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Abstract:
Natural phosphate was valorized as a precursor for the synthesis of the highly efficient photocatalytic
material silver phosphate (Ag3PO4). A straightforward synthesis method involving the dissolution of the
natural phosphate followed by the precipitation of particles was optimized for the silver phosphate preparation.
Physicochemical properties of the particles were characterized using various techniques. The photodegradation
rate of oxytetracycline (OTC) antibiotic under visible light by the Ag3PO4 particles exceeded 86%, depending
on the operating conditions. The effect of OTC concentration, pH of the solution, and catalyst calcination
was studied to investigate the antibiotic degradation. Hole (h+) reactive species were the main participants in
OTC oxidation; meanwhile, •O2− and OH• contributed to the degradation process. Improved performance
can be attributed to the porous structure, which provides homogeneous active sites for antibiotic adsorption,
followed by complete photodegradation. The nanocomposites were easily recycled at 500 °C without loss of
catalytic efficiency. Therefore, porous Ag3PO4 catalyst is an effective and environmentally friendly means to
remove various organic pollutants from water.
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1. Introduction

Water pollution is caused by the presence of microorgan-
isms, chemical substances, and industrial waste [1, 2]. The
major processes in conventional wastewater treatment plants
are chemical coagulation, flocculation, sedimentation, filtra-
tion, and disinfection, but they have the disadvantage of not
degrading the pollutants, which will concentrate in the solid
phase, generating a new source of pollution. Several porous
adsorbent/photocatalytic materials were applied to water
treatment, in which coupled adsorption and photodegra-
dation are promising methods to reduce or eliminate the
risks of toxic organic species in water [3]. Pharmaceutical
residues were considered a class of emerging pollutants due
to their intensive use and persistence in the environment,

even at low concentrations. Most of these are antibiotics,
defined as chemical compounds with antibacterial proper-
ties. Antibiotics, which are released into the environment
without any prior treatment, in the form of metabolites,
by-products, and parent compounds, can contaminate wa-
ter and soil. They are a potential risk for many organisms
present in the environment. Photocatalysis appears to be a
promising technology to remediate these issues by enabling
the degradation of organic pollutants through the activation
of semiconductors by light. When a semiconductor is ir-
radiated by photons of energy equal to or greater than the
energy gap (Eg) of this semiconductor, subjected to UV,
visible or solar irradiation, electron and hole (e−/h+) pairs
can be induced in the conduction band (CB) and the valence
band (VB) of the semiconductor, respectively [4, 5]. TiO2
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and ZnO are the most studied thanks to their photocatalytic
efficiency, but they are only active under UV irradiation,
which constitutes only around 4% of the solar energy [6, 7].
Silver-based photocatalysts possess great significance for
photocatalysis owing to their attractive properties under vis-
ible light, including Ag2O, Ag2S, AgX (X, Cl, F, I), and
Ag3PO4 [8, 9]. The increased photoactivity is related to the
presence of the metallic Ag nanoparticles that extend light
response towards the visible light region, and to their better
charge transfer ability. However, photo corrosion and photo-
sensitization of these catalysts limit their regeneration after
a few cycles. Plasmonic nanophotocatalysts powered by
sunlight provide advanced photochemical conversion and
photoreduction approaches [10]. To stabilize them and ac-
celerate the recombination of photogenerated carriers, their
combination with semiconductors and/or porous materials
constitutes an effective approach to improve the overall pho-
tocatalytic efficiency [10, 11]. Silver phosphate Ag3PO4 is
highly efficient at generating reactive species, and it pro-
motes photocatalysis under visible light owing to its wide
energy band gap, between 2.2− 2.7 eV depending on its
mode of preparation [12–14]. The suitability of Ag3PO4 as
a photocatalyst was evaluated for the degradation of several
organic pollutants [15–17]. It exhibits excellent catalytic
activity for the reduction of p-nitrophenol and Cr4+ [18, 19],
and it has antibacterial properties. Its photocatalytic effi-
ciency depends on the synthesis conditions and on its struc-
tural and textural properties [20, 21]. The photocatalytic
activity of porous Ag3PO4 can be tuned by different param-
eters [22]: Crystal structure, purity, particle shape and size,
and their surface area [23–25]. Another important param-
eter for a photocatalyst is its manufacturing cost. Ag3PO4
photocatalysts were fabricated using many techniques, in-
cluding precipitation, hydrothermal, sol-gel, sonochemistry,
and thermal decomposition from commercial precursors
[23–30]. The reaction efficiency and microstructure of the
chemically obtained particles can be controlled and stabi-
lized by changing the raw materials [31, 32]. Recently, a
natural phosphate (NP) mineral was used as a raw mate-
rial to prepare a novel and efficient hydroxyapatite by a
dissolution and precipitation method [33]. This converted

