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Titania nanoparticles were successfully supported on carbon-covered alumina (CCA) supports via the impregnation method to
form carbon-covered alumna titania (CCA/TiO

2
). The CCA supports were synthesised through an equilibrium adsorption of

toluene 2,4-diisocyante where the N=C=O irreversibly adsorbs on the alumina and pyrolysis at 700∘C affords CCA supports.These
CCA/TiO

2
nanocatalysts were tested for their photocatalytic activity both under UV and visible light using Rhodamine B as a

model pollutant. The reaction rate constant of the CCA/TiO
2
was found to be higher than that of unsupported titania and the

reaction kinetics were found to follow an apparent first-order rate law.The CCA/TiO
2
nanocatalysts had a much larger surface area

than the unsupported titania and they exhibited overall higher photodegradation efficiency under both UV and visible light than
unsupported TiO

2
.

1. Introduction

Theability of photocatalysts tomineralisemost organic pollu-
tants to water and carbon dioxide as a low-cost advanced oxi-
dation technology (AOT) has attracted interest for decades
[1–4]. TiO

2
induced photocatalysis for the treatment of con-

taminated air and water is a well-established AOT technique
[5–8] because of its high photoactivity, chemical and biologi-
cal inertness, and commercial availability [1, 5, 9, 10].The tita-
nia semiconductor absorbs a photon (ℎ]) with energy equal
to or higher than its band gap of 3.2 eV resulting in the excita-
tion of electrons from the valence band into the conduction
band, leaving excited holes behind in the conduction band
and creating positive holes in the valence band [6, 11–16].
Generally the hole oxidises water or OH groups in the titania
lattice to produce ∙OH radicals which initiate the oxidation
of the organics.

However, titania has a large band gap (3.2 eV) that can
only absorb about 2% to 3% visible light; thus a number of
ways have been attempted to shift its band gap to the visible-
light region.Themodifications towards visible-light degrada-
tion by TiO

2
include metal ion doping [5, 17–21], anion dop-

ing [22–24], binary oxides [25, 26], and dye sensitizers [27,
28]. Another phenomenon that has been studied to enhance
visible-light photoreactivity includes size [29, 30] and shape
tailoring [31–34].

Carbon in its various forms has been used to synthesise
visible-light active TiO

2
. These include carbon-covered tita-

nia [1], titania mounted on graphite [35], and nanotubes
[36, 37] as well as activated carbon [8, 16, 38]. The advantage
of carbon-titania composites is that the carbon does not only
expand the absorption band to include visible light, it also
suppresses phase transformations even at higher tempera-
tures. Lin and coworkers [1] have reported on the successful
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synthesis of carbon-covered titania through pyrolysis of
sucrose over titania and its superior visible-light activity.

In this work we report on the photocatalytic activity of
carbon-covered alumina supported titania in the degradation
of Rhodamine B. Supports play an important role in deter-
mining the nature and extent of the catalytic activity of a cat-
alyst. Carbon-covered alumina supported catalysts have been
mostly used as supports for hydrotreating catalysts [39, 40]
and ammonia synthesis [41, 42] but not for environmental
remediation. The CCA/TiO

2
nanocatalysts show enhanced

visible-light degradation (higher activity) than under UV
light illumination of Rhodamine B. It is worth mentioning
that the presence of carbon on the CCA support greatly
increases the surface area of the CCA/TiO

2
catalysts and

shifts the absorption edge of titania to the visible-light region
resulting in visible-light degradation of Rhodamine B.

2. Experimental

2.1.Materials and Reagents. Thematerials used in this research
study were purchased from suppliers and used without fur-
ther purification. Only AR grade 𝑛-propanol which was
obtained from SD’s Fine Chemicals (Pty) Ltd was distilled
before usage.

2.1.1. Synthesis of TiO
2
. Anatase-rich titania nanocatalysts

were synthesised through the hydrolysis of TTIP through an
esterification reaction between formic acid and propanol [10].
This method is reported in our previous works [43–45].

