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AbstractTiO2 microspheres were successfully synthesised by simple solution phase method by using various amount
of titanium butoxide as precursor. The prepared TiO2 were characterized by X-ray diffraction (XRD), UV-vis diffuse
reflectance absorption spectra (UV-DRS), X-ray photoelectron spectroscopy (XPS) and scanning electron microscopy
(SEM). XRD analysis revealed that the as-synthesized TiO2 microsphere poses an anatase phase. The photocatalytic
degradation experiments were carried out with three different dyes, such as methylene blue, brilliant black, reactive
red-120 for four hours under UV light irradiation. The results show that TiO2 morphology had great influence on pho-
tocatalytic degradation of organic dyes. The experimental results of dye mineralization indicated the concentration was
reduced by a high portion of up to 99% within 4 hours. On the basis of various characterization of the photocatalysts,
the reactions involved to explain the photocatalytic activity enhancement due to the concentration of titanium butox-
ide and morphology include a better separation of photogenerated charge carriers and improved oxygen reduction
inducing a higher extent of degradation of aromatics.
Keywords: TiO2, Template-free, Hydrothermal, Photocatalytic Activity, Organic Dye

INTRODUCTION

The presence of organic contaminants in water is currently an
environmental concern globally. Large amounts of dyes are pro-
duced annually from the textile, cosmetic, paper, leather, pharma-
ceutical and food processing industries [1,2]. In the textile manu-
facturing process, dyes are generated during the scouring, bleach-
ing, dyeing, rinsing, washing and finishing processes to result in
wastewater effluent of different chemical, color and organic content
[3]. Some of these dyes are toxic and mutagenic and also reduce
light penetration in aquatic systems for photosynthetic processes
[4].

Advanced dye wastewater treatment technologies, capable of
completely degrading the dyes to harmless by-products are the focus
of current research efforts in this field. Conventional methods, such
as adsorption, coagulation, flocculation, biological and membrane
technologies or their integration, have resulted in appreciable suc-
cess in removal of reactive dyes from textile wastewaters [5]. Adsorp-

tion and membrane processes are largely non-destructive and thus
dye molecules are transferred from the liquid to the solid phase
[6]. Biological processes are compromised because of the high sta-
bility, low biodegradability, high toxicity of synthetic dyes and the
presence of large quantities of aromatics in the dye effluent [7].

In the last few decades, new technologies potentially capable of
completely eliminating organic compounds in water have emerged.
Advanced oxidation processes (AOPs) have been reported to non-
selectively oxidise a broad range of organic pollutants [8]. Among
the AOPs, heterogeneous photocatalysis has proved popular due
to the photostability, chemical and biological inertness, ready avail-
ability and low cost of semiconductors such as TiO2 [9,10]. Nano
sized TiO2 with desirable properties such as high crystallinity, small
crystallite size, high specific surface area and porous structures has
been successfully synthesized and applied in degradation of vari-
ous organic compounds in water [11].

Recently, azo dyes Rhodamine B and Methyl orange were de-
graded using TiO2 under simulated solar radiation in a binary sys-
tem [12]. In another study, F, N and S tri-doped TiO2 thin films im-
mobilized on the glass spheres were evaluated for the degradation
of textile industry pollutants, and 86-100% removal were achieved
within 6 hrs of visible irradiation [13]. High surface area meso-
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porous TiO2 (40.03 m2/g) was synthesized via a sol-gel route using
butyl titanate as a precursor. The synthesized TiO2 with a pore diam-
eter of about 13.04 nm exhibited excellent photocatalytic activity
towards the degradation of organic pollutants in tannery wastewa-
ter under UV-light and natural sunlight irradiation [14]. Khanna
and Shetty [15], recently synthesized Ag core-TiO2 shell nanoparti-
cles of approximately 30 nm via a one pot route. The photocata-
lyst was evaluated for its effectiveness in the degradation of Reactive
Blue 220 under UV and visible light irradiation and a higher deg-
radation rate was observed under visible light irradiation.

Although, application of nano TiO2 in environmental remedia-
tion has achieved some successes, there are still challenges with stabil-
ity of the nanoparticles at the nanometer scale. Also, the particles
tend to agglomerate at that scale. Another challenge is removal of
the nanoparticles from the slurry solutions after the photocatalytic
reaction [16]. To overcome these challenges, high surface area sup-
ports have been used to disperse the photocatalyst in the reaction
medium. An interesting innovation is the synthesis of porous TiO2

microspheres which can be fabricated into monodisperse porous
beads or polymeric templates with controlled morphological prop-
erties such as pore size, outer shape and size [17]. Moreover, recent
studies have shown promising results of TiO2 microspheres sam-
ples with more enhanced performance compared to a standard
conventional sample such as P25 [18,19].

