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The TiO, deposition on high surface possessing supports can
increase the photocatalytic efficiency of a semiconductor, as
already shown in the literature because, the high adsorption
capacity of the support can help to enrich the organic substrate
around the catalyst promoting the charge-transfer process
between the pollutants and the photocatalysts. Consequently,
in this study, we investigated the synthesis of composite
photocatalytic materials based on TiO, and different types of
carbon. Titanium tetrachloride (TiCl;) was used as the

1 Introduction Around the world, clean drinking
water is the most intriguing problem and it urgently needs to
be solved. To provide food for as many people as possible it
is necessary to use pesticides (herbicides, fungicides,
insecticides, etc.), to improve the yield of the produced
vegetables and fruits. Consequently, lots of chemical
contaminants are leaching into the environment and
accumulating in the ground/groundwater/surface water.
This is followed by a second accumulation in the plants and
animals, and at the end of this process, humans are also
affected. The pesticides are a huge section of the water
pollutants, which are mostly nonbiodegradable, and can
initialize harmful processes in many organisms, such as
cancer by pesticides (e.g., methyl parathion) [1]. Hence, it is
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precursor, while graphite, activated carbon and carbon
aerogels were chosen as carbon supports. An optimization
of the synthesis method was proposed by varying the molar
ratio titanium/carbon (Ti/C). The obtained materials were
characterized by XRD, TEM, and UV—-Vis DRS. The specific
surface area, pore volume, and pore-size distribution were
evaluated by nitrogen adsorption/desorption. The photo-
catalytic activity was investigated by the photodegradation
of diuron.

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

mandatory that we should eliminate and/or try to convert
most of the harmful organic molecules into carbon dioxide
and water.

Nowadays, there are several useful methods to eliminate
organic contaminants from water, and one of them is
heterogeneous photocatalysis, which is a very attractive
technology exploiting the specific ability of semiconductors.
Their crucial process is: when a photon (with sufficient
energy, e.g., UV light) is absorbed, an electron (e7) jumps
from the valence band into the conduction band [2] and
leaves behind a positively charged hole (h™). In heteroge-
neous photocatalysis many semiconductors have already
been applied [3], but titanium dioxide (TiO,) is the most
suitable one due to its beneficial properties: efficient, low

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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cost, nontoxic, and stable [4]. Moreover, TiO, is suitable for
lots of other applications, such as renewable energy
sources [5], and so is well presented in green technolo-
gies [6]. The photocatalytic activity of TiO, is dependent on
the surface structure, on the crystal size, crystal phase,
crystal shape, and of course the dominance of the reactive
crystal facets [7]. From the three crystal phases of the TiO,
the anatase phase shows a better photocatalytic activity than
rutile, because rutile has higher recombination rate of
the e /h™ pairs [8]. However, anatase has a relatively large
bandgap (=~ 3.2¢V) [9] and only UV (4: 200-400 nm) in
the solar spectrum (about 3-5%) can be utilized to initiate
the generation of the charge carriers. Normally, under UV
illumination the electrons and holes in the TiO, have a very
short lifetime due to the close proximity of the charge
carriers [10, 11]. Therefore, a possible solution of this
problem is to increase their (¢7, h") lifetime with their
separation: electrons can react with an electron acceptor:
e.g., trapped by O, to form superoxide radical ions
(eO5,7) [12], which in further transformations can lead to
formation of eOH radicals [13] or the electron can interact
with other semiconductors/conductor materials such as
single, or multi-walled carbon nanotubes (SW/MWCNTs)
[14]. “On the other side” of the redox process: extremely
active radicals (¢OH) can be generated at the semiconductor
surface, due to the holes’ (h™") reaction: h" + OH™ — eOH.
A solution to enhance the photocatalytic activity of titania is
the coupling of TiO, with a smaller bandgap semiconductor
with a higher conduction band (CB) than TiO, [15].
Additionally, visible-light sensitivity can be achieved by
doping with carbon [16] nitrogen [17] and of course with the
deposition of noble metals (Pt, Au) [18].

Various methods have been developed to obtain TiO,
nanoparticles. These efforts were targeted to control
different critical parameters, such as the size, shape, and
crystal phase composition of the SC (semiconductor).
Among the mentioned methods were the sol—gel [19, 20]
and the hydrothermal treatments [21]. However, these
synthetic methods are based mainly on the reactions
containing organic compounds and the removal of the
surface anchored organic groups [22, 23] is a challenging
process. The synthesis of TiO, by controlled hydrolysis of
TiCl, offers a promising way to generate TiO, nanoparticles
without uncontrolled carbon deposits. This synthesis
generates the TiO, nanoparticles mainly with anatase
phase [24]. It was also shown that different nanocrystallite
sizes can be obtained by controlling the temperature of
the water and the concentration of TiCl, [25].

