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H I G H L I G H T S

• The synthesis time influences on the textural and chemical properties of Ni-MCM-41.

• Ni incorporation into mesoporous walls decreases the accessibility to the active sites.

• The low Ni loading favor the H2 adsorption of Ni-MCM-41 materials at 77 K.

• Ni-MCM-41 materials provided an interest alternative in Atrazine degradation.
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A B S T R A C T

Ni-MCM-41 nanocomposites were prepared by direct hydrothermal synthesis with different Ni contents. Various
characterization techniques were conducted in order to study the properties of the materials. H2 storage capacity
and degradation of atrazine by heterogeneous photo-Fenton-like process were studied. The results indicated that
the structural, chemical, adsorption and catalytic properties of the resulting materials strongly depend on the
hydrothermal treatment days and the nickel content. The increase in the Si/Ni molar ratio leads to higher
presence of nickel oxide and increment in hydrothermal treatment days favours the Ni incorporation inside
mesoporous walls, decreasing the accessibility to the active sites.

1. Introduction

Environmental pollution is one of the greatest problems that the
human civilization is facing today. Industrial and agricultural activities
generate serious environmental pollution in air, water and soil, dete-
riorating the ecological balance of ecosystems and the human health.
On the one hand, the massive energy demand of the world is mainly
satisfied by the nonrenewable fossil fuels, which produce environ-
mental pollution problems and undesired alterations in the weather
patterns arising from global warming effect. The decrease of fossil fuel
supply and global warming require the search of new alternative and
renewable energy sources [1]. Hydrogen is regarded as a future energy
carrier due to its high energy density per unit as long as it is produced
from renewable sources. However, the on-board vehicular hydrogen
storage is the main barrier for the implementation of hydrogen
economy. Therefore, many studies are focused on nanoporous materials
as hydrogen storage systems, which must meet the requirements

established by D.O.E (United States Department of the Energy) [2–5].
On the other hand, the water pollution by toxic pollutants is other

major concern today. Among different agrochemicals, atrazine is one of
the most widely used herbicides in sugarcane, corn and sorghum cul-
tures [6,7]. Due to the direct application of atrazine to crops, there is
the opportunity for the substance to contaminate soil and, conse-
quently, water sources via runoff. This pollutant, not readily biode-
gradable presents relatively high persistence [8]. Current research
shows that atrazine exposure may pose a threat to human health, with
drinking water providing the most widespread route of exposure [9]. In
this sense, the called advanced oxidation processes (AOPs) are being
investigated exhaustively for the removal of contaminants from the
environment [10]. Among them, the photo-Fenton process appears as
an effective alternative method to treat recalcitrant organic pollutants
like most agrochemicals [11,12]. Besides Fe (conventional Fenton
process), other transition metals can also catalyze the reaction men-
tioned above. In fact, the reaction system using Ni as the photo-Fenton
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catalyst can follow a similar “mechanism of reaction” as that of Fe and
is referred as a photo-Fenton-like reaction [13–15]. Recently, much
attention has been paid to the photo-Fenton and photo-Fenton-like
processes, mainly focusing on the heterogeneous process [16]. Thus,
the use of heterogeneous catalysts, such as mesoporous materials,
provides an easy separation and recovery of the catalyst from the
treated wastewater, not causing secondary metal ion pollution [17].

The discovery of the new family of mesoporous molecular sieves
M41S in 1992 by Mobil scientists [18], opened a new area of inorganic
nanoporous materials with very promising applications [18]. One of the
members of this family, the MCM-41 materials have attracted much
interest, mostly due to their large specific area (> 900m2/g) and
controlled pore dimensions with uniform pore size distribution
(2–10 nm). Mesoporous materials modified with various heteroatoms
into the framework, such as Fe, Ni, Pt, Pd, Cu, have received con-
siderable attention in catalytic processes [19–22] as well as in ad-
sorption processes. A number of synthesis methods have been studied to
modify the MCM-41 support with an appropriate metallic cation,
achieving a proper metal dispersion and improving the number of ac-
tive sites per unit area [23–25]. Thus, in order to improve the hydrogen
storage of these materials, it is well known that the metal incorporation
into the pure siliceous MCM-41 structure increases the hydrogen ad-
sorption capacity [25–27]. Incorporation of metals into the pores of
mesoporous materials can be achieved by direct synthesis or by post-
synthesis. The addition of the metal ions during the synthesis of the
mesoporous materials can preferably lead to stabilization of highly
dispersed metal species into the mesoporous framework. Meanwhile,
post-synthesis methods such as wet impregnation, favor the formation
of bigger metal oxides over the surface of support. In previous studies
[26,28], we have reported that low Ni loadings favoured the hydrogen
adsorption of MCM-41 materials modified with Ni by wet impregnation
method. On the other hand, Parasanth et al. (2010), reported that metal
incorporation into the mesoporous materials in situ during hydro-
thermal synthesis enhanced of hydrogen adsorption.

