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Article Highlights  

• Several transition metals were inserted into the Ti-SBA-15 by using two-step 

synthesis methods 

• Co-Ti-SBA-15 is a suitable photocatalyst with the highest photocatalytic activity for dye 

• The enhanced activity comes from the increased electron transfer mobility due to 

metal doping 

• Co-Ti-SBA-15 has high stability in dye degradation over five-run without any structural 

deviation 

 
Abstract  

Several transition metals (Fe, Cu, Ni, Cr, and Co) were inserted into the Ti-

SBA-15 using two-step synthesis methods. XRD, SEM-EDX, N2 adsorption-

desorption isotherms, XRF, and UV-DRS analysis were used for 

characterizations. The results confirmed preserving an ordered mesoporous 

structure, well-dispersed Ti-metal and enhanced light absorption compared 

with Ti-SBA-15. The photocatalytic performances were evaluated in the 

degradation of methylene blue under UV light. The results show that the Co-

Ti-SBA-15 exhibited the highest photocatalytic activity among the prepared 

photocatalysts for the degradation of methylene blue. The significant activity 

increase might be attributed to the increased reactant adsorption by the 

mesoporous structure of SBA-15, the good distribution of TiO2 in the pores 

of SBA-15, and the increased electron transfer mobility due to metal doping. 

In addition to efficiency, Co-Ti-SBA-15 is a suitable catalyst for dye 

degradation, exhibiting good stability in methylene blue degradation over 

five photocatalytic runs without any deviation of the structure. 

Keywords: transition metals, mesoporous material, Ti-SBA-15, 
photocatalytic degradation, reusability. 

 
 
 

Photocatalysis is mainly used for the abetment of 

environmental pollutants and has been attractive to 

researchers worldwide [1]. Photocatalysis can be 

superior to other widely used methods, such as 

oxidation, absorption, ion exchange, etc. [2]. Some 

semiconductors (TiO2, Fe2O3, ZnO, ZrO2, Nb2O5, SnO2,  
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and others) and a number of nanocomposites such as 

Ag-MnxOy, WO3/g-C3N4, g-C3N4/ CdWO3, and TiO2-

SnO2-Sb2O5-NiO-carbon nanotubes have been used as 

photocatalysts and have attracted significant attention 

due to their wide application for pollution abetment     

[3—8]. 

Most importantly, TiO2 is widely used because of 

its high photo-stability, low toxicity, commercial 

availability, and large band gap of 3.2 eV [9—11]. 

However, its photocatalytic activity is restricted by 

specific parameters such as low surface area, 

coagulation in aqueous media, and separation and 

recycling problems [12]. This limitation may be 

overcome when dispersed on mesoporous silica 

support such as Santa Barbara Amorphous (SBA-15). 

http://www.ache.org.rs/CICEQ
mailto:eodes@eskisehir.edu.tr
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SBA-15 is a significant mesoporous silica noted for its 

high surface area, narrow pore size distribution, 

uniform meso porosity, low cost, and biodegradable 

template [2,13]. Immobilization of TiO2 into the SBA-15 

could reduce the particle size of TiO2 and thereby avoid 

aggregation. The synthesized material is a more 

effective photocatalyst than commercial Degussa P25 

or another synthesized nanoparticle form. There are 

many studies on different synthesizing methods and 

optimum TiO2 loading to synthesize Ti-SBA-15 in the 

literature [14—17]. The Si/Ti ratio is critical at 

approximately sixteen because its low or high values 

defect the mesopore structure of SBA-15 and decrease 

photocatalytic efficiency [16—18]. 

TiO2-SBA-15 can be useful for photocatalysis but 

can absorb only 4% of the spectrum [19]. On the other 

hand, doping TiO2-SBA-15 by metals such as Ag [20], 

Au [21], W [22], Fe [19], CoMo [23], Sn [24], and Pt [25] 

extends the response to a wide range of the spectrum 

and exhibits a synergistic effect on narrowing of the 

TiO2 band gap up to 1.45 eV [4]. In these papers, 

titanium was successfully inserted into the SBA-15 

structure by different methods using organic titanium 

sources and then metal doping by post-synthesized 

methods. The obtained nanocomposites enhanced the 

reactant adsorption by the mesoporous structure of 

SBA-15 with a good distribution of TiO2, as well as 

reduced electron-hole recombination rates due to metal 

doping. As a result, a significant enhancement in 

photocatalytic activity under visible light or UV has been 

obtained for the degradation of organic pollutants and 

the production of added-value chemicals.  

