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Abstract: By combining measurements of photocatalysis under solar irradiation with measurements
of total organic carbon, we have compared the performance of two TiO,-based photocatalysts in the
photodegradation of the dye Reactive Blue 49 (RB49). TiO,-P25 and TiO,-UV100 commercial photo-
catalysts were tested within a concentration ranging from 0.5 to 4 g/L. The dye solution concentration
was varied from 10 to 50 mg/L and its pH was increased from 3 to 9. Extensive characterization of
the photocatalysts was performed using Fourier-transform infrared spectroscopy, scanning electron
microscopy and X-ray diffraction. TiO,-UV100 proved to be more active in adsorbing RB49 dye than
TiO,-P25. At low dye concentrations, the adsorption equilibrium is reached in 15 min. This time
increases to 1 h at higher concentrations. The photocatalytic degradation of aqueous RB49 under
sunlight was monitored by UV-Vis spectrophotometry. The apparent rate constant of dye photodegra-
dation with TiO,-UV100 is twice that of TiO,-P25. The total organic carbon (TOC) analysis showed a
removal of around 98% with TiO,-UV100 and only 85% with TiO,-P25 after 3 h of solar irradiation.
Over five photocatalytic cycles of 3 h, TiO,-UV100 maintained a more stable and higher efficient
photocatalytic performance. All our results converge toward a better photocatalytic performance of
TiO,-UV100 for the photodegradation of RB49 dye and indicate that the most decisive factor is its
greater capacity to adsorb the pollutant.

Keywords: TiO,; RB49; photodegradation; solar photocatalysis; adsorption; water treatment

1. Introduction

Water is essential for life on earth. Unfortunately, this precious and increasingly scarce
resource is often polluted by various industrial discharges and organic substances. A
lack of clean water can lead to serious problems for aquatic life and human health. The
textile industry is responsible for a large proportion of the world’s water pollution through
wastewater containing reactive dyes that affect the physico-chemical properties of water [1].
The complexity of textile wastewater lies in the presence of synthetic dyes with varied
structures and intense colors [2]. These dyes are often toxic compounds that are difficult to
biodegrade due to their complex structures and high stability. Their direct release into the
environment without appropriate treatment can have harmful consequences for humans
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and the ecosystem [3,4]. It is therefore essential to break down these organic dyes before
discharging the effluent from dyeing plants. Economical and effective treatment remains
a challenge.

Advanced oxidation processes (AOPs) have recently emerged as a promising techno-
logical alternative for treating polluted water. In particular, heterogeneous photocatalytic
oxidation is recognized as being particularly effective in generating highly reactive hy-
droxyl radicals (OH®) and superoxide anion radicals (*O, ), making it the most suitable
method for wastewater decontamination [5,6]. The use of semiconductors with a band
structure adapted to the redox potentials of O,/*O,~ and OH*® /H,O couples [6-8] in pho-
tocatalysis is gradually emerging as a promising alternative for the elimination of soluble
organic compounds. Using this technique leads to the complete mineralization of these
pollutants into carbon dioxide, water and mineral acids even at ambient temperature and
atmospheric pressure.

The optical properties of a semiconductor depend on the conditions under which it is
manufactured [9]. From a photocatalytic point of view, a wide-bandgap semiconductor
such as TiO, is only active under UV radiation, which represents only a low percent of
the sunlight spectrum. Improving the absorption of wide-bandgap semiconductors in the
visible range to make them more efficient under solar irradiation remains a challenge and
the focus of intense research. In addition, their reactive surface area and, at the same time,
their photocatalytic performance are significantly increased by their elaboration in the form
of nanostructures.

