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ABSTRACT

In the present study, Ag–TiO2-P25 nanoparticle was synthesized using photodeposition
technique and Mg was impregnated onto the Ag–TiO2-P25 for the preparation of co-doped
nanoparticles. The physicochemical properties were characterized by X-ray diffraction
(XRD), specific surface area and porosity (Brunauer–Emmett–Teller (BET) and Barret–Joy-
ner–Halender), transmission electron microscopy, diffuse reflectance spectroscopy (DRS),
scanning electron microscopy, X-ray photoelectron spectroscopy, and energy dispersive
X-ray spectroscopy techniques. The BET surface area of the co-doped TiO2-P25 was larger
than that of the monometallic catalysts and the XRD data showed anatase and rutile crys-
talline phases in catalysts, indicating that Ag and Mg co-doping did not influence the crys-
tal patterns of TiO2-P25. Also, the DRS results indicated that the band gap of co-doped
photocatalyst was smaller than that of the monometallic and undoped TiO2-P25 and there
was a shift in the absorption band toward the visible light region. Additionally, the photo-
catalytic efficiency of the synthesized catalysts was evaluated by degradation of C.I. Acid
Red 27 under visible light irradiation. The results showed that Ag-(1 wt%) and Mg-(0.25 wt
%) co-doped TiO2-P25 had the highest photoactivity among all samples under visible light.
The optimum calcination temperature and time were 350˚C and 1 h, respectively. The
results of the total organic carbon analysis indicated 66% mineralization of AR27 after
20 min of irradiation time.

Keywords: Heterogeneous photocatalysis; Mg impregnation; Ag photodeposition; TiO2-P25
nanoparticles; Co-doped; C. I. Acid Red 27

1. Introduction

Heterogeneous photocatalysis has been the most
widely used process for photocatalytic degradation of

organic pollutants from aqueous solutions. It is the
combination of a semiconductor catalyst (such as
TiO2, CdS, ZnS, ZnO, Fe2O3, SrO2, etc.) and UV or
visible light irradiation [1,2]. Compared to other semi-
conductors, TiO2 has been regarded as one of the most
promising photocatalysts for the photodegradation*Corresponding author.
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process due to its high catalytic efficiency, low cost,
stability, nontoxicity, and thermal and electrical
properties. Moreover, TiO2-P25 (Degussa Co) exhibits
the highest photocatalytic activity in most of the
oxidation reactions compared to various commercially
available titania powders. TiO2-P25 consisting of a
mixture of anatase and rutile in a proportion of
80:20% is characterized by a particle size of 21 nm
[3,4]. However, its band gap (3.0–3.2 eV) can capture
UV light only. One of the most efficient ways to
improve photocatalytic activity of TiO2 is the genera-
tion of defects in the lattice through selective metal or
nonmetal doping which decreases the band gap
energy, and as a result shifts the absorption band to
the visible range [5,6]. When TiO2-P25 is illuminated
by photons with an energy level equal to or higher
than that of the band gap of the catalyst, electrons are
promoted from valence band (VB) to the conduction
band (CB) to generate electron–hole pairs on the sur-
face of the catalyst [7,8]. The positive hole and electron
are powerful oxidizing and reducing agents, respec-
tively. The comparison between the interfacial charge
transfer and the electron–hole pair recombination rate
determines photocatalytic properties [9,10]. To reduce
electron–hole recombination, several methods have
been proposed such as doping and coupling of TiO2-
P25 [11–15]. Based on the findings, co-doping TiO2

with different elements may lead to better synergistic
effects such as N–, S–TiO2 [16] N–, F–TiO2 [17] N–,
C–TiO2 [18] and N–, B–TiO2 [19], monometallic co-
doped TiO2 such as Cu–, S–TiO2 [20] Ag–, I–TiO2 [21],
and bimetallic co-doped TiO2 such as Cu–, Ni–TiO2

[22] Pd–, Ag–TiO2 [23] Cu–, Ag–TiO2-P25 [24] and
Ni–, Ag–TiO2 [25]. Other studies have investigated the
decomposition of methane over Cu–, Ni–TiO2 [26] pre-
pared via co-impregnation for photocatalytic reduction
of nitrate, Cu–, Zn–TiO2 [27], Co–, Fe–TiO2 [28] for
rhodamine B degradation, and Cu–TiO2-P25 for
Orange II degradation with 90% color removal in the
presence of UVC light [29]. Compared to transition
metals and rare earth metals, doping with alkaline
earth metals such as Mg and Ca has rarely been
reported to date.

