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Three surfactants were selected from a series of 

EOx/POy/EOx triblock copolymers and ethoxylated 

octylphenol as nonionic templating agents for the 

synthesis of silica mesoporous materials at room 

temperature and by hydrothermal treatment. The 

surfactants were ethylene oxide-propylene oxide-

ethylene oxide tri-block copolymers (Pluronic F68) 

and a polydisperse ethoxylated octylphenol (Triton 

X-100). The obtained materials were compared with 

SBA-15 mesoporous silica synthesized with 

Pluronic P123 surfactant and were used as support to 

obtain Ni and NiTi-silica catalysts (2.5% NiO, 5% 

TiO2). The synthesized materials were characterized 

by X-ray diffraction, scanning electron microscopy 

(SEM), transmission electron microscopy (TEM), N2 adsorption-desorption, IR and UV-Vis spectroscopy. Catalytic and 

photocatalytic activity of Ni and NiTi-silica samples were tested, with and without H2O2, for phenol and Brilliant Blue FCF dye 

oxidative degradation in the liquid phase. The obtained results showed a significant effect of surfactant on silica structure, 

morphology, texture, catalytic and photocatalytic properties.  

 

 
INTRODUCTION 

In the last years, micelle-templated mesoporous 

silica materials have emerged as a solution for the 

development of many applications as catalysts or 
supports for pollutant removal, drug delivery 

systems, or biocompatible implants.1-4 These 
applications demand the control of pore size, 

accessibility, morphology, stability and surface 

functionalization by various tailored synthesis 
strategies on surfactant packing and transformation 

of the liquid crystalline phase. Among the methods 
most used in the synthesis of mesoporous silica 

materials is soft templating in which a surfactant or 
amphiphilic block copolymer directs the 

mesoporous material synthesis by forming micelles 
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in solution, around which the silica precursor will be 
polymerized under hydrothermal conditions.4 

Despite the great working volume devoted to the 
preparation of mesoporous materials, the research 

carried out to understand the mechanism involved in 

their formation, is old and scarce.5,6 The interactions 
between the surfactant and inorganic precursor 

determine the synthesis pathway, the mechanism of 
assembly and the class of the mesoporous materials 

obtained. Thus, the mesoporous materials can be 
prepared by electrostatic attraction manifesting in 

the case of ionic surfactants7,8 or by hydrogen 
bounds established between the inorganic precursors 

and the surfactants.8–12 In the last years, among the 
surfactants used to template nanostructured 

materials, polyethoxylated nonionic surfactants 
drew the attention of researchers due to their 

physico-chemical characteristics very interesting but 
also to their low-cost, reduced toxicity and 

biodegradability. Owing to their balanced 
hydrophilic-lipophilic character, ethoxylated 

surfactants present in aqueous solutions or in 
oil/water systems, are able to produce spectacular 

phenomena by small variations of concentration, 

temperature, immiscible phase ratio, or addition of 
electrolytes.13-15 By changing both the hydrophobic 

(alkyl or alkylaril) and hydrophilic (polyethylene 
oxidic – PEO) chains, nonionic surfactants can 

cover a very wide range of polarities. As a function 
of chemical nature, concentration, and temperature, 

nonionic surfactants can produce various organized 
structures like spherical micelles, cylindrical, 

hexagonal, cubic, or lamellar aggregates. The 
assembly of inorganic polymerizable reactants on 

the surface of these structures allows obtaining 
materials with nanometric pores, without the use of 

swelling agents.5,6,16 The obtained nanomaterials can 
have channeled disordered structures or well-

ordered cubic, hexagonal, and lamellar 
arrangements of pores. 

The neutral route to prepare mesoporous 

materials templated with polyethoxylated nonionic 

surfactants offers some advantages.17 For example, 

the assembly can be carried out at neutral pH, at a 

relatively low reaction temperature (20 – 65 ºC). 

Also, the surfactant can be recovered by simple 

solvent extraction without affecting the surface 

areas and the pore size. In addition, the pore 

branching and especially, the complementarity 

textural porosity associated with the wormhole 

framework, can improve catalytic reactivity by 

facilitating access to the reactive sites in the 

framework. These characteristics make nonionic 

surfactants ideal to synthesize mesoporous 

materials. Among many mesoporous silicas 

obtained with nonionic surfactants, SBA-15 has 

attracted attention because of its large mesopores, 

stable pore walls and an interconnected 2D 

hexagonal mesostructure (p6mm).18-20 

The mesoporous silica materials are well known 

as excellent catalyst supports due to their pores 

with tunable size, high specific surface area and 

ordered porous structure. The immobilization of 

heteroatoms on the surface of mesoporous silica 

frameworks can generate catalytically active sites. 