In the category of photocatalysts commonly used in nanoparticle form, TiO, re-
mains the most attractive and best-performing [10]. Interest in this photocatalyst has
also motivated research into its production using increasingly environmentally friendly
methods [11,12]. However, its high bandgap energy of 3.2 eV, which limits its photocatalytic
activity to the UV region, makes its use limited [13]. TiO,-P25 is widely recognized as
the commercial photocatalyst of reference, although the photocatalytic properties of TiO,
Hombikat UV100 have also been widely studied [14], particularly in liquid-phase applica-
tions [15]. As a photocatalyst, the higher efficiency of TiO,-P25 compared with TiO,-UV100
reported in some studies is mainly attributed to its mixed-phase nature, which allows better
charge separation [16,17]. Other studies reported contradictory results, highlighting the
superiority of UV100, mainly due to its greater capacity to adsorb pollutants and generate
OH? radicals [14]. A smaller crystallite size would result in a better balance between
surface and bulk photogenerated charge recombination. The removal of Reactive Blue 49
(RB49) dye in solution by various techniques has resulted in a great deal of work [18,19].
In this work, the solar photocatalytic degradation of RB49 is investigated by comparing
the efficiency of these two TiO,-based photocatalysts: TiO,-P25 and TiO,-UV100. The
Reactive Blue 49 (RB49) dye was chosen because it is one of the most widely used and
environmentally harmful dyes in the textile industry. In addition, its degradation can
be easily monitored by the discoloration of the solution over time. These photocatalysts
were previously characterized by various techniques, including X-ray diffraction (XRD),
Fourier-transform infrared (FTIR) spectroscopy and scanning electron microscopy (SEM).
We first studied the adsorption kinetics of the dye on the photocatalyst, before investigating
its photocatalytic performance and the different parameters that can affect it (photocatalyst
loading, dye concentration and solution pH). Through this work, we hope to contribute to
the resolution of this open debate on the quality of the photocatalytic performance of these
two TiO,-based photocatalysts.

2. Experimental
2.1. Materials

Sachtleben GmbH’s (Hamburg, Germany) TiO, “Hombikat UV-100” is 100% anatase-
crystalline, with a specific surface area of 250 & 20 m?/g and a particle size of around
30 nm [14]. J. Evonik’s (Essen, Germany) TiO,-P25 is approximately 70% anatase and 30%
rutile, with a small amount in the amorphous phase [13]. This substance has a specific
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surface area of 55 + 15 m? /g and a particle size of around 30 nm [13]. The anatase phase
of TiO; results in a bandgap of the order of 3.2 eV [20], while the rutile phase results in
a slightly narrower bandgap of the order of 3.0 eV [21]. The obvious conclusion is that
the bandgaps of the two photocatalysts are comparable [22]. All chemicals were used
without further purification, and the distilled water used was obtained from a Millipore
(Burlington, MA, USA) apparatus (Milli-Q water) with a resistivity of 18.2 M(Q).cm at
ambient temperature and a total organic carbon (TOC) of less than 5 ug/L.

2.2. Product Characterization

TiO,-P25 and TiO,-UV100 were fully characterized, including structural, morphologi-
cal and optical evaluations. The crystalline phase of the synthesized titanium nanoparticles
TiO, (P25 and UV100) was determined by X-ray powder diffraction (XRD) using a Shi-
madzu XDR-6100 instrument via Cu K irradiation (A = 1.5406 A). The analysis was carried
out by Fourier-transform infrared spectroscopy (FTIR) in the 400-4000 cm ! range using
a Bruker Alpha Platinum-ATR spectrometer (Zevenhuizen, The Netherlands) equipped
with a KBr disk. The morphology of both catalysts was observed by scanning electron mi-
croscopy (SEM) using an energy-dispersive analysis (EDX) Quanta (Taoyuan City, Taiwan)
200 instrument.

2.3. Adsorption Kinetics

The characteristics of the azo dye RB49 (C3,Hy3CLN7NazO11S3), frequently used in
textile industry, are summarized in Table 1 [19]. Tests were carried out using a 100 mL
Erlenmeyer flask containing 50 mL of RB49 solution at a concentration of 40 mg/L, to which
1 g of photocatalyst was added. This was stirred with a magnetic stirrer at 400 rpm and kept
at room temperature for various contact times ranging from 10 to 180 min. The adsorbent
was then separated from the mixture by filtration or centrifugation at 4000 rpm. The
quantity of RB49 adsorbed was analyzed spectrophotometrically at a maximum absorption
wavelength of Apax = 590 nm to determine the time required to reach equilibrium. The
amount of RB49 adsorbed per unit mass was calculated using the following equation:

:%V
m

de )

where
ge (mg/g~1): quantity adsorbed at equilibrium;
C; (mg/L~1): initial dye concentration;
Ce (mg/L~1): dye concentration at equilibrium;
V (L): volume of solution;
m (g): mass of adsorbent in solution.
If the process of photocatalytic degradation is first-order kinetics, it is subject to the

following equation:
C = Coexp(—Kappt) ()

C;: the dye concentration after an illumination time ¢;
Kapp: the apparent first-order constant rate.

