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A B S T R A C T

This work explores the development of hybrid Nb2O5/carbon xerogel photocatalysts. The precursor materials
used, such as tannin and recycled niobium scraps, enhance the economic and environmental aspects of the
synthesis. The materials were characterized by diffuse reflectance spectroscopy, scanning electron microscopy,
dispersive energy spectroscopy, infrared spectroscopy, Raman spectroscopy and X-ray diffraction. The photo-
catalytic action of the material was evaluated by methylene blue decomposition as determined by UV–visible
spectroscopy. Anhydrous niobium oxide has a hexagonal structure. The X-ray profiles of the materials developed
(XC-wNb) are similar to Nb2O5, confirming the presence of inorganic oxide in the matrix of these composites.
The chemical elements that compose the samples are homogeneously distributed on the surface of the samples,
confirming the dispersion of the oxide in the carbonaceous matrix. The XC-wNb absorbs radiation in a con-
siderably wider range than inorganic oxides, in this case, for the entire wavelength range used in the experi-
ments, thereby suggesting the synergistic effect of xerogel and niobium oxide on the optical properties of the XC-
wNb samples. All XC-wNb presented photocatalytic activity under visible radiation, evidencing the beneficial
coupling effect on the photocatalytic properties of the material. The XC-24Nb was the most effective photo-
catalyst at the wavelength used due its composition, morphological and photochemical properties. The me-
thylene blue photodegradation is controlled to a greater extent by reaction with the OH• radical. The XC-24Nb
also presents high stability and reusability, which are optimal properties for industrial application.

1. Introduction

Heterogeneous photocatalysis, using semiconductors, is viewed as a
reliable alternative for the decontamination of effluents containing
organic dyes. The advantage of this process over conventional methods
is the conversion of the toxic molecule into non-toxic compounds.
Therefore, the toxic material is eliminated from the effluent and not just
transferred to another phase [1].

The mechanism of photocatalysis is based on the photoexcitation of
a semiconductor by sunlight or artificial light when the energy of in-
cident light is larger than that of a band gap. This interaction excites
electrons of the valence band, which will then migrate to the conduc-
tion band. This migration generates a vacancy in the valence band and
an excess of electrons in the conduction band. This process is re-
sponsible for the generation of hydroxyl and superoxide radicals,

essential for the oxidation of organic dyes [2,3]. However, if the elec-
tron-vacancy pair recombines, such electrons will not be available for
the redox reaction, reducing the quantum efficiency of the process [4].
In addition, some semiconductors have high gap energy, absorbing only
ultraviolet radiation [5]. Therefore, in order to improve the efficiency
of the photocatalytic process, it is necessary to develop materials or
modifications that i) decrease the recombination of the electron-va-
cancy pair, ii) increase the surface area of the solid catalyst, hence in-
creasing the adsorption of the organic molecule on its surface, and iii)
decrease the gap energy of the semiconductor [6].

To overcome this problem, hybrid materials have been employed to
extend the semiconductor excitation towards the visible range and
enhance its photocatalytic activity by acting as sensitizers [3]. A class of
porous materials called carbon xerogels has attracted much attention
recently as catalytic support because of their peculiar properties, such
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as low mass density, high electrical conductivity and high surface area
[7]. In addition, another important factor for using carbon xerogels as
support is the possibility of structural control of the three-dimensional
network formed [8]. Synthesis conditions (choice of catalyst, solvent,
precursor concentration and pH) influence the kinetics of the various
reactions involved in a sol-gel process, therefore affecting the porous
structure of the resulting gel [9]. Thus, it is possible to prepare mate-
rials with specific pore size, which will improve the accessibility of the
organic compounds to the active sites, increasing the efficiency of the
photocatalysis.