On the other hand, the impregnation of metal or 

metal oxide nanoparticles onto the mesopore 

surface is a very useful strategy to achieve high 

efficiency in the catalytic reaction. The obtained 

catalysts and photocatalysts, by immobilization of 

various metal species, proved a high activity in the 

oxidation of organic compounds21-26 as phenol.21, 24, 

26 Among the metals immobilized on mesoporous 

silica, nickel has been less studied in oxidation 

reactions22 or photocatalytic degradation of organic 

compounds.23 In these reactions SBA-15 is among 

the most studied mesoporous silica as support with 

high surface area and ordered mesoporous 

structure to immobilization of various metals, and 

the obtained materials were used as catalysts26 or 

photocatalysts.27-31 Most of the photocatalysts 

contain Ti, single or associated with another active 

metal, supported on SBA-15, and were used in 

organic compounds degradation from water.26-30 

Photocatalysts that do not contain Ti have also 

been prepared, and an example is a series of 

mesoporous NixCoy/SBA-15 catalysts with 

different Ni/Co ratios. These materials showed 

high activity in benzyl alcohol conversion and 

selectivity to benzaldehyde.31  

Recently has been revealed that NiO and TiO2 

semiconductor oxides have photocatalytic activity.32 

The band gap energy of NiO nanoparticles is 3.5 eV 

and these were utilized for the degradation of 

organic compounds.32,33 It has been also proven that 

NiO-TiO2 mixed oxides perform well as active 

photocatalysts in dyes degradation.34   

Herein, novel micelle-mesoporous silicas were 

synthesized by nonionic surfactants as 

polydisperse ethoxylated octylphenol (OPEO10) 

(Triton X-100) and ethylene oxide-propylene 

oxide-ethylene oxide (EO76-PO30-EO76) and 

(EO20PO70EO20) tri-block copolymers (Pluronic 

F68 and P123). The obtained mesoporous silica 

materials were characterized by X-ray diffraction 

at lower angles, scanning electron microscopy, 

transmission electron microscopy, N2 adsorption-
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desorption, UV-Vis and Infra-Red spectroscopy 

techniques, and were used as supports for Ni and 

Ti oxides immobilization. The structural and 

morphological properties of the obtained new 

materials were compared with those of SBA-15 

mesoporous silica. In addition, catalytic and 

photocatalytic activity of the materials obtained by 

immobilization of metal (Ni, Ni/Ti) oxides were 

tested, with and without H2O2, for phenol and 

Brilliant Blue FCF dye oxidative degradation in a 

liquid phase. The effects of silica support on 

catalytic properties and supported nickel oxide on 

photocatalytic performances were evidenced. 

RESULTS AND DISCUSSION 

The synthesis route of mesoporous silicas was 

the electrically neutral assembly pathways based 

on the hydrogen-bonding interactions between the 

polyethylene oxide groups of surfactants and the 

tetraethylorthosilicate (TEOS). In the preliminary 

studies we used, as modeling agents of mesoporous 

silica structure, a series of EOx/POy/EOx  

triblock copolymers (PEO11PPO16PEO11-PL35, 

PEO13PPO30PEO13 - PL64, PEO20PPO70PEO20 – 

P123, PEO76PPO30PEO76 - PF68) and ethoxylated 

octylphenol (OPEO10) -Triton X-100. The used 

surfactants have different ethylene oxide 

(EO)/propylene oxide (PO) ratios and a 

hydrophilic-lyophilic balance (HLB) between 7 

and 29. In the Triton X-100 surfactant molecule, 

the hydrophobic part is made up of the octylphenyl 

chain and the hydrophilic part, of PEO segments  

with a real average ethoxylation degree of about 

10. The surfactants’ characteristics are presented in 

Table 1. Pluronic triblock copolymers have a 

molecule consisting of a hydrophobic block of 

polypropylene oxide (PPO) framed by two 

hydrophilic blocks of polyethylene oxide (PEO), 

having the structure: EOx-POy-EOx. Pluronic 

triblock copolymers (EOx-POy-EOx) have a 

molecule formed by a hydrophobic block of 

polypropylene oxide (PO) surrounded by two 

hydrophilic blocks of polyethylene oxide (EO). 