Table 1. Characteristics of RB49 dye [19].

Dye

Molecular Mass Maximum Absorption

Chemical Structure Family (g:mol—1) A (nm)
. max

C.I. Reactive Blue 49
(RB49)

[
‘ T T)\N)\N\ Azoic 882.2 590
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2.4. Photocatalysis under Solar Irradiation

The 50 mL solution of RB49 dye was mixed with a mass of photocatalyst (TiO,-P25 or
TiO,-UV100) in an Erlenmeyer flask, then stirred in the dark for 15 min to allow adsorption
of the species onto the catalyst surface. The mixture (RB49 solution + photocatalyst) was
then exposed to sunlight. The experiments were carried out at the University of A Coruia
(43° 22/ 17" N, 8° 23’ 46" W) in the month of May, within the time slot of 12 pm to 3 pm.
The solar irradiance at this time of day is about 200 W.m~2. This value is consistent with the
seasonal averages at the measurement site [23]. After a certain time t of photodegradation,
a sample is taken and the nanoparticles of the photocatalyst are separated by centrifugation
at 4000 rpm. The absorbance of the obtained liquid is measured using a UV-visible
spectrophotometer (Thermo Scientific Evolution 201, Waltham, MA, USA) in the spectral
range of 400-800 nm (Figure 1). The concentration C; of the solution is obtained by prior
calibration. Within the studied concentration range, a maximum uncertainty of + 2 mg/L
can be estimated from this calibration curve. (inset of Figure 1).

0.6

Concentration |

(mg/L)
o 04 50
e —10
_§ —20
S — 40
= -
< 02 >0

h I . I .
400 500 600 700 800

Wavelength (nm)

Figure 1. Absorbance of untreated dye solutions at different concentrations of RB49. The inset shows
the calibration curve.

Figure 1 shows the absorption spectra of RB49 solutions at different concentrations.
Within the studied spectral range, the reactive dye is characterized by a prominent band
in the 590-630 nm visible region. The 590-630 nm absorbance peaks correspond to the
chromophore of the RB49 dye [24]. According to Figure 1, 590 nm was chosen as Amax to
monitor the photodegradation of RB49.

2.5. Total Organic Carbon Determination

Total organic carbon (TOC) removal was measured using a ShimadzuTOC-5000A
analyzer (Kyoto, Japan). The extent of degradation in terms of TOC was calculated using
the following relationship:

TOC(%) = 100 (TOCO_TOCf>

TOCy ©)
3. Results and Discussion
3.1. Characterization of TiO,-Based Catalysts by XRD

The XRD patterns of the two TiO,-based photocatalysts are shown in Figure 2. TiO,-
UV100 is a pure anatase-phase material. Its diffraction peaks are all well indexed to the
pure anatase phase per JCPDS standard map #99-101-0679. Its main peak, (101), is located
at around 25.3°, and the secondary anatase peaks, at 26 = 25.3°, 37.8°, 48.0°, 53.9°, 55.0°,
62.7° and 68.9°, correspond to the following Miller index (hkl) values: (004), (200), (105),
(211), (204) and (116) of the anatase phase [25]. The XRD pattern of Degussa TiO,-P25 is
based on its crystalline structure, a mixture of 70% anatase and 30% rutile. Notable peaks
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in a range of 10° < 20 < 70° were observed for anatase at 25.7°, 27.45°, 36.97°, 37.69°, 54.1°,
38.40° and 68.7°, corresponding to the following Miller index (hkl) values: (101), (112),
(200), (105), (211), (204) and (116), respectively. For the rutile, three peaks were observed at
26.5°,37.1° and 41.8°, corresponding to the following Miller (hkl) values: (110), (101) and
(111), respectively. The main anatase peak, (101), is at around 25.3°, and the rutile peak,
(110), is at around 27.4° [25,26]. Figure 2 highlights the different crystalline structures of
the two photocatalysts.

TiO,-P25
Ti0,-UV100

Intensity (a. u.)

Figure 2. X-ray diffraction (XRD) pattern of TiO,-P25 and TiO,-UV100.