apatite material was developed as a novel adsorbent for the
removal of organic and inorganic pollutants from aqueous
environments [34, 35].
We tested the potential of this approach with a natural phos-
phate rock from Morocco to prepare porous Ag3PO4. In-
terestingly, Morocco has three-quarters of the world’s phos-
phate reserves. The conversion of natural phosphate into
silver phosphate was never reported or documented, though
Ag3PO4 is an efficient photocatalyst for the degradation and
mineralization of antibiotic residues in water. The structure
and composition of the obtained material were characterized
by different analytical techniques. Its catalytic efficiency
was tested for the photodegradation under visible light of
oxytetracycline (OTC) as an antibiotic model. This study
highlights the effectiveness of Ag3PO4 as a photocatalyst
as well as its potential to valorize natural phosphates into
innovative and sustainable environmental applications.

2. Experimental

2.1 Preparation and characterization of the Ag3PO4
nanocomposites

The converted Ag3PO4 powder was prepared by dissolu-
tion/precipitation of a natural phosphate in the presence
of Ag+ ions. Natural phosphate was extracted from the
Khouribga region of Morocco. As described in our previous
hydroxyapatite synthesis work [33], 30 grams of the phos-
phate rock is first dissolved in 200 mL of aqueous solution
containing 20 mL of nitric acid (65%) to get the Ca2+ and
H3PO4 at room temperature (24 °C). After separation of
insoluble compounds such as residual clays by filtration, the
filtrate was added dropwise to the second solution composed
of silver nitrate and an optimized volume of concentrated
ammonia (25%, Aldrich Co.) varying the alkaline pH from
8 to 12 (Fig. 1). After calculating the amount of phosphorus
produced from 30 grams of NP dissolved in a total volume
of 400 mL of distilled water, a sample of 12.8 mL of the
filtrate (i.e. 4.766 mmol of phosphorus P) was added to
the solution containing 14.399 moles of Ag+ from AgNO3
(form Aldrich Co.) and ammonia to obtain a theoretical
Ag:P weight ratio equal to 3 necessary for production of sto-
ichiometric silver phosphate called Ag3PO4. The mixture is

Figure 1. Protocol for Ag3PO4 synthesis from natural phosphate.
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left stirring for 3 hours, then placed in an ultrasonicator in a
water bath (35 kHz) for 30 min. Then, it is centrifuged at
4000 rpm for 15 min and dried at 100 °C overnight, before
calcination at 300 °C and 500 °C for 3 hours. Under these
conditions, specific particles were characterized by analyt-
ical techniques in order to study their structural, textural,
and catalytic properties.

2.2 Photodegradation procedure
The photocatalytic efficiency of Ag3PO4 powders dried at
100 °C and calcined at 300 °C and 500 °C was evaluated
under visible light (LED lamps in series with total power
of 18 W) using a home-made 250 mL helical Pyrex pho-
toreactor. The photoreactor was protected to minimize the
transfer of light to the external environment. The source
of irradiation was placed in the center of the reactor to en-
sure the maximum energy exchange between the irradiation
source and the reaction mixture. 200 mg of powder was pre-
liminary dispersed in 100 mL of a 5 to 20 mg/L antibiotic
solution at pH 4 to 10, and left for 30 min stirring in the
dark. The solution was then exposed to visible light under
magnetic stirring. At different reaction times (t), aliquots of
the supernatant solution were taken with a 2 mL propylene
syringe equipped with a 0.45 µm filter. The residual con-
centration of OTC qt (mg/g) was determined by UV-visible
spectroscopy at λmax = 375 nm.