Based on the information provided until this point it is
clear that a carbon-free TiO, precursor should be applied in
order to obtain the desired nanoparticles. It is also clear that
the charge separation should be promoted. For this purpose
the composite materials are the perfect solution as it was
shown by many other publications in this field.

The deposition of TiO, on different materials were
performed [26-29], obtaining composites, such as
Ti0,/S10,, TiO,/zeolite, and TiO,/carbon. The deposition
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of TiO, on activated carbon (AC) according to Gao
et al. [30], may increase the efficiency of the photocatalytic
material because it can help to enrich the organic substrate
around the catalyst and promotes the charge-transfer process
between the pollutant and the photocatalyst. This synergistic
effect was observed in the case of the degradation of several
types of organic pollutants [31-33]. According to Cordero
et al. [34], the surface chemistry and activated carbon
texture exhibit a significant influence on the aggregation of
TiO, particles, and thus on the photocatalytic degradation of
4-chlorophenol. Gao et al. [30] also studied the synergy
between TiO, and two types of AC and found that the
optimal TiO, to AC mass ratio was 80-20 for the highest
photocatalytic activity (degrading Acid Red 88).

Diuron [3-(3,4-dichlorophenyl)-1,1-dimethylurea] is a
herbicide from the urea group and the subclass of phenylurea,
moreover one of the most commonly used pesticides in Ivory
Coast for the intensive agriculture of banana, coffee, cotton, or
rice. For example, in the case of banana, the diuron amount
used is 4.5-5kg per hectare and per treatment [35].
Unfortunately, it is one of the highly biorecalcitrant organic
contaminants in the hydrosphere, due to industrial and
intensive agricultural production [36]. This compound is
soluble in water (36.4mgL~" at 25°C) and is highly
persistent, with a half-life in soil of over 300 days. Another
huge problem is the strong toxicity of its main byproducts
(3, 4-dichloroaniline and 1-(3, 4-dichlorophenyl) urea [37].
Furthermore, this compound has been selected because it is
considered as a priority hazardous substance by the European
Commission [38]. According to the French Environmental
Institute, in France, diuron is detected in 28% of the samples
from rivers in the basin system.

In this study, we present the synthesis of TiO, by
controlled hydrolysis of TiCl,. This process has been
applied for the deposition of TiO, on different carbon
materials such as activated carbon, graphite (GR), and
carbon aerogel (CA). Since each of the mentioned carbons
has different surface properties and various surface textures,
they can potentially lead to distinct photocatalytic perform-
ance in their composite materials. That is why the main
objectives were

(i) toestablish the influence of surface chemistry and texture
of different carbons on the characteristics and photo-
catalytic performances of the titania composites, and

(ii) to investigate the synergy between the TiO, and the
different support materials on the photodegradation of
diuron.

2 Materials and methods

2.1 Materials Analytical grade reagents were used as
supplied, without further purification. A commercial P25
powder, manufactured by Evonik Company (called now
Evonik Aeroxide P25) was used.

Diuron (99.5% purity, N-(3,4-dichlorophenyl)-N,
N-dimethyl urea) was purchased from Aldrich Company.

www.pss-b.com
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Graphite powder was acquired from Sigma—Aldrich
(particle dimensions were less than 20 pm).

The used activated carbons are derived from previous
studies, where two activation modes (physical and
chemical) were presented. These preparation methods are
detailed in our previous work [39]. However, in this study,
the active carbon was obtained by chemical activation
with KOH as the activating agent (carbon/KOH = 10/7.5).
This carbon has a relatively low specific surface area
(459.10m*g™") and low density of surface-anchored
organic functional groups. Additionally, it does not have
sufficient affinity towards the pollutant, which prevents its
complete adsorption.

