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Abstract 
 
In this study, Ag/TiO2–P25 nanoparticles prepared via photodeposition method and its textural properties were characterized 
using X–ray diffraction (XRD), transmission electron microscopy (TEM), UV–vis diffuse reflectance spectroscopy (DRS), and N2 
physisorption techniques. The cements modified with TiO2–P25 and Ag/TiO2–P25 nanoparticles were immobilized on tile plates, 
and their photocatalytic activity was evaluated versus the removal of Erioglaucine as the model organic pollutant. The Ag/TiO2–
P25 modified cement showed the highest photocatalytic activity compared to TiO2–P25 modified cement due to the positive effect 
of silver in trapping photogenerated electrons at conduction band of TiO2. Also, the effect of operational variables such as initial 
Erioglaucine concentration, irradiation time, and UV–light intensity on the photocatalytic activity of Ag/TiO2–P25 modified 
cement was investigated and optimized using the Taguchi approach. The optimum operational conditions were found to be: initial 
Erioglaucine concentration of 5 mg L–1, irradiation time of 90 min and UV–light intensity of 55.9 W m–2. 
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1. Introduction 
 
In recent years, advanced oxidation processes 

(AOPs) have been considered a very promising 
method to deal with the problem of organic 
pollutants removal in aqueous systems (Dulman et 
al., 2017; Eskandarloo et al., 2016). Among the 
AOPs, heterogeneous photocatalysis has been found 
as an emerging destructive technology leading to the 
total mineralization of variety of organic compounds 
with a low cost (Behnajady et al., 2011a). 
Heterogeneous photocatalysis involves a 
combination of UV light and a semiconductor 
catalyst (e.g. TiO2 and ZnO), most often in 
suspension mode in aqueous solution (Behnajady et 
al., 2018; Chakrabarti et al., 2004). Titanium dioxide 
has attracted considerable attention as a suitable 
photocatalyst with strong oxidizing effect for the 

widespread environmental applications (Behnajady et 
al., 2011b; Lutic et al., 2017; Zhou et al., 2005). 
When a photon is illuminated onto the TiO2 catalyst 
with energy equal to or greater than band–gap 
energy, the electrons at valence band (eCB

–) can be 
promoted to the conduction band, leaving the 
positive holes (hVB

+) behind (Fujishima et al., 1972) 
according to Eq. (1):  
 

TiO2 + hv → eCB
– + hVB

+ (1) 
 

The positive hole can oxidize water and 
hydroxyl ions to produce the highly reactive 
hydroxyl radical (Xiong et al., 2013), according to 
Eqs. (2) and (3): 
 
H2O + hVB

+ → •OH + H+ (2) 
 

–OH + hVB
+ → •OH (3) 
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The hydroxyl radicals are powerful oxidants 

which can be used to oxidize most organic 
contaminants (Mohammadzadeh et al., 2016; Sizykh 
et al., 2018), according to Eq. (4) and Eq. (5): 

 
S + •OH → Int. (4) 
 
Int. + •OH → P (5) 

 
where: S, Int. and P are Erioglaucine, intermediates 
and final mineralization molecules, respectively.  

The photocatalytic activity of TiO2 
nanoparticles can be affected by many factors such as 
the particle size; anatase and rutile phase content, 
band gap, surface area and pore volume (Behnajady 
and Eskandarloo, 2013a). The photocatalytic 
efficiency of TiO2 nanoparticles is limited to the 
recombination rate of photogenerated electron–hole 
pairs. In order to reduce electron–hole 
recombination, various methods have been used, 
including rare earth metal and transition metal ions 
doping and coupling other semiconductors (Parida et 
al., 2008).  

During recent years, modification of 
cementitious materials as catalyst supporting media 
has attracted considerable attention due to their 
porous structure and strong binding ability that are 
suitable for immobilizing catalysts (Chen and Poon, 
2009). Metal oxide powders can be easily mixed with 
cement-bonded construction materials without 
additional treatments. The preparation of the 
photocatalyst–modified cements can be beneficial for 
the development of self–cleaning building material 
surfaces (Lackhoff et al., 2003).  