3. Results and discussions

3.1 Characterization of the natural phosphate
Characterization of the Moroccan natural phosphate from
the Khouribga region was carried out qualitatively and quan-
titatively. The rock phosphate was crushed and washed, and
a particle size fraction of 100 to 400 µm was washed several
times with distilled water to eliminate soluble materials, and
then dried in an oven. Additional sieving makes it possible
to refine the particle size to a range between 63 and 125
µm, thus yielding homogeneous grains adapted to optimal
reactivity [36]. Figure 2 (a) shows the NP diffractogram,

which is similar to well-crystallized fluorapatite (JCPDS
#34-0011). In addition to the apatite phase, silica in the
form of quartz (SiO2) and calcite (CaCO3) is identified. In-
frared spectroscopy highlights the absorption bands of the
PO4 groups located between 1100 and 950 cm−1 (symmet-
ric and antisymmetric P-O vibration) and between 571 and
601 cm−1 (O-P-O deformation) (figure 2 (b)). Other bands
linked to the vibrations of the carbonates of NP, which is
a carbonated fluorapatite of formula Ca10-xNax(PO4)6-
x(CO3)xF2, are detected at 1458, 1430, and 871 cm−1 [37].
This is also confirmed by the following chemical analyzes
by X-ray fluorescence: Ca (37.84%), P (15.03%), F (2.84%),
Si (1.78%), S (0.78%), Na (0.79%) plus other negligible
elements containing small amounts of organic compounds
for 7% by weight. The Ca/P molar ratio is 1.84, a value
slightly higher than that of a stoichiometric FAP (Ca/P =
1.667) [37]. This variation is linked to the presence of car-
bonates in the NP mineral, which replace the phosphate
groups as described previously [33]. The characterization
of the selected natural phosphate NP reveals that it must
be a good precursor of phosphorus to produce the silver
phosphate Ag3PO4. According to the solubility constants of
calcium and silver phosphates [19], PO3−

4 has more affinity
towards Ag+ ions than Ca2+ ions; the latter, which have not
reacted, will be found in the filtrate after precipitation of the
yellow Ag3PO4.

3.2 Characterization of the converted Ag3PO4 material
Figure 3 shows the X-ray pattern of Ag3PO4 samples syn-
thesized at different pH and dried at 100 °C. At pH 8 and 10,
the diffraction peaks of Ag3PO4 are sharp, intense, and well
defined, reflecting the high crystallinity of the synthesized
material. They are typical of those of standard Ag3PO4
synthesized from commercial precursors (called REF in
Fig. 3) and correspond well to the reference pattern listed
in ICDD PDF No. 06-0505. The converted Ag3PO4 dried
at 100 °C crystallizes in the cubic system with the space
group P-43n. Its cubic lattice parameter was calculated
from X-ray diffraction(XRD) data using Bagg’s law based

Figure 2. (a) XRD patterns, (b) FT-IR spectra of NP compared to synthetic FAP.
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Figure 3. XRD patterns of Ag3PO4 prepared at various pH levels of the
solution. REF sample is designated Ag3PO4 synthesized using

commercial precursors [31].

on the following equation: a = d
√
+h2 + k2 + l2; where d

is the interplanar spacing derived from the 2θ values of
the diffraction peaks, and (hkl) are the Miller indices of
the corresponding crystal planes. The lattice parameter is
a = (6.012±0.003) Å. No peaks for other phases, such as
calcium phosphate, are detected, indicating that the Ag+

ions have a good chemical affinity towards the PO3−
4 anions,

unlike the Ca2+ ions coming from raw NP, which remained
in the solution in their unreacted ionic form and were sepa-
rated from the solid by washing. On the other hand, a poorly
crystalline apatite structure appears at pH 12, demonstrating
that pH variation influences the structural development of
Ag3PO4 from the natural phosphate. At this pH value, it
is in fact very likely that the Ag+ ions were precipitated
with the OH− ions or complexed with ammonia in the form
of amorphous phases, while the Ca2+ ions interact with
PO3−