The aim of this study was to develop a template-free solution
phase synthesis of TiO2 microspheres for the decolorization/degra-
dation of azo dyes. Recently, methylene blue, brilliant black, methyl
orange and reactive red 120 have been accepted as model dyes for
the investigation of their degradation and adsorption processes.
However, their degradation mechanisms are still unknown. In this
work, TiO2 microspheres were prepared by a template-free solution
phase method. Photocatalytic degradation experiments were then
carried out using three different dyes, methylene blue, brilliant black
and reactive red-120, for four hours under UV light irradiation.
The results showed that TiO2 morphology had great influence on
the photocatalytic degradation of the organic dyes.

EXPERIMENTAL

Analytical grade titanium butoxide ([Ti(BuO)4], 99%), ethanol
(EtOH, 99%), were purchased from Sigma-Aldrich and used as
received without additional purification. The dye sample methy-
lene blue (MB), brilliant black (BB) and reactive red 120 (RR 120)
were obtained from the Sigma-Aldrich and used without further
purification. Deionized, double distilled water was used for the prepa-
ration of all solutions.

In a typical procedure for the synthesis of TiO2 microsphere, vari-
ous amount of 1, 2, 3 and 5mL of titanium butoxide were dissolved
in 75 mL of EtOH and continuously stirred for overnight by pass-
ing the air with the help of aerator at room temperature in a 250
mL conical flask. In template-free method during hydrolysis, the
liquid was kept under continuous stirring for overnight. After that,
the white powder obtained was dried at 80 oC in an oven for 12 h
and then calcined at 450 oC for 3 h for further characterization.

The crystalline properties of TiO2 nanocrystals were studied by
X-ray diffraction (XRD) using a bench X-ray diffractometer (Mini-

Flex 600). X-ray diffractometer was equipped with graphite mono-
chromatized CuK radiation (=1.54056 Å). The absorption spectra
of the as-prepared samples were recorded using UV-Vis diffuse
reflectance spectroscopy (DRS, Jasco V670) in the wavelength range
of 200-1,000 nm, with BaSO4 as a reference. The morphology of
the microspheres was characterized by field-emission scanning elec-
tron microscopy (Jeol, JSM 7600F). The chemical states and rela-
tive compositions of the samples were studied by X-ray photo-
electron spectroscopy (XPS, Omicron Nanotechnology) with a
monochromatized AlK irradiation (1.4867 eV) and a pass energy
of 20 eV. All XPS spectra were obtained with an energy step of
0.1 eV and a dwell time of 50 ms. A software package (Casa Soft-
ware Ltd) has been used to analyze the XPS data.

All photoreaction experiments were carried out in a photocata-
lytic reactor system, which consists of a cylindrical borosilicate glass
reactor vessel with an effective volume of 250 mL, a cooling water
jacket, and a UV-B lamp (8 W medium-pressure mercury lamp,
Institute of Electric Light Source) positioned axially at the center as
a visible light. The reaction temperature was kept at 25 oC by cir-
culating the cooling water. A special glass frit as an air diffuser was
fixed at the reactor to uniformly disperse air into the solution. Photo-
catalytic activity of the prepared samples was examined by the deg-
radation of Methylene Blue, Brilliant Black and Reactive Red 120
under UV-B light irradiation. For each run the reaction suspension
was freshly prepared by adding 0.250 g of catalyst into 250 mL of
aqueous Methylene Blue and Brilliant Black solutions with an ini-
tial concentration of 5 mg L1 and adding 0.050 g of catalyst into
250 ml of aqueous Reactive Red 120 solution with an initial con-
centration of 5mg/L. After the degradation, all samples were filtered
using syringe and syringe filter 0.45m to remove any precipitated
particles. The filtrate was analyzed by an UV-vis absorption spec-
tra instrument. The absorption spectra were recorded using an
UV-vis spectrophotometer (UC-2450-SHIMADZU). The maxi-
mum characteristic absorption wavelengths of MB, BB and RR120
were positioned at 664, 570 and 512 nm, respectively.