3.2. Characterization by FTIR

Figure 3 shows the Fourier-transform infrared (FTIR) transmittance spectra of TiO,-P25
and TiO,-UV100. The Ti-O modes are generally assigned to the bands appearing in the wave
number range 400 cm~1-1000 ecm ! [27]. The broad band around 500-600 cm ™! can then
be attributed to the stretching vibration of Ti-O and Ti-O-Ti bonds in the TiO, nanoparticles.
The deformation vibrations of the water molecule adsorbed from the atmosphere onto the
surface of the TiO, nanoparticles give rise to a band around 1620 cm ! [26]. Therefore, the
band at 1632 cm ! for TiO,-P25 and 1639 cm ™! for TiO,-UV100 should correspond to the
characteristic bending vibrations of the hydroxyl group [28]. The presence of this hydroxyl
group is important as it suggests an interaction with water or other hydroxyl group-
containing compounds. This has significant implications for various TiO, applications,
including its reactivity with water and its ability to adsorb compounds containing hydroxyl
groups. Finally, a broad band in the range 3650-3100 cm ! is observed, corresponding
to the intermolecular interaction between the TiO, surface and the hydroxyl group of
water molecules [29-31]. This interaction is crucial in many TiO, applications, particularly
in heterogeneous catalysis and photocatalysis. A small band around 1068 cm~! is only
present in the TiO,-UV100 spectrum. It can be assigned to the C-O stretching vibration
of Ti-O-C due to surface carbonate species [32]. This band has also been attributed to the
vibrations of specific impurities on the surface or to the effects of changes in the surface of
the structure following a particular treatment [33]. The differences in the FTIR spectra of
the two TiO, samples are therefore due to differences in their crystalline structure, but also
suggest differences in surface adsorption, particularly of water molecules.

3.3. Morphology and EDS Analysis

SEM images and EDS analysis results provide information on the samples” morphology
and their elemental composition. The SEM images of the TiO,-P25 sample (Figure 4) reveal
a surface composed of agglomerated nanoparticles, typical of titanium dioxide (TiO,), with
a rough, heterogeneous structure [34]. Analysis by EDS confirms the majority presence of
titanium (Ti) and oxygen (O), the constituent elements of TiO,, with weight percentages of
59.6% for titanium and 40.4% for oxygen. These data are consistent with the composition
expected for TiO,-P25, which is often used in photocatalytic applications due to its specific
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chemical and physical properties. The results show the absence of significant contaminants,
indicating high sample purity.

100

80

60

40

Transmittance (%)

20

TiO,-P25 559
TiO,-UV100

0 . I . I . I
4000 3000 2000 1000

Wavenumber (cm)

Figure 3. FTIR spectra of TiO,-P25 and TiO,-UV100.
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Figure 4. TiO,-P25 morphology and EDS composition.

The SEM images of TiO,-UV100 (Figure 5) show a granular, agglomerated structure
typical of TiO, nanoparticles, with a uniform particle distribution and contrast variations,
indicating differences in size and topography. EDS analysis confirmed the presence of
oxygen and titanium, with respective weight compositions of 59% and 41%, in agreement
with the expected stoichiometry of titanium dioxide (TiOy). The results corroborate the
nanoparticulate nature of TiO,-UV100, indicating a homogeneous particle distribution,
essential for its potential applications in fields such as catalysis or photocatalysis.
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Figure 5. TiO,-UV100 morphology and EDS composition.

3.4. Adsorption Kinetics of RB49

The phenomenon of adsorption on the catalyst surface, an initial and primordial stage
in the photocatalytic reaction, was studied in order to highlight the optimum conditions
for the degradation of a specific dye. From a kinetic point of view, adsorption occurs in
two stages: a rapid first stage and a slower second stage. The adsorption curves in Figure 6
show that, at low dye concentrations, it takes only 15 min of stirring for the amount of dye
adsorbed to reach equilibrium. This time increases to nearly 1 h at high concentrations. It
is therefore imperative to leave the mixture stirring for at least this length of time before
irradiating it [35]. However, it is important to note that at high concentrations, the curve
deviates somewhat from first-order kinetics.