Lackhoff et al. (2003) prepared TiO2 and ZnO 
modified cement and reported higher photocatalytic 
activity for TiO2 modified cement. Khataee et al., 
(2011) modified cement with different TiO2 
nanomaterials (TiO2 in the form of Degussa P25, 
Millennium PC500, Millennium PC105 and anatase-
Merck) and reported higher photocatalytic activity 
for TiO2 in the form of Degussa P25. To our best 
knowledge, the photocatalytic activity of Ag/TiO2–
P25 modified cement has not yet been reported. 
Based on our previous studies, silver-doped TiO2 
nanoparticles have shown considerable 
photocatalytic activity in the removal of various 
organic pollutants from aqueous solution (Behnajady 
et al., 2008; Behnajady and Eskandarloo, 2013a; 
Behnajady and Eskandarloo, 2013b); therefore, we 
are interested in using Ag/TiO2–P25 nanoparticles for 
cement modification. 

In this study, first, Ag/TiO2–P25 nanoparticles 
were prepared via photodeposition of silver onto 
TiO2–P25, and then the prepared nanoparticles were 
used for modification of white cement. Photocatalyst 
modified cements were immobilized on tile plates 
and their photocatalytic activity was evaluated versus 
the removal of Erioglaucine as the model organic 
pollutant. The textural properties of TiO2–P25 and 
Ag/TiO2–P25 nanoparticles were characterized using 

XRD, TEM, DRS, and BET techniques and their 
effect on photocatalytic properties of modified 
cement was compared with each other. Also, the 
effect of operational variables such as initial 
Erioglaucine concentration, irradiation time, and 
UV–light intensity on the photocatalytic activity 
Ag/TiO2–P25 modified cement was investigated. The 
Taguchi approach was applied to identify the optimal 
conditions and to select the parameters having the 
most important effect on the photocatalytic removal 
rate.  

 
2. Experimental 
 
2.1. Materials 

 
Titanium dioxide nanoparticles (TiO2–P25) 

containing 80% anatase and 20% rutile with a surface 
area of about 56.81 m2 g–1 and primary particle size 
of 24 nm were purchased from the Degussa Co. in 
Germany. Erioglaucine, as the model organic 
pollutant purchased from ACROS Organics. Silver 
nitrate was purchased from Merck Co., also located 
in Germany. The chemical structure and other 
characteristics of Erioglaucine are listed in Table 1. 

 
Table 1. Chemical structure and characteristics of 

Erioglaucine 
 

C37H34N2Na2O9S3 Molecular formula 
625 nm λmax 
792.86 g/mol Molar mass 
42090 Colour index no. 
Acid Blue 9, Alzen Food Blue No. 
1, Atracid Blue FG, Eriosky blue, 
Patent Blue AR, Xylene Blue VSG, 
C.I. 42090 

Other names 

 

Structure 

 
2.2. Preparation of Ag/TiO2–P25 nanoparticles 
 

The Ag/TiO2–P25 nanoparticles were 
prepared by photoreducing of Ag+ ions to Ag metal 
onto the TiO2 in the following stages: First, 3 g of 
TiO2–P25 was added to 100 mL deionized water. The 
pH of the TiO2–P25 suspension was adjusted to 3; 
then the required amount of AgNO3 (0.5 mol%) was 
added to the TiO2–P25 suspension. The mixtures 
were then irradiated with UV–C light (30 W, λmax = 
254 nm, mercury lamp, Philips, Holland) for 3 h and 
then dried in an air oven at 100°C for 24 h. The dried 
solids were calcined at 400°C for 3 h.  

 
2.3. Modification of cement with Ag/TiO2–P25 
nanoparticles and immobilization on tile plate 

 
To prepare the Cement – Ag/TiO2–P25 

sample, cement and Ag/TiO2–P25 nanoparticles were 
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mixed in the ratio of 2 : 1 (2 g cement : 1 g 
nanoparticles for each plate). Then, the suitable 
amount of deionized water was added to the mixture 
in order to obtain a uniform suspension. The obtained 
suspension was immobilized physically on the 
surface of the tile plate (5 cm × 5 cm). The prepared 
sample was placed at room temperature for 24 h and 
was left to dry. After drying, the tile plate was 
washed with deionized water for the removal of 
weakly attached samples.  