In this context, the development of hybrid composites based on
niobium oxide and carbon xerogel is a good alternative to optimize the
photocatalytic process, given that, in addition to the advantages de-
rived from carbon xerogel, Nb2O5 presents excellent stability and cor-
rosion resistance, both in acidic and in basic media, also absorbing
radiation in the UV region and displaying considerable catalytic and
photocatalytic properties [10]. Furthermore, its hydrocolloid is not
stable in water (it is easily separated from the effluent), it has smaller
internal resistance and a lower charge recombination rate compared to
TiO2 and its metallic form is abundant in Brazil [11–13].

To reduce the costs of the xerogel synthesis, cost-effective and eco-
friendly carbon xerogels can be synthesized by using tannins [14].
Tannin can be easily extracted from plants, especially from wood.
Tannins are phenolic molecules, and thus, their behaviour is similar to
the common and costly resorcinol/formaldehyde systems, with respect
to their reactivity with aldehydes, their gelation and their drying [15].
The tannin used in this work (PHENOTAN AP) is obtained through a
slight chemical modification of the wattle bark extract. Additionally,
PHENOTAN AP can be bought for less than 1 US$ kg−1 [16]. Fur-
thermore, the synthesis developed in this work employs recycled nio-
bium scraps as a precursor, reducing the costs inherent to the synthesis
and adding value to the aforementioned residue.

Therefore, this work aims to evaluate the synthesis and application
of the hybrids carbon xerogel/Nb2O5 as visible-light sensitive photo-
catalysts for the mineralization of organic compounds, in this case, the
dye known as methylene blue.

2. Experimental

2.1. Preparation of the carbon xerogel/Nb2O5 composite

The carbon xerogel/Nb2O5 composite was prepared at room tem-
perature. Initially, 14.1 g of mimosa tannin extract (PHENOTAN AP®,
TANAC SA) and 120 g of deionized water were mixed. After complete
dissolution of the PHENOTAN AP® in the aqueous solution, the solution
of niobium ions (prepared by dissolving a pre-defined mass of recycled
niobium scraps in HNO3 and HF) and 15 mL of 37% formaldehyde were
added to the reaction. Finally, NH4OH solution (1:3 v/v) was added
until precipitation. The formed material was washed to pH 7 and oven
dried at 100 °C to constant weight. Then, the resulting material was
carbonized in a muffle furnace at 300 °C for 1 h.

The amount of Nb in the hybrid material was gradually increased by
adding more niobium ion solution and NH4OH solution during the
preparation. Such materials are identified by the acronym XC-wNb,
where XC means carbon xerogel, w is the mass of metallic niobium used
in the preparation of the niobium ion solution, and Nb represents the
Nb2O5.

The amount of Nb, acid and base used in the preparation of each
material is listed below:

XC: prepared by adding 20 mL of 40% HF, 16 mL of HNO3, without
the addition of solubilized niobium. Posterior addition of NH4OH so-
lution until pH = 10.

XC-3Nb: prepared by dissolving 3 g of Nb in 10 mL of 40% HF and
8 mL of 65% HNO3. Posterior addition of 80 mL of NH4OH solution.

XC-6Nb: prepared by dissolving 6 g of Nb in 20 mL of 40% HF and
16 mL of 65%

HNO3. Posterior addition of 160 mL of NH4OH solution.
XC-9Nb: prepared by dissolving 9 g of Nb in 30 mL of 40% HF and

24 mL of 65% HNO3. Posterior addition of 240 mL of NH4OH solution.
XC-12Nb: prepared by dissolving 12 g of Nb in 40 mL of 40% HF

and 32 mL of 65% HNO3. Posterior addition of 320 mL of NH4OH so-
lution.

XC-24Nb: prepared by dissolving 24 g of Nb in 80 mL of 40% HF
and 64 mL of 65% HNO3. Posterior addition of 640 mL of NH4OH so-
lution.

The anhydrous niobium oxide used in this work was produced by
the conventional precipitation of the hydrated niobium oxide, followed
by the calcination of the material at 550 °C for 6 h.