Therefore, in this paper, the Ti-SBA-15 composite 

was prepared by the direct synthesized method using a 

TiO2 nano-powder source. To enhance the extended 

range of the spectrum of TiO2, a number of transition 

metal nanoparticles (Cu, Fe, Co, Cr, and Ni) were 

chosen for doping on the surface of the TiO2/SBA-15 

because transition metals have good electron 

changeability enhancing catalytic activity, anti-

poisoning property, longevity, regeneration, and low 

cost [26]. The composition, morphology, and optical 

properties of synthesized photocatalysts are 

characterized by XRD, SEM-EDX, XRF, UV-DRS, and 

N2 adsorption-desorption isotherms. In addition, the 

photocatalytic activity and stability of the photocatalysts 

have been evaluated for the degradation of methylene 

blue under UV light irradiation. Finally, the reused 

photocatalysts have been tested to determine any 

structural deviation using XRD, SEM-EDX, and N2 

adsorption-desorption isotherms. 

MATERIALS AND METHODS 

Chemicals 

The tetraethyl orthosilicate (TEOS), Pluronic-123 

((triblock poly(ethylene oxide)–poly(propylene oxide)–

poly(ethylene oxide) were bought from Sigma Aldrich. 

The HCl (37%) was obtained from Riedel-de Haen. The 

TiO2 nano-powder, Degussa-P25, and methylene blue 

were obtained from Merck. The iron (III) nitrate 

nonahydrate (Fe (NO3)3. 9H2O), Copper (II) nitrate 

trihydrate (Cu (NO3)2.3H2O), Chromium (III) nitrate 

nonahydrate (Cr (NO3)3.9H2O), and Cobalt (II) nitrate 

hexahydrate (Co (NO3)2.6H2O) were supplied by Carlo 

Erba Reagents. The nickel (II) nitrate hexahydrate       

(Ni (NO3)2.6H2O) was bought from Roth. 

Synthesis 

The SBA-15 synthesis procedure was given in 

previous work [27]. The addition of TiO2 modified this 

method; 4 g of Pluronic-123 was added to 30 mL of 

distilled water in a magnetic stirrer at 35 °C for 3 h, after 

which 150 mL of 2 M HCl was added. In this step, the 

amount of nano-TiO2 adjusted to Si/Ti=16 was added to 

the solution and mixed for two hours, then 9 mL of 

TEOS was added. The obtained mixture was stirred for 

twenty hours at 40 °C and was aging to react at 100 °C 

overnight in Teflon. The samples were filtered and 

washed with deionized water to remove excess HCl. 

Drying was carried out at 30 °C for forty-five hours, and 

calcination was applied at 600 °C under airflow for five 

and a half hours. 

In the metal doping step; 1 g of TiO2/SBA-15 was 

dispersed in 10 mL of an aqueous solution of Fe(NO3)3, 

Cr(NO3)3, Ni(NO3)2, and Cu(NO3)2 at a loading amount 

of 10 wt.% by an ultrasonic homogenizer for 15 min. 

The resulting solution was dried in an oven at 110 °C. 

Next, the dried sample was calcined at 300 °C for two 

hours at a heating rate of 5 °C/min. Finally, the sample 

was washed three times with 250 mL distilled water and 

dried in an oven at 80 °C for twelve hours. 

Characterization 

X-ray diffraction (XRD) analyses were performed 

by an X-ray diffractometer (RigakuRind XRD MiniFlex 

300/600) and Cu-Kα (1.54 Aº) radiation (40kV-15mA) 

with scanning from 2ϴ=70° to 2ϴ=5° at a rate of 2° per 

minute-1. The crystallite sizes of the samples were 

found using Scherrer’s equation of D=kλ/βcosθ where 

D is the crystallite diameter, λ is the radiation 

wavelength (1.5406Å), β is the peak full with half 

maximum (FWHM), θ is the diffracting angle and 

k=0.90 for the spherical shape particle.  

