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ffect  of  calcination  temperature  on  physical  parameters  and
hotocatalytic  activity  of  mesoporous  titania  spheres  using
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sol–gel  method  using  chitosan/poly(vinyl  alco-
hol)  hydrogel  beads  as  a  template.  Effects  of  calcination  temperature  on  physical  parameters  were
investigated  by X-ray  diffraction  (XRD),  N2 adsorption–desorption,  Fourier  transform  infrared  (FT-IR)
spectra,  thermogravimetry  and  differential  thermal  analyses  (TG-DTA),  high-resolution  transmission
electron  microscope  (HRTEM)  and  scanning  electron  microscopy  (SEM).  The  photocatalytic  activity  of
mesoporous  titania  spheres  prepared  was  also  evaluated  by  photocatalytic  degradation  of  phenol  as  a
model molecule  under  UV  irradiation.  With  increasing  calcination  temperature,  average  crystallite  size
and pore  size  increased.  In  contrast,  Brunauer–Emmett–Teller  (BET)  specific  surface  areas,  porosity  and
pore volumes  steadily  decreased.  Results  of  characterization  proved  that  prepared  titania  spheres  with

highly  organized  pores  were  mesoporous  structure.  The  photocatalytic  activity  of  mesoporous  titania
spheres  calcined  at 500 ◦C  was more  effective  than  those  calcined  at other  temperatures,  which  were
attributed  to  the  porous  structure,  large  BET  surface  area,  crystalline,  and  smaller  crystallite  size.  This
work may  provide  new  insights  into  the  preparation  of  novel  mesoporous  titania  spheres  and  further
practical  applications  in the  treatment  of  wastewater.
. Introduction

To solve increasingly serious problems of water pollution, vari-
us novel materials are being applied in the field of environmental
ollution control [1–4]. Among all kinds of materials, titanium
xide (TiO2) is an extremely interesting semi-conductor material
ue to its excellent properties such as high photocatalytic activity,

ow cost, environmental friendliness and chemical stability [2,5].
t is well known that effectiveness of titania as a photocatalyst is
ery sensitive to its crystal phase, particle size, surface area and
rystallinity [6–8]. Recently, many research attentions have been

ocused on the fabrication of mesoporous TiO2 with high BET sur-
ace area and photocatalytic activity [7–11]. Mesoporous titania

aterials have been reported for applications in photocatalysis,
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adsorption, separation, etc. [9,11–14]. However, practical use of
such mesoporous titania materials in nano grade presents some
drawbacks, such as agglomeration during utility and difficulty in
separating and reclaiming them from treated effluent [15].

To overcome above drawbacks, the development of meso-
porous TiO2 microspheres supported in porous frameworks such
as structured silica and alumina (Al2O3) became a good alter-
native to extra beneficial properties due to synergistic effects
with the porous matrix [16–19]. Additionally, those mesoporous
TiO2 materials obtained by such synthesis method have been
defined particle size and suitable mean pore size [19]. However,
it is difficult to remove those porous frameworks used in the
preparation of mesoporous TiO2 materials. Chitosan (CS), (1,4)-
2-amino-2-deoxy-d-glucosamine, is a natural basic, hydrophilic,
nontoxic and biocompatible biopolymer obtained by the alkaline
deacetylation of chitin [20]. Moreover, chitosan has good che-
lating ability with transition metal ions, which makes it possible

for its metal ion complexes to be used as precursors to synthesize
nanoparticles [3,21–23]. All the above-mentioned properties also
make chitosan a very good candidate to design all kinds of func-
tional materials [21,23]. Previous study has revealed that chitosan
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xhibited a multifunctional performance with TiO2 in hetero-
eneous photocatalysis technology by enhancing adsorption-
hotocatalysis [23]. As distinctive intermolecular interactions and
ormation of hydrogen bonds between poly(vinyl alcohol) (PVA)
nd chitosan, chitosan/PVA composite has good mechanical prop-
rty, unique three-dimensional structure, favorable film- and
article-forming property and adjustable pore size, which allows
onsidering chitosan/PVA hydrogel beads as ideal adsorbents for
emoval of metal ions and organic dye from aqueous solutions
24–29]. Therefore, it also becomes possible that chitosan/PVA
ydrogel beads will be used as an alternative template to prepare
esoporous materials. However, to the best of our knowledge,

tudy on the effect of calcination temperature on physical parame-
ers and photocatalytic activity of mesoporous titania microspheres
sing chitosan/PVA hydrogel beads as a template has not yet been
tudied.