In this sense, MCM-41 modified with nickel by direct incorporation
method, constitutes a very attractive solid in order to investigate the
hydrogen adsorption as well as the degradation of pollutants in aqueous
solution using Fenton and photo-Fenton systems.

In this work, we present the preparation of nickel modified meso-
porous silica by a direct synthesis method based on a sol-gel process.
The influence of the Si/Ni molar ratio in the synthesis gel and the hy-
drothermal treatment days on the physico-chemical properties has been
studied. We focus on the study of the effect of nickel over the structural

order, textural and chemical properties. Thus, mesoporous materials
were exhaustively characterized to determine their potential utilization
as materials for hydrogen storage and degradation of a model agro-
chemical (atrazine, ATZ) by a heterogeneous photo-Fenton process.

2. Materials and methods

2.1. Synthesis and characterization

The nickel-containing mesoporous materials were prepared by hy-
drothermal synthesis and the samples were named as Ni(x)y, where “x”
is the Si/Ni initial molar ratio and “y” is the hydrothermal treatment
days. See Supporting Information for details on synthesis procedure and
different characterization techniques employed.

2.2. Hydrogen storage measurement

Hydrogen (99.999%) physisorption experiments at 77 K and pres-
sures up to 10 bar were performed using an automated nanometric
system ASAP 2050 (Micromeritics Instrument Corporation). Previous to
all the adsorption experiments, the samples were degassed at 573 K
during 12 h under vacuum conditions (5× 10−3 mmHg).

2.3. Atrazine degradation

Photo-Fenton-like reactions for atrazine (ATZ, 2-chloro-4-ethyla-
mino-6-isopropylamino-striazine, C8H14ClN5, ≥90%, SYNGENTA) de-
gradation were carried out in an isothermal, well mixed, batch annular
reactor. See Supporting Information for details on the experimental
reaction and atrazine concentration measured [29].

Supplementary information about the device, procedures and the
degradation processes of this herbicide under photo-Fenton system can
be found in Benzaquén et al. [30].

3. Results and discussion

3.1. Characterization of the solids

Fig. 1a and b show the XRD patterns obtained for all the calcined
materials with initial Si/Ni molar ratios= 20 and 60 in the initial gel
and synthesis days of 0, 1, 3, 5 and 7 days. All of the patterns exhibit a
main (1 0 0) peak and three weak reflections ascribed to (1 1 0), (2 0 0)
and (2 1 0) planes, which are typical of highly ordered MCM-41

2 3 4 5 6 7

a

Ni(20)7

Ni(20)5

Ni(20)3

Ni(20)1

Ni(20)0

In
te

ns
ity

 (a
.u

.)

2 Theta (°)
2 3 4 5 6 7

b

Ni(60)1

Ni(60)5

Ni(60)7

Ni(60)3

Ni(60)0

In
te

ns
ity

 (a
.u

.)

2 Theta (°)

Fig. 1. Low-angle XRD patterns of samples with Si/Ni molar ratios (a) 20 and (b) 60.
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structures. As it is known, the number of well-defined peaks and their
relative intensities represent the relative structural ordering of MCM-41
materials [26]. Even though the mesostructure was formed before the
hydrothermal treatment (0 days hydrothermal treatment), the struc-
tural ordering was increased when the samples were hydrothermally
treated up to 3 days. Then, the decrease in the intensity of the first peak
for the Ni(20,60)5 and Ni(20,60)7 samples, besides an evident broad-
ening for all peaks, is attributed to a lowering of the lattice order.
Moreover, the shoulder observed at 2θ=3°, could also be indicating
the beginning of a phase transformation [31]. Thus, the hydrothermal
synthesis time has a considerable effect on the structural order of the
samples. This effect was analyzed for the Si/Ni molar ratios of 20 and
60, evaluating the degree of structural ordering for each sample in
comparison to a sample arbitrarily taken as reference with 100% of
ordering (Si/Ni 60 or 20 and hydrothermal synthesis of 3 days) [32,33].
Thus, Fig. S1 (Supporting Information) shows the degree of structural
ordering of the samples in function of hydrothermal treatment days. As
it can be observed, the structural regularity was increased when the
sample was hydrothermally treated. For both Si/Ni ratios (20 and 60), a
hydrothermal treatment time of 3 days appears optimum to obtain the
best structure. Then, a longer time appears to induce some disorder in
the structure [34,35], probably associated with an incipient phase
transformation [31,36,37]. In addition, it is notable that for Si/Ni= 20
samples the structural deterioration, caused for hydrothermal treatment
days increasing, is more pronounced.