 
2.4. Characterization methods 

 
XRD patterns (used for phase identification) 

and crystallite size calculations were recorded with a 
Siemens D5000 X–ray diffraction using Cu Kα 
radiation. The (1 0 1) peak (2θ = 25.28°) of anatase 
and the (1 1 0) peak (2θ = 27.42°) of rutile were used 
for analysis. The average crystallite size of the 
particles was calculated through the line broadening 
of corresponding XRD peaks using the Scherrer’s 
equation (Patterson, 1939): 

 

θβ
λ

cos
kD =  (6) 

 
where: D is the average crystallite size (nm), λ is the 
wavelength of the X–ray radiation, k is a constant 
equal to 0.89, β is the full width at half maximum 
intensity and θ is the half diffraction angle.  

The phase content in the samples can be 
calculated by Eq. (7) (Spurr and Myers, 1957): 

 









+

=

R

A

I
I

phaseRutile
8.01

100%

 (7) 
 
where: IA is the integrated intensity of anatase (101) 
diffraction peak and IR is the integrated intensity of 
rutile (110) diffraction peak.  

The size of the TiO2–P25 and Ag/TiO2–P25 
nanoparticles was measured with TEM instrument 
(Philips CM–10 HT–100 keV). Nitrogen adsorption–
desorption was carried out using Belsorp mini II 
instrument to measure the specific surface area, mean 
pore diameter and total pore volume of TiO2–P25 and 
Ag/TiO2–P25 nanoparticles using the Brunauer–
Emmett–Teller (BET) and the Barret–Joyner–
Halender (BJH) methods. 

UV–vis DRS of samples was obtained using 
AvaSpec–2048 TEC spectrometer to determine the 
optical band gap (Eg) of TiO2–P25 and Ag/TiO2–P25 
nanoparticles. To determine the Eg, the Eq. (8) was 
used: 

 
2/1)()( gEhBh −= ννα  (8) 

 
where: α  is optical absorption coefficient, B is a 
constant dependent on the transition probability, h is 
the Plank’s constant and ν  is the frequency of the 

radiation. The Eg values were calculated by plotting 
(αhν)2 versus hν, followed by extrapolation of the 
linear part of the spectra to the energy axis (Al 
Abdul-Kader, 2009).  
 
2.5. Photocatalytic activity measurement 

 
Photocatalytic removal operations were 

carried out at room temperature in a batch 
photoreactor of 150 mL in volume. UV–light 
irradiation was provided with a 30 W (UV–C) 
mercury lamp (Philips, Holland) emitting around 254 
nm. Light source was placed above the photoreactor. 
In each run, a tile plate loaded with Ag/TiO2–P25 
modified cement was inserted in the photoreactor. 
Then, the desired concentration of Erioglaucine (10 
mg L–1) was transferred into the photoreactor and 
stirred for 30 min in the dark with magnetic stirrer. 
The photocatalytic reaction was initiated by turning 
on the light source. At given irradiation time 
intervals, the samples (5 mL) were taken out, and 
then the Erioglaucine concentration was analyzed by 
UV–vis spectrophotometry (Pharmacia Biotech, 
Ultrospec 2000, England). Blank experiments under 
UV light irradiation alone (photolysis) and also 
adsorption process after 30 min indicate 14 and 5.5 
removal percent, respectively. 

 
2.6. Experimental design 

 
The Taguchi method applies to fractional 

factorial experimental designs, called orthogonal 
arrays, to reduce the number of experiments while 
obtaining statistically meaningful and worthwhile 
results. The main stage in the design of an 
experiment is the selection of control parameters; 
therefore, as many parameters as possible need to be 
considered, and non–meaningful variables must be 
identified at the earliest opportunity. The Taguchi 
method creates an orthogonal array to meet these 
requirements. The selection of a suitable orthogonal 
array depends on the number of control parameters 
and their levels (Engin et al., 2008; Mousavi et al., 
2007). Three selected control parameters and their 
levels employed in this work are listed in Table 2. 
These control parameters include irradiation time, 
initial Erioglaucine concentration, and light intensity.  

 
Table 2. Experimental variables and their levels 

 
Levels Symbol Variable 3 2 1 

15 10 5 A Initial Erioglaucine 
concentration (mg L–1) 

90 60 30 B Irradiation time (min) 
55.9 39.5 23.9 C Light intensity (W m–2) 

 
All control parameters have three levels. The 

L9 orthogonal array was selected by the Taguchi 
method. The number of experiments required is 
drastically reduced to nine. This means that nine 
experiments with different combinations of the 
parameters should be conducted in order to study the 
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main effects and interactions. In the classical 
combination method, using full factorial 
experimentation would require 33 = 27 experiments 
to capture the effective parameters. 
 