In this study, mesoporous titania spheres were prepared using
hitosan/PVA hydrogel beads as a template. Effects of calcina-
ion temperature on physical parameters of mesoporous titania

icrospheres were studied by using X-ray diffraction (XRD), N2
dsorption–desorption, Fourier transform infrared (FT-IR) spectra,
igh-resolution transmission electron microscope (HRTEM) and
canning electron microscopy (SEM). The photocatalytic activity of
esoporous titania spheres was also evaluated by photocatalytic

egradation of phenol as a probe pollutant under UV irradiation.
his work may  provide a new insight into preparation of novel
esoporous titania spheres.

. Experimental

.1. Chemicals and materials

Titanium dioxide (P25) with purity of at least 99.5% was
btained from Degussa. A commercial anatase TiO2 (a-TiO2, purity
99.7%) was purchased from Xiamen Micaren Technology Co.,
td. (Xiamen, China). Chitosan with 91% of deacetylation degree
repared from shrimp shell was purchased from Yuhuan Ocean
iochemical Co., Ltd. (Zhejiang, China). Titanium isporpoxide
reagent grade, 98%) was purchased from Aladdin Industrial Co.,
td (Shanghai, China). Poly(vinyl alcohol) (98% hydrolyzed, aver-
ge molecular weight 105,000) purchased from Shanghai Chemical
eagent Co. Ltd. (Shanghai, China) was of analytical reagent grade.
ther chemical agents used were all analytical grade and all solu-

ions were prepared with double distilled water.

.2. Preparation of mesoporous titania spheres

A formation scheme of mesoporous titania spheres using chi-
osan/PVA hydrogel beads as a template is presented in Fig. 1.
irstly, chitosan/PVA hydrogel beads were prepared by an instanta-
eous gelation method [29]. Two grams of chitosan was dissolved

nto 50 mL  of 5% (v/v) aqueous acetic acid to obtain a chitosan solu-
ion. Two grams of PVA was dissolved in 50 mL  of double distilled
ater to form PVA aqueous solution under mechanical stirring

t 70 ± 1 ◦C. Then, PVA solution was mixed homogenously with
hitosan solution to form composite gel-forming mixture with vig-
rous stirring for 3.0 h at 30 ◦C. The resulting mixture was dropped
nto sodium hydroxide bath (500 mL,  0.5 M)  through a 0.8 mm
nternal diameter syringe needle, forming chitosan/PVA hydrogel
eads. The hydrogel beads were kept overnight in sodium hydrox-

de solution for complete solidifying, and then washed with double

istilled water, ethanol and isopropyl alcohol to obtain swollen
hitosan/PVA hydrogel beads, respectively.

Swollen chitosan/PVA hydrogel beads were soaked in the 98%
itanium isopropoxide solution for 48 h at room temperature under
ience 319 (2014) 189–196

closed conditions. Titanium isporpoxide molecules diffused slowly
into swollen chitosan/PVA hydrogel matrix. Then, hydrogel beads
with titanium isopropoxide were immersed into excess water
for 24 h to cause the hydrolysis and condensation of titanium
isopropoxide to take place in the chitosan/PVA polymer matrix.
The resultant spheres were washed with double distilled water
to remove titanium hydroxide deposited on the surface of these
spheres. Finally, the spheres were dried in the oven at 60 ◦C
till constant weight. Uncalinated titania spheres prepared in the
above-described method were labeled as UTS. Following the dry-
ing process, the samples were calcined under 400, 500, 600, or
700 ◦C for 4 h in air at a heating rate of 1 ◦C/min, respectively.
During calcination, the polymeric template was  burnt off, and
the inorganic precursor crystallized, forming inorganic spheres of
mesoporous titania spheres [30]. Calcined titania spheres were
labeled as CTS-400, CTS-500, CTS-600 and CTS-700 according to
different calcination temperature, respectively.