2.1.2. Synthesis of Carbon Covered Alumina Supports. CCA
supports were synthesised by modification of an equilibrium
adsorption method [46]. The detailed procedure for the
modified procedure is reported elsewhere [45].

2.1.3. Impregnation Experiments. The TIO
2
catalysts were

then supported on the CCA catalysts using a simple impreg-
nation method. This impregnation technique is described
in detail in our previous research work [45]. To study the
catalytic efficiency of the supported CCA catalysts, photocat-
alytic degradation studies were done under visible light.

2.1.4. Photocatalytic Degradation Experiments. To study the
degradation and the kinetics of Rhodamine B by the titania
photocatalysts, a Newport 9600 Full Spectrum Solar Simula-
tor equipped with 150W ozone-free xenon lamp was used,
which produces a collimated beam of 33mm diameter, an
equivalent of 1.3 suns. For the purposes of this study, the dis-
tance between the solar simulator and the experimental setup
was set such that the beam power was equivalent to 1 sun. UV
light filter GG450 was used to ensure that the photocatalytic
degradation experienced is only due to visible light irradia-
tion. The photocatalytic activity of these nanophotocatalysts
was studied using 100mL (10mg⋅L−1) Rhodamine B.The visi-
ble light (solar) irradiation lamp was placed at about a
10 cm distance away from the reactant solution. The CCA-
supported titania nanoparticles (100mg nanoparticles per
100mL of 10mg⋅L−1 dye) were used in suspension to deter-
mine the photoactivity of the nanoparticles.The solution was

stirred with a magnetic stirrer for 1 h prior to irradiation with
the solar light to establish an adsorption-desorption equilib-
rium between the dye and the catalyst surface. Aliquots of
2mL were extracted from the reaction chamber at 30min
intervals to study the extent of the degradation. The entire
photo-reactor setup was set inside a 1m × 70 cm wooden box
and the experiment was carried in a dark room. The setup
was the same for the free (unsupported) titania nanocatalysts
and a UV light source was used for UV light degradation
experiments.

Prior to the photodegradation experiments, Rhodamine
B solution (without catalyst) was irradiated with the solar
light (photolysis) for a maximum period of 5 h to establish
whether there was any degradation due to the solar light
alone. A U Shimadzu UV-2450 UV-Vis spectrophotometer
was used to determine the extent of photodegradation of
Rhodamine B. After the irradiation process had been estab-
lished, the kinetics of the photodegradation was studied. The
apparent rate constant allows for the determination of pho-
tocatalytic activity independent of the previous adsorption
period and the concentration of the Rhodamine B remaining
in the solution [47].The apparent first-order kinetic equation
− ln(𝐶

𝑡
/𝐶
0
) = 𝐾app𝑡, where𝐾app is the apparent rate constant,

𝐶
𝑡
is the solution phase concentration, and 𝐶

0
is the concen-

tration at 𝑡 = 0, was used to fit the experimental data [48].

2.2. Characterization

2.2.1. UV-Vis Diffuse Reflectance Spectra. A Shimadzu UV-
2450 UV-Vis spectrophotometer was used to record the UV-
Vis diffuse reflectance spectra of the CCA-supported and free
TiO
2
nanocatalysts using BaSO

4
as a reference sample. These

were recorded in the range of 𝜆 = 300 nm to 800 nm, at room
temperature and in air.This was done to ascertain the effect of
the support on the band gap (𝐸

𝑔
) of the titania nanoparticles.

The equation 𝐸
𝑔
= ℎ(𝑐/𝜆)was used where 𝐸

𝑔
is the band gap,

ℎ is Planck’s constant, 𝑐 is the speed of light (m⋅s−1), and 𝜆 is
thewavelength (nm). A tangent of the plot of ℎ] versus (𝛼ℎ])2
gives an estimate of the band gap where 𝛼 is the absorbance
and ] is the wave number.