3. Results and discussion 
 
3.1. Characterization of TiO2–P25 and Ag/TiO2–P25 
nanoparticles 

 
Fig. 1 shows the XRD patterns of TiO2–P25 

and Ag/TiO2–P25 (1 mol%) nanoparticles. Results 
show a combination of anatase and rutile phases for 
both samples. Absence of characteristic peaks 
corresponding to the Ag can be due to low Ag 
dopants content and also appropriate dispersion of 
Ag onto TiO2–P25 surface (Li et al., 2007). XRD 
patterns reveal that the crystalline phases in TiO2–
P25 and Ag/TiO2–P25 nanoparticles exist as a mixed 
anatase/rutile phases. Eq. (6) was employed to 
calculate the average crystallite size of samples, 
using reflections of anatase at 25.3°. The average 
crystallite size is estimated to be 22 nm for TiO2–P25 
and Ag/TiO2–P25 samples.  

The particle size of the Ag/TiO2–P25 
nanoparticles was investigated by TEM analysis. The 
TEM image in Fig. 2 show that the samples have 
irregular shape and agglomerated to larger particles. 
The size of the Ag/TiO2–P25 nanoparticles obtained 
from TEM image was about 20 nm, which 
corresponded to the crystallite size calculated by 
using the XRD patterns.  

Nitrogen adsorption and desorption isotherms 
of the TiO2–P25 and Ag/TiO2–P25 nanoparticles 
(Fig. 3) showed type–III isotherm of the IUPAC 

classifications, which indicates a mesoporous 
structure (Alvar et al., 2010). 

 

 
 

Fig. 1. XRD patterns of TiO2–P25 and Ag/TiO2–P25 
nanoparticles 

 

 
 

Fig. 2. TEM image of the Ag/TiO2–P25 nanoparticles 
 
 

  
(a) (b) 

 
Fig. 3. Nitrogen adsorption–desorption isotherms of TiO2–P25 (a) and Ag/TiO2–P25 (b) nanoparticles 
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Fig. 4. The diffuse reflectance spectroscopy spectra (a) and plot of (αhν)2 versus hν (b) for  

TiO2–P25 and Ag/TiO2–P25 nanoparticles 
 

The BET surface area and total pore volume 
for Ag/TiO2–P25 nanoparticles, as determined by N2 
physisorption experiments, were 44.28 m2 g–1 and 
0.371 cm3 g–1, respectively, whereas the BET surface 
area and total pore volume for pure TiO2–P25 
nanoparticles were 56.81 m2 g–1 and 0.387 cm3 g–1, 
respectively. The value of BET surface area for 
Ag/TiO2–P25 nanoparticles was less than bare TiO2–
P25 nanoparticles, indicating that photodeposition of 
Ag had a strong impact on reducing surface area of 
TiO2–P25. To study the effect of Ag photodeposition 
on the optical absorption properties of TiO2–P25 
nanoparticles, DRS was carried out. Fig. 4a shows 
the optical absorption of TiO2–P25 and Ag/TiO2–P25 
nanoparticles. The absorption wavelength for Ag 
photodeposited TiO2–P25 nanoparticles is 
significantly red shifted. The doped samples show a 
long tail extending up to 410 and 440 nm for TiO2–
P25 and Ag/TiO2–P25 nanoparticles, respectively. 
The tail absorption can be due to the formation of 
impurity levels within the band gap of TiO2 which 
shifts the band edge absorption to visible light region 
(Wang et al., 2011). The values of Eg were calculated 
by extrapolation of the linear part of the spectra to 
the energy axis (Fig. 4b). The Eg values for TiO2–P25 
and Ag/TiO2–P25 nanoparticles were estimated to be 
3.17 and 3.10 eV. The results indicate that Ag 
photodeposition into TiO2–P25 decreased optical 
band gap energy. 

