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Size controlled synthesis and Photocatalytic
activity of anatase TiOhollow microspheres
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Abstract—Titanium oxide hollow microspheres were synthesized Also, the morphology and size of the product can be
from organic precursor titanium tetraisopropoxideTIP) using controlled by simply varying the concentration aampplied
continuous ~ spray  pyrolysis reactor. ~Effects of preer yqjtage during spray which has been reported mphper.The

concentration, applied voltage and annealing haen bnvestigated. :
It was observed that the annealing of the as-sgizéé TiQ hollow photocatglytlc property of the. .prod_ucts. vyas evaldaby
microspheres at 280, which had an average external diameter Oqlegradatlon of MO under UV-visible irradiation.

200 nm, leads to an increase in the size and ats@ spherical
shape. The precursor concentration was found te halirect impact Il. EXPERIMENTAL DETAILS

on the_size of the microspheres, which is also emtidin the Well-defined anatase TiO hollow microspheres were

absorption spectrum. The as-prepared ,Ti@llow microspheres r red via one step techni (Contin Spyayhy@i

exhibited good photocatalytic activity for the dedation of MO. prepare a one step technique {Lontinuous Spy YIS
Reactor (CoSP)) using titanium isopropoxide (TTIR

Keywords—TiO, hollow microspheres; Spray Pyrolysis; Electric0r9anic precursor and ethanol as solvent. The ciretion of

Field: Microscopy; Microstructures. the precursor was varied from 0.1 M to 0.2 M. Vg
stirring with a magnetic stirrer was applied duristpw
I. INTRODUCTION addition of TTIP into the ethanol solution at rotemperature

) o ) for about 1 h. A milky white titanium precursor walstained
OLLOW inorganic microspheres are of great interest dugqer 1 hr of stirring which was sprayed througtheee zone
to wide applications in diagnostics, drug deliveryreacior with all the three zones maintained at ecfi
bioactive materials, and optical devices. Hollowhesical temperatures viz. 600, 850 and @) respectively with Nas
TiO, microspheres have emerged as a material of speGigh carrier gas. [18] The solution flow rate ane thas
interest to the researchers worldwide due to sigguibperties pressure were kept constant at 2 ml/min and 2 #gf/c
such as low density, high surface area, good smrfac xrp studies were done using X-ray diffractometenifps
permeability, and increased Ilght-harvest_lng capdai7] X'PERT PRO), having CuKincident beam X = 1.54A°).
Recent progress shows that hollow T&pheres present an ppjjjips CM12 120KV transmission electron microseopas
enhanced performance in photocatalysis, dye-seeditsolar | ,ceq for TEM and 200kV Technai G20- high-resolution
cells and photonic crystals due to their light &@tg, organic yransmission electron microscope was used for HRTEM
adsorption, and porous characteristics.[8-15] I fpast gygies. Surface morphology was studied using ZEES®-
decade, great progress has been made to fabrinitde'TiO, 5o mpodel scanning electron microscope (SEM). The
spheres with varied structural features. Among VBE0US 5psorbance of the solution was measured using Larhba0
synthesis techniques, template based approach ist mgy_y|s.NIR spectrophotometer.
commonly used, where solid mat(_arlals such as areddimina _ The photocatalytic activities of the prepared Ti@llow
membranes or mesoporous silicas and soft templat'ﬂqcrospheres were determined by measuring the datica
materials such as ionic or nonionic surfactantdymers, or of methyl orange (MO) in an aqueous solution uriderlight
organic ligands have been utilized as structuraidigg irradiation. A 370 nm UV lamp (15 W) was used ahti
matters_.[16-l7] . . . source. Typically, 10 mg of photocatalyst was pub i40.0
Herein, we report a simple technique to synthesied mL of MO aqueous solution (10 mg/L) and was magad§i
defined anatase TiChollow microspheres without a templateStirreol in theqdark for 1 hr to reachgthe adsomptouilibrium

using continuous spray pyrolysis reactor with metié&bxide i A
precursor and ethanol as solvent. Spray pyrolysisof of MO with the photocatalysts, and then exposedYolight.

considerable interest for the preparation of metaietal UV/Vis absorption spectra were recorded at differéme
oxides, non-oxides and composite powder becausertbihod intervals, and the concentration of MO left in thgueous
can produce particles of controlled composition angystem was measured by detecting the absorptiét4nm,
morphology, good crystallinity, and uniform sizestdbution, ~the maximum absorption wavelength for MO.
all of which can be readily obtained in only “ortegs’ and is
also less time consuming technique as comparedther o Ill.  RESULTS AND DISCUSSION
template based and hydrothermal approaches. Figure 1 shows the SEM image of the hollow micresph
prepared with different concentrations of TTIP ethla
solution: (a) 0.1M; (b) 0.15M and (c) 0.2M. The mes
clearly show that slightly larger particles are abéd for
Authors are with the Indian Institute of TechnoloDglhi, Hauz Khas, higher concentration as compared to lower onesth®mther