On the other hand, several works have already reported that the
lattice parameter a0 is affected by the introduction of different ele-
ments, causing an expansion of the mesoporous channels
[25,33,38,39]. The substitution of Si4+ by the Ni2+ ions might distort
the pore arrangement due to an increase in the bond distance. There-
fore, the increment in the a0 parameter and in the pore diameter
(Table 1) with the increase in the hydrothermal synthesis days could
evidence the Ni incorporation inside the framework. However, the Ni
content determined by ICP (Table 1) was maximum (lowest Si/Ni molar
ratio) for the samples hydrothermal synthesized for 3 days. An incre-
ment in the hydrothermal time leads to a lower Ni content, which could
be attributed to a re-dissolution process favored by the hydrothermal
treatment. Thus, a hydrothermal treatment time above 3 days could
disturb the self-assembly process and induce to bond cleavages in the
silica, leading to Ni re-dissolution and its remove in the washing water.

The high-angle XRD patterns of the calcined samples (Fig. S2, in
Supporting Information) exhibit some very small peaks (2θ=37, 43
and 63°) characteristic of NiO oxide, whose intensities decrease with
the hydrothermal treatment days. This suggests that such species could
be finely dispersed, inside the mesochannels as well as on the external

surface [40]. It should be noted that the characteristic peaks of nickel
oxide are very attenuated in terms of intensity in relation to the broad
peak corresponding to MCM-41 amorphous silica (2θ=23°). As it has
already been reported [38] it is probable that for low metal contents,
the clusters and oxide nanoparticles form inside the mesopores and
when the metal loading exceeds some critical concentration, the na-
noparticles are also nucleated on the external surface of the support. In
contrast with these results, when mesoporous silica MCM-41 was
modified with Ni by the impregnation method [26], we could observe
larger NiO nanoparticles for samples with similar metal contents.
Therefore, this method of direct incorporation leads to oxide species
very finely dispersed on the support. Moreover, the hydrothermal
treatment would lead to a higher stabilization of the Ni into the fra-
mework and lower segregation of oxides.

The N2 adsorption–desorption isotherms and NLDFT pore size dis-
tribution (inset) for calcined samples are illustrated in Fig. 2a and b. All
the samples exhibit type IV isotherms, typical of a well-defined meso-
porous structure with an inflection at p/p0= 0.2–0.35, characteristic of
capillary condensation inside the mesopores of the MCM-41 structure
[41,42]. However, the adsorption capacity of all Si/Ni= 20 samples
decreased in comparison with Si/Ni= 60 samples, probably due to the
increased presence of clusters and/or small particles of metal oxides
finely dispersed inside the channels as well as some nanoparticles on
the external surface, which affects the pore structure and the textural
properties of the materials. The results obtained from the isotherms are
collected in Table 1. All of the materials show high area and pore vo-
lume, typical of MCM-41 materials.

It is important to note that the Ni(60)0 sample exhibits an pro-
nounced hysteresis loop H4 by the IUPAC classification, with a sharp
decrease of the desorption branch at p/p0= 0.45–0.5. This feature
could be related to the presence of interconnected pores and a perco-
lation effect, although the soft fall in the desorption branch at these p/
p0 values would permit discarding the presence of ink-bottle pores [43].
In addition, the shape of the hysteresis loop changes as the hydro-
thermal treatment increases, giving account for the formation of more
uniform shape pores. However, for both Ni contents, the isotherms of
the samples hydrothermal treated for more than 3 days show an im-
portant decrease in the adsorbed amount, which is in concordance with
the decrease on the specific surface and the structural ordering (evi-
denced by XRD). Also, these samples present a lighter inflection at p/
p0= 0.3–0.4, giving account for a broader pore size distribution.