 
3.2. Photocatalytic activity 
 

A comparison of pure TiO2–P25 and Ag 
photodeposited TiO2–P25 nanoparticles for 
photocatalytic removal of the Erioglaucine pollutant 
was made in the slurry form. Fig. 5 shows the 
removal of a 10 mg L–1 Erioglaucine solution in the 
presence of TiO2–P25 and Ag photodeposited TiO2–
P25 nanoparticles. It can be observed that the highest 
removal efficiency was obtained by using Ag/TiO2–
P25 nanoparticles. The positive effect of Ag on the 
photocatalytic activity of TiO2–P25 nanoparticles 
could be accounted for by its ability to modify the 
interfacial charge transfer to electron acceptors such 

as oxygen and trapping electrons. When Ag comes 
into contact with TiO2–P25, due to the formation of 
Schottky barrier in Ag and TiO2 contact region and 
because the Fermi level of Ag is lower than that of 
TiO2 conduction band, electrons produced at 
conduction band of TiO2–P25 will transfer to Ag 
(Behnajady and Eskandarloo, 2013b; Seery et al., 
2007). On the other hand, free holes at valence band 
of TiO2–P25 react with adsorbed water molecules 
and hydroxide ions to produce hydroxyl radicals as 
reactive species in the photodegradation process (El-
Kemary et al., 2011; Ren et al., 2009). Finally, 
photodeposition of Ag onto TiO2–P25 provides the 
separation of electron–hole pairs, resulting in the 
improvement of TiO2–P25 photocatalytic activity.  

  

 
 

Fig. 5. Photocatalytic removal of Erioglaucine in the 
presence of TiO2–P25 and Ag/TiO2–P25 nanoparticles 

([AB9]0 = 10 mg L–1, LI = 55.9 W m–2, [catalyst] =  
400 mg L–1 and pH neutral) 

 
Fig. 6 shows a comparison of Erioglaucine 

(10 mg L–1) removal in the presence of pure cement, 
TiO2–P25 modified cement, and Ag/TiO2–P25-
modified cement immobilized on tile plates under 
UV–light irradiation. The results clearly indicate that 
Ag/TiO2–P25-modified cement has the highest 
photocatalytic activity than other samples. This can 
be a consequence of the positive effect of Ag 
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photodeposition on the photocatalytic activity of 
TiO2–P25 nanoparticles, as explained in the previous 
section. 

 

 
 

Fig. 6. Photocatalytic removal of Erioglaucine in the 
presence of pure cement and cement modified  

with TiO2–P25 and Ag/TiO2–P25 nanoparticles 
immobilized on tile plates ([AB9]0 = 10 mg L–1,  

LI = 55.9 W m–2, and pH neutral) 
 

3.3. Optimization of operational variables effect 
using Taguchi approach 

 
The effect of operational variables such as 

initial Erioglaucine concentration, irradiation time, 
and UV–light intensity was investigated and 
optimized using the Taguchi approach. The structure 
of Taguchi’s L9 design and the results of 
Erioglaucine removal percent in the presence of 
immobilized Ag/TiO2–P25 modified cement are 
shown in Table 3. Average response and ‘Quality 
Characteristics: Bigger is Better’ were used to 
optimize the process. In this study, the average 
response analysis is based upon the removal percent 
of Erioglaucine, and its values are reported in Table 
3. The analysis was performed by averaging the 
removal percent data of each experiment and plotting 
the values in a graphical form. Figs. 7a - 7c show the 
average response graph for Erioglaucine removal in 
the presence of Ag/TiO2–P25 modified cement under 
different operational conditions. The peak points in 
these plots show the optimum conditions. In order to 
find out the effect of Erioglaucine concentration on 
photocatalytic removal efficiency of Ag/TiO2–P25 
modified cement, the experiments were carried out 
with initial Erioglaucine concentration ranging from 
5 to 15 mg L–1 (Fig. 7a). From an application 
standpoint, it is important to study the dependence of 
photocatalytic removal efficiency on the initial 
concentration of pollutant. As seen in Fig. 7a, an 
increase in the initial concentration of Erioglaucine 
from 5 to 15 mg L–1 decreases the removal rate of 
Erioglaucine. This could be due to the fact that with 
increasing Erioglaucine concentration, the solution 
becomes impermeable to UV–light radiation, and 
thus the UV photons get intercepted before they can 

