributes for photocatalytic applications.
The optimized pore structure, augmented specific surface
area, enhanced crystallinity, and superior photophysical
properties at this temperature synergistically improve the
degradation efficiency of tetracycline [23-25]. These
results underscore that 600 °C is the critical temperature
for engineering titanium oxide nanostructures with high
photocatalytic performance. It is hypothesized that these
morphological features will have a significant impact on the
photocatalytic behavior of the samples. The photocatalytic
degradation performance of the synthesized TiO2 under
visible light irradiation is provided in the subsequent
sections.

EDS elemental mapping was conducted to investigate
the distribution of titanium (Ti) and oxygen (0) within all
samples Figure 2. The EDS maps demonstrated a
homogeneous distribution of both Ti and O across the
examined area of all samples. The uniform distribution of
titanium and oxygen indicates the formation of a well-
organized titanium dioxide (TiOz).

Based on the results of the XRD analysis (Fig. 3) for the
synthesized TiOz at different temperatures, the structural
and phase changes in the samples are clearly observable. At
500 °C, the XRD pattern exhibits characteristic peaks
corresponding to the anatase phase of the TiO: (Fig. 3(a)).
The main anatase peaks appear at 26=25.3, 37.8, and 48.0°,
related to (101), (004), and (200) crystal planes,
respectively. These results indicate that the crystalline
structure of the sample at this temperature is
predominantly anatase, with a moderate degree of
crystallinity. Notably, a minor fraction of the rutile phase is
also present, as evidenced by the emergence of a weak peak
at 20=27.4°, attributed to (110) plane [26], suggesting the
initial stages of phase transformation. The peaks marked
with an asterisk (*) correspond to Ti, resulted from the
titanium substrate. The diffraction patterns for the sample
calcined at 600 °C (Fig. 3(b)) show significant
improvements in peak intensity and clarity, indicating a
change in crystallinity and structural order [27]. At this
temperature, the anatase phase remains predominant.
However, peaks corresponding to the rutile phase become
more pronounced at 27.4, 36.1, and 54.3° from (110),
(101), and (210) planes, respectively [26, 27]. These results
signify a progressive phase transition from anatase to
rutile. The presence of these peaks exhibits that while
anatase remains the dominant phase, the proportion of
rutile has significantly increased compared to 500 °C. The
XRD pattern for the synthesized samples at 700 °C in Figure
3(c) demonstrate substantial alterations, with rutile
becoming the predominant phase. The main rutile peaks
dominate the pattern, while the intensity of anatase peaks
is significantly reduced. Although traces of anatase can still
be observed, its fraction is considerably lower than the
other temperatures. These results confirm that the
anatase-to-rutile phase transformation continues at this
temperature, leading to the formation of a primarily rutile-
structured TiO: sample [28]. The phase composition
analysis reveals that at 500 °C, the sample consists of 87%
anatase and 11% rutile, indicating the onset of the phase
transition. At 600 °C, the rutile content increases to
approximately 23%, reflecting a substantial progression in
the transformation. Finally, at 700 °C, the rutile phase
dominates, comprising 49% of the crystalline structure,
with only 22% anatase remaining. These findings highlight
the temperature-dependent phase evolution of the TiO2,
where the anatase to rutile transformation initiates at 500
°C[15, 29]. The crystallite sizes of the TiOz samples calcined
at different temperatures were estimated using the Debye-
Scherrer equation [3]:

D=KA/Pcosb (2)

where D is the crystalline size, K is the shape factor, A is the
X-ray wavelength (0.15406 nm for Cu Ka radiation), 8 is the
full width at half maximum (FWHM) of the diffraction peak,
and 0 is the Bragg angle. The (101) diffraction peak, located
around 20 = 25.3°, was used for these calculations.
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The crystalline sizes were obtained at about 33.17,
3192, and 26.57 nm for T(500), T(600), and T(700)
samples,
temperature crystalline size decreases and this trend

i A

¥ - _ o
Fig. 1. SEM images of the calcined TiO: at temperature of (a) 500, (b) 600, and (c) 700 °C.

respectively. By increasing the calcination

suggests that higher calcination temperatures may

Fig. 2. EDS mapping of (a) T(500), (b) T(600), and (c) T(700) samples.