2.3. Characterization

X-ray diffraction (XRD) patterns of the samples were recorded
on a Rigaku diffractometer using Cu K� irradiation (0.1540 nm)
in an 2� range of 5–75◦. Thermogravimetric (TG) curves were
performed on Model STA 409 PC Luxx at a heating rate of
10 ◦C/min. Nitrogen adsorption–desorption isotherms were car-
ried out on a Micromeritics ASAP2020 apparatus at 77 K. Scanning
electron microscopy (SEM) and high-resolution transmission elec-
tron microscopy (HRTEM) measurements were performed on a
Hitachi S-4800 and JEOL JEM-2010, respectively. FT-IR spectra were
measured at room temperature on a FT-IR-8400 spectrometer (Shi-
madzu, Japan).

2.4. Photocatalytic activity measurements

Photocatalytic experiments were carried out in a Pyrex-glass
reactor (inner diameter: 29 mm and height: 9.1 mm),  thermostated
at 25 ◦C with a water jacket. An aqueous suspension (50 mL)  con-
taining 0.43 mM phenol and 1.0 g/L photocatalyst was  first stirred in
dark for 1 h to attain adsorption–desorption equilibrium and then
irradiated with a high pressure mercury lamp (300 W,  Shanghai
Mengya) with a 320 nm cutoff filter. The distance between the
reactor and the lamp was fixed at 10 cm.  The light intensity reach-
ing external surface of the reactor was  1.41 mW/cm2, as measured
by an UV-irradiance meter (UV-A, Instruments of Beijing Normal
University, China). At given intervals, 2.5 mL  of suspension was
withdrawn by a microsyringe and filtered through a mephenol-
rane (0.22 �m in pore size). Organic substrates were analyzed by
high-performance liquid chromatography (HPLC) on a Dionex P680
(Apollo C18 reverse column, and 50% CH3OH aqueous solution as
an eluent).

3. Results and discussion

3.1. Optical photographs

Fig. 2 displays typical optical photographs of chitosan/PVA
hydrogel beads, UTS and CTS-500. Transparent chitosan/PVA
hydrogel beads and white UTS are spherical with a diameter of ca.
3–4 mm as shown in Fig. 2a and b. Fig. 2c indicates that calcined
titania spheres (UTS-500) have a little bit poor sphericity. At the
same time, average out diameter of UTS-500 was  decreased from