Surface analysis of the photocatalysts was 

performed by a HITACHI TM 3030 Plus branded SEM 

device. XRF analysis was carried out by Rigaku ZSX 

Primus II. The BET (Brunauer–Emmett–Taller) specific 

surface area was calculated from N2 adsorption-

desorption isotherms measured at 77 K in an automatic 
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adsorption apparatus (Tristar II 3020 Operator Manual 

v3.02, Micrometric). Degassing of the samples was at 

250 °C for four hours. The pore size distributions of the 

catalysts were given using the Barrett–Joyner–Halenda 

(BJH) method. UV Diffuse Reflectance Spectra (DRS) 

were achieved from 200 to 700  nm using a UV–vis 

spectrophotometer (Shimadzu UV-3600). 

Photocatalytic reactions 

Photocatalytic degradation of methylene blue was 

performed in a quartz reactor system equipment with a 

temperature controller. The reactor system had a thin 

layer of aluminum foil with 99 % purity. The light source 

was four 8 W UV (364 nm) low-pressure mercury 

lamps. 

In a typical experiment, 20 mg/L of 150 mL 

methylene blue at natural pH was taken, and 75 mg of 

the catalyst was added to the solution. The reaction 

mixture was magnetically stirred for one hour to reach 

the adsorption-desorption equilibrium without light. 

Then, taking 2 mL of the solution, the catalyst was taken 

by centrifugation at 13000 rpm for twenty minutes. The 

concentration of the samples was measured by 

Spectrophotometer (SHIMADZU UV-2600 UV) at 

664 nm. The conversion of methylene blue was 

calculated by dividing the concentration of methylene 

blue consumed during the reaction by its initial 

concentrations. After the photocatalytic reaction, the 

catalyst was collected from the reaction solution by 

centrifugation and reused five times. Before the 

following cycle, the catalyst was washed with ethanol 

and dried on filter paper to separate the methylene blue 

in the photocatalyst. 

 

 

RESULTS AND DISCUSSION 

To examine the structural properties of M-Ti-SBA-

15, XRD, SEM-EDX, XRF, UV-DRS, and N2 

adsorption-desorption isotherms analyses were carried 

out after the metal doping. In addition, the 

photocatalytic activity of M-Ti-SBA-15 was evaluated 

on the degradation of methylene blue. 

Morphological, textural, and optical properties of M-Ti-
SBA-15 

The photocatalysts were examined using low-

wide angle XRD patterns given in Figures 1a and 1b. 

As can be seen in Figure 1a, the XRD patterns show a 

reflection peak at 2Ɵ̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴̴≅0.8°, which is evidence that it 

had maintained the 2D hexagonal meso structure of 

SBA-15 in the synthesized catalysts [19,28]. However, 

the insertion of the metal decreases the peak 

intensities. As a result, it creates a tiny contradiction of 

the lattice parameter (a0) of the photocatalyst obtained 

from the d100 spacing included in Table 1 [29]. The 

crystallite size of metal in the M-Ti-SBA-15 was 

calculated according to the Scherrer formula; the 

results are shown in Table 1. The crystallite size of the 

photocatalyst was approximately the same value for all 

types of metal because of pore diameter restrictions. 

Figure 1. Low-angle XRD patterns (a) and wide-angle XRD 

patterns (b) of M-Ti-SBA-15 (M=Co, Cr, Ni, Cu, Fe). 

Wide-angle XRD patterns of the synthesized 

catalysts confirm the presence of the crystalline 

structure of mesoporous M-TiO2/SBA-15 catalyst 

(Figure 1b). As shown in Figure 1b, all M-Ti-SBA-15 

photocatalysts show a wide and low-intensity peak at 

2θ =24° related to the SBA-15 amorphous walls 

[17,30,31]. The diffraction peaks obtained from 

2θ ≅25°(101), 38° (004), 48° (200), 54° (105), 

55° (211), and 63° (204) show the crystal structure of 

anatase-TiO2 (JCPDS, 01-084-1285) and the 

remaining peaks prove the presence of the following 

metals; Co (JCPDS, 03-065-3103), Cr (JCPDS, 01-

073-6548), Ni (JCPDS 65-6920), Cu (JCPDS, 01-080-

1916), and Fe (JCPDS, 01-079-5902). A slight 

deviation after the metal insertion of the anatase TiO2 

peak indexed to the (101) plane at 25.5° indicates that 

the anatase TiO2 and the inserted metal are in close 

contact to promote photogenerated electron transfer 

and, therefore, photocatalytic efficiency [21]. 

