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Size controlled synthesis and Photocatalytic
activity of anatase Tighollow 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 ampplied
continuous  spray  pyrolysis reactor. Effects of preor —ygjtage during spray which has been reported mghper.The

concentration, applied voltage and annealing haen bnvestigated. .
It was observed that the annealing of the as-sgizbe TiQ hollow photogatglytlcf proper;y of the_ %rlquCtds. V\_/as evaldaby
microspheres at 280, which had an average external diameter df€gradation of MO under UV-visible irradiation.

200 nm, leads to an increase in the size and ats@ rspherical
shape. The precursor concentration was found te halirect impact Il. EXPERIMENTAL DETAILS
on the size of the microspheres, which is also entidin the
absorption spectrum. The as-prepared ,Ti@llow microspheres
exhibited good photocatalytic activity for the dagation of MO.

Well-defined anatase TiO hollow microspheres were
prepared via one step technique (Continuous Spyagi\Ris
Reactor (CoSP)) using titanium isopropoxide (TTIB3

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

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

] o ] for about 1 h. A milky white titanium precursor walstained
OLLOW inorganic microspheres are of great interest dugar 1 hr of stirring which was sprayed througtheee zone
to wide applications in diagnostics, drug deliveryreactor with all the three zones maintained at edfit
bioactive materials, and optical devices. Hollowhesjical temperatures viz. 600, 850 and 5@ respectively with Nas
TiO, microspheres have emerged as a material of spegigh carrier gas. [18] The solution flow rate ane thas
interest to the researphers yvorldwide due to sigauibperties pressure were kept constant at 2 ml/min and 2 kgf/c
such as low density, high surface area, good smrfac yxrp studies were done using X-ray diffractometenifps
permeability, and increased I|ght-harvest_|ng capddi7] X'PERT PRO), having CuKincident beam X = 1.54A°).
Recent progress shows that hollow T&pheres present an pyjjins CM12 120KV transmission electron microseopas
enhanced performance in photocatalysis, dye-seeditsolar ,saq for TEM and 200kV Technai G20- high-resolution
cells and photonic crystals due to their light s&@g, organic ansmission electron microscope was used for HRTEM
adsorption, and porous characteristics.[8-15] I® thast ¢y ,dies. Surface morphology was studied using ZEESS-
decade, great progress has been made to fabrmiéde/TiO, 57 model scanning electron microscope (SEM). The

spheres with varied structural features. Among VRE0US gphsorbance of the solution was measured using Larhbao
synthesis techniques, template based approach ist mgy_y|s-NIR spectrophotometer.

commonly used, where solid materials such as areddinina The photocatalytic activities of the prepared Fi@llow

membranes or mesoporous silicas and soft templatifgerospheres were determined by measuring the datoa
materl_als .SUCh as lonic or nonionic surfactantﬂyrpers_, or  of methyl orange (MO) in an aqueous solution urid€rlight
organic ligands have been utilized as structuraidigg irradiation. A 370 nm UV lamp (15 W) was used aghii
matter;.[16-17] . . . source. Typically, 10 mg of photocatalyst was pb i40.0
Herein, we report a simple technique to synthesizd mL of MO aqueous solution (10 mg/L) and was magadi

defined anatase Tihollow microspheres without a template . . q g N
stirred in the dark for 1 hr to reach the adsorptquilibrium

using continuous spray pyrolysis reactor with meti&bxide ) !
precursor and ethanol as solvent. Spray pyrolysisof of MO with the photocatalysts, and then exposedYolight.

considerable interest for the preparation of metatetal 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 ang@ystem was measured by detecting the absorptidanm,
morphology, good crystallinity, and uniform sizestdibution, the maximum absorption wavelength for MO.
all of which can be readily obtained in only “ortefs’ and is
also less time consuming technique as comparedther o [ll. RESULTS AND DISCUSSION
template based and hydrothermal approaches. Figure 1 shows the SEM image of the hollow micrespk
prepared with different concentrations of TTIP ethla
solution: (a) 0.1M; (b) 0.15M and (c) 0.2M. The uyes
clearly show that slightly larger particles are abed for
Authors are with the Indian Institute of TechnoloBglhi, Hauz Khas, higher concentration as compared to lower onesth®rother

New Delhi, India (phone: 011-26591261; fax: 01126861; e-mail: . . .
charudwi.iitd@gmail.com: vdutta@ces. itd.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 incretsedum
(0.d)) & 1.8 um (i.d.) with annealing and the shigeomes
more spherical.