In the present study, Ag–TiO2-P25 nanoparticles
were synthesized by photodeposition technique. Both
Mg–TiO2-P25 nanoparticles and bimetallic Ag–, Mg–
TiO2-P25 nanoparticles were prepared by the
impregnation method and the catalytic activity of the
bimetallic Ag–, Mg–TiO2-P25 catalyst was compared
with its corresponding monometallic Ag–TiO2-P25,
Mg–TiO2-P25, and TiO2-P25 catalysts in the degrada-
tion of C.I. Acid Red 27 (AR27) from the aqueous
solution under visible light. The structural properties
of the prepared catalysts were characterized by using

X-ray diffraction (XRD), scanning electron microscopy
(SEM), energy dispersive X-ray spectroscopy (EDX),
transmission electron microscopy (TEM), X-ray photo-
electron spectroscopy (XPS), UV–vis diffuse reflectance
spectroscopy (DRS), and specific surface area and
porosity (BET and BJH).

2. Experimental

2.1. Materials

Titanium dioxide nanoparticle used in experiments
was TiO2-P25, containing 80% anatase and 20% rutile
with a primary particle size of 21 nm, was purchased
from Degussa Chemical Company, Germany. Magne-
sium nitrate hexahydrate and silver nitrate were used
as dopant metal salts from Merck Chemical Company,
Germany, and AR27, a monoazo anionic dye, was
obtained from Merck Co. The chemical structure and
other characteristics of AR27 are listed in Table 1.

2.2. Catalyst preparation

2.2.1. Preparation of the Ag–TiO2-P25 catalyst

Silver-doped TiO2-P25 was prepared by pho-
todeposition method. In the first step, 2.72 g TiO2-P25
was added to 100 mL of deionized water, different
concentrations of AgNO3 (0.2, 0.5, 1, and 1.5 wt%)
were then added to TiO2-P25 suspension for doping.
In the second step, the mixture was irradiated with
UVC light (15 W, manufactured by Philips, Holland)
for 5 h under stirring condition. Afterwards, the pre-
cipitate was washed and dried at 80˚C for 10 h and
calcined in a furnace at 350˚C for 3 h.

2.2.2. Preparation of the Mg–TiO2-P25 and Ag–, Mg–
TiO2-P25 catalysts

For preparation of magnesium-doped TiO2-P25
nanoparticles, the impregnation method which con-
sisted of the following steps was used: first, an appro-
priate amount of TiO2-P25 was added to 30 mL
deionized water, and then the required amount of Mg
(NO3)2.6H2O for impregnation was added to TiO2-P25
suspension. Various amounts of Mg (0.15, 0.25, 0.5, and
1 wt%) were used in the preparation of Mg–TiO2-P25
sample. The obtained titanium suspension was soni-
cated in an ultrasonic bath (Bandlin EP 2200, 170 W) for
15 min. The suspension was stirred for 4 h at 80˚C
under reflux conditions, forming a white suspension.
By drying the suspension in an oven at 80˚C for about
10 h and calcining it at 350˚C for 1 h, nano Mg–TiO2-
P25 was prepared. Bimetallic Ag–, Mg–TiO2-P25
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catalysts were also prepared by the similar procedures
and also addition of magnesium nitrate hexahydrate to
a calculated amount of Ag–TiO2-P25 was performed to
get the dopant concentration within the range of
0.15–1 wt% and the above procedure was adopted as
such.

2.3. Characterization methods

XRD patterns for phase identification and crystal-
lite size calculation were recorded with a Siemens
D5000 XRD, using Cu–Kα radiation (recorded in the
2θ = 20–70˚). The average crystallite size (D in nm)
was calculated by Scherrer’s equation Eq. (1) [30]:

D ¼ k k=b cosh (1)

where k is a constant equal to 0.89, λ is the X-ray
wavelength equal to 0.154056 nm, β is the full width
at half maximum intensity, and θ is the half diffraction
angle. The phase content of a sample can be calculated
from the integrated intensities of anatase (IA) and
rutile (IR) peaks by the following equation Eq. (2) [31]:

Rutile phase % ¼ 100= 1þ 0:8 IA=IRð Þð Þ (2)

The DRS of the samples was obtained using the Avas-
pec-2048 TEC spectrometer to determine the optical
band gap (Eg) of catalysts. The band gap energies of
all samples were calculated by the following equation
Eq. (3):