2.2. Characterization

Crystalline structure and the presence of inorganic impurity were
investigated by X-ray diffraction (XRD), using a PANalytical X′Pert PRO
MPD 3060 diffractometer, equipped with an X′celerator detector, op-
erating at 40 kV and 30 mA with MoKα radiation. XRD patterns were
collected in the 2θ range from 10 to 70° at step size of 0.026°.

Sample morphology was observed using a scanning electron mi-
croscope equipped with a field emission gun (FEG-SEM), TESCAN
model MIRA 3.

Energy dispersive spectroscopy (EDS) measurements were carried
out in an Oxford INCA Energy Microanalysis System coupled to SEM.

UV–vis diffused reflectance (DR) spectra were performed on a
UV–vis spectrophotometer (Shimadzu UV-2600) with the integration
sphere diffuse reflectance attachment.

The infrared spectra were acquired by Fourier transform infrared
spectroscopy using a universal attenuated total reflectance sensor
(FTIR-UATR) (Perkin Elmer Spectrum, model Frontier). The FTIR
spectrum was an average of 16 scans at a speed of 2 s per scan at a range
of 450–4000 cm−1. The resolution of the spectrometer was set to
4 cm−1.

Raman spectra of the materials were collected with a LabRAM HR
Evolution model Raman Spectrophotometer (Horiba) equipped with a
camera and using an Ar laser (532 nm). The spectra were taken be-
tween 50 and 2000 cm−1 with acquisition time of 30 s, 2 cycles and a
slit size of 100 µm.

2.3. Evaluation of catalytic activity in the photodegradation of methylene
blue

The tests for the determination of the photocatalytic activity were
performed in a jacketed reactor with a height of 30 cm high and an
internal diameter 10 cm. A PL-L lamp was placed inside a quartz tube
(4 cm in diameter and 40 cm in length) with a closed end, which was
immersed in the reactor.

The reactor was filled with 500 mL of methylene blue solution with
known concentration and amount of photocatalyst. The temperature of
the photocatalytic process was maintained at 25 °C, controlled by the
passage of water through the reactor jacket. A uniform suspension of
photocatalyst in the solution was obtained by magnetic stirring.
Aliquots of 2 mL were collected at regular intervals and filtered through
0.22 µm disposable filters. The concentration of dye in the filtrate was
determined spectrophotometrically at a wavelength of 673 nm.
Solutions with higher concentrations, which could not be accurately
measured spectrophotometrically, were previously diluted.

Initially, tests were performed to determine the time required for
the adsorption-desorption equilibrium to be reached. The amount of
dye adsorbed on the photocatalyst was calculated by the difference
between the initial amount of dye in solution and the total amount of
dye in solution at a given time.

After the adsorption-desorption equilibrium determination, the
samples were exposed to radiation from an artificial light source at the
visible wavelength. The radiation source was an OSRAM L 36 W/954
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2G11 lamp. The photocatalytic reaction was monitored for 300 min,
and the concentration of the dye in the solution was determined spec-
trophotometrically at determined intervals as previously described.

The trapping experiments used the following scavengers: silver ni-
trate (AgNO3, 1 mmol), methanol (0.2% v/v), benzoquinone (BenzQ,
1 mmol), EDTA (1 mmol) and sodium azide (1 mmol). The tests were
conducted using the same methodology proposed above.

3. Results and discussion

3.1. Characterization

Fig. 1 shows the diffractogram of the XC-wNb samples.
The XC-24Nb, XC-12Nb and XC-9Nb showed characteristic peaks of

Nb2O5 hexagonal phase (JCPDS number 00-007-0061), confirming the
presence of this crystalline phase in the materials calcinated at 300 °C.
Materials with a lesser amount of niobium oxide in its composition (XC-
6Nb and XC-3Nb) showed no defined peaks. These results showed that
the peak intensities of the samples increase as the niobium oxide/
carbon xerogel ratio increases. In addition, the TT phase transformation
occurs at a lower temperature in the hybrids (300 °C) than in the reg-
ular niobium oxide (500 °C); this difference is likely due to the struc-
tural rearrangement improvement caused by the presence of carbon
[17–19]. It is reported in the literature [18,19] that the TT phase is
stabilized by impurities, such as OH-, Cl- or vacancies, which can im-
prove the photocatalytic process through the formation of ·OH radicals.