T S T J—

L B A LR LR
(a) TiO,-P25 (b) TiO,-UV100

30 4

10 / - w0l g i
/ Dye concentration (mg/L)

y /" Dye concentration (mg/L)
1/ —e—10 —® 30 —e—50] V4 —e—10 —® 3 —e—50 |
) . %20 ed0 0 L, 20, A0,

0 60 120 180 0 60 120 180

Adsorption time (min) Adsorption time (min)

30 | o e
° &

_— e °

20

Adsorption capacity (mg/g)
[
>
T
\
’
|
|
|
Adsorption capacity (mg/g)
T
\
\
1y
1

0

Figure 6. Dye adsorption kinetics on the two photocatalysts TiO,-P25 (a) and TiO,-UV100 (b). The
curves are provided as guides for the eye.
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TiO,-UV100 (Figure 6b) shows a higher adsorption capacity for all dye concentrations
compared to TiO,-P25 (Figure 6a). This suggests that TiO,-UV100 is more effective at
adsorbing RB49 dye, probably due to its better surface properties. The curves show that
adsorption occurs rapidly at first, then gradually slows down. This is typical of adsorption
processes, where the initial phase is governed by the availability of active sites on the
photocatalyst’s surface. This is probably due to the structure of each photocatalyst. The
maximum adsorption capacity of each photocatalyst is reached beyond 60 min of agitation.
After 60 min of contact, the adsorption rate slows to zero. For photocatalysis measurements,
the solution in the presence of the photocatalyst is kept in the dark for 15 min to ensure
that the adsorption phenomenon is not far from equilibrium [36]. On the one hand, this
time allows the adsorption phenomenon to establish to a large extent, and on the other
hand, it does not affect the absorption of light and electron-hole pairs on the surface of
the photocatalyst.

3.5. Adsorption Isotherm

To estimate the amount of dye adsorbed, we studied the adsorption isotherm using dye
concentrations ranging from 10 to 50 mg/L in the presence of TiO,-P25 and TiO,-UV100.
The curve shown in Figure 7 illustrates the adsorption isotherm at room temperature. As
the initial dye concentration rises, the amount adsorbed increases toward a limit value
corresponding to the maximum amount adsorbed. In general, the adsorption of organic
compounds on TiO; in aqueous solution follows the Langmuir model, described by the
following expression [37]:

Q, = dmfLCe @
¢ 1+ K Ce
40

E\‘) T T T T T
é" | —e— TiO,-P25 P
= —e— Ti0,-UV100
= 30 | / .
=
=]
g /‘
2 2w}l §
ot
=3
<
«<
E 10 -
£
o}
<
= 0 1 1 1 1 1

0 10 20 30 40 50

Dye concentration (mg/L)

Figure 7. Dye adsorption isotherms on both of TiO,-P25 and TiO,-UV100 photocatalysts
(pH Rb49 = 5.8). The curves are the fits from Equation (4).

Ce (mg/L) denotes the equilibrium dye concentration in solution, Q. (mg/g) the
equilibrium unit adsorption capacity, qm (mg/g) the adsorption capacity for a complete
monolayer and the constant K, (mg/L) the adsorption energy and binding site affinity.
Figure 7 shows a rapid uptake with TiO,-UV100 from the beginning of the adsorption
process, which could be explained by the high affinity of this photocatalyst for RB49 dye
molecules [38].

The good fits of Figure 6 highlight a single type of adsorption site and suggest that the
Langmuir model is well appropriate to describe the adsorption of RB49 on the TiO,-based
photocatalysts. In Table 2 are reported the Langmuir model parameters derived from
these fits. Figure 7 indicates that TiO,-UV100 is more effective in retaining dye molecules,
suggesting better performance in catalytic degradation and monolayer adsorption processes
according to the Langmuir model [39].
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Table 2. Langmuir parameters of adsorption isotherms of Figure 7.

Parameter TiO,-P25 TiO,-UV100
qm (mg/g) 51+2 103 +1
Ky (L/mg) 0.023 £ 0.006 0.010 + 0.002

3.6. Photolysis and Photocatalysis

In a preliminary study, we investigated the photolysis and photodegradation kinetics
of a 40 mg/L RB49 dye solution. The study was divided into two parts: the first concerned
the direct photolysis of the dye (without the addition of a photocatalyst) under solar
irradiation, and the second focused on photodegradation kinetics with the addition of
1 g/L TiO,-P25 or TiO,-UV100 under solar irradiation. The initial pH of the solution was
maintained without adjustment (pH Rb49 = 5.8). The results, displayed in Figure 8, indicate
that after 3 h of direct exposure of the dye to sunlight without the addition of photocatalytic
nanoparticles, the rate of degradation remained negligible. This highlights the crucial role
of the photocatalyst in the reaction medium. However, a significantly higher removal
efficiency, reaching 95% for TiO,-UV100 and 90% for TiO,-P25, was obtained after 3 h
contact with RB49 degradation under solar irradiation.