Eg eVð Þ ¼ 1240= k nmð Þ (3)

The chemical composition of the prepared catalysts
was analyzed by an EDX system. TEM observation
was carried out on Philips CM-10 HT-100 keV electron
microscopy instrument. SEM analysis was performed
on Au-coated samples using a Philips apparatus
model XL30. Nitrogen adsorption–desorption was car-
ried out using Belsorp mini II instrument to measure
the specific surface area. The mean pore diameter and
total pore volume of the co-doped sample were mea-
sured by Brunauer–Emmett–Teller (BET) and Barret–
Joyner–Halender (BJH) methods. The surface chemical
composition of samples was analyzed by XPS (XPS,
twin anode XR3E2 X-ray source). Total organic carbon
(TOC) measurements were carried out by TOC
analyzer (Shimadzu TOC-Vcsn).

2.4. Photocatalytic degradation activity of the catalysts

Photocatalytic degradation processes took place in
a batch quartz reactor. Visible light irradiation was
provided by a 500 W halogen lamp (Osram). In the
experiment, 40 mg of photocatalyst was dispersed in
100 mL water for 15 min using an ultrasonic bath
(Bandlin EP 2200, 170 W). Then, the desired concentra-
tion of AR27 (20 mg L−1) and photocatalyst (40 mg L−1)
were fed into the quartz tubular reactor. Prior to
irradiation, the solution containing the catalyst was
stirred for 30 min in darkness to ensure the establish-
ment of adsorption–desorption equilibrium of AR27
on the catalyst surface. After 30 min, the reaction
started when the lamp turned on and 7 mL of the
sample was taken out with a Millipore syringe
(0.45 μm) at certain time intervals, centrifuged twice
for 15 min to remove the suspended solid photocata-
lyst, and analyzed with a UV–vis spectrophotometer

Table 1
Chemical structure and characteristics of C. I. Acid Red 27

Structure

Other names Amaranth, Azorubin S, FD & C Red 2, C.I. Food Red 9
Molecular formula C20H11N2Na3O10S3
Absorption maximum (λ max) 522 nm
Melting point 120˚C (decomposes)

J. Talat-Mehrabad et al. / Desalination and Water Treatment 57 (2016) 10451–10461 10453



(UV-Shimadzu 2100). The decolorization of AR27 was
measured at 522 nm.

3. Results and discussion

3.1. Characterization of the prepared photocatalysts

Fig. 1 shows XRD patterns of Ag–TiO2-P25
(1 wt%), Mg–TiO2-P25 (0.25 wt%), and Ag–, Mg–TiO2-
P25 (1–0.25 wt%) calcined at 350˚C.

The XRD patterns in the range of 2θ diffraction
angle between 20 and 70˚ were made to obtain the
crystallite size and phase composition of nanoparticles
(Table 2).

The XRD pattern shown in Fig. 1 mainly consists
of an anatase with a minor rutile phase (80: 20), indi-
cating that the Ag and Mg dopants in TiO2-P25 did
not influence the crystal patterns of TiO2-P25 particle.
All the photocatalysts show the dominant anatase
phase peaks at 2θ = 25.2, 38, 48.2, 55, and 62.5˚ and
the small fraction of the rutile phase with peaks at
2θ = 27.5, 36, and 54˚. Absence of a peak correspond-
ing to silver and magnesium can be due to low dop-
ing amount of silver and magnesium content and also
proper dispersion of silver and magnesium onto the
TiO2-P25 surface [32].

The TEM image in Fig. 2 shows that the Ag–,
Mg–TiO2-P25 nanoparticles have irregular shape and
are agglomerated into larger particles. The size of the
Ag–, Mg–TiO2-P25 nanoparticles corresponds to the
crystallite size calculated by the XRD pattern.

The morphology of the Ag- and Mg-co-doped
TiO2-P25 nanoparticles was observed by the SEM tech-
nique. Fig. 3 shows the SEM micrograph of the Ag-
and Mg-co-doped TiO2-P25 calcined at 350˚C, which
indicates a dense structure with fairly good homo-
geneity. There is an uneven distribution of agglomer-
ated particles. This image shows the particles with a
spherical morphology. The SEM micrographs of the
sample show that the amounts of Ag- and
Mg-co-doped TiO2-P25 did not influence morphology
of the sample.