4 to form apatite, which is consistent with our previous
studies [7, 33].
The size of the crystallites D in Ag3PO4 was estimated
from the Debye-Scherrer equation [38]: D = Kλ/β cosθ ,
where K represents the Scherer constant (0.98), λ denotes
the wavelength (1.5406 Å), β denotes the full width at
half maximum (FWHM) of the peak in radians corrected
for instrumental broadening. For Ag3PO4 powder dried
at 100 °C, D is 24 nm, while that calcined at 500 °C, it
is 41 nm. Heat treatment of the Ag3PO4 powder synthe-
sized at pH 8 (figure 4) at 300 °C and 500 °C results in a
stable cubic crystal structure. The lattice parameter shows
only a slight variation with temperature, reaching a value of
a = (5.992±0.004) Å at 500 °C. With increasing tempera-
ture up to 500 °C, the diffraction patterns become narrower
(reduction of β ), which means that the average crystallite
size increases to 41 nm.
FT-IR analysis of the Ag3PO4 powder yields two strong
bands in the 1070−730 cm−1 and 580−445 cm−1 ranges,
related to the vibrations of PO4 groups in its structure (fig-
ure not shown). The band at 940 cm−1 with a small shoulder
around 1055 cm−1 is assigned to the P-O symmetric and

asymmetric stretching mode, while the latter around 547
cm−1 is related to O-P-O deformation [39].
ICP-AES analyses were performed to determine the chemi-
cal elements in the converted Ag3PO4 powder. Elemental
analysis reveals the presence of phosphorus (P) and silver
(Ag) with a molar ratio Ag/P = 2.98 (%Ag = 76.91, %P =
7.41), which is very close to the stoichiometric value of 3.0
for Ag3PO4. This result confirms the successful synthesis of
silver phosphate using natural phosphate as the phosphorus
source. Moreover, the absence of any detectable calcium in
the analysis suggests that no residual precursor or calcium
phosphate from the natural phosphate remains in the final
product. This high chemical purity is further supported by
the X-ray diffraction (XRD) patterns, which exclusively
display the characteristic peaks of Ag3PO4, indicating the
formation of a single, well-crystallized phase.
To elucidate the morphological properties of the prepared
Ag3PO4 from natural phosphate, figure 5 shows the SEM
images. In the lower magnification, the surface of the struc-
tured Ag3PO4 consists in a large amount of agglomerated
particles having irregular spherical structures, while the
higher magnification image in Fig. 5 (b) clearly reveals
tetrahedron-like Ag3PO4 microcrystals.
The surface porosity of the powders was determined from
N2 sorption measurements using the BET and BJH methods
(Fig. 6). Powders exhibit a type IV hysteresis loop, suggest-
ing the presence of mesoporosity. The calculated specific
surface area SBET of Ag3PO4 from BET was estimated
to be ca. 50 m2/g, higher than that of the NP mineral (20
m2/g). The average pore size, Dp, was 7.4 nm for Ag3PO4
and slightly larger (10 nm) for NP. After heat treatment
of silver phosphate at 500 °C, all SBET and Vp values de-
creased slightly, to SBET = 38 m2/g and Vp = 0.12 cm3/g,
and average pore size (Dp) to 5.1 nm, linked to grain growth

Figure 4. X-ray diffraction patterns of Ag3PO4 powder prepared and
dried at 100 °C, then calcined at 300 °C and 500 °C.
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Figure 5. SEM images of calcined Ag3PO4 at 500 °C at two magnifications.

during calcination.
Diffuse reflection spectroscopy (DRS) was assessed to study
the optical properties of the prepared powders (Fig. 7 (a)).
Ag3PO4 shows a peak in the UV region (< 400 nm), proving
its absorption in the visible. Its gap energy was estimated
by the Wood-Tauc’s equation [40]: (αhν)1/n = A(hν −Eg),
where α is the wavelength dependent absorption coeffi-
cient, h is Planck constant, Eg is the optical band gap of the
semiconductor, ν is light frequency, A is a proportionality
constant, n is Tauc exponent. Eg is determined by extrap-
olating the linear portion of the (αhν)2 plots against hν

to the energy axis (Fig. 7 (b)). The Eg value of the dried
sample is calculated to be about 2.47 eV, which agrees with

Figure 6. (a) N2 sorption isotherms and (b) pore distribution on the
surface of Ag3PO4 dried and calcined at 500 °C.

the literature [31, 41].