On the other hand, the isotherms for both Si/Ni ratios present an
increase in the adsorption branch at p/p0∼ 0.9, which is ascribed to
structural defects and/or capillary condensation in secondary meso-
pores. The direct incorporation of the metal in the initial synthesis gel
and subsequent hydrothermal treatment would be responsible of sec-
ondary mesoporosity generation. Díaz et al. [44] have reported that a
change in the micellar size, due to the presence of metallic species in
synthesis medium, might favor the change from cylindrical micelles to
more complex aggregates. These aggregates would be responsible for
the building-up of such secondary porosity. Thus, a great amount of
metal in the synthesis medium may interfere with the formation of the
micelles by changing its ionic strength, giving rise to these complex
aggregates. Thus, this feature is more noteworthy for the Si/Ni= 20
samples, which have the higher Ni loading.

In addition, as it is observed in the pore size distribution (PSD) and
cumulative pore volume calculated by NLDFT, all the samples present
defined pore size, with a distribution of average pore size (Dp) of ap-
proximately 3.5 nm. It is noteworthy that with the increase of hydro-
thermal synthesis days, an increase in the average pore size is observed,
which is in agreement with the heteroatom incorporation into the fra-
mework.

Measurements of transmission electron microscopy of the calcined
materials were made in order to examine their structural regularity (See
the Supporting Information, Fig. S3).

UV–Vis DRS spectroscopy is used to infer about the coordination

Table 1
Structure properties and chemical composition of the synthesized samples.

Sample Si/Ni a Area
(m2/g)
b

Ni content
(wt. %) c

Si/Ni Dp (nm) d VTP

(cm3/
g)

a0 (nm) e

Ni(20)0 20 845 3.4 27 3.5 0.70 4.21
Ni(20)1 20 840 – – 3,7 0.82 4.35
Ni(20)3 20 855 6.6 13 3,8 0.83 4.52
Ni(20)5 20 – – – – – 4.45
Ni(20)7 20 522 2.9 23 3.9 0.48 4.19

Ni(60)0 60 966 1.6 58 3.5 0.81 4.09
Ni(60)1 60 875 – – 3.7 0.80 4.40
Ni(60)3 60 836 2.6 39 3.8 0.73 4.44
Ni(60)5 60 – – – – – 4.51
Ni(60)7 60 610 1.9 49 3.8 0.41 4.35

a In synthesis gel.
b Determined by BET.
c Determined method ICP.
d N2 adsorption-desorption.
e a0= (2/√3)d100.
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environment of different Ni species on the synthesized mesoporous
samples. The spectra of the calcined and non-calcined samples with
different hydrothermal treatment times are shown in Fig S4a and b
(Supporting Information).

Temperature-programmed reduction (TPR) is an extremely sensitive
technique that allows studying the reduction process of metallic species
on the solid, in order to determine the number of these reducible spe-
cies on the catalyst and the reduction temperature. It is known that the
reduction of the metal oxide species depends on the particles size and
the interaction of these with the support. The reduction takes place
involving all the reducible species, but not all particles are exposed to
hydrogen at the same time. Therefore, a decrease in the particle size of
the metal oxide makes the reduction faster due to a higher surface/
volume ratio, although these smaller particles can interact more in-
tensely with the support and thus slow down the reduction. Therefore,
the reducibility of the materials would be the result of the competition
of these two factors. The TPR profiles of the catalysts prepared in this
study with two different Si/Ni molar ratios (20 and 60) in the synthesis
mixture are illustrated in Fig. 3. In the case of Ni(20) samples, these
show a main peak at 923 K together with a shoulder about at 723 K.
This broad band can indicate nickel species with different reducibility
and interacting differently with the support, either dispersed on the
surface or located inside the pores of the catalyst [45]. Besides, the
samples with Si/Ni= 60M ratio present different profiles. Thus, an
intense and broad peak is observed for the Ni(60)0 at 673 K, whereas
that other catalysts exhibit a main peak at 673 K with other maximum
at higher temperatures (773–873 K). This fact suggests that the higher
reduction temperatures could be due to the nickel incorporation into
the mesoporous framework. Therefore, when the treatment days in-
crease, a high presence of Ni species more hardly reducible is achieved.
This feature is in concordance with the evidences from UV–Vis about on
the higher isolated nickel incorporation (both onto inner surface and
inside the mesoporous walls) with hydrothermal time increasing.

On the other hand, it is worth to note that the reduction process in
the Ni(20) samples extends at a higher temperature, probably due to
that highly dispersed species could be protected by the oxides coverage,
which is in concordance with UV–Vis analysis and N2 isotherms.