reach the Ag/TiO2–P25 modified cement surface 
(Rauf et al., 2009; Gupta et al., 2012). On the other 
hand, with more and more increase of Erioglaucine 
concentration, organic substances and intermediates 
are adsorbed on the surface of Ag/TiO2–P25 
modified cement, causing the generation of active 
species such as hydroxyl radicals reduce (Bu et al., 
2011). Photocatalysis reaction efficiency largely 
depends on the absorption of light by photocatalyst. 
As seen in Fig. 7b, the removal rate of Erioglaucine 
increased by increasing irradiation time from 30 to 
90 min in the presence of Ag/TiO2–P25 modified 
cement. In order to find out the effect of UV–light 
intensity on photocatalytic removal rate of 
Erioglaucine, the experiments were carried out with 
light intensity ranging from 23.9 to 55.9 W m–2 (Fig. 
7c). As the Figure shows, removal efficiency of 
Ag/TiO2–P25 modified cement increased through 
increasing the UV–light intensity. The UV–light 
irradiation generates the photons needed for the 
electron transfer from the valence band to the 
conduction band of a photocatalyst. Therefore, when 
the UV–light intensity is low, electron–hole 
separation competes with recombination and 
decreases the formation of hydroxyl radicals 
(Neppolian et al., 2002; Petrovič et al., 2012). The 
removal rate of Erioglaucine increases when more 
radiations fall on the Ag/TiO2–P25 modified cement 
surface and hence more hydroxyl radicals are 
produced. According to the obtained results shown in 
Figs. 7a - 7c, maximum Erioglaucine removal 
percentage in the presence of immobilized Ag/TiO2–
P25 modified cement can be obtained by setting the 
level 1 for ‘initial Erioglaucine concentration’ (5 mg 
L–1), level 3 for ‘irradiation time’ (90 min), and level 
3 for ‘UV–light intensity’ (62 W m–2). 

 
Table 3. Experimental layout using the L9 orthogonal 

array and experimental results for Erioglaucine removal  
in the presence of immobilized Ag/TiO2–P25  

modified cement 
 

Run 

Initial 
Erioglaucine 
concentration 

(mg L–1) 

Irradiation 
time 
(min) 

Light 
intensity 
(W m–2) 

Removal 
(%) 

1 1 1 1 42.47 
2 1 2 2 69.5 
3 1 3 3 8.97 
4 2 1 2 37.55 
5 2 2 3 70.36 
6 2 3 1 56.15 
7 3 1 3 42.19 
8 3 2 1 47.05 
9 3 3 2 67.58 

 
The Analysis of variance (ANOVA) was 

employed as the statistical procedure to test the 
significance and adequacy of the model.  The results 
of ANOVA (Table 4) shows that irradiation time had 
the largest variance. UV–light intensity and initial 
Erioglaucine concentration were in the second and 
third places, respectively.  
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Fig. 7. Average response for effect of initial Erioglaucine concentration (a), irradiation time (b) and light intensity  
(c) on Erioglaucine removal in the presence of immobilized Ag/TiO2–P25 modified cement 

 
Table 4. Results of Analysis of Variance (ANOVA) 

 
Source Sum of squares Degree of freedom Variance F–Ratio Pure Sum Percent 

A 258.12 2 129.06 6.61 219.11 11.07 
B 1278.86 2 639.43 32.78 1239.84 62.67 
C 402.29 2 201.15 10.31 363.28 18.36 

Error 39.02 2 19.51 – – 7.9 
 

Fig. 8 demonstrates the relative impact of each 
operational variable on the photocatalytic efficiency 
of Ag/TiO2–P25 modified cement in removal of 
Erioglaucine. Consequently, it can be concluded that 
the irradiation time is the most effective parameter.  

 

 
 

Fig. 8. Relative importance (%) of the operational variables 
on the photocatalytic efficiency of Ag/TiO2–P25 modified 

cement in removal of Erioglaucine 
 

4. Conclusions  
 

White cement was modified with Ag 
photodeposited TiO2–P25 nanoparticles and then 
immobilized on tile plates. Photocatalytic properties 
of Ag/TiO2–P25 modified cement was evaluated in 
the removal of Erioglaucine under UV light 
irradiation and showed the high photocatalytic 
activity compared to TiO2–P25 modified cement due 
to positive effect of silver in trapping of 
photogenerated electrons at conduction band of TiO2. 

Textural properties of TiO2–P25 and Ag/TiO2–P25 
nanoparticles were characterized using different 
techniques. The effect of operational variables on the 
photocatalytic efficiency of Ag/TiO2–P25 modified 
cement was optimized using the Taguchi approach.  
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