3.3 Photodegradation tests
The kinetic degradation of the three OTC concentrations
(5, 10, 20 mg/L) was studied in the presence of 2 g/L of
Ag3PO4 powder under visible light (Fig. 8). A preliminary
adsorption period of 30 min was run in the dark before
exposure to visible light. In the absence of the catalyst (pho-
tolysis), there is no reduction in the initial concentration of
OTC over time, suggesting the absence of photochemical
reactions. As shown in figure 8, a significant degradation
of OTC was achieved in the presence of the photocatalyst,
which is more significant for low OTC concentrations. In
the dark, the decrease in the OTC concentration can only be
explained by its adsorption onto the porous Ag3PO4 surface.
This step is essential for the fixation of OTC molecules
onto the Ag3PO4 catalyst, to permit further degradation
under visible light. In the presence of both catalysts and

Figure 7. (a) UV-Vis absorbance spectrum and (b) plot (αhν)2 vs hν for
Ag3PO4 powder.
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Figure 8. (a) Kinetics of degradation efficiency of the converted Ag3PO4
photocatalyst under visible light at different initial OTC concentrations,
and (b) the Langmuir-Hinshelwood mechanism (ln(C0/Ct) vs. time).

light, significant degradation of the antibiotic is observed.
Higher concentration lengthens the time required for effec-
tive degradation. This change in catalytic performance is
explained by saturation of the surface by OTC molecules,
followed by masking the visible light, lowering radical gen-
eration, and consequently decreasing photocatalytic activity.
The degradation kinetics generally depend on the charac-
teristics of the catalyst, such as its structure and porosity,
as well as on the concentration of the pollutant. This pro-
cess obeys the pseudo-first order model, derived from the
Langmuir-Hinshelwood equation [43, 44]: ln(Ct/C0) =
kapp · t, where kapp is the apparent rate constant (min−1), C0
and Ct are the initial and the instantaneous concentration of
OTC (mg/L), t is the irradiation time (min). The calculation
of kapp was restricted to the portion of the curve showing sig-
nificant degradation, excluding the initial adsorption phase
and any potential saturation effects. A strong linear rela-
tionship was observed between ln(Ct/C0) versus irradiation
time (t), with correlation coefficients (R2) ranging from 0.98
to 0.99, confirming that the degradation process follows a
pseudo-first-order kinetic model (Fig. 8 (b)). The apparent
rate constant kapp increases with rising OTC concentrations,
with values of 0.013 min−1, 0.017 min−1, and 0.018 min−1

for 5, 10, and 20 mg/L, respectively. This trend reflects the
greater availability of OTC molecules interacting with the
catalyst surface, enhancing the degradation efficiency. At
low pollutant concentration, photons can easily reach the
catalyst surface, promoting radical formation, where OTC
degradation is inversely proportional to the initial pollutant
concentration. Although heat treatment of the Ag3PO4 did
not affect its crystalline phase, it nevertheless reduced its
porosity, and in turn affected the retention of the pollutant
on the surface of the photocatalyst before its degradation
under visible light.
Figure 9 (a) highlights the evolution of the photodegra-