2.2.2. BET Surface Area Studies. The surface area (𝑆BET),
pore volume, and pore-size distributions of the synthesised
CCA-supported catalysts were studied using a Micromeritics
ASAP 2020 Surface Area and Porosity Analyzer. The samples
were degassed in nitrogen under vacuum for 24 h at 200∘C
prior to determination of the surface area. Surface area is an
important parameter when studying the catalytic efficiency of
the nanocatalysts embedded on CCA supports (CCA/TiO

2
)

since a high surface areameansmore active sites for extensive
catalysis.

2.2.3. SEM and TEM Studies. A JEOL J2100 F transmission
electron microscope (TEM) was used to study the micro-
structure of the nanocatalysts. The sample powders were
dispersed in ethanol and sonicated for 10min before analysis.
A drop of the suspension was then placed on a carbon coated
copper grid and dried in air prior to visualisation. To analyse
and visualise the surface morphology of the nanocatalysts,
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Table 1: Comparison of photodegradation efficiencies of Rhodamine B by free and CCA/TiO2 under UV and visible-light illumination.

Light source Catalyst Degradation efficiency (%) Time taken (min)
Visible light Photolysis (no catalyst) 4 270
Visible light Unsupported TiO2 20 270
Visible light CCA-supported TiO2 100 180
UV-visible light Unsupported TiO2 100 270
UV-visible light CCA-supported TiO2 100 240

a quanta FEI-SIRION scanning electron microscope (SEM)
was used. For SEM analysis, the powder samples were placed
on a carbon tape and analysed without gold coating.

3. Results and Discussions

3.1. Degradation Process. The photodegradation process of
Rhodamine B can be summarised in (1) to (3) when disre-
garding the role of the electrons (e−) which is in the oxidation
of metal ions. The titania nanocatalysts absorb a photon (ℎ])
resulting in the excitation of an electron (e−) from the valence
band (VB) to the conduction band (CB) leaving an electron
vacancy or a hole (h+) in the valence band (1). The holes
then migrate to the surface of the titania where they react
with surface hydroxyl groups in the TiO

2
lattice or water to

produce hydroxyl radicals (2):

TiO
2
+ ℎ] → h+ + e− (1)

h+ + TiO
2
→ TiO

2
+OH∙ (2)

OH∙ + RhB → Degraded products (3)

The hydroxyl radicals then react with the Rhodamine B pro-
ducing intermediates, carbon dioxide, water, and inorganic
ions (3).

3.2. Degradation Studies. Figure 1 shows the UV spectra of
Rhodamine B with its peak maximum at 554 nm. It also
shows the disappearance of the peak after illumination with
either UV or visible light in the presence of different titania
catalysts. For the photodegradation studies, the dye was
illuminated with visible light in the absence of the catalyst to
determine the extent of degradation under visible light since
Rhodamine B has been reported to absorb light which is in
the range of 400 nm to 600 nm [26, 28]. The results obtained
showed that photolysis, on average, degraded about 4% of
the Rhodamine B. The mixture was stirred in the dark for an
hour to reach equilibrium between the catalyst and the dye
before illumination with either the UV or visible light and
the concentration was monitored. It was found that there was
only about 2% adsorption of the dye on the catalysts when
equilibrium was reached.

3.2.1. UV Light Degradation of Rhodamine B. Photodegrada-
tion of Rhodamine B was tested using the different catalysts
under UV light irradiation. As shown in Table 1, both the
CCA/TiO

2
and the free titania nanocatalysts achieved com-

plete degradation after 270min.The linear transform curve of
the photodegradation of Rhodamine B (Figure 2) shows that
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Figure 1: Graph showing absorbance of Rhodamine B before and
after illumination with visible light.

the CCA/TiO
2
nanocatalysts had an apparent rate constant

(𝐾app) of 0.0215min−1 and the free TiO
2
nanocatalysts had a

𝐾app value of 0.0167min−1. From these results the CCA/TiO
2

nanocatalysts show a higher reaction rate than the free
anatase titania.