3–4 mm to 1.5–2 mm,  which resulted from a shrinking from original
size during calcination [19]. The result is in a good agreement with
the fact that surface area and pore volume decreased significantly
after calcination.
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5.9776 0 0 5.9776 100.0528 506239.1.94994139602 Tm
 7.970 0c
(n ,)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 23
782.494139602 Tm
0 0c
(cm)Tj
5.9776 0 0 5.9776 107.9216 496.1572 Tm
( 16S5561 44139602 Tm
(imply
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 2 30061 44139602 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506002 479.494139602 Tm
(it )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 027.904144139602 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 5063-.00298264139602 Tm
(well 0 0 -.000F2 1.8553 545.56defin( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 10660041435349959 Tm
(size)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00024.65754935349959 Tm
mesoporou )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 11S5351435349959 Tm
(size)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.000159.922 935349959 Tm
287 Tm
( ..502 .675 rg
( )Tj
/F1 1 Tf
7.9701 0 0 7.970129349971435349959 Tm
(size)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00096455108435349959 Tm
Ther(fore,)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 343.7471435349959 Tm
(size)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00233 141.4435349959 Tm
.1856 Tm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 277338 Tm35349959 Tm
(size)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.002275393 5m35349959 Tm
.1856 Tm
( )Tj
-2295422 03.7248 Tm
(mhoul )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701992945 Tm213038.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0001S085.3m213038.41 1 be)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 113168Tm213038.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0011S5432Tm213038.41 1 well)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 10 0 6.49213038.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00.003517 9213038.41 1 ( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 36.739.49213038.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.000 01148Tm213038.41 1 5
7.9701 0 0 7.9701 103.5398 503.721598045142 293ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 57).91426213038.41 1 C)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 164 81549213038.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0063.651549213038.41 1 unles )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 87.890 Tm213038.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.00811.058Tm213038.41 1 
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701201S739414213038.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0 20502 549213038.41 1 crystm
)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 28.584549213038.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.002 293  Tm213038.41 1 m
0 .502 .675 rg
( )Tj
/F1 1 Tf
7.9701 0 0 7.970 44.646539213038.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0046.49379213038.41 1 ( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97012523129439213038.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.005 1574.49213038.41 1 controll( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 964705.49213038.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0 296085.3m213038.41 1 by)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 034.6/249213038.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0304779.439213038.41 1 Tm
( )Tj
-.009801 03.7248 Tm
(methods..502 .6EMC
/head
( two <</MCID 3>>BDCS1 gs
7T
/F2 1 Tf
.0002 0 0 -.0759841.43792982s
BT
/F.4..502 .675 rg
( )Tj
/F1 1 Tf
7.9701 0 0 7.97086.781543792982s
BT
/caused)Tj
ET
/GS1 gs
7T
/F2 1 Tf
.0002 0 0 -.0-.0061.43792982s
BT
/TEM.502 .675 rg
( )Tj
/F1 1 Tf
7.9701 0 0 7.9701g.)908423792982s
BT
/caused)Tj
ET
/GS1 gs
7T
/F2 1 Tf
.0002 0 0 -.01090980623792982s
BT
/
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 34.792103792982s
BT
/caused)Tj
ET
/GS1 gs
7T
/F2 1 Tf
.0002 0 0 -.01229.64303792982s
BT
/SEM.502 .6EMC
/documentdiv <</MCID 4>>BDCS1 gs
6 0 0 5.9776 100.0528 506.517771032617607 BT
/TEM.502 .675 rg
( )Tj
/F1 1 Tf
7.9701 0 0 7.9701g 28104132617607 BT
/caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 2874132617607 BT
/images)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 32.4045132617607 BT
/caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0034 0 61032617607 BT
/ )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 142.445 T32617607 BT
/caused

 s
BT
/F1 1 Tf
6.3761 0 0 6.3761 412.1599 591e27722382 32617607 BT
/causedcm[18]cmcmcmcm

 530T
8  Tf
6.3761 0 0 6.3761 412.1599 591e826.698.430T
8391 Tm
(cm)Tj
5.9776 0 0 5.9776 107.9216 496.1572 Tm
(0.006059 30T
8391 Tm
(C Tm6( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970116855407 30T
8391 Tm
(cm)Tj
5.9776 0 0 5.9776 107.9216 496.1572 Tm
(0172247.430T
8391 Tm
(
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 78.4974 30T
8391 Tm
(cm)Tj
5.9776 0 0 5.9776 107.9216 496.1572 Tm
(081.4043 30T
8391 Tm
(C Tm7( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 2 11395430T
8391 Tm
(cm)Tj
5.9776 0 0 5.9776 107.9216 496.1572 Tm
(216.0464 30T
8391 Tm
(a( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 28.0965430T
8391 Tm
(cm)Tj
5.9776 0 0 5.9776 107.9216 496.1572 Tm
(2317.934 30T
8391 Tm
(approxim te( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 86.8468530T
8391 Tm
(Tm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.908907537 30T
8391 Tm
(9s
BT
/F1 1 Tf
6.3761 0 0 6.3761 412.1599 591e296.4881530T
8391 Tm
(Tm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9099.395430T
8391 Tm
(16 )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970131139471530T
8391 Tm
(Tm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9300
834 30T
8391 Tm
(19s
BT
2 941144.8553 545.5628)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97018594174 310 3783 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506.6174584310 3783 Tm
(n )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970197)44203310 3783 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 50699.19371310 3783 Tm
(i )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 069701T4310 3783 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506108.44464310 3783 Tm
(m
0 .502 .675 rg
( )Tj
/F1 1 Tf
7.9701 0 0 7.97012 110002310 3783 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506121-218 T310 3783 Tm
(()Tj
ET
/GS2 gs
BT
1 Tf
.0002 0 0 -.0 10 03 T310 3783 Tm
m
([18])Tj
ET
/GFi( )Tj
/F1 1 Tf
7.9701 0 0 7.97011417.7892310 3783 Tm
(700)Ts
BT
/F2 1 Tf
.0002 0 0 -.0042984292310 3783 Tm
(5ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0147.6206T310 3783 Tm
m