The materials were evaluated in a field emission scanning electron
microscope (FEG-SEM). The results are shown in Fig. 2.

Fig. 2A to G show the heterogeneity of samples XC-3Nb, XC-6Nb
and XC-9Nb, respectively. Notably, the samples have similar char-
acteristics, which are composed of dense particles with no defined
shape and size (Fig. 2A, C and E), in which smaller nodular particles are
deposited (Fig. 2B, D and F). However, Fig. 2E shows that part of the
particles deposited on the dense particle of the sample XC-9Nb are in
the form of rods (Fig. 2G) with uneven size distribution (blue arrows).

Fig. 2H and I show the particle size distribution of XC-12Nb. The
sample is composed of nodular nanoparticles. However, the presence of
a small amount of larger particles without defined shape (blue arrows)
and rods (red arrows) is observed. Thus, it can be said that among the
composites in question, this material has the greatest morphological
uniformity.

Fig. 2J to L shows the morphology of XC-24Nb. The sample has
nodular nanoparticles (Fig. 2J and K), rod-shaped particles (region
highlighted in red, Fig. 2J), and particles with no defined shape
(highlighted in blue, Fig. 2K). Although the sample has a greater

amount of nodular nanoparticles in this region, the same is not true for
the whole sample. We can observe the presence of large quantities of
rod-shaped particles in another region of the sample. The enlarged
image of this region (Fig. 2L) shows the absence of nodular nano-
particles, as only rods and larger particles with no defined shape can be
identified. Although the three particle forms have been identified in the
XC-12Nb and XC-24Nb samples, the first one is more homogenous than
the second, as every sampled region has similar characteristics in
Fig. 2H and I, whereas the same was not true for XC-24Nb. This phe-
nomenon may be related to the larger amount of inorganic material
used in the XC-24Nb synthesis.

The FEG-SEM analysis showed the influence of the carbon/Nb ratio
on the composite morphology, characterized by the change in shape
and size of the particles that constitute the materials. Higher particle
sizes are generally obtained for higher carbon/Nb ratios (observed in
samples XC-3Nb, XC-6Nb and XC-9Nb), whereas such particles are not
identified when lower ratios are used; in this case, the presence of
nodular nanoparticles and rods is more representative (samples XC-
12Nb and XC-24Nb). The most heterogeneous materials were XC-9Nb
and XC-24Nb, as the largest amount of rod-shaped particles was ob-
served in these materials.

It is possible that XC-12Nb and XC-24Nb will present higher effi-
ciency in the degradation of the dye because, in addition to having a
larger amount of niobium oxide in their composition, they have smaller
particles than the other materials, resulting in a larger contact area.
They also have a larger area of voids (formed between the particles),
which will facilitate the diffusion of the organic molecule into the
particle agglomerate. In addition, between these materials, the XC-
24Nb will probably present higher efficiency due the shape of the
particles, as the nanorods formed possess defects on the edges, which
can act as intermediate states for electrons, inhibiting or delaying the
rapid carrier recombination [27].

Fig. 3 presents the element mapping images of the prepared mate-
rials. It is observed that in the analysed regions, the chemical elements
that compose the samples are homogeneously distributed on their
surface, which will be beneficial for charge transfer efficiency, as the
fast charge transfer achieved in the interface between C and semi-
conductor contributes to diminish the transfer delay, decreasing the
surface recombination and allowing more electrons with higher den-
sities to pass [21,22].

Fig. 4A shows the absorption spectra obtained by diffuse reflectance
for niobium oxide and for the XC-wNb samples.