3.2.2. Visible Light Degradation of Rhodamine B. The degra-
dation of Rhodamine Bwas also tested under visible light illu-
mination.The results obtained (Table 1) show that CCA/TiO

2

nanocatalysts were photocatalytically active under visible
light. While the unsupported titania could only degrade
about 20% of Rhodamine B in 270min with an apparent
rate constant of 0.000832min−1, theCCA/TiO

2
nanocatalysts

completely degraded the dye within 180min and a high
apparent rate of 0.0294min−1.

From the results obtained, the CCA/TiO
2
nanocatalysts

exhibited superior photocatalytic activity compared to the
unsupported titania both under UV and visible-light illu-
mination. This could be a result of the modification of the
surface area of the titania catalysts by the carbon-covered
alumina supports. Also, this showed that CCAs are good sup-
ports for titania nanocatalysts as they result in an enhanced
photocatalytic activity. The presence of carbon could be



4 Journal of Nanotechnology

0 30 60 90 120 150 180 210 240 270
0

2

4

6

8

10

12

14

Irradiation time (min)

CCA-TiO2 (visible light)
TiO2 (UV-Vis)
CCA/TiO2 (UV-Vis light)

TiO2 (visible light)
Photolysis

−
ln

(C
t/
C
0
)

Figure 2: Linear transform graph of degradation of Rhodamine B
by free titania CCA/TiO

2
under UV and visible-light illumination.
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Figure 3: UV-Vis diffuse spectra of TiO
2
and CCA/TiO

2
nanocata-

lysts.

responsible for perturbing the transmission of both UV and
visible light to the surface of titania resulting in an increased
photocatalytic activity of titania. Furthermore, the presence
of aluminium on the support system could prove efficient in
that it could act as an electron trapper and hence prohibit
or reduce the possibility of electron-hole recombination thus
resulting in an enhanced photocatalytic activity.

3.3. UV-Diffuse Spectra and Band-Gap Studies. To further
study the origin of this enhanced photocatalytic activity, the
UV-diffuse reflectance spectra (Figure 3) of the CCA/TiO

2
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Figure 4: Band-gap studies of TiO
2
and CCA/TiO

2
nanocatalysts.

and free titania were studied. The CCA/TiO
2
spectrum

showed a significant red shift of the band edge from 380 nm
to 416 nm, that is, in the visible range.This shift in the absorp-
tion edge is responsible for the visible-light photocatalytic
activity of the CCA-supported titania.

The data obtained from the UV-Vis diffuse spectra of
the CCA/TiO

2
and free titania were used to indirectly

measure the band gap (Figure 4). The band gap of the free
titania was found to be 3.19 eV which is close to the known
literature value of free anatase titania nanocatalysts. The
CCA-supported catalysts showed a significant decrease in the
band gap from 3.19 eV to 2.82 eV. The decrease by 0.37 eV
is much higher than the decrease of 0.14 eV reported for
carbon-doped titania [1].The presence of aluminamight have
contributed to the decrease in the band gap and subsequently
enhanced the photocatalytic activity.

3.4. BET Surface Area and Pore-Size Distribution Measure-
ments. The nitrogen adsorption-desorption isotherms were
measured in order to understand the influence of supporting
titania nanocatalysts on the CCA (Figures 5 and 6). Figure 5
shows the adsorption-desorption isotherm of pure titania
and the insert graph shows the pore-size distribution graph
of the titania. Figure 6 shows the adsorption-desorption
isotherm of the CCA/TiO

2
with the insert showing the pore-

size distribution graph. Evidence of the occurrence of open
pores in the CCA/TiO

2
is shown by the presence of the hys-

teresis loop. The narrow hysteresis loop observed on the tita-
nia graph is an indication of a uniform pore-size distribution
of the nanoparticles.The CCA/TiO

2
graph on the other hand

shows a wider hysteresis loop, an indication of a wider range
of pore distribution, that is, the presence of titania, carbon,
and alumina pores which play an important role in the
observed enhancement of the photodegradation of Rhoda-
mine B.