In this study, the optical properties of the TiO2
nanostructures, calcined at different temperatures were
investigated using diffuse reflectance spectroscopy. The
results demonstrated that increasing the synthesis
temperature did not lead to a noticeable shift in the
absorption edge, as depicted in Figure 4(a). The absorption
edge for all samples was found to be approximately 385 nm
[30, 31]. Light absorption of the TiO2 samples in visible

promote  structural rearrangements or  phase
transformations.
e "1
v/ .sr
Av" 'ﬁ‘» ‘.
A J\]
ot
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region is resulted from light scattering in TiO2

nanostructures, oxygen vacancies and Ti*3 species. The
oxygen vacancies, and Ti*3 species create defect energy
level below the conduction band (CB). Under visible light
irradiation, and by absorbing visible light, the excited
electrons transformed from Ti*3 state to conduction band
of TiO2 [32-34]. Tauc plot analysis revealed the band gap
energy for different samples, as shown in Figure 4(b). The
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band gap energies for the fabricated samples at
temperatures of 500, 600, and 700 °C was calculated at
about 3.1, 3.2, and 3.3 eV, respectively [31, 35].

A: Anatase
R: Rutile
* : Ti foil

(c)

(b)

Intensity (a.u.)

10 20 30 40 50
20 (Degree)
Fig. 3. XRD patterns of (a) T(500), (b) T(600), and (c) T(700)
samples.

The photocatalytic degradation of tetracycline over the
synthesized TiO2 nanostructures was investigated under
white LED light irradiation for 40 mL of the TC solution (10
mg/L). As shown in Figure 5(a), in the absence of the TiO:
samples, the concentration ratio (Ct/Co) exhibited change
within 120 min, indicating low photolysis of the TC. The
adsorption process reached equilibrium within this period,
with approximately 10.0%, 8.9%, and 5.8% of TC removed
for T(500), T(600), and T(700), respectively. This finding
highlights the significant role of TiOz's surface interactions,
which contribute to the overall removal efficiency even
before light irradiation [36, 37]. The adsorption capacity is
likely influenced by the surface area and active sites of TiOz,
facilitating electrostatic interactions and hydrogen
bonding with TC molecules [38]. In the present study, the
effect of visible light irradiation on the degradation of the
tetracycline for different samples was studied, as shown in
Figure 5(b). The removal efficiencies of the TC were
achieved at about 40.60, 56.50, and 31.98% for the T(500),

T(600), and T(700) within 120 min, respectively. The
degradation efficiencies followed the order:
T(600)>T(500)>T(700), highlighting the significant impact
of calcination temperature on the catalytic performance.
The optimal activity of the sample synthesized at 600 °C is
attributed to its favorable phase composition, crystallinity,
and surface properties, which enhance light absorption and
charge separation and minimize recombination effects
[23]. In contrast, the reduced performance of the T(700)
sample is likely due to particle aggregation, decreased
surface area, and potential phase transitions, which might
lead to the formation of a less active TiO2 phase (such as
rutile) [19]. The photocatalytic degradation kinetics of
tetracycline was expressed with the following equation
[38,39]:

Ln(Co/Cy) = kt (3)

where k is the first-order rate constant and t is the reaction
time. All experiments were conducted at room
temperature. Kinetic analysis revealed that the
photocatalytic degradation of tetracycline follows first-
order kinetics. The high degree of agreement of the data
with the linear relationship (regression coefficients, R2=
0.98, 0.99, and 0.96 for the T(500), T(600), and T(700)
samples, respectively) suggests compatibility with the
Langmuir-Hinshelwood model, which describes the
photocatalytic reaction mechanism [38, 40]. As
demonstrated in Figure 5(c) and (d), kinetic analysis based
on the In(Co/Ct) vs t plot indicated that the TiO2 sample
calcined at 600 °C exhibited the optimal performance,
achieving a degradation efficiency of 56.50% and a kinetic
constant of k= 0.0058 min-1.

The T(500) showed a degradation efficiency of 40.60%,
with a kinetic constant of k= 0.0041 min-1, while the T(700)
indicated a lower efficiency of 31.98% and kinetic constant
of k= 0.0028 min'l. At higher calcination temperatures,
such as 700 °C, the aggregated structure leads to a decrease
in the overall surface area available for photocatalytic
reactions, which negatively affects the degradation
efficiency [41].
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Fig. 4. (a) DRS spectra and (b) Tauc plots of the T(500), T(600), and T(700) samples.

In addition, phase transitions at temperature of 700 °C
result in a shift from the anatase phase to rutile, a phase

that has lower photocatalytic activity due to less efficient
charge carrier dynamics [42]. These findings underscore
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the importance of optimizing the calcination
temperature to maximize the photocatalytic efficiency of

visible light irradiation [41, 42]. Table 1 compares the
photocatalytic results of the TiO2 nanostructures in this

TiOz for the degradation of organic pollutants under work.
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Fig. 5. (a, b) Photodegradation of TC (under visible light irradiation, with an initial TC concentration of 10 mg/L), (c) Ln(Co/Cy)-t plot of the T(500),
T(600), and T(700) samples, and (d) Kinetic constants of the TiO2 samples as a function of calcination temperature.