Due to their amphiphilic nature, Pluronic 

molecules self-aggregate forming specific 

structures in the solvent, with the PEO groups 

orienting at the interface to avoid direct contact 

between the solvent and the insoluble block. 

Aqueous solutions of Pluronics offer a variety of 

phase behaviors and transitions between different 

states, determined by changes in the 

hydrophobicity mainly of the PPO block and to a 

lesser extent of the PEO block, under the influence 

of temperature or surfactant concentration. At 

concentrations lower than the critical micellar 

concentration (CMC), the copolymers exist in 

solution as individual monomers35 and above the 

CMC, micellar aggregates appear. They have well-

defined spherical shapes with the core consisting 

of the PPO block and surrounded by a crown in 

which the PEO blocks dominate. Depending on the 

concentration of the surfactant, self-aggregation 

can lead to the most different structural formations 

including mice of different shapes and sizes, 

complex structured microemulsions and liquid-

crystalline phases. 

 
Table 1 

Characteristics of the surfactants used in the preparation of mesoporous silica materials 

Surfactants 

 
Commercial name 

Molecular 

mass 
(%) EO HLB 

CMC  

(M) 

EO20 PO70 EO20 Pluronic P123 5,800 30  8 4.4×10–6 (a) 

EO13 PO30 EO13 Pluronic PL64 2,900 40 15 4.8×10–4 (a) 

EO11 PO16 EO11 Pluronic PL35 1,900 50 19 5.3×10–3 (a) 

EO76 PO30 EO76 Pluronic PF68 8,400 80 29 
4.8×10–4 (a) 

7.1×10–4 (b) 

OPEO10 TritonX100  646.8 68 13.6 2.3×10–4 (b) 

(a) CMC values from the literature.36 
(b). CMC values determined in our laboratory by the ring method. 

 

The concentration of the surfactant solutions 

used in our syntheses was higher than CMC for 

Triton X-100 and Pluronic P123 being 1×10–2 M 

and respectively 1.7 × 10-4 M. For all other 

Pluronics, the solutions had a surfactant 

concentration of 1.7 × 10-4 M, being smaller than 

CMC (see Table 1). The mesoporous silicas were 

synthesized at room temperature or by hydrothermal 

treatment and the obtained samples were compared 

with those prepared with a higher concentration of 

Pluronic P123 (2×10–3 M) in acidic conditions 

(pH=1.5) and hydrothermal treatment. 
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The chosen synthesis method, with 

polyethoxylated nonionic surfactants, highlight 

advantages such as the assembly of the reactant 

(TEOS), polymerizable on the surface of the 

micellar aggregates, both at neutral pH and at 

relatively low temperatures (20–65°C). The 

obtained results showed that under these conditions 

(pH = 5 and 21°C) the mesoporous silica materials 

were obtained only in the case of surfactants with 

higher EO percent (i.e., Pluronic PF68 and 

TritonX100). They are in agreement with previous 

results obtained by the use of block copolymers in 

the synthesis of mesoporous silica, and attest that 

surfactants with shorter EO moieties form less 

ordered materials and the EO/PO ratio has a 

significant effect on the formation of the silica 

mesophase.37 In the synthesis of mesoporous silica 

pH can influence both the silica condensation rate 

and the surfactant-water interaction. In our 

synthesis the silica condensation rate is about the 

same, at 1.5 and 5 values of pH, a result in accord 

with Zhao et al.38 In acid media hydronium ions 

interconnect with oxygen atoms of EO by 

Coulombic interactions generating a more stable 

and ordered structure for the obtained mesoporous 

silica. 

The particle shape and surface morphology of 

the synthesized samples were analyzed using 

scanning electron microscopy (SEM). Figure 1 

shows a significant decrease in particle size for 

PF68 samples obtained by hydrothermal treatment 

and variation of their morphology. 
   

  

  

Fig. 1 – SEM images of mesoporous silicas obtained with Pluronic F68 and Triton X-100 surfactants at room temperature  

(samples PF68 and TX100) and by hydrothermal treatment (samples PFH68 and THX100). 