> E-2
|
3 R ’ <
A 4 a
Ve e < §
¥ 1 pm @ y 5

Fig. 1 SEM images of TiP@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 investigdtg the
TEM image as shown in Fig. 2 and the intensive resht
between center and edge of the spheres indicadermation
of hollow structure in the final products and thelsthickness
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 250erternal
diameter as the concentration changes from 0.12t&0which
is also confirmed from the size calculated by tHRDXdata.
The high-resolution TEM (HRTEM) image also showsacl
lattice fringes which reveal a distance betweetickplanes of
0.35 nm, corresponding to the (101) lattice plamkeanatase
TiO,.[19]

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

The crystal structure of the Ti@ample was determined by
XRD analysis as shown in Fig 3. All the diffractipeaks can
be well indexed to anatase phase of ;T{MCPDS 71- 1169).
No peaks of impurities were detected in the XRDtgras,
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]

T|(|SO'O§E|7)4—> T|02 +4Q’>H6 +2H20
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At the beginning for smaller precursor concentratio
titanium dioxide crystallized gradually and forméats of
small nanocrystallites as can be seen in the SEMyén(Fig.
1(a)). At the same time, the above mentioned pgisly
reaction takes place leading to the formation gfidIpropene
gas). These gas bubbles and Ji@anoparticles tend to
aggregate together to minimize the interfacial gmend the
spherical aggregates are then formed by aggregation
original nanocrystallites nucleated on the gas+didguterface.

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 outwgaoavth of
the fine nanocrystallites and the gas bubbles gadhigr the
center of spherés.
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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 andah@.2 M
is 3.35 eV. The decrease in the band gap is directease in
the particle size with increasing concentration.
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Fig. 4 Optical absorption spectra w.r.t. concerdrat

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 decotigogor
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

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@0G5m,
respectively. The technique is a “one step” apphoae
synthesize hollow microspheres as compared to otle¢nods
reported which require either several steps ordomgaction
times. The microspheres showed good photocatadyfiivity
and their size can be controlled by simply coningllthe
process parameters.

REFERENCES

[1] J.G. Yu, S. W. Liu, M. H. Zhoul. Phys. Chem. C, vol. 112, 2008, pp.
2050.

[2] J.G.Yu,S.W.Liu, H. G. Yu). Catal., vol. 249, 2007, pp. 59.

[3] H. L, Z Bian, J. Zhu, D. Zhang, G. Li, Y. Huo, Hi, Y. Lu, J. Am.
Chem. Soc., vol. 129, 2007, pp. 8406.

[4] X.Li, Y. Xiong, Z. Li, Y. Xie, Inorg. Chem., vol. 45, 2006, pp. 3493.

[5] J. H. Pan, X. Zhang, A. J. Du, D. D. Sun, J. O.Kiec]. Am. Chem.
Soc., vol. 130, 2008, pp. 1256.

[6] Z. Liu, D. D. Sun, P. Guo, J. O. Leckiéhem. Eur. J., vol. 13, 2006,
pp. 1851.

[71 S. Shang, X. Jiao, D. ChenACS Appl. Mater. Interfaces.,
dx.doi.org/10.1021/am201535u|.

[8] H.J. Koo, Y. J. Kim, Y. H. Lee, W. I. Lee, K. KinN. G. Park,Adv.
Mater., vol. 20,2008, pp195.

[9] S. Nishimura, N. Abrams, B. A. Lewis, L. |. Halapiii E. Mallouk, K.
D. Benkstein, J van de Lagemaat, A. J. Frahidm. Chem. Soc., vol.
125,2003,6306.

[10] Y. X. Yin, Z. G. Jin, F. HouJ. Am. Ceram. Soc., vol. 90,2007, pp.
2384.

[11] D. Chen, F. Huang, Y. Cheng, A. R. Caruady. Mater., vol. 21, 2009,
pp. 2206.

[12] J. H. Pan, X. Zhang, A. J. Du, D. D. Sun, J. O.Kiec]. Am. Chem.
Soc., vol. 130,2008, pp. 11256.

[13] H. J. Koo, Y. J. Kim, Y. H. Lee, W. I. Lee, K. KinN. G. Park,Adv.
Mater., vol. 20,2008, pp. 195.

[14] X. Feng, L. Yang, Y. LiuMaterials Letters, vol. 64, 2010, pp. 2688.

[15] J. Fu,Materials Letters, vol. 68, 2012, pp. 419.

[16] F. Caruso, R. A. Caruso, H. Mo hwalScience vol. 282, 1998, pp.
1111.

[17] C. G. Go'ltnerAngew. Chem, Int. Ed., vol. 38, 1999, pp. 3155.

[18] C. Dwivedi, V. Dutta,Adv. Nat. Sci: Nanosci. Nanotechnol,vol. 3,
2012, pp. 015011.

[19] J. H. Pan, X. Zhang, A. J. Du, D. D. Sun, J. O.kiec). Am. Chem.
Soc., vol. 130,2008,pp.1125.

International Scholarly and Scientific Research & Innovation 6(7) 2012 568 1SN1:0000000091950263



	full paper-CH68000.pdf
	ICFMHTT.pdf
	ICSDCE-Jiali Fu.pdf
	Paper Edmara Finalg.pdf
	Paper-CH68000.pdf
	sharma.pdf
	UU.pdf
	20120611 An Optical Sensing Film for Fe_III_ Determination Based on 1,1'- diethyl 2,2'-cyanine Iodide Immobilized in Nafion Film.pdf
	Cyprus' Offshore Aquaculture Mooring Systems-Current Status and Future Development.pdf
	Final Formatted PaperX.pdf
	Final paper 10 June 2012 Formatted.pdf
	Formatted Paper.pdf
	full paper.pdf