The chemical composition of the Ag- and Mg-co-
doped TiO2-P25 nanoparticles at the microscopic level
was analyzed by EDX. The EDX analysis (Fig. 4(a))
showed that Ti, O, Ag, and Mg peaks were obviously
found in the spectra, confirming the presence of both
Ag and Mg in the co-doped TiO2-P25 composition.
The mapping spectrum (Fig. 4(b)) of the photocatalysts
showed that the dopant metals were well dispersed
on TiO2-P25.

Fig. 5 shows the N2 adsorption–desorption iso-
therm of the Ag–TiO2-P25, Mg–TiO2-P25, and Ag–,
Mg–TiO2-P25 nanoparticles calcined at 350˚C. Accord-
ing to IUPAC classification, Ag–, Mg–TiO2 nanoparti-
cles display a type-III isotherm and H3 hysteresis,
indicating a mesoporous structure. The specific surface
areas measured for Ag–TiO2-P25, Mg–TiO2-P25, and
Ag–, Mg–TiO2-P25 were 44.3, 45.3, and 46.6 m2 g−1,
respectively. The pore size distribution of the Ag–,
Mg–TiO2-P25 nanoparticles was obtained from adsorp-
tion branch using the BJH method in the range of
34.63 nm. Therefore, the Ag–, Mg–TiO2-P25 pore struc-
tures could be related to the aggregation of TiO2-P25
crystallites. One of the main problems in the develop-
ment of TiO2-P25 was shifting the absorption spectrum
of TiO2-P25 into the visible region to enable more effi-
cient sunlight harvesting. To investigate the effect of
magnesium and silver addition on the band gap
energy of TiO2-P25 nanoparticles, DRS was carried out.

Fig. 1. XRD patterns of Ag–TiO2-P25 (1 wt%), Mg–TiO2-P25
(0.25 wt%), and Ag–, Mg–TiO2-P25 (1–0.25 wt%) calcined at
350˚C.

Table 2
Phase structure and crystallite size of TiO2-P25 and doped samples

Catalyst Calcination temp ˚C Crystallite size (nm)
Amount of each
phase %

Ag–TiO2-P25 (1 wt%) 350 DA:18 A:80 R:20
Mg–TiO2-P25 (0.25 wt%) 350 DA:18 A:80 R:20
Ag–, Mg–TiO2-P25 (1–0.25 wt%) 350 DA:18 A:80 R:20
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Fig. 6 shows the optical absorption of TiO2-P25, Mg–
TiO2-P25, Ag–TiO2-P25 and Ag–, Mg–TiO2-P25
nanoparticles. As mentioned in Fig. 6 and Table 3, the
impregnated samples show a long tail extending up to
388, 418, 425, and 434 nm for TiO2-P25, Mg–TiO2-P25,

Fig. 2. TEM image of Ag–, Mg–TiO2-P25 calcined at 350˚C.

Fig. 3. SEM of Ag–, Mg–TiO2-P25 calcined at 350˚C.

Fig. 4(a). EDX spectrum of Ag–, Mg–TiO2-P25 nanoparti-
cles.

Fig. 4(b). Mapping spectrum of Ag–, Mg–TiO2-P25
nanoparticles.
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Ag–TiO2-P25, and Ag–, Mg–TiO2-P25, respectively.
The band gap energies of all samples are presented in
Table 3. The results indicated that Ag and Mg
co-doped onto TiO2-P25 decreased the optical band
gap energy, whereas decrease in Eg value for Ag–,
Mg–TiO2-P25 is greater than that of the monometallic
catalysts. This large reduction of band gap may be
attributed to the doping of Ag and Mg as impurities
into the surface (TiO2-P25) [33] and production of extra
level energy within the band gap; consequently, Fermi
energy shifts away from the center of the band gap
toward the VB.

XPS analysis of silver- and magnesium-co-doped
sample was performed. The survey spectrum and high-
resolution scans are shown in Fig. 7. The XPS observa-
tions were consistent with EDX results in that only Ag,
Mg, Ti, and O elements were detected from the samples
in the survey spectrum analysis. Binding energy values
for Ag 3d5/2 and Ag 3d3/2 levels are 367.09 and
373.07 eV, respectively, and the spin energy separation
is 6.0 eV, indicating that Ag species exist in their metal-
lic state [34].The binding energy of Mg 2p was found to
be 50.2 eV which is typical of Mg2+ [35]. The binding
energies of Ti 2p3/2 and Ti 2p1/2 were found to be 458.3
and 464.012 eV, which are attributed to Ti4+ [36].