dation efficiency of the Ag3PO4 powder as a function of
treatment temperatures. After a period of 30 minutes in the
dark, it is observed that the retention rate of the antibiotic
gradually decreases with increasing calcination temperature,
where the OTC removal was 92%, 87%, and 84% at 100
°C, 300 °C, and 500 °C, respectively. This reduction is di-
rectly linked to the reduction in the porosity of the material,
highlighting the importance of the porosity parameter in
the interaction between Ag3PO4 and OTC molecules. As
the Ag3PO4 structure is unaffected by the temperature of
calcination, the specific surface area is an important param-
eter affecting the catalytic activity. A good linear correla-
tion was observed between ln(C0/Ct) and irradiation time
(t), with correlation coefficients (R2) ranging from 0.97 to
0.99, confirming that the degradation process follows first-
order kinetics, and was found to be 0.034, 0.030, and 0.018
min−1for Ag3PO4 thermally treated at 100 °C, 300 °C, and
500 °C, respectively (Fig. 9 (b)). These results demonstrate
that thermal treatment significantly influences the photo-
catalytic performance, with lower temperatures favoring
higher degradation rates. Although Ag3PO4 calcined at
500 °C displays slightly lower photocatalytic performance
compared to samples treated at 100 °C and 300 °C, this cal-
cination temperature offers a notable advantage for catalyst
reuse across multiple photocatalytic cycles. In particular, it
promotes the thermal decomposition of residual pollutants
and by-products, thereby contributing to improved catalyst
regeneration and long-term operational stability.
The pH of the aqueous OTC solution is also an essential
variable in photocatalysis applied to wastewater treatment.
The reason is that it influences the surface charge and the
size of the photocatalyst aggregates, and therefore, the elim-
ination of pollutants from water. Figure 10 shows that the
catalytic efficiency increases when the pH decreases. The
maximum degradation of OTC is observed at pH 4, with
a degradation rate of 87%. The best photocatalytic perfor-
mances of Ag3PO4 are observed under acidic pH between
pH 4 and 6, which is compatible with the pH of most waters.

Figure 9. (a) Photocatalytic efficiencies of Ag3PO4 dried at 100 °C and
calcined at 300 °C and 500 °C vs. OTC degradation (C0 = 20 mg/L. dose

= 2 g/L, pH 4), and (b) the Langmuir-Hinshelwood mechanism
(ln(C0/Ct) vs. time).
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Figure 10. Effect of pH on the photodegradation of OTC supported on converted Ag3PO4.

This is thanks to the electrostatic attraction between the
protonated surface of Ag3PO4 and the antibiotic. Indeed,
surface protonation in an acidic environment also promotes
the formation of hydroxyl radicals (•OH) under visible light,
improving photodegradation, as proven in the mineraliza-
tion of several organic pollutants [3, 7, 17].
In aqueous solutions, the pH affects both the surface charge
of the photocatalyst particles and possibly the nature of
the species to be degraded, i.e., the state of the pollutant
according to its pKa. The pH at which the surface charge is
zero (called pHpzc) is an important characteristic for an ad-
sorbent or a photoactive material; it is 6.8 for Ag3PO4 [39].
For different values of this pH, the photocatalyst surface
is charged. If pH is higher than pHpzc, the catalyst surface
is negatively charged. If pH is lower than pHpzc, it has a
positive charge. The change in pH can affect the ionized pol-
lutant and the surface charge of the catalyst, which affects
the adsorption/desorption properties and consequently the
photocatalytic efficiency [43–46]. Oxytetracycline has three
pKa values: pKa1 at 3.2 (Enolic and carboxamide), pKa1
= 7.4 (Diketopenolic), and pKa1 = 8.9 (Ethyamine) [42].
In aqueous or polar media, OTC manifests an amphoteric

character with an isoelectric point at pH 5. The structure
and pH-dependent surface speciation of OTC antibiotic in
aqueous solutions are illustrated in figure 11, showing the
three ionic forms (cationic, anionic, and neutral).
At pH 4−6, the neutral species of OTC are predominant and
favorably adsorbed on the surface of Ag3PO4 followed by
rapid photodegradation. Under basic conditions (pH 8 and
10), there are more hydroxyl ions present on the Ag3PO4
surface, which interact with the negative OTC form, causing
repulsion and disfavoring the adsorption. This justifies the
decrease in the apparent initial degradation constant of OTC.
Therefore, the degradation of OTC molecules is strongly
linked to the ionization states of the catalyst and substrate
surface during photocatalysis.
Material stability and reusability are important parameters
that reduce processing costs. As a cycle, the powder was
regenerated by washing with distilled water, dried at 100 °C,
calcined at 500 °C, and then reused for the next cycle. The
performance of Ag3PO4 decreased slightly after each cycle,
from 86% (first cycle) to 78.5% (fifth cycle). XRD patterns
permit understanding the photo-stability of Ag3PO4. XRD
clearly confirms the presence of the initial Ag3PO4 phase