SEM images of M-Ti-SBA-15 were taken at 15 kV; 

the   results  are  shown  in   Figure  2.  As   shown   in 

https://www.sciencedirect.com/science/article/pii/S0167577X17318840#f0010
https://www.sciencedirect.com/science/article/pii/S0927775714008735#fig0005
https://www.sciencedirect.com/science/article/pii/S0927775714008735#fig0005
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Figure 2a, the SBA-15 has rod-like morphology, which 

is typical for SBA-15 [32]. In the synthesized 

photocatalysts, after titania and metal nanoparticles 

were incorporated into the silica framework, the 

filamentous structure of SBA-15 remained, which is 

complies with the small-angle XRD results. Titania 

particles were distributed evenly on the SBA-15 pore 

walls in M-Ti-SBA-15 photocatalysts. This 

phenomenon is also clearly seen in the elemental 

mapping of Ti in the M-Ti-SBA-15 photocatalyst in 

Figure 3a. The image of the M-Ti-SBA-15 photocatalyst 

shows that the metal is well dispersed except for M=Cr, 

Cu. In these photocatalysts, agglomerated metal 

particles of different sizes are observed on the external 

surface of the SBA-15. The elemental mapping images 

of metals; Co, Cr, Cu, Fe, and Ni show that extremely 

good distribution was obtained after synthesis, as seen 

in Figure S1 (Supplementary materials). 

The elemental analysis of M-Ti-SBA-15 was 

determined through XRF analysis and SEM-EDX 

analyses, as shown in Table 1. The obtained metal 

loadings in the M-Ti-SBA-15 are in good agreement 

with the value estimated in the synthesis procedure, 

except for the Cr metal. The numerical difference 

between the results of the SEM-EDX and the XRF 

analyses might have come from analysis techniques; 

the first is performed on the photocatalyst surface, and 

the other on the bulk. Only about 2% of the Cr metal 

was loaded due to the leaching of the Cr during 

washing in the loading process, as seen in Table 1. In 

the literature, Cr metal was loaded around 1% at 

most [33]. The leaching of the Cr might be overcome by 

loading the Cr metal before the Ti metal. 

 
Figure 2. SEM images of SBA-15 (a), Ti-SBA-15 (b), and M-Ti-

SBA-15; Co (c), Cr (d), Ni (e), Cu (f), and Fe (g). 

Table 1. Structural, chemical, and textural properties of synthesized photocatalysts. 

Catalyst 

Loading metal amount (%) 
Crystallite 

sizes of TiO2 

(nm)a 

Surface 

Area 

BETb 

(m2/g) 

Pore 

Volumec 

(cm3/g) 

Pore 

Diameter 

(nm)c 

Lattice 

parameter 

a0(nm)a 

Pore Wall 

Thickness 

nmd 

Band Gap 

Energye 

(eV)f 

Determined 

by XRF 

Determined 

by SEM-EDX 

SBA-15 - - - 732 0.89 5.95 13.33 7.38 2.37 

Fe-

TiO2/SBA-

15 

12.8 8.2 10.85 553 0.62 5.40 12.53 7.13 2.04 

Cu-

TiO2/SBA-

15 

7.2 7.5 10.99 460 0.61 5.67 12.69 7.02 3.30 

Ni-

TiO2/SBA-

15 

10.1 7.7 10.92 528 0.67 5.61 12.61 7.00 3.24 

Cr-

TiO2/SBA-

15 

2.5 1.3 10.93 613 0.72 5.55 12.62 7.07 3.24 

Co-

TiO2/SBA-

15 

11.2 7.1 10.87 533 0.62 5.44 12.55 7.11 2.00 

a From XRD, b Multipoint BET method, c From BJH method, d Wall thickness (a0 − pore diameter), e From UV-DRS 
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N2 adsorption-desorption isotherms and the pore 