/Gas
BT
/F1 1 Tf
6.3761 0 0 6.3761 412.1599 591e850
85292310 3783 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 50615.009602310 3783 Tm
(b,)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 1643T
/ 310 3783 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 5061644.85 310 3783 Tm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 697.982 310 3783 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506170.75210310 3783 Tm
(
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 857.9192310 3783 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506186.74584310 3783 Tm
(e)s
BT
/F1 1 Tf
6.3761 0 0 6.3761 412.1599 591e85561022 310 3783 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506197)84610310 3783 Tm
(5679ective(  )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 48 58202310 3783 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506247.726 T310 3783 Tm
(Cor5679ond
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 0348815310 3783 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 5063-.062492310 3783 Tm
(mea 0 0 -.000844.8553 545.56sur( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970195.18861316.917.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.096.9121316.917.41 1 m
0 s)Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 02 297.9306.917.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.01BT
02 54306.917.41 1 from)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 3.00509 306.917.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.010T
2744 306.917.41 1 TEM.502 .675 rg
( )Tj
/F1 1 Tf
7.9701 0 0 7.970154553 54306.917.41 1 700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 5061567.36.4306.917.41 1 image)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 70035584306.917.41 1 700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 5061817.7921316.917.41 1 a( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701193110934306.917.41 1 700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506159685284306.917.41 1 i )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 20336024306.917.41 1 700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506-208083.4306.917.41 1 good)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970122 29159 306.917.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0224463934306.917.41 1 agreement)Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 2.0699 306.917.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0267.42254306.917.41 1 with)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 8571354306.917.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.028698644 306.917.41 1 
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701299.3 54306.917.41 1 700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506301S0584 306.917.41 1 valu s)Tj
-.00511 1.8553 545.56determin( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 18.4446306.45682Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506121002926306.45682Tm
(by)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701135386971306.45682Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506133.95154306.45682Tm
(XRD)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 15356371306.45682Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506150
64754306.45682Tm
(analysis..502 .675 rg
( )Tj
/F1 1 Tf
7.9701 0 0 7.970186.10831306.45682Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506189.19351306.45682Tm
(Obviouslys
BT
/F1 1 Tf
6.3761 0 0 6.3761 412.1599 591e2.002154306.45682Tm
(cm)Tj
5.9776 0 0 5.9776 107.9216 496.1572 Tm
(23643T426306.45682Tm
(with)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 15305071306.45682Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 50605 114594306.45682Tm
(increas
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 20336261306.45682Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506095.44781306.45682Tm
(.1856 T 0 0 -.73807 1.8553 545.56m
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970189.123.4095.99.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.092.1058T095.99.41 1 .1856 Tm
( ss
BT
/F1 1 Tf
6.3761 0 0 6.3761 412.1599 591e848 76971095.99.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0148.81192095.99.41 1 average.502 .675 rg
( )Tj
/F1 1 Tf
7.9701 0 0 7.970 78.50681095.99.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0181S54892095.99.41 1 crystm
lit )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701219.43671095.99.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.022 247892095.99.41 1 m
0 .502 .675 rg
( )Tj
/F1 1 Tf
7.9701 0 0 7.970 0T
159 095.99.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0240.20112095.99.41 1 a( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 5454509 095.99.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0257.4934095.99.41 1 average.502 .675 rg
( )Tj
/F1 1 Tf
7.9701 0 0 7.970287.188 095.99.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0290.23012095.99.41 1 po( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.97013g.)6438 095.99.41 1 caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0311368592095.99.41 1 m
0 .502-.007192.8553 545.56increaseds
BT
/F1 1 Tf
6.3761 0 0 6.3761 412.1599 591e812
27551 8575352 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 50602 174464 8575352 Tm
(which)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701130 35871 8575352 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506038.82771 8575352 Tm
(indicTm( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 74.4043  8575352 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506075.8733  8575352 Tm
(an)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 8571899  8575352 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506086.0589  8575352 Tm
(enhancement)Tj
ET
/GS2 gs
BT
/F1 1 Tf
6.3761 0 0 6.3761 38.86701 8575352 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506240.32926 8575352 Tm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 247.7888 08575352 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 50624002579  8575352 Tm
(crystm
lit )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701287.14571 8575352 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506288.61471 8575352 Tm
(growth)Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701306.4368 08575352 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 50631.)90596 8575352 Tm
( )Tj
E2 946249203.7248 Tm
(mesoporou )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 2006995(278 0745 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 50602 28918(278 0745 Tm
(titania
BT
/F1 1 Tf
6.3761 0 0 6.3761 412.1599 591e84.)6615(278 0745 Tm
m
([18])Tj
ET
/Gcauses
BT
/F2 1 Tf
.0002 0 0 -.0140085354278 0745 Tm
([18]ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.012.04266(278 0745 Tm
m