2.2 Preparation of composites For carbon aerogel
preparation, resorcinol (R, 98% purity, Aldrich), form-
aldehyde (F, 37% solution, Aldrich), Na,CO5; (C, 99.9%
purity, Merck), and bidistillated water (W) was used [40].
Resorcinol-R was dissolved in bidistillated water-W
(RIW=0.2g¢g mL™"). The formaldehyde solution was added
to resorcinol solution (R/F = 0.5 molar ratio) under vigorous
stirring. A catalytic solution —C, 0.1 M of Na,CO; was
added dropwise to the previous mixture (R/C =500 molar
ratio). The resulted solution was placed into tightly closed
glass molds and cured 1 day at room temperature and 4 days
at 70 °C. After 15 days of aging at room temperature, in a
closed glass mold the obtained resorcinol-formaldehyde wet
gel was washed with acetone (at least 3 days and 3x with
fresh solvent). This wet gel was dried with CO, in
supercritical condition (more than 74 atm and 32 °C) when
the aerogel was obtained. Then, the organic sample was
pyrolyzed in an Ar atmosphere for 2h at 750 °C, when
carbon aerogel was obtained.

Titanium dioxide/carbon nanocomposites were synthe-
sized by the controlled hydrolysis of TiCl, (Sigma-—
Aldrich). At a desired stoichiometric amount of carbon,
previously washed with deionized water, was added
17.5 mL of concentrated hydrochloric acid (Reagent Grade,
37%). Then, we added 3.5 mL of glacial acetic acid. Finally,
5mL of TiCl, was added dropwise in this mixture under
vigorous stirring. To avoid the overheating of the reaction
vessel, it was cooled on an ice bath maintaining a
temperature between 0-5°C. This mixture was added
dropwise under intense stirring into 500 mL of deionized
water. The final pH was below 1.0 and it was adjusted with
an aqueous solution of ammonia (25%) until the pH value of
8 was obtained. The mixture was left for 2 days at room
temperature to complete the hydrolysis. The precipitate was
dried at 80 °C for 24 h and was calcined in a furnace in still
air at 400 °C for 2h. The heating rate was 5°C min '

The bare (carbon-free) titanium dioxide was also
synthesized using the same conditions listed above.

2.3 Elemental analysis and  UV-visible
spectroscopy FElemental analysis of the obtained materi-
als was performed using a “Euro EA Elemental Analyzer
3000 series”. The calibration of the instrument was
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performed with rL-cystine. It focused on the nonmetallic
chemical elements such as carbon.

As for the optical properties of the materials, a “JASCO
V-650 spectrophotometer” diode array computer controlled
(Spectra Manager Software) spectrophotometer with an
integration sphere (ILV-724) was used for measuring the
diffuse reflectance spectra of the samples between 200 and
800 nm.

2.4 X-ray diffraction (XRD) and TEM X-ray
diffraction (XRD) measurements were performed using a
BRUKER D8 Advance X-ray diffractometer, working at
45kV and 45mA. The X-ray diffraction patterns were
collected in a step-scanning mode with steps of A0=0.01°
using CuK,, radiation (4 = 1.54056 A) in the 20 range15-80°.
The anatase—brookite—rutile phase ratio was evaluated using
the method developed in Ref. [41], and the crystallite average
size was calculated using the Scherrer equation.

TEM micrographs were recorded on a JEOL JEM 1010
TEM operating at an accelerating voltage of 100kV and
equipped with a MegaView III CCD camera.

2.5 Specific surface area, total pore volume,
and pore-size distribution For the determination of the
specific surface area, total pore volume and the size, and
distribution of the pores, N, adsorption/desorption measure-
ments were applied, using a “Micromeritics Tristar 3000.”
analyzer.

2.6 Photocatalytic activity of nanoparticles
synthesized All reactions were performed in a Pyrex
cylindrical photoreactor (1L capacity, 7cm deep, and
13.5cm in diameter). The photocatalytic processes were
conducted in the solar box ATLAS SUNTEST CPS+
simulating natural radiation (light source vapor Xenon
lamp) [42]. To evaluate the photocatalytic activities
of our materials, 500mL of diuron aqueous solution
([diuron] =20mgL~" or 85.8 wmolL™") with an appro-
priate weight of TiO, (Crioo=1¢g L or Crioac =1 gLfl)
were homogenized using magnetic stirring in diuron
aqueous solution, until an equilibrium state was achieved
in the dark. All experiments were performed at 35 °C. The
mixtures of contaminants and catalysts were continuously
magnetically stirred during photocatalytic tests.

Before analysis, the photocatalyst was separated
through the 0.45pm “Millipore MF” membrane filter.
Diuron was not adsorbed onto the surface of the membrane
filter (verified spectrophotometrically before/after with a
solution of diuron 20mgL~", without the photocatalyst).