size distribution curves of M-Ti-SBA-15 were found 

using the BJH model from the desorption branch, as 

shown in Figure 3. According to the IUPAC 

classification, the synthesized SBA-15 and M-Ti-SBA-

15 exhibited type IV characteristic curves with type H1 

hysteresis loop [11]. The SBA-15 presents the 

hysteresis loop at moderate relative pressures 

(0.6<p/p0<0.73) in a range representing the self-filling 

of mesopores due to capillary condensation, indicating 

that maintaining the uniform mesostructure of the SBA-

15. All the M-Ti-SBA-15 catalysts also exhibited a 

similar trend in the hysteresis loop with a slightly higher 

relative pressure range than the SBA-15. The pore size 

distribution curves shown in Figure 4b display a uniform 

pore size of about 7.1 nm with a uniform cylindrical 

shape for all the samples [30], confirmed by SEM 

observation. 

 

Figure 3. (a) N2 adsorption-desorption isotherms and (b) 

pore distributions of M-Ti-SBA-15 (M=Co, Cr, Ni, Cu, Fe). 

Textural properties concerning the M-Ti-SBA-15 

are presented in Table 1. The decrease in BET surface 

area, pore volume, pore diameter, and pore wall 

thickness of the SBA-15 after metal doping perhaps 

comes from plugging the SBA-15 pores with metal and 

titania. However, its surface area still falls within the 

range of high-quality SBA-15, about 500–1000 m2/g 

[34]. The textural properties of M-Ti-SBA-15 have minor 

variations depending on metal types which may be 

compatible with an ionic radius of metals [35,36]. 

Meanwhile, the pore wall of M (Fe, Co)-Ti-SBA-15 is 

thicker than the other metal types considering their 

ionic radius, which may be attributed to the metal and 

titania being successfully incorporated inside the 

mesopore walls [31]. 

UV-DRS analyses of synthesized photocatalysts 

are given in Figure 4. It was observed that Ti-SBA-15 

has a large absorption drop of around 380 nm, which 

complies with the absorption on the bandgap of 

anatase TiO2 [37]. In addition, the strong adsorption 

peak at about 350–400 nm demonstrates the TiO2 

particles are larger than 5 nm [38]. After metal doping, 

the obtained band at 200 nm—240 nm is attributed to 

the metal-doped SBA-15 framework silica [39]. The 

absorption range of the synthesized photocatalyst 

increased compared to the Ti-SBA-15. In particular, the 

absorption over a broad spectrum range in the Co-Ti-

SBA-15 photocatalyst might positively affect the 

photocatalytic efficiency [40]. 

 
Figure 4. Diffuse reflectance UV–vis spectra of M-Ti-SBA-

15 (M=Co, Cr, Ni, Cu, Fe). 

The bandgap energy (Eg, eV) was calculated 

using the Kubelka–Munk function's modified plot, as 

shown in Figure S2 and Table 1. It is estimated by 

extrapolation of the linear part of the plot of [F(R)] hν]2 

versus hν, where h and ν are Plank’s constant and 

frequency [14,19]. 

The calculated values of the optical band gap 

energies were considerably blue-shift compared with 

those of the TiO2 anatase phase (3.2 eV). The 

decrement in the bandgap energies of photocatalysts 

indicates quantization effects, which improves the 

photocatalytic properties. 

Photocatalytic properties of M-Ti-SBA-15 and 
reusability 

The photocatalytic activities of M-Ti-SBA-15 were 

evaluated by the degradation of methylene blue under 

UV-light  irradiation.  The results  of  the  photocatalyst 
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efficiencies are given with adsorption and photocatalyst 

efficiencies calculated after subtracting the amount of 

adsorbed dye in Figures 5a and 5b, respectively. 

 

Figure 5. The photocatalytic degradation efficiency of M-

Ti-SBA-15 (M=Co, Cr, Ni, Cu, Fe), SBA-15, and Degussa P25 

a) with adsorption, and b) with subtracting the adsorption effect 

(Reaction conditions: 75 m catalyst,150 mL, 20 mg/L MB 

aqueous solution). 