Journal of Nanotechnology 5

0.0 0.2 0.4 0.6 0.8 1.0

0

100

200

300

400

500

10 20 30 40 50 60
0.005
0.010
0.015
0.020
0.025
0.030
0.035
0.040

Pore diameter (nm)

Q
ua

nt
ity

 ad
so

rb
ed

 (c
m

3
/g
·A

)

d
�

/d
(lo

gD
) p

or
e v

ol
um

e
(c

m
3
/g
·A

)

Relative pressure (P/Po)

Figure 5:Nitrogen adsorption-desorption isothermof titania nano-
catalysts.

The surface properties of CCA/TiO
2
and free titania,

that is, specific surface area, pore volume, pore size, and
pore-size distribution, were analysed according to the BJH
method (insert graphs in Figures 5 and 6). The free titania
nanoparticles had a surface area of 69.34m2⋅g−1 while the
CCA/TiO

2
nanocatalysts had a surface area of 149m2⋅g−1.

This is an increase of about twice the initial surface area and
this is a result of the creation of new pore structures after the
modification of the CCA support surface. A decrease in the
mean diameter of the pores was also observed, from 35 nm
to 5.41 nm for the titania and the CCA/TiO

2
, respectively.

This is an indication that the titania occupied the inner pores
of the carbon-covered alumina supports, hence the decrease.
The increase in the surface area and decrease in particle
size therefore played an important role in the enhanced
photocatalytic degradation of Rhodamine B shown by the
CCA-supported catalysts.

3.5. SEMandTEMStudies. Thehigh surface area of theCCA/
TiO
2
nanoparticles observed in the BET surface area analysis

was further confirmed by the SEM images (Figure 7). From
the SEMmicrographs the titania nanoparticles appear evenly
distributed on the surface of the carbon-covered alumina
supports.The even distribution of the titania nanocatalysts on
the surface of the CCA support is a result of the titania nano-
catalysts occupying the inner pores of the CCA supports.
This distribution of the TiO

2
nanoparticles therefore results

in the increased surface area exhibited by the CCA/TiO
2

nanocatalysts over the unsupported TiO
2
nanocatalysts.

The TEM images (Figure 8) of the CCA/TiO
2
nanocata-

lysts showed that the nanocatalysts were not only successfully
embedded on the pores of the CCA supports but were also
evenly distributed on the CCA surface. From these TEM
images it can be seen that theTiO

2
nanocatalysts (Figure 8(a))

did not lose their crystallinity upon embedding on the CCA
supports (Figure 8(b)). This was further confirmed by the
electron diffraction (ED) patterns. The ED patterns of
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Figure 6: Nitrogen adsorption-desorption isotherm of the CCA/
TiO
2
nanocatalysts.

the CCA/TiO
2

nanocatalysts show that embedding the
TiO
2
nanocatalysts on the CCA supports did not destroy

their crystal lattice (Figure 8(a)). These ED patterns are
characteristic of the 101 plane of the TiO

2
nanoparticles

(Figure 8).
Both the SEM and the TEM studies revealed that the

physical morphology of the CCA-supported titania nanocat-
alysts played a major role in the photocatalytic degradation
properties of these nanocatalysts. The SEM studies revealed
that the CCA/TiO

2
nanoparticles had a high surface area

while the TEM studies showed that the nanoparticles were
evenly distribted on the surface of the CCA supports and that
they still exhibited high crystallinity (ED patterns).Therefore
the increased surface area and the preserved crystallinity are
responsible for the high photocatalytic activity exhibited by
the CCA/TiO

2
nanocatalysts.