Figure 11. Structure and pH-dependent surface speciation of oxytétracycline [42].
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and shows that photocorrosion of Ag3PO4 can take place,
thereby limiting their practical applications. To avoid this,
the Ag3PO4 surface should be decorated with inhibitors to
block the subsequent Ag+ → Ag0 reduction, as described
in earlier research [47–49].
To describe the photocatalytic mechanism of Ag3PO4 under
visible light, a mechanism based on the respective positions
of the conduction (CB) and valence (VB) bands of Ag3PO4
is considered. The conduction (BC) and valence (BV) band
edge potentials for Ag3PO4 are +0.45 eV and +2.9 eV,
respectively. Under visible light, electrons in the VB are
excited towards the CB, leaving separate holes (h+) in the
VB, which are the most important reactive oxidative species
affecting the photocatalytic efficiency and oxidizing the
OTC molecules directly [50, 51]. Since the VB potential of
Ag3PO4 (+2.47 eV) is positive and close to Eg (•OH/H2O)
(2.68 eV), holes could also react with H2O to produce •OH
radicals [52].
Note that the energy of the Ag3PO4 conduction band at 0.45
eV is higher than that of the standard hydrogen electrode
(E(O2/•O−

2 ) = −0.33), which means that it cannot produce
•O−

2 from dioxide (O2). Part of the conduction band elec-
trons of Ag3PO4 can be efficiently transferred to the surface
of metallic Ag0 thanks to the Schottky barrier formed at
the metal-to-semiconductor interface. Ag nanoparticles can
then transfer the injected and accumulated electrons to O2
to form •O−

2 [52]. A possible photocatalytic mechanism
for Ag3PO4 under visible light is proposed in figure 12. In
fact, the produced electron can now be captured by oxygen,
producing superoxide radicals (•O−

2 ) on the surface, and
by interacting with OH− ions, holes in the VB generate
hydroxyl radicals (•OH). These •O−

2 and •OH radicals can
then attack the OTC molecules via a series of redox reac-
tions, thereby degrading this antibiotic. The degradation
process can be summarized by the following chemical reac-
tions:

Ag3PO4 + hν → eCB
− + hVB

+ (Eq. 1)

eCB
− + O2 → •O−

2 (Eq. 2)

hVB
+ + OH− → •OH (Eq. 3)

(•OH, •O−
2 , hVB

+) + OTC → CO2 + H2O (Eq. 4)

It is concluded that the low-cost mesoporous Ag3PO4 pre-
pared from natural phosphate is a promising catalyst for the
photocatalytic degradation of dyes from industrial wastewa-
ter. Although few works reported photodegradation of the
OTC antibiotic on the Ag3PO4 compound, many reported
the photodegradation of other organic pollutants on its com-
posites. Our results show that the low-cost Ag3PO4 con-
verted from natural phosphate is an efficient photocatalyst
under LED-visible light, in comparison with most silver-
based phosphate photocatalysts described in the literature
[49, 53, 54]. This implies that Ag3PO4 can be a suitable
photocatalyst for drug degradation in wastewater. Its effi-
ciency should be improved by combination with conductive
oxides such as graphene oxide (GO) and tricyanomethanide
g-C4N3.

4. Conclusion
This study demonstrates the feasibility of the preparation
of Ag3PO4 from natural phosphate and its effective
use as a photocatalyst for the degradation of the OTC
antibiotic loaded with harmful organic residues. The
prepared materials were carefully characterized, confirming
the formation of the pure mesoporous Ag3PO4 phase.
Formation of this pure phase is affected by the pH of the
reaction. Photodegradation of OTC antibiotic on dried
calcined catalysts under visible light was achieved. In
the simultaneous presence of the photoactive Ag3PO4
and visible light, degradation of the antibiotic depends
on the preparation of the photocatalyst and the pH of the
contaminated solution. The Ag3PO4 particles activate this
catalysis by absorbing the visible light to give rise to very
reactive •OH radical species, which lead to the degradation

Figure 12. Illustration of the photocatalytic degradation of OTC on the Ag3PO4 catalyst.
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of the organic matter contained in the solution.
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