Prado et al. [20] reported that Nb2O5 absorbs radiation at wave-
lengths below 400 nm. The hybrid materials absorb radiation in a
considerably wider range than the inorganic oxides, absorbing the en-
tire range of wavelengths used. The absorption of radiation in the
visible region increases with more carbon in the material. This beha-
viour suggests a synergistic effect of xerogel and niobium oxide on the
optical properties of the XC-wNb samples. These results suggest that
carbon acts as a surface sensitizer, improving the light absorption
ability and the efficiency of charge transfer within and among the
heterojunctions [10,22]. As a result, the hybrid materials probably have
higher photocatalytic activity than inorganic oxides when irradiated
with visible light.

The Tauc equation (Eq. (1)) was used to determine the gap energy of
each material [23].

= −αhv B hv E( )gap
m (1)

where α is the absorption coefficient, hv is the energy of the photons,
and m is a number that defines the type of transition, assuming the
values of m = ½ for direct transition and m = 2 for indirect transition.

Based on the Tauc relation, a direct method for determining the gap
energy of a material was determined as (Eq. (2)) [23]:
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Fig. 1. X-ray diffraction of the prepared materials.
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Fig. 2. FEG-SEM images for: (A) XC-3Nb 10,000×; (B) XC-3Nb 50,000×; (C) XC-6Nb 10,000×; (D) XC-6Nb 50,000×; (E) XC-9Nb 10,000×; (F) XC-9Nb 50,000×; (G) XC-9Nb
50,000×; (H) XC-12Nb 50,000×; (I) XC-12Nb 100,000×; (J) XC-24Nb 50,000×; (K) XC-24Nb 50,000×; (L) XC-24Nb 100,000×.
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Fig. 3. Element mapping of (A) XC-3Nb, (B) XC-6Nb, (C) XC-9Nb, (D) XC-12Nb and (E) XC-24Nb.

Fig. 4. A) Absorption spectra for XC-wNb and Nb2O5; B) ( ) ( )vs vsAbs
λ λ

Abs
λ λ

2 1 2 1 graph for XC-wNb.
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where Abs is the absorption corresponding to a wavelength λ; λgap is
the wavelength corresponding to the forbidden band, and B1 and B2 are
constants and m is a factor that can assume different values depending
on the type of transition. In this case, the value of m must be considered
equal to 1/2.

The value of λ1/ gap can be determined by extrapolating the linear

region of the curve ( )Abs
λ

m1/
to the y-axis value equal to zero [23].

Fig. 4B presents the graph of ( ) vsAbs
λ λ

2 1 for XC-wNb samples.
The gap energy is determined by the following relation (Eq. (3))

[23].

=E
λ

1240
gap

gap (3)

Where: Egap is the gap energy (eV) and λgap is the wavelength related to
the gap energy.

The band gap value calculated by Eq. (3) for all materials is 3.3. The
bandwidth of these materials are characteristic of Nb2O5 absorption
edge (3,4 eV) [24].

The IR transmittance spectra for the XC-wNb samples (Fig. 5) show
bands characteristic of niobium oxide (562 cm−1 and 918 cm−1)
[25,26]. The peaks at 1280 is assigned to carboxylate asymmetric
stretching vibration [10]. The peaks at 1440 and 1620 cm−1 are related
to the Lewis acidic sites and the –OH in molecular water, respectively.
The absorption between 2800 and 3600 cm−1 is related to adsorbed
water [10].

The Raman spectra of the XC-wNb samples are shown in Fig. 6.
The carbon xerogel/niobium oxide hybrids present a wide band at a

690 cm−1, characteristic of the symmetrical stretch of distorted octa-
hedrons (NbO6), pentagonal bipyramids (NbO7) and hexagonal bipyr-
amids (NbO8) [27]. The signal at 80 cm−1 is associated with the
acoustic vibrations of the Nb2O5 and the peaks at 260 and 330 cm−1 to
the flexion of the Nb-O-Nb bond [27,28]. In addition to the peaks as-
sociated with the Nb2O5, the materials present two wide bands at 1380
and 1580 cm−1. These peaks are attributed to the D and G carbon
bands, respectively [29]. The characteristic peaks of Nb2O5 decrease as
the amount of carbon in the sample increase, being imperceptible in
materials with w lower than 6.