Table 1. Comparison of the TiO; samples in photocatalytic degradation of TC.

Sample Calcination temperature (°C) Degradation efficiency (%) Rate constant (min™1)
T(500) 500 40.60 0.0041
T(600) 600 56.50 0.0058
T(700) 700 31.98 0.0028

The effect of the initial concentration of tetracycline on
the photocatalytic degradation efficiency using the T(600)
is shown in Figure 6(a). The temporal changes in
tetracycline concentration at three distinct initial
concentrations (5, 10, and 15 mg/L) over a duration of 120
min are investigated. The results imply a consistent
decrease for all concentrations, thereby indicating the
gradual degradation of the compound under the prevailing
experimental conditions. The degradation efficiency
strongly depends on the initial pollutant concentration
[43]. The photocatalytic efficiency reached 56.50% at an
initial concentration of 10 mg/L. When the initial
concentration was 5 mg/L, the degradation was about
33.06%, indicating lower photodegradation efficiency than

concentration of 10 mg/L. At 15 mg/L, the degradation was
only 25% and indicated that the process slowed down at
higher concentrations [44].

This decrease in degradation performance at higher
concentrations can be attributed to several known factors:
(i) The higher numbers of tetracycline molecules in the
solution leads to decreased light absorption and scattering,
which reduces the intensity of photons reaching the
photocatalyst surface and limits the generation of electron-
hole pairs [45]; (ii) At higher concentrations, salt layers or
organic films are formed on surface of the catalyst,
impeding the transport of reactive species (e.g., hydroxyl
radicals) and inhibiting the overall catalytic process [46];
(iii) The accumulation of degradation intermediates
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(including dehydrated tetracycline derivatives and
nitrogen-containing compounds) at high concentration can
block catalytic sites or interfere with key degradation
pathways, further reducing the efficiency of the system
[47]. Certain limitations associated with lower
concentration can be recognized: (i) lower concentration of
tetracycline molecules reduce effective interactions
between TC and reactive species, which can affect the
overall degradation rate [48]; (ii) under low concentration
condition, side reactions (such as water or background ion
oxidation) may dominate, leading to inefficient utilization
of photogenerated reactive species [3]; (iii) at lower initial
concentration, the small absolute change in TC levels over
time can complicate kinetic assessments and make it
difficult to capture meaningful removal trends [45].

The results of the photocatalytic stability and reusability
of the T(600) photocatalyst were evaluated through three
consecutive cycles of tetracycline degradation (10 mg/L).
Figure 6(b) demonstrated considerable stability with
degradation efficiencies reported as 56.50%, 55.24%, and
46.95% for the first, second, and third cycles, respectively.
The average degradation efficiency over these three cycles
was 52.7%, indicating only a slight reduction of 5% from
the first to the third cycle. A slight decrease in catalytic
activity may occur due to the partial loss during the
recovery process and possibly the accumulation of
intermediate by-products on the catalyst surface [49, 50].
However, the results of this study showed that the
synthesized TiOz photocatalysts through a hydrothermal
method demonstrates significant stability. It is capable of
maintaining its effective performance for the degradation
of tetracycline in aqueous solutions across multiple cycles.
This attribute makes it suitable for practical applications in
water and wastewater treatment processes. Moreover,
separation of the synthesized photocatalyst materials after
photodegradation was easily performed.

To identify the active species involved in the
photocatalytic degradation of TC on the T(600) sample
under visible light irradiation, three scavengers AA, IPA,
and AO were employed to deactivate superoxide radical
(*0;7), hydroxyl radical (*OH), and hole (h*), respectively
[51, 52]. As shown in Figure 7, the addition of ascorbic acid
(AA) decreased the degradation efficiency of TC from
56.50% to 29.53%, indicating the role of *0,~. When AO was
introduced, the efficiency reduced to 36.05%,
demonstrating the contribution of h*. Similarly, the
presence of IPA lowered the removal efficiency to 41.35%,
confirming the involvement of *OH. These results suggest
that active species of the *0,7, h*, and *OH play roles in the
photocatalytic degradation of TC on TiO2 under visible light
irradiation, aligning with previous observations [48, 52].