As shown in Figure 5, no methylene blue 

degradation was obtained in the absence of catalyst 

and the presence of pure SBA-15 (Figure 6b). It was 

observed that only SBA-15 reached the adsorption 

equilibrium after one hour due to the adsorption 

properties of the SBA-15 (see Figure 6a). The 

degradation efficiencies of P25 and M-Ti-SBA-15 (Fe, 

Cu, Ni, Co) toward MB were 27.6%, 55.7%, 60%, 

63.4%, and 69.8% after 360 minutes of irradiation, 

respectively. The all-metal-doped photocatalyst 

exhibited higher photoactivity than the Degussa P25 in 

the conditions where all tested photocatalysts had the 

same amount of TiO2, except Cr because little Cr was 

loaded, as understood from the SEM-EDX and XRF 

results. This enhanced efficiency could be due to the 

close contact between the titania and metals, 

increasing electron mobility to participate in the redox 

reaction to give active oxygen, which enhances the 

photodegradation of the methylene blue [2,14,20,41]. In 

this mechanism, with close contact, the electrons in the 

metal might be transferred to the conduction band of 

the TiO2 and accumulate on the surface (1) of the TiO2 

preventing the back transfer of electrons by the 

Schottky barrier [42]. Transferred electrons might 

reduce the oxygen on the surface of the Co-Ti-SBA-15 

to obtain oxygen radicals (∙ 𝑂2)(2). These radicals might 

be combined with H2O to give active species further       

(∙ 𝑂𝐻) (3 and 4). At the same time, the (h+) ions might 

be directly oxidized by H2O. Finally, the produced 

radicals degrade methylene blue to the products (5). 

The possible reaction process is as follows: 

( )15 15Co Ti SBA h Co Ti SBA e h − +− − − + → − − − +  (1) 

( ) 2 215 15Co Ti SBA e O Co Ti SBA O− −− − − + → − − − +  (2) 

( ) 215 15Co Ti SBA h H O Co Ti SBA

OH H

+

+

− − − + → − − −

+ +

 (3) 

2  or O H OOH OH− ++ →     (4) 

2 +  Methylene blue O OH Degradation products−+ →  (5) 

In addition, the high surface area of the M-Ti-SBA-

15 increased the adsorption ability of methylene blue 

molecules, which directly enhanced the reaction rate 

[21].  

A comparison of the photocatalytic efficiency of 

Co-Ti-SBA-15 with other SBA-15 nanocomposites is 

given in Table 2. As can be seen in Table 2, the Co-Ti-

SBA-15 is a promising catalyst under the given reaction 

conditions. Furthermore, in studies comparing the 

efficiency of the synthesized catalysts with Ti-SBA-15 

or Degussa P25 efficiency under the same conditions 

was examined; Ag-TiO2/SBA-15 [20] and Au-TiO2/SBA-

15 [21] photocatalysts exhibited 4 and 2 times higher 

photocatalytic activity than those of TiO2/SBA-15 and 

Degussa P25, respectively. Compared with these 

catalysts, obtaining similar efficiency at the Co-Ti-SBA-

15 photocatalyst is promising, making it possible to 

replace precious elements. Additionally, in another 

study, the photoactivity of Co-SBA-15 was compared 

with Degussa P25 under sunlight. The same value was 

found, which might indicate that enhanced 

photocatalytic efficiency comes from the synergistic 

effect of the Co-Ti interaction [43]. 

Overall, the Co-Ti-SBA-15 photocatalyst showed 

the highest degradation efficiency; therefore, this 

sample was selected for evaluation of reusability, as 

shown in Figure 6. After five cycles, no significant 

decrease  in  its  photocatalytic  activity  was  observed 
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Table 2. Comparison of the efficiency of some metal-SBA-15 photocatalysts. 

Photocatalyst Dyes 

Reaction Conditions 

Catalytic efficiency 

(%), Time (min) 
References 

Dye concentration (mg/L)/catalyst 

dosage (mg) /adsorption 

time(min)/irradiation source 

Au/TiO2/SBA-15 Methylene Blue 20.0/100/30/ visible light (300 W) 100 %, 210 [21] 

Ag–TiO2/SBA-15 Methylene Blue 5.0/100/60/visible light (300 W) 89 %, 30 [20] 

Ag/CeO2/SBA-15 Congo red 
0.5/500/30/UV (2.16W) 

pH = 5.5 
100%, 180 [44] 