The elemental composition of the synthesized catalyst
and supports was identified using the EDS spectroscopy and
this is shown in Figure 9. The EDS spectrum of the CCA-
TiO
2
nanocatalysts showed the presence of Al, O, C, and Ti

elements. From the EDS we were able to confirm not only the
successful incorporation of carbon on the surface of alumina
but also the successful impregnation of the CCA with the
TiO
2
nanocatalysts.

4. Conclusions

The CCA-supported titania nanocatalysts demonstrated
superior photocatalytic activity compared to the free titania
catalysts both under UV and visible-light illumination. The
presence of theCCA supports resulted in an increased surface
area and decreased the rate of electron-hole recombination
(electron scavengers) hence resulting in an increased pho-
tocatalytic activity. Also, embedding the titania catalysts on
the CCA supports resulted in a sharp decrease in the band
gap of titania thus shifting the absorption edge of titania
towards the visible-light region resulting in an enhanced
visible-light photoactivity of the CCA-supported catalysts.
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Figure 7: SEM images of the CCA/TiO
2
nanocatalysts.

(a) (b)

Figure 8: TEM images of the (a) TiO
2
and (b) CCA/TiO

2
nanocatalysts.
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Figure 9: EDS spectrum of the CCA/TiO
2
nanocatalysts.

Furthermore, the CCA-TiO
2
nanocatalysts had a high surface

area, were evenly distributed on CCA support surface, and
were highly crystalline thus making the CCA supports a
superior support for titania nanocatalysts for environmental
pollution remediation.
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J.-P. Jolivet, “Size tailoring of TiO

2
anatase nanoparticles in

aqueousmedium and synthesis of nanocomposites. Characteri-
zation by Raman spectroscopy,” Journal of Materials Chemistry,
vol. 13, no. 4, pp. 877–882, 2003.

[30] M. Guglielmi, A. Martucci, E. Menegazzo et al., “Control of
semiconductor particle size in Sol-gel thin films,” Journal of Sol-
Gel Science and Technology, vol. 8, no. 1–3, pp. 1017–1021, 1997.

[31] W. Chen and W. Gao, “Sol-enhanced electroplating of nanos-
tructured Ni-TiO

2
composite coatings—the effects of sol con-

centration on the mechanical and corrosion properties,” Elec-
trochimica Acta, vol. 55, no. 22, pp. 6865–6871, 2010.

[32] T. Sugimoto, K. Okada, and H. Itoh, “Synthesis of uniform
spindle-type titania particles by the gel-sol method,” Journal of
Colloid and Interface Science, vol. 193, no. 1, pp. 140–143, 1997.

[33] T. Kasuga, M. Hiramatsu, A. Hoson, T. Sekino, and K.
Niihara, “Titania nanotubes prepared by chemical processing,”
Advanced Materials, vol. 11, no. 15, pp. 1307–1311, 1999.

[34] L. H. Huang, C. Sun, and Y. L. Liu, “Pt/N-codoped TiO
2

nanotubes and its photocatalytic activity under visible light,”
Applied Surface Science, vol. 253, no. 17, pp. 7029–7035, 2007.

[35] T. Tsumura, N. Kojitani, H. Umemura, M. Toyoda, and M.
Inagaki, “Composites between photoactive anatase-type TiO

2



8 Journal of Nanotechnology

and adsorptive carbon,” Applied Surface Science, vol. 196, no. 1–
4, pp. 429–436, 2002.

[36] L. Chena, X. Pang, G. Yu, and J. Zhang, “In-situ coating of
MWNTs with solgel TiO

2
nanoparticles,” Advanced Materials

Letters, vol. 1, no. 1, pp. 75–78, 2010.
[37] K. Woan, G. Pyrgiotakis, and W. Sigmund, “Photocatalytic

carbon-nanotube-TiO
2
composites,” Advanced Materials, vol.

21, no. 21, pp. 2233–2239, 2009.
[38] J. Matos, J. Laine, and J.-M. Herrmann, “Synergy effect in

the photocatalytic degradation of phenol on a suspended
mixture of titania and activated carbon,” Applied Catalysis B:
Environmental, vol. 18, no. 3-4, pp. 281–291, 1998.