RESULTS AND DISCUSSION

The as-prepared TiO2 microsphere samples were analyzed by
using XRD measurements which are deposited with various amount
of titanium butoxide with 1, 2, 3 and 5 mL in content shown in
Fig. 1. It is clear from the analysis that these microspheres prefer
anatase phase with the presence of (101), (103), (004), (112), (200),
(105), (211), (213), (116), (220) and (215). These peaks match exactly
with the reported JCPDS No. 21-1272 corresponding to the ana-
tase phase of TiO2. The y axis scale was fixed same for the entire
sample. TiO2 especially in the anatase form, is very well known for
its photo-catalyst activity with under ultraviolet (UV) light [20].
The (101) peak intensity increased up to 3 mL and it was reduced
for 5 mL samples. The crystallite size of the synthesized TiO2 sam-
ples was calculated from the full width at half maximum (FWHM)
of the diffraction peaks using the Debye-Scherrer formula:

where D is the mean crystallite size,  is a geometric factor (here,

D  


 cos
--------------
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=1),  is the wavelength of X-rays used for the diffraction mea-
surements (here, =1.54065 Å),  is the FWHM of the diffraction
peaks, which can be measured from the XRD peaks, and  is the
diffraction angle. The crystallite size of synthesized TiO2 was 14, 14,
15, 15nm for 1, 2, 3 and 5ml titanium butoxide samples, respectively.

Bandgap energy of the samples was determined using diffuse
reflectance measurements by UV-vis DRS spectrophotometer. The
band gap value was determined by Kubelka-Munk (K-M or F(R))
method [21,22]. In this method, F(R) is proportional to the absorp-
tion coefficient α according to the following relationship:

where R is the reflectance. This relation is applied to highly light
scattering materials and absorbing particles in a matrix. The depen-
dence of absorption coefficient () on the photon energy equation
is given as follows:

where h is Planck’s constant and v is frequency, Eg the band gap
energy, and A is the constant having separate values for different
transitions. The values of m for allowed direct, allowed indirect,
forbidden direct, and forbidden indirect transition are 1/2, 2, 3/2,
and 3, respectively. So, for our analysis we used m=2 for indirect
band gap material. Since  is proportional to F(R) we plotted
(F(R)·hv)1/2 v/s hv for finding the indirect band gap from the UV
DRS data (Fig. 2(a)). The reported value for anatase phase TiO2 is
around 3.2 eV [23]. The prepared samples showed band gap val-
ues close to 2.9 eV. The band gaps increased from 2.83 eV to 2.93
eV up to 3 ml of titanium butoxide dosage; after that it decreased
to 2.88 eV for the 5 ml sample. However, the indirect transition fit-
ting plot for the TiO2 samples yielded bandgap values less than the
range accepted for TiO2 anatase, which is 3 to 3.2 eV. This kind of
result has been observed and reported previously [24]. The decline
in the band gap value can be attributed mainly to smaller crystal-

lite size exhibited by the prepared samples. Due to quantum size
effect, it is known that the recombination pathway of excited elec-
trons in anatase phase cannot go via the same pathway used for
indirect transition [25]. Thus, the data were fitted again to the direct
bandgap transition (Fig. 3). The result showed that the direct tran-
sition plots are more appropriate with a value of 3.21, 3.19, 3.18
and 3.17 eV for 1, 2, 3 and 5 ml titanium butoxide samples.

The general survey and high resolution scans of XPS results are
shown in Fig. 4. The XPS survey scan show the presence of Ti and
O. There is also a carbon peak present in the scan which is from
the background data from the carbon tape. This analysis confirms
only the presence of titanium and oxygen. Our XPS results did not
show any impurity for samples collected from difference sources at
a detection limit of 0.05 at%. The Ti 2p1/2 and Ti 2p3/2 spin-orbital
splitting photoelectrons for both samples are located at binding
energies of 464.8 and 459.0 eV, respectively. The peak separation
value of 5.8 eV was observed and it is very close to the reported
values [26,27]. O 1s peak was located 530.2 eV, which is also very
close to the reported value [28].

The SEM analysis shows the microsphere nature of the TiO2

particles (Fig. 5). It is clear from the image that the particle size in-
creased with increase in the precursor concentration. The particle
size distribution was analyzed using Image J. 25 locations from
each SEM image were selected and particle size distribution plot-
ted for each condition. The statistical analysis showed that the
average diameters of the spheres were 1.14±0.02m and 2.3±0.1
m for the 2 ml and 3 ml precursor volumes, respectively.

F R   
1 R 2

2R
-----------------

hv  A hv  Eg m

Fig. 1. X-ray diffraction pattern of TiO2 microspheres prepared with
different titanium butoxide.

