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Abstract
In the present research, Microwave Assisted Synthesis(MAS) method is applied to
synthesize high performance titania(TiO2) at 150oC with various heating time. Each
prepared titania are characterized by SEM, XRD and N2 sorption analysis(BET and BJH
calculation). This study has shown that the prepared titania by MAS method heated at
150oC with 4 hours treatment has the highest photocatalytic performance compared to the
commercial TiO2 and others titania described in this paper. The titania has effectively
reduced Rhodamine B dye up to 96.72% within 90 minutes. This might be due to several
factors that improved the catalytic properties of the titania such as high crystallinity of
analtase crystalline phase, small crystallite size and high pore volume.
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1.

INTRODUCTION

Heterogeneous photocatalysis has been the subject of numerous investigations as it is an
attractive technique for the complete destruction of undesirable contaminants, especially
organic dyes in both liquid and gaseous phases by using solar or artificial light
illumination. Among of all heterogeneous photocatalyst, titania(TiO2) has been the
practical photocatalyst of choice for a variety of reactions due to its high chemical
stability, low cost and non toxic in nature [1]. The photocatalytic activity of titania varies
depending on its crystalline phase, crystallinity, surface area, and porosity. Among the
common crystalline forms of titania, anatase is generally recognized to be the most active
phase as compared to rutile and brookite forms [2,3]. The crystallinity degree of the
anatase phase may affect the titania performance [4]. Regarding the surface area, TiO2
photocatalysis follows the trend of common heterogeneous process, where larger surface
area may induce more active sites for the photocatalytic reaction to occur [5]. On the
other hand, the sample with high porosity is good for photocatalytic performance [6].
In this study, microwave assisted synthesis(MAS) method is applied to synthesize
effective titania due to its short reaction time compare to other methods, such as
hydrothermal [1,7-9], sol-gel [10], and soft chemical process [11]. This method requires
combination of commercial TiO2 powder and 10M NaOH aqueous solution which heated
rapidly and more uniformly through direct molecular interaction with electromagnetic
radiation (absorption of microwaves which are transformed into heat) [9]. The prepared
titania are fully characterized by SEM, XRD and N2 sorption analysis(BET and BJH
calculation) before being tested upon degradation of Rhodamine B dye in aqueous
solution in order to investigate its potential as a photocatalyst. In this study, the
commercial TiO2 powder was used for comparison.

2.

Methodology

2.1

Synthesis of Effective Titania (TiO2) Photocatalyst

The titania(TiO2) photocatalyst are synthesized via microwave-assisted synthesis (MAS)
method. In typical preparation, 1 g of commercial TiO2 powder (SIGMA) is suspended in
50 ml of 10 M NaOH aqueous solution in a Teflon vessel. This suspension
isultrasonicated for 30 min at 40oC and the mixture is reacted in a microwave reactor
(Milestone Microwave Laboratory Systems) with various heating time ranging from 2
hours to 6 hours at constant temperature(150oC). After that, each sample is washed with
0.1 M HCl solution for an hour, followed by distilled water until pH value became nearly
7. Then, the washed titaniais filtered and dried at 60oC overnight. After the titania has
been synthesized, each dried titania is calcined in furnace at 450oC for an hour in order to
remove impurities as well as to crystallize the titania.
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2.2

Characterization

Morphology analysis of the commercial and synthesized TiO2 powder is examined using
scanning electron microscope(SEM, JEOL JSM-6360 LA). An X-ray diffractometer
(XRD, Rigaku Miniflex II) with Cu Kα radiation(λ=0.15418 nm) is applied to
characterize the crystalline phase of the samples. The samples are spread on a glass slide
specimen holder and the scattered intensity is measured between 20◦ and 80◦ at a scanning
rate of 2θ=5◦/min. Specific surface area for each prepared titania photocatalyst is
measured based on Brunauer-Emmett-Teller(BET) multilayer nitrogen gas sorption
method(Quantachromeautosorb 1C – Volumetric Technique) at
77.3 K. The pore
size and pore volume are estimated using Barrett-Joyner-Halenda(BJH) model. The
samples are degassed at 100oC before sorption experiment taking place.
2.3

Photodegradation of Rhodamine B Dye

In this study, each prepared titania is tested to catalyze the degradation of Rhodamine B
dye. The photodegradation is carried out inside a homemade photoreactor. Mixture of
100 ml of 10 mg/L dye solution and 0.1 g of synthesized TiO2 powder is stirred for 10
min in the dark condition so that an adsorption-desorption equilibrium could be
established between dye and catalyst surface [9,12]. Then, the mixture solution is
irradiated with UV light(302 nm, 15 watt). During the illumination, 5 ml sample solution
is withdrawn from the suspension at fixed intervals(30 min) and filtered to separate the
catalyst particles. Each collected sample solution is analyzed via
UV-Vis
spectrophotometer(UV-1601PC, Shimadzu). The same photocatalytic procedure is
applied on commercial TiO2 powder(SIGMA) for comparison.