(a) 1-2
. -\m
(=]
O |
=
Oo4]+5 mgL
0 -15 mg/L
0 50 100 150
Time (min)
Cycle 3
0 1 1 i 1
0 100 200 300

Time (min)
Fig. 6. (a) The effect of tetracycline concentration on photodegradation
efficiency and (b) stability of the T(600) sample.

w
o

56.50%
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41.35%
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(2]
o
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Fig. 7. Effect of different scavengers on TC photodegradation over
T(600) (under visible light irradiation, Initial TC concentration: 10
mg/L).

Based on our results, photodegradation of TC under
visible light can proceed by two ways. (Fig. 8) shows the
schematics of the proposed mechanisms. The creation of
oxygen vacancies (Ov) and Ti®* species during the
synthesis and calcination processes leads to the formation
of mid-gap states within the TiO, band structure [53, 54].
These structural defects play a critical role in enhancing
photocatalytic performance under visible light irradiation,
primarily through two mechanisms: (i) extension of light
absorption into the visible region and (ii) reduction of
electron-hole recombination [53, 55].
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Fig. 1. (a) and (b)The proposed mechanisms of TC photodegradation under visible light.

Upon visible light irradiation, electrons can be
transferred to the CB from the defect states associated with
Ti®* species. The corresponding reaction for this process is
as follows [53]:

Ti0z + hv — e +h* 4)

Defect states act as electron traps, capturing the excited
electrons and thereby reducing the direct recombination of
electron-hole pairs [54, 55]. This phenomenon increases
the carrier lifetime and facilitates oxidation-reduction
reactions on the TiO, surface. In the anatase-rutile
heterojunction of the synthesized TiOz nanostructures, the
two phases form a type-II band alignment, where the
conduction band minimum of rutile is slightly lower than
that of anatase, while the valence band (VB) maximum of
anatase is higher than that of rutile [56]. As a result, the
photogenerated electrons preferentially transfer from CB
of the anatase phase to CB of the rutile phase. This band
structure effectively separates photogenerated electrons.
Electrons transfer to CB of the rutile and subsequently
react with dissolved oxygen molecules to generate
superoxide radicals (*0;7):

e +0:0;" (5)

Meanwhile, the holes produced in the VB transferred in
the opposite direction and can react with water molecules
or surface-adsorbed hydroxyl ions to generate hydroxyl
radicals (*OH):

h* + Hz20 —*OH + H* (6)

h* + OH — *OH (7)

The generated *O,” and °*OH radicals, along with the
oxidative power of the holes (h*), attacked tetracycline
(TC), breaking them down into harmless mineral products
[55]:

TC + (0,7, *OH, h*) = Products (8)

Therefore, the synergistic effect of visible light
absorption by the defect states and enhanced charge
separation significantly improves the photocatalytic
degradation efficiency of defect-rich TiO, Figure 8(a). On
the other hand, upon visible-light irradiation, the adsorbed
tetracycline (TC) molecules on surface of the TiO:
nanostructures act as sensitizers. Therefore, the TC
molecules absorb visible light photons due to their intrinsic
electronic structure and are excited from the ground state
to an excited state (TC*). The excited TC* species can inject
electrons into the conduction band (CB) of TiO, [12, 13].
This electron injection is facilitated by the suitable
alignment of energy levels between the excited state of TC
and the CB of the TiO, nanostructures (combination of
rutile and anatase phase). The transferred electrons
produced the superoxide radicals as active species for TC
Figure 8(b). As shown in SEM image, the calcined TiO2z at
600 °C indicated a well-defined and interconnected sheets
with porous structure. This architecture enhanced the
surface-to-volume ratio, light absorption and scattering,
facilitated efficient charge carrier separation and improved
molecular accessibility and adsorption for tetracycline
degradation. Also, XRD pattern of the TiO2 nanostructures
exhibited that a proper rutile content relative to anatase
was formed at calcination temperature of 600 °C.

4. Conclusions

In summary, the present study underscores the effect of
calcination temperatures on the photocatalytic efficiency of
the TiO2 nanostructures on Ti foil for the degradation of
tetracycline under visible light. The results indicate that the
synthesized TiO2 nanostructure at temperature of 600 °C
exhibits higher performance in comparison to the others,
with notable stability and reusability. The T(600) showed a
well-defined and interconnected sheets with porous
structure. This architecture enhanced the surface area,
light absorption, improved molecular accessibility and
adsorption for tetracycline degradation. Also, efficient
charge carrier separation and transport was supplied by a
proper rutile/anatase composition in the T(600) sample.
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