/G )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 67.3712(278 0745 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 50606935635(278 0745 Tm
(Furm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701198.0231(278 0745 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506 2132155(278 0745 Tm
(observTm
( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 48 26(278 0745 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506 47)4523(278 0745 Tm
(suggest )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701279.9686(278 0745 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506 82.10054278 0745 Tm
(th( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 9.)6619(278 0745 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506 9008542(278 0745 Tm
(aTj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701  3081408(278 0745 Tm
(700)Tj
/F6 1 Tf
5.9776 0 0 5.9776 100.0528 506306.3422 278 0745 Tm
(larg .502-.00174 03.7248 Tm
(numb( )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.970112080588 064.6137 BT
/caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0002 7915(264.6137 BT
/ )Tj
ET
/GS2 gs
BT
/F1 1 Tf
7.9701 0 0 7.9701 12 1251 064.6137 BT
/caused)Tj
ET
/GS1 gs
BT
/F2 1 Tf
.0002 0 0 -.0014.9837 064.6137 BT
/mesopor s)Tj
ET
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Fig. 5. The TEM patterns of samples: (a) CTS-400

–O vibrational stretching [26]. The absorption peak at 1629 cm−1

as assigned to N–H bending vibration in amine groups of chi-
osan [38]. In FT-IR spectrum of as-synthesized UTS, C–C stretching
1074 cm−1) of PVA is also found [39]. After calcination, two absorp-
ion peaks at 1629 and 1074 cm−1 weakened and disappeared.
dditionally, compared with FT-IR spectrum of uncalcined sam-

le (Fig. 7a), the absorption peak at 3400 cm−1 disappeared in
T-IR spectra of calcined titania spheres. This phenomenon has
roven that calcined titania spheres possess less surface hydroxyl
ontent, which resulted from the fact that chitosan/PVA template

Fig. 6.
d c), CTS-500, (d) CTS-600 and (e and f) CTS-700.

was removed gradually from those materials. However, all calcined
titania spheres display a strong absorption peak around 500 cm−1

attributed to Ti–O–Ti lattice vibrations [39], indicating that the
crystallization of mesoporous titania appeared and was enhanced.

3.6. TG-DSC investigation
To determine calcined temperature at which chitosan/PVA
template was  removed and inorganic phase began to crystal-
lized, thermogravimetric and differential thermal analysis was
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. Conclusions

Mesoporous titania spheres using chitosan and PVA hydrogel
eads as template have been successfully synthesized. Nitro-
en adsorption–desorption isotherm measurement, XRD, FT-IR,
EM and TEM have been used to characterize the mesoporous
itania spheres. With increasing calcination temperature, the aver-
ge crystallite size and average pore size increased while the
runauer–Emmett–Teller (BET) specific surface areas, porosity
nd pore volumes steadily decreased. Results of characterization
roved that prepared titania spheres were mesoporous structure.
he photocatalytic activity of the mesoporous titania spheres cal-
ined at 500 ◦C was more effective than those calcined at other
emperatures, which were attributed to the porous structure,
arger BET surface area, higher crystalline, and smaller crystallite
ize.
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