3.

RESULT AND DISCUSSION

3.1

SEM

The SEM technique is carried out in order to investigate the surface morphology of the
prepared titania photocatalysts. Figure 1 shows the aggregated of nearly-spherical shape
with reasonably uniform size, distributed homogeneously throughout the surface of
commercial titania(SIGMA). The precursor powder, thus, consists of typical particulate
morphology.
Figure 2 depicts the micrographs of surface morphology of titania prepared by
MAS 150oC with various heating time. After treated in MAS 150oC for 2 hours, the
titania is agglomerated which formed several large bulky structure. Small packed
agglomerates with various shapes and sizes are distributed non-homogeneously on the
large bulky surface. When the MAS heating time is prolong to 4 hours, many elongated
structure are formed on the large bulky surface. However, the small packed agglomerates
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still exist. As the heating time is keep prolong to 6 hours, the elongated structure continue
to grow and distributed thoroughly on the bulky surface.

Figure 1: Scanning electron micrographs of commercial titania (SIGMA) with 2
magnification (X10000 and X30000).
3.2

XRD

XRD is applied to determine crystalline phase composition and to estimate crystallite size
of the prepared titania photocatalyst. Figure 3 depicted the XRD diffractograms of MAS
150oC with various MAS heating time. From the result, all peaks have been assigned to
the anatase crystalline phase(PDF Card No.: 00-021-1272) when the MAS heating time is
less than 5 hours. However, the titania with 4 hours treatment shows smoother peaks.
This shows that the titania possess high crystallinity. Upon prolonging the MAS heating
time to 6 hours, the XRD pattern of the prepared titaniacomprises two types of peaks
which are assigned to sodium titanium oxide (N2Ti6O13) and anatase(TiO2) crystalline
phase. The existence of N2Ti6O13 in the lattice structure has deteriorated the crystalline
structure of the MAS 6h prepared titania. Meanwhile, the crystalline sizes are obtained
using Scherrer's equation [12]:
k
d
 cos 
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Figure 2: Scanning electron micrographs of titania prepared by MAS treatment at 150oC
for 2 hours (A, B), 4 hours (C, D), and 6 hours (E, F) with 2 magnification (X10000 and
X30000).
where d is the average crystallite size (nm), λ is the wavelength of Cu Kα radiation
applied (λ = 0.154), θ the is the Bragg’s angle of diffraction, β is the full-width at half
maximum intensity (FWHM) of observation at 101 hkl diffraction(converted to radian)
and K is the constant (usually applied as ~0.94). The crystallite size is decreasing as the
MAS heating time is prolong from 2 hours to 6 hours. The crystalline phase and
crystallite size of all the prepared titania has been summarized in Table 1.
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Figure 3: X-ray diffractogram (XRD) patterns of prepared titania by MAS treatment at
150OC for (i) 6 hours, (ii) 4 hours, (iii) 2 hours and subsequently calcined at 450OC for 1
hour, respectively. XRD pattern for (iv) commercial titania(SIGMA) is included for
comparison. (A: Anatase (TiO2); H: Na2Ti6O13).
Table 1: Anatase crystallite size for titania prepared via MAS 150oC at various heating
time
Type of Photocatalyst
Commercial titania
(SIGMA)
MAS 150oC 2h
MAS 150oC 4h
MAS 150oC 6h

3.3

Crystallite size (nm)

Peak assignment

43.76
29.90

Anatase (TiO2)
Anatase (TiO2)

13.62
8.94

Anatase (TiO2)
Anatase (TiO2) and sodium titanium oxide(N2Ti6O13)