3.2. Evaluation of catalytic activity in the photodegradation of methylene
blue

The adsorption of methylene blue on the prepared materials was
also studied. All dye solutions prepared have pH ~ 5.

Fig. 7 shows the amount of dye adsorbed onto XC-wNb samples.
It is observed that the amount of adsorbed dye increases sig-

nificantly over time at the beginning of the adsorption. However, the
adsorption becomes gradually slower when the process tends to equi-
librium. Fig. 7 shows that a contact time of less than five minutes is
sufficient to achieve the adsorption equilibrium. The XC-3Nb, XC-9Nb
and XC-12Nb adsorbed practically the same amount of dye
(14 mg g−1), while the XC-6Nb and XC-24Nb adsorbed approximately
5 mg g−1. These results suggest that carboxylates and –OH play an
important role in adsorption process, once the XC-24Nb and XC-6Nb
presented both lower peaks intensity related to these compounds and
lower amount of methylene blue adsorbed than the other materials.

Fig. 8 shows the results of the photocatalytic test at the visible
wavelength of the XC-wNb samples.

As shown in Fig. 8, the XC-3Nb showed no significant photocatalytic
activity. The catalytic activity of the photocatalyst is strongly depen-
dent on the Nb/C ratio. The best photocatalytic response was found for
XC-24Nb, the hybrid with the highest amount of niobium oxide in its
composition (Fig. 8). The material with the second-best response is the
XC-12Nb, while the others presented similar behaviour.

It is known that pure Nb2O5 is not an efficient photocatalyst for
visible light driven methylene blue photodegradation [24]. Therefore,
the enhanced photocatalytic activity of XC-wNb was greatly attributed
to the synergistic effect of carbon and niobium oxide on the optical
properties of the composites. The carbon can improve visible light

4000 3500 3000 2500 2000 1500 1000 500

Tr
an

sm
itt

an
ce

 (%
)

Wavenumber (cm-1)

XC-3Nb
XC-6NB
XC-9Nb
 XC-12Nb
 XC-24Nb

Fig. 5. Infrared spectra for all the samples.

Fig. 6. Raman spectra for all the samples.

Fig. 7. Comparison of the amount of dye adsorbed on XC-wNb and Nb2O5 (1 g of cata-
lyst, 0.5 L of methylene blue solution 85 mg L-1).
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absorption and promote the effective interfacial charge transfer across
the Nb2O5/Carbon heterojunction to inhibit the recombination of
charge carriers [10,22].

The Langmuir-Hinshelwood (L-H) kinetic model is often used in the
photocatalytic reactions. This model can be simplified to represent the
pseudo first order model, according to Eq. (4) [30]:

⎛
⎝

⎞
⎠

= =C
C

k K t k tln r ad app
0

(4)

where C0 is the concentration at the end of the adsorption and at the
beginning of the photodegradation and kapp the apparent specific ve-
locity of the reaction. The constant of Equation (8) can be determined
graphically, using the graph ln(C0/C) versus t (not shown), where kapp
can be calculated from the slope of the curve.

Table 1 shows the kinetic parameters of dye degradation for the XC-
wNb.