—T T T —T T T —T T T
—— Without —— Ti0,-P25 —&— Ti0,-UV100

CIC, (%)

AN Kapp = 0.017 min™ ]

Kapp = 0.030 min ~ . |

0 60 120 180
Irradiation time (min)

Figure 8. Sunlight photodegradation of 40 mg/L RB49 solution (pH Rb49 = 5.8) without and
with photocatalyst. The curves are provided as guides for the eye. Dashed lines correspond to
first-order kinetics.

According to Figure 8, in contrast to simple direct photolysis, the photodegradation
efficiency of the dye under solar irradiation is considerably enhanced in the presence of
the TiO,-based photocatalyst. Comparing the photodegradation kinetics obtained with
the two photocatalysts, the plots in Figure 8 show that an exponential fit, correspond-
ing to first-order kinetics, leads to a Kqpp, rate constant of the order of 0.030 & 0.001 and
0.017 4 0.001 min~! with TiO,-UV100 and TiO,-P25, respectively. This results highlights
the fact that the photodegradation efficiency of the dye under solar irradiation is signifi-
cantly increased in contact with TiO,-UV100.

3.7. Effect of Photocatalyst Loading

The photocatalytic degradation rate is highly dependent on photocatalyst quantity [40].
To assess the effect of the catalyst dose added on the degradation of the RB49 dye at a
concentration of 40 mg/L, tests were carried out varying the photocatalyst loading from 0.5
to 4 g/L, while keeping the solution pH constant (pH (RB49) = 5.8). Furthermore, the data
presented in Figure 9 show that dye degradation efficiency increases with photocatalyst
loading. Even before irradiation begins, an initial drop is observed in the curves, reflecting
the adsorption of the dye onto the TiO; particles. This adsorption effect is more pronounced
for higher TiO, nanoparticle concentrations, showing that the TiO, particles capture some
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of the dye before the degradation process begins under the effect of light. This initial
adsorption thus contributes to the rapid decrease in dye concentration within the first few
minutes of irradiation. Indeed, increasing the amount of TiO,-P25 and TiO,-UV100 from
0.5to 1 g/L leads to a significant increase in the degradation rate. This improvement can
be attributed to the multiplication of active reaction sites on TiO,-P25 and TiO,-UV100,
as well as to increased photon capture on the photocatalyst surface. The abundance of
high-energy dynamic sites on the photocatalyst surface can overcome the mass transfer
resistance of contaminants between the solid and aqueous phases, enhancing degradation.
Above this concentration (1 g/L), the degradation rate increases slightly, probably due to
excess photocatalyst and particle agglomeration, masking a large part of the photosensitive
surface [40]. Figure 9 shows that TiO,-UV100 has a better photocatalytic performance than
TiO,-P25, regardless of the photocatalyst load.

100 N Ay B e p we -
[\ (a) TiO,-P25  Photocatalyst concentration ] L 1 (b) TiO,-UV100 Photocatalyst concentration ]
@) 1 i @)
80 -‘\\ | —e— 05 - 80 _‘.“\\‘ | *— 05 -
L —o— 1.0 ] o —e—10
Y e 1 I —e—120 i
o 60| ] _ | ; b
g : —e—4.0 1 g —e—4.0 .
ol i S .
SR -~ 18 ]
TN —,
L& o
20 5 ] - b
L5 e ] .
= L — 7
0 1 IR S w— | *f:—’*:’;fi
0 60 120 180 120 180

Irradiation time (min) Irradiation time (min)

Figure 9. Effect of TiO, dosage on photodegradation of 40 mg/L RB49 solution (pH Rb49 = 5.8) by
TiO,-P25 (a) and TiO,-UV100 (b). The curves are provided as guides for the eye.