Fig. 5. N2 adsorption–desorption isotherm of the Ag–TiO2-
P25, Mg–TiO2-P25, and Ag–, Mg–TiO2-P25 nanoparticles
calcined at 350˚C.

Fig. 6. The DRS-UV–Vis spectra of Degussa P25, Mg–TiO2-
P25, Ag–TiO2-P25, and Ag–, Mg–TiO2-P25 nanoparticles.

Table 3
Eg values for monometallic and bimetallic silver- and
magnesium-doped TiO2-P25 nanoparticles

Catalyst λmax (nm) Eg (eV)

TiO2-P25 388 3.20
Ag–TiO2-P25 425 2.92
Mg–TiO2-P25 418 2.97
Ag–, Mg–TiO2-P25 434 2.86
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3.2. Photocatalytic performance

The photocatalytic oxidation kinetics of many
organic compounds have often been modeled on
Langmuir–Hinshelwood (L–H), which also cover the
adsorption properties of the substrate on the photo-
catalyst surface [37] as Eq. (4):

d AR27½ �=dt ¼ kL�HKads AR27½ �=1þ Kads AR27½ � (4)

where kL–H is the reaction rate constant (mg L−1 min−1),
Kads is the adsorption coefficient of AR27 on the
TiO2-P25 particles (mg−1 L), and [AR27] is the concen-
tration of AR27 (mg L−1). For low concentrations of

AR27 (i.e. Kads [AR27]<1), the L–H equation changes
into a pseudo-first-order kinetics law as follows Eq. (5):

d AR27½ �=dt ¼ kap � t (5)

where kap = kL–HKads is the pseudo-first-order rate con-
stant. Integrating Eq. (6), the following equation is
obtained Eq. (6):

ln AR27½ �0= AR27½ � ¼ kap � t (6)

Fig. 7(a). XPS survey spectrum of magnesium- and
silver-co-doped TiO2-P25.

Fig. 7(d). High resolution of Ti 2p spectrum.

Fig. 7(b). High resolution of Ag 3d spectrum.

Fig. 7(c). High resolution of Mg 2p spectrum.
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where [AR27]0 is the initial concentration of [AR27]
(mg L−1) [38].

The semi-logarithmic graphs of the AR27 concen-
tration in the presence of various photo catalysts vs.
visible light irradiation time yield straight lines, con-
firming the pseudo-first-order kinetics for the removal
of AR27 in this process. The apparent reaction rate
constants (kap) for the photocatalytic removal of AR27
were obtained from the slope of the semi-logarithmic
graphs. Table 4 summarizes the obtained kap for
removal of AR27 in the presence of various Ag–TiO2-
P25, Mg–TiO2-P25, and Ag–, Mg–TiO2-P25 nanoparti-
cles. According to these results, kap increased with Ag
loading up to 1 wt% (optimum metal loading), and
then decreased. In the photocatalytic process, Ag
nanoparticles doped on TiO2-P25 surface can act as
efficient electron–hole separation centers [39,40]. Elec-
tron transfer from the CB of TiO2-P25 to metallic Ag is
possible because the Fermi level of silver is lower than
that of TiO2-P25 CB and formation of Schottky barrier
is possible in the metallic Ag and TiO2-P25 contact
regions [41,42]. When the number of silver clusters is
small, better separation of the electron and hole is
achieved. In this process, metallic Ag can promote
interfacial charge transfer and inhibit the recombina-
tion of photogenerated electron–hole pairs due to its
strong electron trap ability, and thus increase the
photocatalytic activity. However, in Ag amounts
above the optimum value, the Ag nanoparticles can
also act as significant recombination centers for photo-
generated electron–hole pairs, which results in
decreasing the photocatalytic activity of TiO2-P25 [43].
According to the kap results presented in Table 4, for
Mg impregnation within Ag–TiO2-P25 nanoparticles,

the highest photocatalytic activity was obtained at the
Mg content of 0.25 wt%. This may be attributed to the
fact that increased dopant concentration leads to
increased number of trapped charge carriers per parti-
cle, extending the lifetime of the photogenerated elec-
tron–hole pairs. However, an excessive Mg content at
the surface of Ag–TiO2-P25 acts as a significant recom-
bination center for photogenerated electron–hole pairs
and inhibits the interfacial electron–hole transfer, lead-
ing to a decreased photoactivity [44]. Fig. 8 shows the
variations of AR27 kap in the presence of pure,
monometallic, and bimetallic silver- and magnesium-
doped TiO2-P25 nanoparticles. As it is discernible
from Fig. 8 and Table 4, bimetallic Ag–, Mg–TiO2-P25
photocatalyst containing 1 wt% Ag and 0.25 wt% Mg
has better photocatalytic activity than Ag–TiO2-P25,
Mg–TiO2-P25, and TiO2-P25 in the degradation of