The concentration of diuron was determined with high-
performance liquid chromatography (HPLC waters 600
pump, C-18 apolar column and acetonitrile (70%) water
(30%) mixture as mobile phase) or with a LIBRA S12
UV-Vis spectrophotometer (Agetection = 248 nm).

The blank experiment, under illumination and without
photocatalyst, showed that the photolysis of diuron is
negligible under these conditions.

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



D. Bamba et al.: Synthesis and characterization of TiO,/C nanomaterials

Table 1 The results of the elemental analysis.

theoretical molar

experimental molar

sample name ratio Ti/C ratio Ti/C
TiO,/GR ) 1.33
TiO,/GR (172) 0.52
TiO,/GR (2/1) 2.16
TiO/AC ) 1.41
TiO,/AC (172) 0.62
TiO,/AC (2/1) 248
TiO,/CA (1/1) 1.25
TiO,/CA (172) 0.49
TiO,/CA (2/1) 2.25
bare TiO, (1/0) -
graphite O/1) -

3 Results and discussion

3.1 Nanopowder characterization

3.1.1 Elemental analysis and diffuse reflectance
spectroscopy It is important to know the final carbon
content of the materials, to verify if the added carbon content
was also preserved after the calcination. The results are
shown in Table 1.

Figures 1-3 show the evolution of absorbance towards
the incident wavelength of pure TiO, and TiO,/carbon
prepared by sol-gel. At first sight, it is clear that the
materials absorb the light in the UV region and can
be excited in the visible region, with the exception of the
sample containing TiO, only.

3.1.2 Nitrogen adsorption-desorption iso-
therms and porous structure In order to investigate
the porous properties of the as-prepared samples, nitrogen
adsorption—desorption isotherms were measured. It can be
seen from Fig. 4 that the isotherms of all samples revealed a
typical type-IV sorption behavior with the hysteresis loop,
representing the predominant mesoporous structure char-
acteristic according to the classification of [UPAC [43—45].

0.8

o
o

Absorbance (a. u.)
o
o

o
o

0 . 1 . I .
240 300 400 500 600 700 800

Wavelength (nm)

Figure 1 Diffuse reflectance spectra of the composite photo-
catalysts TiO,/graphite.
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Figure 2 Diffuse reflectance spectra of the composite photo-
catalysts TiO,/activated carbon.

The pore-size distributions of samples are illustrated in
Fig. 5. TiO, composites present a uniform pore-diameter
distribution with maximum at 7.5nm. According to Shi
et al. [46], these pores could be formed by the accumulation
of nanoparticles, creating internanoparticle voids that could
be responsible for the increase of the specific surface area
and total pore volume of the samples. Furthermore [47], a
large specific surface preadsorbs more organic molecules on
the surface, which helps to reduce the recombination of
photogenerated electrons and holes, improving the effi-
ciency of the photocatalytic degradation. Furthermore, the
surface area can be correlated with the number of the active
sites. Therefore, the larger Sggr of TiO,/activated carbon
indicates that this composite could be very promising in the
degradation of organic pollutants. [48, 49].

Table 2 shows the specific surface area (Sggt) and total
pore volume of all samples. It can be seen that the
photocatalysts containing activated carbon had a larger Sggt
and total pore volume than the samples without activated
carbon. The specific surface area and total pore volume play
an important role in determining the activity of photo-
catalysts because it is a surface-based phenomenon [50-52].

1:1

Absorbance (a. u.)

(} L 1 L
240 300 400 500 600 700 800
Wavelength (nm)

Figure 3 Diffuse reflectance spectra of the composite photo-
catalysts TiO,/carbon aerogel.
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Figure 4 Nitrogen adsorption—desorption isotherms of the
samples.

3.1.3 X-ray diffraction analysis and TEM As it is
well known, crystallinity plays a very important role in the
photocatalytic activity of titania. Better crystallinity can
decrease the number of crystal defects, which is supposed to
be the recombination center of the photogenerated electrons
and holes. Therefore, better crystallinity can improve the
photocatalytic activity of titania [47].