 

A considerable change in morphology is also 

observed for the TXH100 sample obtained in an 

autoclave and by hydrothermal treatment 

compared to TX100 sample for which the aging 

was carried out at room temperature. In acid 

conditions and a higher concentration of P123 

surfactant, typical for SBA-15 silica, a rod-like 

morphology was evidenced for the obtained 

sample (Fig. 2a). No effect of calcination on the 

morphology was evidenced for all the samples.   
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Fig. 2 – SEM (a) and TEM (b) images and X-Ray diffractogram (inserted figure) of SBA-15 sample. 

 

  
  

  

Fig. 3 – TEM images of PF68 (a), PFH68 (b, c) and TX100 (d) samples. 

 

TEM micrographs (Fig. 2b) and X-Ray 

diffractogram (inserted in Fig. 2b) also confirm the 

hexagonal array of the ordered channels of our 

SBA-15 mesoporous silica. Though, the X-ray 

diffractograms at small angles of the other samples 

did not present peaks that indicate an ordered 

porous structure. TEM images from Fig. 3 show 

the presence of worm-like mesopores for PFH68 
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and TX100 samples. These images, coupled with 

results obtained by X-ray at small angles, suggest 

the possibility of local, but not in the bulk, order. 

TEM image from Fig. 3a indicates nanostructures 

formed by the packing of spherical micelles and 

confirms the formation of more disordered PF68 

mesoporous silica. The mesopores were 

characterized by nitrogen sorption isotherms and 

pore size distribution (see Fig. 4). All isotherms are 

typical for mesoporous silica (type IV). The H2 

hysteresis loops of TX100 and PF68 samples 

evidence porous materials with pore size and pore 

shape not well defined. Unlike these silica 

materials, for SBA-15 H1 hysteresis typical for 

pores with narrow pore size distribution was 

obtained. A significant effect of the hydrothermal 

treatment on the adsorption-desorption isotherm 

can be seen in Fig. 4. Especially for the PFH68 

sample, the adsorption-desorption isotherms 

indicate the formation of cavities probably due to 

agglomerations of surfactant molecules. For these 

samples was obtained a H4 hysteresis that show 

the presence of slit-shaped pores which lead to 

larger cavities in the case of sample PFH68. Pore 

size increased with surfactant molecule size and, in 

the case of the Pluronic surfactants (PF68 and 

P123), with degree of the hydrophobic 

polypropylene oxide block polymerization (lowest 

HLB value, see Table 1). 

The highest pore volume and lowest surface 

area were obtained for the TX100 sample. High 

specific surface area was obtained for SBA-15 

ordered mesoporous silica (894 m2/g) and lower 

values for TX100 (682 m2/g) and PF68 (542 m2/g).  

 
  

0.0 0.2 0.4 0.6 0.8 1.0

TX100

V
p

, 
cm

3
/g

Relative pressure, p/p0

0 30 60 90

 D
V

p
/d

D
, 

cm
3

/g

 Pore diameter, A

 

0.0 0.2 0.4 0.6 0.8 1.0

V
p

, 
cm

3
/g

Relative pressure, p/p
0

0 30 60 90
 Pore diameter, A

 D
V

p
/d

D
, 

cm
3
/g

 

0.0 0.2 0.4 0.6 0.8 1.0

TXH100

PFH68

V
p

,c
m

3
/g

Relative pressure, p/p
0

 

0.0 0.2 0.4 0.6 0.8 1.0

V
a
d

s.
, 

cm
3

/g

Relative pressure, P/P0

SBA-15

0 10 20 30 40

d
V

p
/d

D
, 

cm
3

/g
Pore diameter, A

 

Fig. 4 – N2 adsorption-desorption isotherms and pore size distribution of the mesoporous silica materials obtained  

with Triton X100 and PF68 surfactants without (samples TX100 and PF68) and by hydrothermal treatment  

(samplesTXH100 and PFH68) compared to SBA-15. 