We can see from the kinetic parameters obtained that the de-
gradation process follows the kinetic model proposed, as the correlation
coefficient (R2) for all tests were close to the value of 1. The pseudo-first
order kinetic model presumes dependence between reaction rate and
concentration. In photocatalytic experiments, surface saturation of the
photocatalyst by the reactant will generate a pseudo-zero order phe-
nomenon [31]. Therefore, from the data achieved, one can imply that
the amount of methylene blue used in the experiment is not enough to
saturate the active sites of the photocatalyst. As inferred from Table 1,
the photodegradation rate depends on the Nb/C ratio. The material
with the highest apparent specific velocity was the XC-24Nb, which can
be attributed to the following:

(i) The carbon content in this material is sufficient to extend the light
absorption into the visible region and improve the interfacial
electron-transfer process. In addition, this material has a con-
siderable amount of semiconductor in its composition.

(ii) The formation of OH radicals promoted by impurities that stabilize
the TT phase, which contributes to the dye degradation by indirect
mechanism.

(iii) The defects onto the edges of the XC-24Nb nanorods, which are
probably inhibiting or delaying the rapid carrier recombination.

(iv) Homogeneity of elemental distribution, which will be beneficial
for charge transfer efficiency, decreasing the surface recombina-
tion and allowing more electrons with higher densities to pass

The influence of each active radical must be studied to determine
the reaction mechanism. Thus, trapping experiments with the following
scavengers were conducted: silver nitrate (AgNO3, e- scavenger), me-
thanol (OH• scavenger), benzoquinone (BenzQ, −O2

• scavenger), EDTA
( +h scavenger) and sodium azide (singlet oxygen scavenger, O2

1 )
[32–35]. The tests were conducted for the XC-24Nb photocatalyst. The
results are shown in Fig. 9.

The results demonstrate that the main active radical in the photo-
catalytic mechanism studied is the hydroxyl radical (OH•). However,
the superoxide radical ( −O )2

• and singlet oxygen scavenger ( O )2
1 also

contribute to the MB photodegradation. The EDTA and AgNO3 trapping
experiments showed a significant increase in the photocatalytical effi-
ciency, probably due to the increase of the recombination time gener-
ated by the hole and electron trapping effect, respectively [36]. These
results corroborated the previous experiments; once the photogenerated
e- can reduce the O2 adsorbed onto XC-24Nb in −O2

• , this radical can be
converted in O2

1 , while the photogenerated h+ reacts with surface
bound H2O to produce OH• [37].

Recycle tests for the XC-24Nb were performed to evaluate the ma-
terial stability and reusability. The same XC-24Nb sample was used in
three process cycles and was washed with deionized water after each
cycle. The degradation efficiency of the catalyst obtained for all the
three cycles is shown in Fig. 10. The results show that the XC-24Nb
maintained its efficiency during the three cycles, demonstrating a high
recycling capability, which is optimal for industrial applications.

4. Conclusion

The incorporation of the metal oxide to the carbon xerogels was
confirmed by the X-ray diffraction and diffuse reflectance results. The
carbon/Nb solution significantly influenced the properties of the pre-
pared materials (morphology, adsorption capacity and photocatalytic
activity). In all cases, good dispersion of the metal oxide in the carbo-
naceous matrix was observed. The carbon xerogel/Nb2O5 hybrid ex-
hibits photocatalytic activity at the visible wavelength, as opposed to
the pure semiconductor, which can be highly advantageous in in-
dustrial effluent treatment processes. Among the hybrids, the XC- 24Nb
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Table 1
Kinetic parameters for the dye photodegradation (initial concentration of dye C0 =
10 mg L−1, 0.25 g of catalyst, visible radiation wavelength).

Sample Adsorption (%) 1st order

Kapp (min−1) R2

XC-6Nb 50 0.0013 0.978
XC-9Nb 68 0.0013 0.991
XC-12Nb 68 0.0021 0.988
XC-24Nb 47 0.0026 0.990

Fig. 9. Mechanism study for the photocatalytic reaction under XC-24Nb.
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was the most effective photocatalyst at the visible light source due its
higher Nb content, morphological and photochemical properties. The
hydroxyl radical (OH•) plays an important role in the photodegradation
mechanism. The XC-24Nb also presents high stability under recycling
conditions.
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