3.8. Effect of Dye Solution Concentration

The concentration of pollutants plays a crucial role in regulating the rate of photocat-
alytic degradation since a high concentration of pollutants prevents photons from reaching
the catalyst surface, as highlighted by several works [40]. The impact of the initial pol-
lutant concentration on dye photocatalytic activity was examined by varying the initial
concentration of RB49 from 10 to 50 mg/L. The results displayed in Figure 10 correspond
to the dye degradation kinetics in the presence of 1 g/L of each photocatalyst (TiO,-P25 or
TiO,-UV100). After the adsorption phase, photocatalytic degradation follows quasi-first-
order kinetics, characterized by a decrease in concentration as a function of irradiation
time, in the form of a stretched exponential. Figure 10 shows that the higher the initial dye
concentration, the longer the time required for photodegradation. These kinetics are more
rapid at lower initial concentrations, consistent with the idea that at lower concentrations,
the catalyst surface is less saturated, enabling better interaction between the dye and the
catalyst’s active sites. Furthermore, in the presence of TiO,-UV100, when the concentration
of RB49 is increased from 10 to 50 mg/L, the photocatalytic efficiency decreases from
98% to 90% after 3 h of solar irradiation (Figure 10b). Similarly, a notable reduction in
photocatalytic efficiency, from 95% to 83%, is observed in the case of TiO,-P25 (Figure 10a).
The results show that both catalysts, TiO,-P25 and TiO,-UV100, are effective in degrading
RB49 dye under solar irradiation. However, TiO,-UV100 offers a slight advantage in terms
of speed and efficiency, particularly at lower dye concentrations. This must be attributed
to differences in the physical and chemical properties of the two photocatalysts, such as
crystalline structure, specific surface area and adsorption capacity.
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Figure 10. Concentration effect on photocatalytic degradation of 40 mg/L RB49 solution (pH
Rb49 =5.8) by 1 g/L of TiO,-P25 (a) and 1 g/L of TiO,-UV100 (b). The curves are provided as
guides for the eye.

3.9. Effect of the Solution pH

The pH plays a crucial role in influencing the charging properties of the semiconductor
surface [6,41]. To assess the impact of pH on the degradation and mineralization of RB49
by TiO,-P25 and TiO,-UV100, we varied the pH values (3, 5, 7 and 9). In Figure 11 is
displayed the RB49 photodegradation as a function of irradiation time for different pH
values. The results show that photodegradation is most effective at a slightly acidic pH
for both catalysts. This observation may be attributed to the nature of the pollutant’s
charges. Specifically, in the presence of TiO,-UV100, when the pH of RB49 varied from
3 to 9, the photocatalytic reaction showed a significant increase in efficiency, from 79% to
96% (Figure 11b). Similarly, a notable decrease in efficiency, from 92% to 66%, was observed
for TiO,-P25 (Figure 11a). In acidic conditions, a significant adsorption of the anionic
RB49 dye on the nanoparticles of the TiO,-P25 and TiO,-UV100 photocatalysts is observed,
probably due to the electrostatic attraction between the positive charge of the catalysts
and the negative charge of the dye [42]. However, the rate of photocatalytic degradation
decreases with increasing pH, although TiO,-UV100 generally outperforms TiO,-P25.
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Figure 11. Effect of pH on photodegradation of 40 mg/L RB49 solution by TiO,-P25 (a) and TiO,-
UV100 (b). The curves are provided as guides for the eye.

3.10. Kinetics Study of Total Organic Carbon (TOC) Removal

In order to monitor the evolution of the total organic carbon and nitrogen concen-
trations through samples taken at different time intervals during the photodegradation
process, a TOC analysis was carried out. Samples were taken at the start of the experiment
(t = 0) and after a 3 h reaction period (t = 180 min). These measurements are crucial in
determining the mineralization efficiency of the photolysis and photodegradation process.

Analyzing the results shows a consistent superiority in total organic carbon (TOC)
removal compared to RB49 alone (Figure 12). This suggests that the photodegradation
process not only induces the transformation of the dye into smaller intermediates, but also
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promotes their subsequent mineralization into simple inorganic compounds such as carbon
dioxide (CO,), water (H,O) and minerals [21]. This observation is crucial, as it implies
the potential of the photocatalytic process not only in the selective degradation of specific
contaminants such as RB49 but also in reducing the total concentration of organic carbon,
thus approaching a more complete purification of treated water. Figure 12 highlights the
fact that the addition of a TiO,-based photocatalyst significantly improves TOC reduction
compared with photolysis alone. TiOp-UV100 performs slightly better than TiO,-P25 at each
time interval, suggesting that TiO,-UV100 has a better catalytic capacity for the degradation
of the organic compounds present in the sample analyzed [22].