 Mesoporous silica 333 

 

FTIR spectra of materials obtained with Triton 

X100 and PF68 surfactants, at room temperature 

(sample PF68) or hydrothermal treatment (samples 

TXH100 and PFH68) are analogs and typical for 

mesoporous silica. The variation of band intensity 

from about 3500 cm–1 shows the effect of 

hydrothermal treatment and calcination (samples 

marked with c) on silanols and physically adsorbed 

water from the silica surface. Thus, the higher 

silanol groups and adsorbed water molecules were 

evidenced for samples obtained by aging at room 

temperature. Comparing samples PFH68c and 

PF68c, can be observed that under hydrothermal 

treatment the number of silanol groups on the silica 

surface decreases significantly.  
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Fig. 5 – FTIR spectra of mesoporous silica materials obtained 

with Triton X100 and PF68 surfactants in presence and 

absence of the hydrothermal treatment before and after 

calcinations. 

 

UV-Vis spectra of Ti/SBA-15 and Ni/Ti/SBA-

15 samples indicates (Fig. 6) a wide absorption 

band in the UV range, suggesting their use in 

photocatalytic reactions carried out under 

conditions of irradiation with this light.  
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Fig. 6 – UV-Vis spectra of the Ti/SBA-15 and  

Ni/Ti/SBA-15 samples 

The obtained materials were tested as a support 

for metals with catalytic or photocatalytic activity. 

A first test was carried out in the oxidation reaction 

of phenol with hydrogen peroxide. The catalysts 

used were obtained by immobilizing Ni nitrate on 

mesoporous silica oxides. The variation of 

conversion over time for the phenol oxidation in 

water was thus compared. The catalysts used were 

supported on silica obtained with or without 

hydrothermal treatment. The best conversion and 

stability were obtained for Ni/SBA-15 sample (Fig. 

7). For the other samples, the conversion decreased 

as follows: Ni/TX100c > Ni/PF68c > Ni/TXH100c 

> Ni/PFH68c (Fig. 7).  
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Fig. 7 – Variation of the phenol conversion  

with time for Ni/silica samples. 

 

The difference between the obtained conversion 

values may be due to the structural and textural 

properties (specific surface area and pore shape). 

The high conversion obtained for Ni/SBA-15 is the 

result of the high specific surface area and the 

ordered porous structure that favors the mass 

transfer of the reactants to the surface-active centers. 

In the case of the other samples, the specific surface 

is lower and the shape of the pores is less favorable 

for mass transfer, especially in the case of samples 

obtained on supports synthesized by hydrothermal 

treatment (ex. PFH68). The greater number of 

silanol groups on the surface can favor the 

immobilization of Ni species and the increase of 

catalyst stability. The stability of these catalysts in 

the phenol oxidation reaction from aqueous solution 

was evaluated by isolating and reusing them in 3 

successive reaction cycles. Figure 8 evidenced that 

the most stable catalyst is the one obtained by 

immobilizing nickel oxide on SBA-15 mesoporous 

silica. This support is often used in catalytic and 

photocatalytic reactions due to its stability, which is 

why we used it for comparison with the other 

supports synthesized with neutral surfactants. The 

decrease in conversion can be due to both changes 

in the support and leaching of nickel. Considering 

that the difference between the catalysts studied is 
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primarily due to the supports properties, we can 

explain the decrease in conversion as result of the 

support instability. The obtained results confirm that 

the more unstable supports were obtained without 

hydrothermal treatment.  
 

 
Fig. 8 – The variation of phenol conversion during three 

reaction cycles for the obtained catalysts. 
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Fig. 9 –  Degradation of phenol under UV light in presence 

and absence of H2O2. 

 

Photocatalytic tests were carried out for the 

purpose of phenol degradation indicated 

insignificant conversions with the exception of the  

Ni/SBA-15 sample for which a degradation 

efficiency of 5% was obtained after 5 hours of 

irradiation. Instead, in the presence of hydrogen 

peroxide and irradiation, the degradation was 

100% after only 1 hour of reaction (Fig. 9).   

A similar effect of hydrogen peroxide was also 

observed for the NiTi/SBA-15 and Ti/SBA-15 

samples in the case of the degradation of the 

Brilliant Blue FCF dye in water.  