New Delhi, India (phone: 011-26591261; fax: 011-26861; e-mail: . . .
charudwi.iitd@gmail.com: vautta@ces. iitd.ac.in). hand, Fig. 1 (d) shows the SEM image of hollow wépheres
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(0.1M TTIP ethanol solution) annealed at 280 It was found
that the average size of the microspheres incretsedpum
(0.d.) & 1.8 pm (i.d.) with annealing and the sh#ygeomes
more spherical.
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Fig. 1 SEM images of Ti@microspheres at (a) 0.05 M; (b) 0.1 M;
(c) 0.15 M; (d) annealed at 2°C

The porous hollow structure was further investigdiy the
TEM image as shown in Fig. 2 and the intensive resht
between center and edge of the spheres indicadsrimation
of hollow structure in the final products and thelkthickness
of the spheres is about 55-60 nm.

The particle size as calculated from the TEM imelgarly
indicates an increase in the size from 170 to 2B0erternal
diameter as the concentration changes from 0.12t&0which
is also confirmed from the size calculated by tHeDXdata.
The high-resolution TEM (HRTEM) image also showsacl
lattice fringes which reveal a distance betweetickplanes of
0.35 nm, corresponding to the (101) lattice plameanatase
TiO,.[19]

Fig. 2 TEM images of Ti@microspheres at (a) 0.1 M; (b)
HRTEM image

The crystal structure of the T}@ample was determined by

XRD analysis as shown in Fig 3. All the diffractipeaks can

be well indexed to anatase phase of ,JJ@CPDS 71- 1169).

No peaks of impurities were detected in the XRDteyas,
indicating the high purity of the products.

The possible growth mechanism of the hollow michesps
may be as follows with the possible pyrolysis reactas
suggested below: [20]

Ti(is0-O;),— TiO, +4CHg +2H,0

At the beginning for smaller precursor concentrzijo
titanium dioxide crystallized gradually and forméats of
small nanocrystallites as can be seen in the SEMyeén(Fig.
1(a)). At the same time, the above mentioned pgisly
reaction takes place leading to the formation g propene
gas). These gas bubbles and Ji@anoparticles tend to
aggregate together to minimize the interfacial gpemnd the
spherical aggregates are then formed by aggregation
original nanocrystallites nucleated on the gas-diguterface.

The solid aggregates is followed by a solid coraceation
and a hollowing effect can take place at such & hégaction
temperature, which is due to the continuous outvgaodvth of
the fine nanocrystallites and the gas bubbles gadhir the
center of spheres.
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Fig. 3 XRD spectra of Ti, microspheres (0.1N

Fig 4 shows the optical absorption spectrum of Ti@,
samples w.r.t concentration. The absorption spectshows
that the band gap of 0.1M sample is 3.40 eV anddh@.2 M
is 3.35 eV. The decrease in the band gap is dictease in
the particle size with increasing concentration.
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Fig. 4 Optical absorption spectra w.r.t. concerarat

Figure 5 shows the decrease of the concentratiokl©f
with irradiation time in the presence of TiChollow
microspheres (0.1- 0.2 M). As-synthesized JTi@ollow
spheres showed about 60.0% photocatalytic decotmgogor
MO after 90 mins of irradiation.
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Fig. 5(a) Absorption Spectra of MO solution befarel after
irradiation; (b) Photodegradation of MO solutioreoWiO, hollow
spheres; Aand A is the initial concentration of MO beforedaafter

irradiation over a period of time, respectively.

IV. CONCLUSIONS

[20] W. N. Wang, I. W. Lenggoro, Y. Terashi, T. O. Kii{, Okuyama,
Materials Science and Engineering B, vol.123, 2005, pp. 194.

[21] G. Yang, P. Hu, Y. Cao, F. Yuan, R. XNanoscale. Res. Lett., vol. 5,
2010, pp. 1437.

TiO, hollow microspheres with anatase phase were pedpar
by continuous spray pyrolysis reactor. SEM and TEM

investigations reveal that the products have anragee

diameter and shell thickness of about 200 nm an@8(Bb&m,
respectively. The technique is a “one step” appmoas
synthesize hollow microspheres as compared to otle¢nods
reported which require either several steps ordomgaction
times. The microspheres showed good photocatadyfivity
and their size can be controlled by simply coningllthe
process parameters.
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