In this study, we used a commercial P25 powder, a
reference photocatalyst, for comparing the properties of
synthesized samples. Commercial titanium dioxide’s crys-
tallite size was determined to be 25 nm and consisted of 80%
anatase and 20% rutile with a total specific surface area of

The XRD patterns of the prepared samples are shown in
Fig. 6. Anatase and rutile phases (in commercial TiO,
powder, not shown here) presented the following diffraction
peaks: a major intensity signal associated with the reflection,
located at 26 =25.30° representing anatase (101) peak and
at 20 =27.43° that represents the rutile (110) peak, as well
as other important anatase signals at 20 =137.79°, 48.04°,
53.88°, 55.06°. The synthesized nanoparticles dominant
crystal phase was anatase (A). The strongest peak was

www.pss-b.com
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Figure 5 Pore-size distributions of samples.

observed for the anatase (101) reflection at 260 =25.3°.
However, some brookite was also detected in some of the
samples, as shown by the distinctive B (211) reflection at
260 =30.6°. In Fig. 6 a graphite-related peak GR (002) at
26.6 (260) was also clearly detectable.

Crystallite size and weight percentage of crystalline
phases of the samples calculated from the XRD patterns are
listed in Table 3. We observed that the size of the crystals in
the composites is in the same range and independent of the
preparation method. We obtained predominantly the anatase
crystalline phase.

The success of the TiO, deposition process was also
verified by TEM. All the TEM confirmed was what already
suggested by the other measurement techniques, that the
synthesis process was successful. The most interesting
structural build-up was shown by the TiO,/CA composites.
In the TEM micrographs (Fig. 7) the amorphous carbon
aerogel can be seen in the background in which the TiO,
nanocrystals are embedded.

Table 2 The calculated structural parameters from the N,
adsorption isotherms.

SBET total pore volume
sample name ratio Ti/C (m2/g) (cm3 /g)
TiO,/GR (1/1) 113 0.243
TiO,/GR (1/2) 143 0.230
TiO,/GR (2/1) 52 0.079
TiO,/AC (1/1) 338 0.333
TiO,/AC (172) 300 0.334
TiO,/AC (2/1) 214 0.342
TiO,/CA (1/1) 143 0.230
TiO,/CA (1/2) 154 0.309
TiO,/CA 2/1) 206 0.310
TiO, (1/0) 95 0.285

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 6 XRD patterns of all the studied samples.

This connection between the materials clearly empha-
sizes that the CA-containing composites can enrich the
pollutant concentration near the semiconductor nanopar-
ticles resulting in an enhanced photocatalytic activity. More
precisely, this means that around the TiO, nanocrystals a
constant and high concentration of pollutant molecules will
be found during the degradation process.

3.2 Photocatalytic activity Figure 8 shows the
photocatalytic degradation rates of diuron, which are equal
to the differences between the total degradation rate under
illumination and the adsorption degradation rate in the dark.

Compared with the photocatalytic degradation, the
direct photolysis of the diuron is negligible. It can be seen
that unmodified titania, commercial P25 powder, and TiO,/
CA (2/1) exhibit the highest photocatalytic activity, which is
attributed to its high anatase crystallinity. However, it does
not exceed the activity of the commercial P25 powder. The
photocatalytic reactions depend on the induction of the

Table 3 The evaluation of the XRD results.

sample ratio anatase brookite graphite
name Ti/C (Wt%) (Wt%) (Wt%)
TiO,/GR 1/1) 91.3 0.2 8.5
TiO,/GR (172) 82.3 1.6 16.1
TiO,/GR /1) 94.7 1.2 4.1
TiOy/AC? /1 99.6 0.4 0
TiO,/AC* (172) 99.8 0.2 0
TiO,/AC* (2/1) 99.2 0.8 0
TiO,/CA* (1/1) 99.4 0.6 0
TiO,/CA?* (172) 99.1 0.9 0
TiO,/CA* (2/1) 99.2 0.8 0
TiO, (1/0) 99.4 0.6 0

#Carbon content not evaluated with XRD.

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

charge carriers of titania. On the basis of the above
characterization results and the photocatalytic degradation
data, the activity enhancement mechanism of the modified
titania can be suggested. The mechanism is mainly involved

Figure 7 TEM micrographs of sample TiO,/CA (1:1).
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Figure 8 The photocatalytic degradation of diuron under artificial
light.

with the high photoinduced charge separation rate. Besides
the high photoinduced charge separation rate, the large
surface area is also favorable to enhance photocatalytic
activity. The TiOo/AC (2/1) (214 m* g~ ") and the TiO,/CA
(172) (154 m?> gfl) composites have a larger BET surface
area than commercial P25 powder (about 55m’g').
Therefore, the final photocatalytic performance depends
on the combination effects of the photoinduced charge-
separation situation and the surface area.