NiTi/SBA-15 and Ti/SBA-15 photocatalysts 

degraded Brilliant Blue FCF dye from water even 

in the absence of hydrogen peroxide (Fig. 10). The 

presence of nickel oxide near supported TiO2 does 

not favor its activity. Decreasing of Ti/SBA-15 

photocatalytic performance is result of higher band 

gap energy in the presence of NiO (3.46 eV). The 

rate constants (k) have been calculated for 

photocatalytic dye kinetics by measuring slopes on 

ln(C0/C) against time. The degradation reaction of 

the Brilliant Blue FCF dye in the presence of 

NiTi/SBA-15 and Ti/SBA-15 photocatalysts was 

described by the Langmuir-Hinshelwood (L-H) 

model proving a pseudo-first-order kinetic for the 

photocatalytic process. The values obtained for 

kinetic constants were: 12.5  10–4 min–1 (with 

R2=0.9859) for Ti/SBA-15 and 9.8  10–4 

(R2=0.9868) for NiTi/SBA-15, respectively 

Both the catalytic and photocatalytic tests 

highlighted the effect of support and of 

immobilized metal oxide on the photocatalytic 

activity of the tested materials. It can be considered 

that the morphology of the supports obtained with 

TX100 and PF68 surfactants (Fig. 1) is not 

favorable for the illumination of the active centers, 

but this effect is insignificant compared to the 

photocatalytic inactivity of nickel oxide in the 

degradation of phenol.   

  

 

Fig. 10 – Variation of Brilliant Blue FCF dye photocatalytic degradation in time under UV (254 nm)  

and Plot of ln(C0/C) versus time. 
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These results are also supported by some data 

from the literature39 that indicate the need for a 

long irradiation time for the degradation of phenol 

in the presence of the nickel catalyst. The 

photocatalytic activity of nickel oxide was also 

lower in the case of dye degradation. The addition 

of hydrogen peroxide in the photocatalytic 

reactions, even in low concentration, favored the 

formation of •OH radicals, which are reactive 

oxygen species for the advanced degradation of 

phenol. This combined oxidation method 

represents an efficient solution for application se of 

the obtained materials as photocatalysts in phenol 

degradation, frequently found as pollutant in the 

wastewaters. 

The previous studies that the rate of •OH 

radicals formation is higher than that of hydrogen 

peroxide decomposition.40 The conversion products 

from the oxidative degradation of phenol, in the 

presence of hydrogen peroxide40 or under UV 

radiation,41 were analyzed by HPLC 

chromatography. The obtained products were: 

catechol, hydrochinone, resorcinol, maleic acid, 

fumaric acid, oxalic acid and acetic acid. 

Depending on the concentration of oxygenated 

water, the nature of the catalyst, the conditions and 

the reaction time, the concentration of advanced 

degradation products or the degree of 

mineralization varied.   

EXPERIMENTAL 

Materials 

Tetraethylorthosilicate (TEOS) and PEO11PPO16PEO11 

(L35), PEO13PPO30PEO13 (L64), PEO20PPO70PEO20 

(P123) block copolymers were obtained from Sigma-Aldrich. 

PEO76PPO30PEO76 (Synperonic PE/F68), was obtained 

from Chemical & Polymer Group, England and Triton X-100 

(OPEO10) from Merck, Germany. The average ethoxylation 

degree of the sample determined by the NP-HPLC method as 

reported elsewhere42 was 10.30 and the ethoxymer distribution 

ranged from 2 to 18. As metals precursors were used Titanium 

butoxide from Acros Organics and Nickel acetate from Sigma-

Aldrich. 

Preparation of mesoporous silicas 

The mesoporous silica materials were synthesized at room 

temperature and by hydrothermal treatment as follows. The 

concentration of the surfactant solutions was 10–2 M for Triton 

X-100, 5×10–4 for P123 (for SBA-15 synthesis), higher than 

its critical micelle concentration (CMC) and 1.7×10–4 M for 

Pluronic F68 which was smaller than the CMC. The TEOS 

was added under stirring to surfactant dispersion in water. The 

final TEOS/H2O/surfactant molar ratio was 1/56/1.7×10–3. In 

the case of Triton X-100, the final molar ratio was 1/56/10–1 

and for the synthesis of SBA-15 was 1/175.83/1.62×10–2. The 

obtained sol-gels were aged under moderate stirring at 21C 

for 15 hours or hydrothermal treated at 100°C. The obtained 

white solids were separated, dried in air dried at 80 °C and 

finally calcined at 550 °C. 

Preparation of   Ni/silica catalysts and Ni-Ti/SBA- 

15 photocatalysts 

Ni/silica catalysts were obtained by impregnation of the 
mesoporous silica materials with aqueous solution of nickel 
acetate. The concentration of each solution was calculated 
taking into account the value of the determined impregnation 
capacity and the desired final concentration of nickel oxide 
(2.5 wt %).  