N2 Sorption

Textural characteristics of the samples derived from N2 sorption analysis are presented in
Table 2. The BET total surface area(ABET) and BJH pore diameter(d) of MAS 4h is
almost identical with the MAS 2h prepared titania. However, the ABET increased to
139.07 m2/g after MAS 6h treatment. Regardless of ABET increment, the pore size of
MAS 150oC 6h titania is almost identical with the
2 hours and 4 hours treated
titania, which is 24.77 nm. The commercial titania(SIGMA) has a specific surface area of
39.36 m2/g. However this data is invalid since its BET constant(C) is in negative value.
Incorrect incorporation of points during BET plot may be due to the weak energy
adsorption of this titania, has contribute to the negative value of C.
Meanwhile, the pore volume of the prepared titania has increased from 0.6670
cm3/g to 0.8254 cm3/g when the treatment time is prolong from 2 hours to 4 hours.
However, the pore volume is slightly reduced to 0.7935 cm3/g after MAS 6h treatment.
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Figure 4 showed the representative N2 adsorption–desorption isotherms of the
MAS 150oC prepared titania with various heating time. All the titania show similar type
IV isotherms, which are representative of mesoporous (pores 2-50 nm in diameter)
materials according to the IUPAC classification [13]. Additionally, the loop observed is
ascribed to type H3 loop, indicating the presence of mesopores with non-uniform or
disordered slit-shaped pores [13]. At the same time, the hysteresis loop approaches P/Po
= 1, indicating the presence of macropores(pores >50 nm in diameter) in the
photocatalyst [13]. As comparison, adsorption capacities of all MAS 150oC prepared
titania are much higher than commercial TiO2 (SIGMA). The results are summarized in
Table 3.
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Figure 4: Nitrogen(N2) adsorption–desorption isotherms plot of MAS 150oC prepared
titania with various heating time. TiO2 commercial(SIGMA) is plotted for comparison.
Table 2: Nitrogen sorption analysis for titania (TiO2) prepared by MAS 150oC
Type of photocatalyst

ABET
C
Vp
d
(m2/g)
(cm3/g)
(nm)
MAS 150oC 2h
101.99
96.19
0.6670
24.53
MAS 150oC 4h
101.98
137.10
0.8254
24.29
MAS 150oC 6h
139.07
86.38
0.7935
24.77
Commercial titania(SIGMA)
39.36
-3002.00
0.1480
22.43
*ABET = BET total surface area, C = BET constant, Vp = BJH pore volume, d = BJH pore diameter
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Table 3: Types of isotherms and porosity for titania(TiO2) prepared by MAS 150oC
Type of photocatalyst

Type of
Isotherms

Type of
Hysteresis

Type of Pores

Shape of Pores

MAS 150oC 2h

IV

H3

MAS 150oC 4h

IV

H3

MAS 150oC 6h

IV

H3

Commercial
titania(SIGMA)

IV

H3

Mesopore and
Macropore
Mesopore and
Macropore
Mesopore and
Macropore
Mesopore and
Macropore

Disordered slitshaped pores
Disordered slitshaped pores
Disordered slitshaped pores
Disordered slitshaped pores

3.4

Photodegradation of Rhodamine B dye

Titania of MAS 150oC with 4 hours treatment has emerged to be the highest
photocatalytic performance with 96.72% of Rhodamine B dye degradation after 90
minutes of UV light irradiation. This result shows significant performance since both of
prepared titania at 2 hours and 6 hours possess lower photocatalytic activity. Figure 5 and
Table 4 show the graph and total photodegradation percentage of Rhodamine B dye in the
presence of titania prepared by MAS 150oC with various heating time.
The highest photocatalytic activity of MAS 4h treated titania is due to small
crystallite size(13.62 nm), high crystallinity, and high pore volume(0.8254 cm3/g).
Although MAS 6h prepared titania possess the smallest crystallite size(8.94 nm) and
larger surface area(139.07 m2/g), however, its catalytic activity is not effectively
performed. This is due to the presence of impurity (sodium titanium oxide) in the
prepared titania which has deteriorated its crystalline structure and led to the decreasing
of its catalytic activity. The performance of MAS 2 hours prepared titania is even less
effective because of larger crystallite size(XRD result) and lower pore volume(BJH
result). Thus, there would be fewer active sites where the photogenerated charge carriers
could undergo interfacial transfer and react with adsorbed molecules[14].. To our
surprise, the MAS 4h prepared titania has better performance in the photodegradation of
Rhodamine B, compared to the commercially available titaniawhich approximately
3.96% effective.
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Figure 5: The plot of degradation percentage of 10 ppm Rhodamine B dye against time
of UV light irradiation in the presence of MAS 150oC prepared titania with various
heating time. Performance of commercial titania(SIGMA) is tested for comparison.
Table 4: Percentage of degradation of Rhodamine B dye catalyzed by MAS 150oC
prepared titania with various heating time.
Type of photocatalyst

Percentage(%) of degradation of
Rhodamine B dye after 90 minutes
85.45
96.72
92.87
91.76

MAS 150oC 2h
MAS 150oC 4h
MAS 150oC 6h
Commercial titania(SIGMA)

4.

CONCLUSION

The Microwave Assisted Synthesis(MAS) technique has produced a potential titania
photocatalyst. The titania which is prepared by MAS 150oC of 4 hours treatment has
showed the promising performance with almost complete degradation of Rhodamine B
dye within a very short time. The high performance of the titania is due to small
crystallite size, high crystallinity of anatase crystalline phase, and high pore volume. The
titania prepared by MAS method with 4h treatment has higher photocatalytic
performance in the degradation of Rhodamine B dye compared to commercial
titania(SIGMA).
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