Infrared spectroscopy has been extensively used for the character-
ization of surface functional groups in solid catalysts (See the
Supporting Information, Fig. S5).

3.2. Energy and environmental applications

In order to study the hydrogen adsorption capacity at 77 K, calcined
materials with good structural ordering and different nickel dispersion
were selected. The Fig. 4 shows the adsorption excess isotherms of re-
presentative samples measured at 77 K and pressure up to 10 bar. All
the isotherms are totally reversible. Furthermore, the shape of the ex-
cess isotherm at high pressures is mainly influenced by the equation of
state of the adsorptive and, usually the isotherm will present a max-
imum, after which, the excess amount tends to diminish. The position of
this point depends basically of the adsorbate-adsorbent interaction as
well as on the thermodynamic state of the adsorptive [46]. In Fig. 4,
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this maximum was not observed for the calcined samples, due to that
the maximum storage capacity at 10 bar has not been reached yet. This
is important to take into account in the design of materials for hydrogen
storage.

The Ni(60)0 sample shows the highest capacity of H2 storage at
77 K, reaching a 1.1 wt.% near 10 bar. It is important to mention that
this sample also presents the higher SBET parameter which would also
be important in the H2 adsorption at 77 K. In our previous reports
[26,28], the Density Functional Theory calculations demonstrated that
the sites responsible of the H2 adsorption on Ni/SiO2 system are Ni
atoms with low coordination. Therefore, the nickel species dispersed on
the MCM-41 support could be promoting the presence of hydrogen-fa-
vorable sites, responsible for the highest H2 adsorption capacity at 77 K.
Comparing the behavior of the Ni(60)0 sample with the sample with 3
hydrothermal treatment days, the decrease in the hydrogen storage
capacity with the increase of the hydrothermal days could be probably
associated with the incorporation of such Ni sites within the mesopore
walls, which would decrease the accessibility of these sites towards
hydrogen. It noteworthy that although with the hydrothermal treat-
ment days the nickel isolated species proportion overcomes to that of
the oxide, these species (incorporated in higher proportion inside the
walls) would be less accessible. In addition, is noteworthy that a de-
crease in the SBET was observed with the increase of hydrothermal
synthesis days, which is in agreement with the decreased in the H2

adsorption.
On the other hand, when the nickel loading is increased, the sam-

ples with Si/Ni ratio of 20 show a minor adsorption capacity. This
behavior may be probably due to a blocking effect of the adsorption
sites by larger Ni oxides. Even an opposite behavior was found for the
samples with Si/Ni= 20, the difference in the H2 adsorbed amount
between the Ni(20)0 y Ni(20)3 samples is slightly small, whereby it
could be considered depreciable. The fact that these samples have the
same behavior could be attributed to that besides their SBET are similar,
the accessibility to active sites is diminished for both samples.

Thus, in our previous report [26,47], the hydrogen storage capacity
of the pure MCM-41 was 0.88 wt.% around 5–6 bar, after which, the
hydrogen uptake diminishes. Therefore, it is clear that the Ni con-
taining mesoporous materials has a positive effect on the hydrogen
sorption capacity.

On the other hand, the feasibility of the ATZ degradation by a
heterogeneous photo-Fenton-like process with nickel modified meso-
porous silica was investigated. Experiments were conducted under the
best operating conditions for ATZ degradation reported by Benzaquén

et al. [30].
The atrazine degradation using the calcined samples with both Si/

metal ratios (Si/Ni= 20 and 60) and for a hydrothermal treatment time
of 0 and 3 days, is presented in Fig. 5. As it can be observed, the activity
reached a maximum for the sample with a Si/Ni= 60 ratio and hy-
drothermal treatment time of 0 days. Thereby, a decrease of the ATZ
degradation is observed with the hydrothermal treatment days for Si/
Ni= 60, probably due to the incorporation of the active species inside
the pore walls. This is once again according to the behavior observed
previously, whereby the catalytic activity of Ni(60)0 sample is due to
the highly dispersed nickel species on the MCM-41, favouring the ac-
cessibility of the reactant molecules to the active site. Then, an increase
of the Ni content (Si/Ni molar ratio= 20) did not introduce an atrazine
conversion enhancement, leading to a lower reactant degradation. Be-
sides, both samples (Ni(20)0 y Ni(20)3) presented similar catalytic
activity. Such behavior would be probably due to a blocking of the
active species protected by the covering with oxide species.