After impregnation, the materials were dried for 24 hours 
at room temperature and at 80°C. Finally, the materials were 
calcined at 550°C for 8 hours in air. The obtained materials 
were named Ni/TX100c, Ni/TXH100c, Ni/PFH68c, Ni/PF68c 
and Ni/SBA-15. The synthesis of Ti/SB-15 (5% wt TiO2) was 
presented in a previous article.29 Ni/Ti/SBA-15 photocatalyst 
(2.5 wt % NiO) was obtained by impregnating the Ti/SBA-15 
support with aqueous solution of nickel acetate through a 
procedure identical to the one described above.  

Characterization of Materials 

The samples were characterized by several experimental 
methods such as: X-ray diffraction, scanning electron 
microscopy (SEM), transmission electron microscopy (TEM), 
N2 adsorption-desorption, IR spectroscopy. X-ray diffraction 
spectra were recorded on a Rigaku Ultima IV diffractometer 
by using CuKα radiation (λ = 0.1541 nm). N2 adsorption-
desorption measurements were carried out at –196°C using a 
Micromeritics ASAP 2020 automated gas adsorption analyzer. 
The morphology of the sample was investigated by scanning 
electron microscopy (SEM) using a high-resolution 
microscope, FEI Quanta 3D FEG. The UV-Vis spectra were 
recorded on a PERKIN LAMBDA 35 Spectrophotometer. The 
average pore diameter was obtained from the desorption 
branch of the hysteresis curve using the Barrett–Joyner–
Halenda (BJH) method. 

Catalytic reactions 

The obtained catalysts were tested in oxidation of phenol 

with hydrogen peroxide (molar ratio 1/3) in aqueous solution 
(1×10–2 M). The oxidation reactions were carried out in the 
thermostated glass microreactor (5 mL) with magnetic stirring 
at 30°C. Each reaction was carried out simultaneously in 5 
microreactors, each using 0.05 g of catalyst. The contents of 
the micro-reactors were analyzed in turn at one-hour intervals. 
3 mL of suspension was taken out and the catalyst separated 
from the suspension using a Millipore syringe filter. The 
variation of the phenol concentration was evaluated by 
measuring the UV-Vis absorbance of the isolated solution 
from the reaction mixture. After first reaction the catalyst 
powder was separated by centrifugation, dried and reused in 
two other reaction cycles.   
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Photocatalytic test 

The photocatalytic reactions were carried out in quartz 

reactors, under magnetic stirring, at room temperature and in 

presence of UV radiation lamp (filter λ = 254 nm).29 9 mL of 

phenol aqueous solutions (6.4 ×10–4 M) was mixed, in dark 

conditions, with 6.8 mg of photocatalyst. After 30 minutes 

was introduced 0.5 mL of hydrogen peroxide aqueous solution 

(30%). The obtained mixture was irradiated with UV light. 

Photocatalytic degradation of Brilliant Blue FCF from 

aqueous solutions (1×10–5 M) was carried out in quartz 

reactors, similar conditions 8 mL solution of dye and 1.5 mg 

of catalyst were used. At given irradiation times, 3 mL of 

suspension was taken out and the catalyst separated from the 

suspension using a Millipore syringe filter. In both types of 

test reactions the absorbance (A) of solution was measured by 

a Perkin Elmer Lambda 35 UV-Vis spectrophotometer. No 

analysis of the reaction products was performed.  

CONCLUSION 

Mesoporous silica materials were obtained in the 

presence of nonionic surfactants (Triton X100, 

Pluronic PF68 and 123), highlighting the effect of 

the surfactant nature and synthesis conditions on the 

structure and texture of the obtained supports. A 

significant role of pH and hydrothermal treatment 

was evidenced on the porous structure and its 

stability. The properties of the obtained silica 

supports did influence both the catalytic and 

photocatalytic properties of Ni/silica materials. The 

lower stability in catalytic oxidation was shown for 

catalysts with Ni supported on mesoporous silica 

obtained without hydrothermal treatment. Low 

photocatalytic activity was obtained both in the 

degradation of phenol and Brilliant Blue FCF dye. 

The association of UV light with small amounts of 

hydrogen peroxide determines a significant 

increasing of the phenol photocatalytic degradation. 
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