WO3-SBA-15 Methylene Blue 30/100/-/visible light (500W) 90%, 300 [45] 

Fe-Ti-SBA-15 Methylene Blue 15.0/20/60/UV (400W) 82%,180 [46] 

TiO2/SBA-15 Methylene Blue 30.0/20/60/UV (300W) 73 %, 150 [11] 

Ag@AgBr/SBA-15 Rhodamine B 20.0/300/60/ UV (500W) 88 %, 300 [47] 

Co-SBA-15 Methyl violet 
50.0/25/120/Solar radiation 

pH=6 
69 %, 150 [43] 

Co-Ti-SBA-15 Methylene Blue 20.0/75/60/ UV (32W) 70%, 360 
Present 

work 

 

 
Figure 6. The reusability of Co-Ti-SBA-15. 

After this, the reused catalyst was characterized 

by XRD, SEM-EDX, and N2 adsorption-desorption 

isotherms/desorption analyses to determine the 

structural deviation (Figures S3, S4, and S5 and Table 

S1). The reused catalyst retained the crystal and 

hexagonal structure of fresh Co-Ti-SBA-15 and uniform 

meso structure despite some pore-clogging with the 

pore size slightly changed from 5.44 nm to 4.76 nm. 

Furthermore, the obtained metal loadings in the Co-Ti-

SBA-15 from the SEM-EDX results were the same as 

the value of fresh photocatalyst, which showed that no 

Co-metal leaching occurred during the dye degradation 

process. Therefore, Co-Ti-SBA-15 maintains its activity 

and stability after reuse for several cycles. 

 

 
CONCLUSION 

Transition metals (Fe, Cu, Ni, Cr, and Co) were 

loaded onto highly dispersed TiO2 within the 

mesostructured SBA-15. The characterization results 

show that the expected metal and titania loadings were 

obtained with a good distribution on SBA-15. 

Furthermore, the synthesized materials exhibited an 

intimate contact between the metal and titania, 

increasing electron mobility and enhancing 

photocatalytic activity by widening the photo response 

UV range. Among all the evaluated photocatalysts, Co-

Ti-SBA-15 showed a photocatalytic degradation 

efficiency four times as high as Degussa P25, 

comparable to the efficiency obtained with precious 

metals. Therefore, the Co-Ti-SBA-15 photocatalyst, 

exhibiting excellent reusability of the photocatalytic 

activity under UV irradiation, may be used in the 

practical application of pollutant degradation. 
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NAUČNI RAD 

EFEKAT INTERAKCIJE METAL-TITANIUM NA 
FOTODEGRADACIJU U FOTOKATALIZATORIMA 
METAL-TITANIUM NANETIM NA SBA-15 

 
Nekoliko prelaznih metala (Fe, Cu, Ni, Cr i Co) je ubačeno u Ti-SBA-15 korišćenjem 

metoda sinteze u dva koraka. Za karakterizaciju su korišćene analize XRD, SEM-EDX, 

izoterme adsorpcije-desorpcije N2, XRF i UV-DRS. Rezultati su potvrdili očuvanje 

uređene mezoporozne strukture, dobro dispergovanog Ti-metala i poboljšanu apsorpciju 

svetlosti u poređenju sa Ti-SBA-15. Fotokatalitičke performanse su procenjene u 

degradaciji metilenskog plavog pod UV svetlom. Rezultati pokazuju da je Co-Ti-SBA-15 

pokazao najveću fotokatalitičku aktivnost među pripremljenim fotokatalizatorima za 

razgradnju metilenskog plavog. Značajno povećanje aktivnosti može se pripisati 

povećanoj adsorpciji reaktanata mezoporoznom strukturom SBA-15, dobroj distribuciji 

TiO2 u porama SBA-15 i povećanoj pokretljivosti prenosa elektrona usled dopinga 

metala. Pored efikasnosti, Co-Ti-SBA-15 je pogodan katalizator za degradaciju boje, 

pokazujući dobru stabilnost u degradaciji metilen plavog tokom pet fotokatalitičkih ciklusa 

bez ikakvog odstupanja strukture. 

Ključne reči: prelazni metali, mezoporozni materijal, Ti-SBA-15, fotokatalitička 
degradacija, ponovna upotreba. 