The diuron photodegradation kinetic on TiO, (or TiO,/
carbon) under UV irradiation has been associated with the
Langmuir—Hinshelwood equation. When the solution is
highly diluted, the reaction is essentially an apparent first-
order reaction and after integration, the L—H equation can be
reduced to the following equation: In(Co/C) = k,pt, where

k. is the apparent rate constant of a pseudofirst-order

Table 4 Apparent first-order rate constant kyy.

Figure 9 The photocatalytic degradation of diuron under sunlight.

reaction. By plotting In(Cy/C) versus ¢, the apparent rate
constant (k,p,) can be determined from the slope of the curve
obtained (Table 4).

Table 4 shows that adding carbon has an effect on the
disappearance kinetics of diuron. It seems that the presence
of other carbon as graphite improves the efficiency of diuron
photodegradation, especially with TiO,/C catalysts (2/1).

Moreover, the photodegradation of diuron was per-
formed under solar irradiation in Abidjan. Because, in a
tropical country, like in Ivory Coast there is abundant
sunshine and especially in the dry season (December—
March). The experiment focused on the catalysts (TiO,/GR
(2/1), TiO/AC (2/1), TiO,/CA (2/1), TiO, only) that
showed, for each group, the best photocatalytic activity in
previous experiments.

The investigation focused on the catalysts (TiO,/GR
(2/1), TiOo/AC (2/1), TiOo/CA (2/1), TiO,) that showed,
from each sample group, the best photocatalytic activity in
previous experiments. The obtained results are shown
in Fig. 9. It is noted that all samples, except for the

under artificial light

under sunlight

kyp x 10° kap x 10°

materials CICy (%) (min™ " R? (min™ ") R?
TiO./GR (1/1) 40.78 0.5 0.98 - -
TiO»/GR (1/2) 41.26 0.5 0.99 - -
TiO,/GR (2/1) 11.75 1.1 0.98 1.9 0.98
TiO-/AC (1/1) 10.41 12 0.99 - -
TiO»/AC (1/2) 6.31 13 0.99 - -
TiO»/AC (2/1) 3.51 2.3 0.97 2.5 0.99
TiO./CA (1/1) 8.77 1.1 0.99 - -
TiO./CA (1/2) 4.84 1.6 0.97 - -
TiO/CA (2/1) 1.39 2.3 0.98 2.6 0.96
bare TiO, 2.03 22 0.99 23 0.99
TiO, P25 0.05 2.6 0.99 - -
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TiO,/graphite (Ti/C=2/1), have better photocatalytic
activities than the reference photocatalyst (commercial
P25 powder). The photocatalytic activities of these materials
remain almost identical under artificial and solar irradiation.
This clear improvement of the photocatalytic activity, under
solar irradiation, may be due to the synergistic effect
between the carbon material and TiO,.

Indeed, all catalysts have their absorption region
extending from the UV region to the visible, due to the
carbon presence (Figs. 1-3). However, excess amount of
carbon prevents TiO, from absorbing UV (samples
TiO,/C = 1/2). If there is no UV absorption for TiO, the
sample cannot show any photocatalytic activity. The carbon
presence in the nanocomposites also play both the role to
prevent e /h" recombination (by electron transfer from TiO,
to carbon), and provide a large surface area to lead to more
hydroxyl group on the surface of TiO,/carbon. Therefore,
the addition of an appropriate amount of carbon can greatly
improve the photocatalytic activity of TiO,.

The percentages of residual pollutant after 3 h of solar
irradiation are respectively 12.52, 18.78, 1.01, and 1.05
when we used the catalysts: TiO, only, TiO,/GR (2/1),
TiO,/AC (2/1), and TiO,/CA (2/1). The lowest performing
photocatalyst was the commercial P25 powder because
TiO, alone cannot absorb in the visible region.

4 Conclusions The present study presents a green,
cost-effective approach, capable of producing titania/carbon
composites. The TiO, nanoparticles were synthesized by a
sol-gel method and the synthesis parameters were examined
to approach to the best quality of the product according to
the crystallinity, anatase phase content, and the average
crystallite size. It is clear that the obtained composites
absorb light in the UV region and can be excited in the
visible region. All the obtained photocatalysts generally
showed a good activity in the photocatalytic degradation of
diuron. The samples of TiO,/activated carbon (Ti/C =2/1),
TiO,/carbon aerogel (Ti/C=2/1) were promising under
sunlight irradiation driven diuron degradation among all
samples, which can be attributed to the anatase phase, high
specific surface area, large pore volume, and their capacities
to absorb in the visible-light region.
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