Fig. 2. Indirect transition Band-gap energy calculation of as-made
TiO2 microspheres.
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Fig. 3. Direct transition Band-gap energy calculation of as-made TiO2 microspheres.

Fig. 4. XPS survey spectrum and high resolution spectra of TiO2 microspheres (Ti 2p, O 1s).
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The elemental analysis of the TiO2 microsphere samples was
performed by EDS analysis; the typical spectra of the TiO2 micro-
spheres are shown in Fig. 6. The EDS spectra recorded for all sam-
ples are identical, indicating that all samples have the same com-
position. The analysis confirmed that there are no elements other
than Ti and O present in the sample [29,30].

Methylene blue, Brilliant black and Reactive red 120 are kind of
organic dyes, and often used as model pollutant to study the pho-
tocatalytic activity or performance of nanomaterials. The maximal
absorptive energy of Methylene blue, Brilliant black and Reactive
red 120 is at 664, 570, and 512 nm, respectively. In this study,

Methylene blue, Brilliant black and Reactive Red 120 were chosen
as an object to investigate the photocatalytic degradation proper-
ties of them using prepared TiO2 microspheres with the help of
UV-vis adsorption spectra. From the figures, it is found that the
absorptive intensity of Methylene blue (Fig. 7), Brilliant black (Fig.
8) and Reactive red 120 (Fig. 9) at 664, 570, and 512, respectively,
gradually decreased with prolonging the irradiation time when the
mixed solution of dyes and TiO2 microspheres were exposed to
UV-B light irradiation at room temperature.

These results indicated that these dyes underwent obvious deg-
radation behavior under the catalysis of TiO2 microspheres. If the
degradation ratio is defined as the ratio between the decreased peak
intensity and that of initial dye solution, the degradation ratio was
about 99% when the dye solution was irradiated for 60 min with
Methylene Blue, 40 min with Reactive Red and 10 min only with
Brilliant Black. These imply that the as-synthesized TiO2 micro-
spheres have good photocatalytic activity for dyes and are likely to
be efficient photocatalysts in the applied field.

CONCLUSIONS

An easy method was used to fabricate TiO2 microspheres in a
single step process without using any template. This study showed
that the catalyst’s resulting morphology, structure and photocata-
lytic properties are dependent on the concentration of precursor.
The as-synthesized TiO2 microspheres possess anatase phase with

Fig. 5. SEM morphological analysis of TiO2 microspheres, which was prepared with (a) 2 and (c) 3 mL titanium butoxide, and ((b) and (d))
their particle size distribution in m.

Fig. 6. EDS spectra of the TiO2 microsphere.
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Fig. 7. Photocatalytic degradation of methylene blue by different TiO2 microspheres. (a) Variation of normalized concentration of MB (C0=
5 mg/L) with irradiation time under UV-light condition. (b) Time dependent UV-vis absorption spectrum of MB in the presence of
TiO2 - 2 mL (catalyst dosage - 250 mg/250 mL; concentration of MB=5 mg/L; pH=4.4; light source=UV-B).

Fig. 8. Photocatalytic degradation of brilliant black by different TiO2 microspheres. (a) Variation of normalized concentration of BB (C0=
5 mg/L) with irradiation time under UV-light condition. (b) Time dependent UV-vis absorption spectrum of BB in the presence of
TiO2 - 1 mL (catalyst dosage - 250 mg/250 mL; concentration of BB=5 mg/L; pH=7.5; light source=UV-B).

Fig. 9. Photocatalytic degradation of reactive red 120 by different TiO2 microspheres. (a) Variation of normalized concentration of RR-120
(C0=5 mg/L) with irradiation time under UV-light condition. (b) Time dependent UV-vis absorption spectrum of RR120 in the pres-
ence of TiO2 - 5 mL (catalyst dosage - 50 mg/250 mL; concentration of RR120=5 mg/L; pH=7.5; light source=UV-B).
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the size ranging from 1 to 3m. The EDX and XPS analysis also
confirmed that there are no elements other than Ti and O, indicat-
ing the purity of the prepared samples. The photocatalytic degra-
dation experiments were carried out with three different dyes, in-
cluding methylene blue, brilliant black and reactive red-120 under
UV light irradiation. The experimental results of dye mineraliza-
tion indicated the concentration was reduced by a high portion of
up to 95% within 4 hours. On the basis of various characterization
of the photocatalysts, the reactions involved to explain the photo-
catalytic activity enhancement due to the concentration of titanium
butoxide and morphology include a better separation of photo-
generated charge carriers and improved oxygen reduction induc-
ing a higher extent of degradation of aromatics.
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