[39] J. P. R. Vissers, F. P. M. Mercx, S. M. A. M. Bouwens, V. H. J. de
Beer, and R. Prins, “Carbon-covered alumina as a support for
sulfide catalysts,” Journal of Catalysis, vol. 114, no. 2, pp. 291–302,
1988.

[40] S. K. Maity, L. Flores, J. Ancheyta, and H. Fukuyama, “Carbon-
modified alumina and alumina-carbon-supported hydrotreat-
ing catalysts,” Industrial and Engineering Chemistry Research,
vol. 48, no. 3, pp. 1190–1195, 2009.

[41] S. K. Masthan, P. S. S. Prasad, K. S. R. Rao, and P. K. Rao,
“Hysteresis during ammonia synthesis over promoted ruthe-
nium catalysts supported on carbon-covered alumina,” Journal
of Molecular Catalysis, vol. 67, no. 2, pp. 1–5, 1991.

[42] K. S. R. Rao, P. K. Rao, S. K. Masthan, L. Kaluschnaya, and V.
B. Shur, “New type of carbon coated alumina supports for the
preparation of highly ctive ruthenium catalysts for ammonia
synthesis,” Applied Catalysis, vol. 62, no. 1, pp. L19–L22, 1990.

[43] M. M. Mahlambi, A. K. Mishra, S. B. Mishra, R. W. Krause,
B. B. Mamba, and A. M. Raichur, “Comparison of rhodamine
B degradation under UV irradiation by two phases of titania
nano-photocatalyst,” Journal ofThermal Analysis and Calorime-
try, vol. 110, no. 2, pp. 847–855, 2012.

[44] M. M. Mahlambi, A. K. Mishra, S. B. Mishra, A. M. Raichur,
B. B. Mamba, and R. W. Krause, “Layer-by-layer self-assembled
metal-ion- (Ag-, Co-, Ni-, and Pd-) doped TiO

2
nanoparticles:

synthesis, characterisation, and visible light degradation of
rhodamine B,” Journal of Nanomaterials, vol. 2012, Article ID
302046, 12 pages, 2012.

[45] M. M. Mahlambi, A. K. Mishra, S. B. Mishra, R. W. Krause, B.
B. Mamba, and A. M. Raichur, “Effect of metal ions (Ag, Co,
Ni, and Pd) on the visible light degradation of rhodamine B by
carbon-covered alumina-supported TiO

2
in aqueous solutions,”

Industrial and Engineering Chemistry Research, vol. 52, no. 5, pp.
1783–1794, 2013.

[46] L. F. Sharanda, Y. V. Plyuto, I. V. Babich et al., “Synthesis and
characterisation of hybrid carbon-alumina support,” Applied
Surface Science, vol. 252, no. 24, pp. 8549–8556, 2006.

[47] Y. Ao, J. Xu, D. Fu, and C. Yuan, “Preparation of Ag-doped
mesoporous titania and its enhanced photocatalytic activity
under UV light irradiation,” Journal of Physics and Chemistry
of Solids, vol. 69, no. 11, pp. 2660–2664, 2008.

[48] M. Stir, R. Nicula, and E. Burkel, “Pressure-temperature phase
diagrams of pure and Ag-doped nanocrystalline TiO

2
photo-

catalysts,” Journal of the European Ceramic Society, vol. 26, no.
9, pp. 1547–1553, 2006.



Submit your manuscripts at
http://www.hindawi.com

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Corrosion
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Polymer Science
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Ceramics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Composites
Journal of

Nanoparticles
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Biomaterials

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Nanoscience
Journal of

Textiles
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Journal of

Nanotechnology
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Crystallography
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Coatings
Journal of

Advances in 

Materials Science and Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Smart Materials 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Metallurgy
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Materials
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

N
a
no

m
a
te
ri
a
ls

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal ofNanomaterials