In addition, the Turnover Numbers (TON, defined as moles of
atrazine degraded/moles of Ni) were calculated at the end of the cat-
alytic reaction [48]. These values are shown in Table S2 (Supporting
Information). It is can be seen, they steadily decrease with increasing
metal content which would indicate that, much of the Ni is not effec-
tively used during the catalytic photo-oxidation. This fact could be
confirming a possible blocking of the Ni species responsible for the ATZ
degradation.

Finally, in order to confirm the presence of dispersed Ni species on
the support (sites responsible for the hydrogen adsorption and catalytic
activity), the adsorption of pyridine coupled to IR spectroscopy was
carried out for the calcined samples with initial Si/Ni molar ratio= 60.
The pyridine is used as a probe molecule for qualitative and quantita-
tive determination of both Brønsted and Lewis acid sites. In a previous
report [26,28], we determined the presence of highly dispersed Ni
species judging by the formation of adducts of pyridine-Lewis sites at-
tributed to the interaction between Ni unoccupied molecular orbitals
and pyridine.

Here, the IR spectra of pyridine adsorbed on the materials (Fig. 6)
show the characteristic bands at 1597 and 1447 cm−1, which corre-
spond to hydrogen-bonded pyridine, since pyridine can form hydrogen
bonds with the silanol groups present in the structure. However, it is
necessary to clarify that this last band at 1447 cm−1 appears over-
lapped with the band at 1445–1455 cm−1 corresponding to the Lewis
acidity [32–34]. It is noteworthy that this acidity decreased when the
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synthesis time is about 3 days. This behavior may be probably assigned
to the decrease of the Lewis acid sites over the pore walls due to the
incorporation of nickel into the silica framework.

Then, the pyridine thermodesorption at 323, 373 and 473 K for an
hour allowed us to infer about the strength of Lewis acid sites. Thus, the
intensities of all bands decreased when the temperature reached 473 K
under vacuum. Such feature indicates that the Lewis sites are strong
enough to retain the pyridine molecules until 473 K.

Therefore, the results of pyridine chemisorption followed by IR
spectroscopy for these samples (along with other characterizations
techniques) confirmed the presence of highly dispersed Ni species.
These pyridine-Lewis adducts decrease with increasing hydrothermal
synthesis days due to the Ni incorporation inside the structure.
Whereby, these sites would be the sites responsible for the H2 adsorp-
tion capacity and ATZ degradation by the heterogeneous photo-Fenton
process.

4. Conclusion

Nickel modified mesoporous silica with MCM-41 structure were
prepared by the direct hydrothermal synthesis method. The effect of Ni
loading and the hydrothermal treatment days on the textural, struc-
tural, adsorption and catalytic properties of the materials was in-
vestigated. The samples presented well-ordered hexagonal mesos-
tructure, however the structural regularity appears to be slightly
decreased for 5 and 7 hydrothermal treatment days. The increase of the
hydrothermal treatment leads to lower oxide segregation and favours
the Ni incorporation inside mesoporous framework. Thus, combined
characterization results indicate that the synthesis time has an im-
portant influence on the textural, structural and chemical properties of
the nickel modified mesoporous silica. Likewise, the increase in the Si/
Ni molar ratio leads to higher presence of nickel oxide.

Hydrogen adsorption capacity of Ni-containing mesoporous mate-
rials modified with nickel was measured at 77 K up to 10 bar. The re-
sults demonstrated that the sample with a molar ratio Si/Ni= 60 and
without hydrothermal treatment presented the highest hydrogen

adsorption, probably due to their high SBET and the accessibility to
active nickel species highly dispersed on the support. Thus, although
the hydrothermal time leads to the isolated nickel species incorporation
into the framework, also could enhance their introduction inside the
mesoporous walls decreasing their accessibility. When the Si/Ni molar
ratio increase, the accessibility to active sites is diminished due to
blocking of the active species protected by the covering with oxide
species.

Besides, the mesostructured nickel-containing catalysts have been
successfully proved in Atrazine degradation by the heterogeneous
photo-Fenton-like process in aqueous solutions. As a result of this, the
sample with nickel loading of 1.6 wt.% (Ni(60)0) allowed to reach
values of the pollutant degradation of about 60.3%.

In conclusion, the nickel containing mesoporous silica presents the
option of developing materials versatile and efficient to be employed in
energy and environmental applications.
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