Table 4
The apparent reaction rate constant kap for different catalysts in the photocatalytic degradation of AR27

Catalyst

Metal doping (wt%) Calcination temp

Ag Mg ˚C kap (min−1)

TiO2-P25 0 0 − 0.0380
Mg–TiO2-P25 0 0.25 350 0.0457
Ag–TiO2-P25 0.2 0 350 0.0458
Ag–TiO2-P25 0.5 0 350 0.0521
Ag–TiO2-P25 1 0 350 0.0691
Ag–TiO2-P25 1.5 0 350 0.0492
Ag–, Mg–TiO2-P25 1 0.15 350 0.0941
Ag–, Mg–TiO2-P25 1 0.25 350 0.1279
Ag–, Mg–TiO2-P25 1 0.5 350 0.0781
Ag–, Mg–TiO2-P25 1 0.25 300 0.1005
Ag–, Mg–TiO2-P25 1 1 350 0.0321
Ag–, Mg–TiO2-P25 1 0.25 500 0.0851
Ag–, Mg–TiO2-P25 1 0.25 650 0.0513

Fig. 8. Comparison between the photocatalytic activity of
TiO2-P25, Mg–TiO2-P25, Ag–TiO2-P25, and Ag–, Mg–TiO2-
P25 nanoparticles in the removal of AR27 under visible
light irradiation.
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AR27 because silver and magnesium can separately
trap photogenerated electrons and inhibit the recom-
bination of photoinduced electron–hole pairs, and thus
improve photocatalytic activity. Furthermore, it can be
the highest photocatalytic performance of the
co-doped catalyst because of its large surface area. To
study the influence of the calcination temperature on
the photocatalytic activity of the catalyst, the Ag
(1 wt%) and Mg (0.25 wt%) were calcined at 300, 350,
500, and 650 ˚C for 1 h. As presented in Fig. 9, calcina-
tion temperature, which could reach a maximum of
350˚C, had an important effect on the photocatalytic
activity of co-doped TiO2-P25 nanoparticles. It shows
that by increasing the calcination temperature, the
transformation from rutile to anatase increases while
anatase phase has higher photocatalytic activity; thus,
photocatalytic activity gradually increases. However,
when calcination temperature is above 350˚C, TiO2-P25
changes from anatase to rutile phase; hence, photocat-
alytic activity reduces [45]. TOC values are related to
the total concentration of organics in the solution and
the decrease of TOC reflects the degree of mineraliza-
tion. The results of TOC showed 66% mineralization of
AR27 after 20 min of irradiation in the presence of
400 mg L−1 Ag- and Mg-co-doped TiO2-P25, whereas
60 min of irradiation was required for complete
mineralization (96%).

4. Conclusion

Monometallic and bimetallic TiO2-P25 nanoparti-
cles impregnated with Ag and Mg were applied to the
photocatalytic degradation of AR27. The XRD patterns
indicated that adding silver and magnesium to TiO2-
P25 could prevent the phase transformation from ana-
tase to rutile at 350˚C. This is mainly due to the high
metal dispersion of the metals onto TiO2-P25 surface.

The patterns also demonstrated a considerable
decrease in Eg value for Ag–, Mg–TiO2-P25 nanoparti-
cles in comparison with bare and monometallic-doped
TiO2-P25 nanoparticles. The BET results revealed an
increase in the surface area of the catalyst, which
enhances the photocatalytic degradation of AR27 in
visible light. TiO2-P25 co-doped with 1 wt% Ag and
0.25 wt% Mg displayed the highest photocatalytic
activity in the photocatalytic degradation of AR27
compared to monometallic and undoped TiO2-P25.
Such an activity was attributable to the synergistic
effects of Ag and Mg co-doping TiO2-P25. The opti-
mum calcination temperature and time were 350˚C
and 1 h, respectively.
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