100 T T T ®
— o o °
80 | _
® °
§ 60 | _
19} —6— Without photocatalyst
S al —e— Ti0,-P25 4
—e— Ti0,-UV100
/ o0
20 | / e .
o
)/ _ o }
0= + v 1 1 N
0 50 100 150 200

Irradiation time (min)

Figure 12. TOC percentage removal during photodegradation of 40 mg/L RB49 solution without and
with photocatalyst. The curves are provided as guides for the eye.

Although it is difficult to compare the results of studies that have not been carried out
under perfectly identical conditions, we have summarized in Table 3 the performance of
the two photocatalysts that are the subject of this paper in the photodegradation of different
pollutants. Our work on the photocatalysis of RB49 using TiO,-UV100 and TiO,-P25
showed degradation efficiencies of over 98% and 85%, respectively.

Table 3. Photocatalytic performance of TiO,-P25 and TiO,-UV100 in some other works.

Photocatalyst Pollutant Irradiation Duration Efficiency Ref.
2,4-dichlorophenoxyacetic acid uv 60 min 83% [22]
Reactive Blue 160 UV-light 20 min 70.04% [43]
TiO,-P25 Ponceau BS UV-light 15 min 82.04% [43]
Red 120 Sunlight 90 min 81% [44]

RB49 Sunlight 180 min 85% This study
2,4-dichlorophenoxyacetic acid uv 60 min 73% [22]
Reactive Blue 160 uv 20 min 63.78% [43]
TiO,-UV100 Ponceau BS uv 15 min 75.49% [43]
Indigo Carmine uv 330 min 80% [45]

RB49 Sunlight 180 min 98% This study

3.11. Reusability

The stability of photocatalytic performance and reusability are critical parameters in
the selection of a photocatalyst [5]. Photodegradation experiments of the 40 mg/L RB49
solution by the two TiO,-based photocatalyst were repeated for five cycles of 3 h each.
Figure 13 summarizes the results of the reuse test experiments obtained with TiO,-UV100
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and TiO,-P25 under sunlight irradiation for the photodegradation of a 40 mg/L RB49
solution (pH Rb49 = 5.8):

(i) Often, a first cycle is required as a step to activate the photocatalyst surface. In our
case, both photocatalysts are activated in the first cycle.

(ii) Over the five photocatalytic cycles, TiO,-UV100 maintains a more stable and higher-
efficiency photocatalytic performance.

(iii) After up to five cycles, there is a slight decrease in the photocatalytic efficiency of 8%
for TiO,-UV100, compared to 11% for TiO,-P25.

T T T T
100 W TiO,P25 W TiO,-UV100
80 |
60 |

40

RB49 removal (%)

20

Number of runs

Figure 13. Photodegradation efficiency by TiOp-P25 and TiO,-UV100 photocatalysts under solar
illumination of a 40 mg/L RB49 solution (pH Rb49 = 5.8) during 5 cycles of 3 h.

4. Conclusions

Our study demonstrates that sunlight photocatalysis, using TiO,-P25 or TiO,-UV100,
is effective in treating water contamination by Reactive Blue 49, a synthetic dye that is
resistant to biodegradation. This type of photocatalyst is a promising solution for reducing
environmental pollution. Our results show that TiO,-UV100 exhibits higher efficiency in
the degradation of RB49. The photocatalysts’ characterizations suggest that the higher
efficiency of TiO,-UV100, which consists mainly of a pure anatase phase, is due to a higher
specific surface area and better resistance to deactivation. The photodegradation kinetics
observed do not strictly follow a first-order model. Such a discrepancy is probably due to the
absorption of the dye at the photocatalyst surface, which influences the reaction dynamics,
and a contribution from photolysis. TiO,-UV100 maintains a more stable and highly
efficient photocatalytic performance over five photocatalytic cycles of 3 h. In conclusion,
this study demonstrates the promising potential of photocatalysis for textile wastewater
treatment, highlighting the importance of choosing the right type of catalyst to optimize
process efficiency. The use of TiO,-UV100, in particular, could represent a significant
advancement in the sustainable management of water resources and the reduction in
industrial pollution. However, the use of a photocatalyst in powder form still poses the
problems of recovery, cleaning and reuse.
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