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a  b  s  t  r  a  c  t

Titanium  oxide  with  different  ratios  of  anatase  to rutile  has  been  prepared  by  the  microemulsion-
mediated  solvothermal  method.  The  resulting  samples  were  investigated  by  X-ray  diffraction,  Raman
spectroscopy,  scanning  electron  microscopy,  UV–vis  diffuse  reflectance  spectra,  transmission  electron
microscopy  and  Brunauer–Emmett–Teller  analysis.  The  contents  of  anatase  and  rutile  in the TiO2 parti-
cles  have  been  successfully  controlled  by  simply  adjusting  the  amount  of  urea  in the  aqueous  phase  of
eywords:
itanium oxide
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icroemulsion

olvothermal synthesis

the  microemulsion.  Both  the  degradation  of Rhodamine  B  in  aqueous  solutions  and  mineralization  of TOC
revealed  that  the catalyst  containing  47.6%  anatase  have  presented  the  highest  photocatalytic  activity.  A
proposed  mechanism  is  discussed  to interpret  the  evolution  of  the  phases  based  on  the  effect  of  different
amount  of  urea.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

Titanium dioxide has attracted much attention because of its
pecific properties: photocatalytic activity, photovoltaic effects,
ong-term stability, nontoxicity, and low cost [1–3]. The application
or TiO2 strongly depends upon the crystal structure, morphology,
nd size of the particles. TiO2 exists mainly in three crystalline
orms: anatase, rutile and brookite. Each crystalline form has dif-
erent physiochemical properties, such as density, refractive index,
nd photochemical reactivity. With a high density and refractive
ndex, rutile has been widely employed in fields of pigments, opti-
al devices, etc. Anatase generally shows higher photocatalytic
ctivity in the photodegradation of most pollutants in water and
ir, while the photocatalytic performance of rutile is still indis-
inct [4–6]. Brookite is the least studied because of the difficulties
n synthesizing the pure form, though it was reported to show
emarkable photocatalytic activity [7].  However, much experimen-
al evidence indicates that mixed phases, such as anatase/rutile
8,9], brookite/rutile [10,11],  and brookite/anatase [12,13], exhibit

vident synergistic effects on enhancing the photocatalytic activity.
herefore, it is of great important to develop an effective method
o synthesize mixed-phase TiO2 with tunable ratios of two  phases.

∗ Corresponding author. Tel.: +86 21 64252062; fax: +86 21 64252062.
E-mail address: jlzhang@ecust.edu.cn (J. Zhang).

304-3894/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2011.05.066
In general, phase composition and particle size of TiO2 prepared
by solution-phase methods are depended upon the temperature,
pH, type and concentration of reactants. The effects of pH on TiO2
phase structure have been studied by several groups [14–16],  and
it is commonly assumed that low pH favors the formation of rutile
phase while high pH favors anatase, but these studies did not show
us a precise manner of controlling the TiO2 crystalline phase with
stepwise adjustment of the proportion of anatase or rutile.

Water-in-oil (W/O) microemulsions with nanosized aqueous
cores have been extensively used as the reaction media for prepa-
ration of nanomaterials [17,18].  In microemulsions, the reactants
are well dispersed in the extremely small reactor and a uniform
nucleation occurs. Wu  et al. [17] and Yan et al. [9] have successfully
synthesized rutile and anatase with the microemulsion-mediated
hydrothermal method. However, tetrabutyl titanate has been used
as the precursor in these cases, which will be hydrolyzed unavoid-
ably in water, even in moist air. Herein, based on these studies, we
report a microemulsion-mediated solvothermal method to synthe-
size mixed-phase TiO2 nanocrystals with a tunable anatase/rutile
ratio and to investigate the influence of the pH value on the for-
mation of anatase and rutile. Titanium trichloride is chosen as the
titanium source, which can be easily manipulated and urea as the

“in situ pH adjusting reagent”. The ratio of anatase to rutile in
mixed-phase TiO2 nanocrystals is able to be easily tuned by sim-
ply changing the additional amount of urea in aqueous phase of
microemulsion. To confirm the effect of mixed anatase and rutile

dx.doi.org/10.1016/j.jhazmat.2011.05.066
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:jlzhang@ecust.edu.cn
dx.doi.org/10.1016/j.jhazmat.2011.05.066
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hases on the photocatalytic activity, the performance of prepared
iO2 with different ratios of anatase to rutile was achieved for the
hotodegradation of Rhodamine B.

. Experimental

.1. Synthesis of mixed-phase TiO2 catalysts

The synthetic procedure of reverse microemulsion system was
s follows: First, 10 mL  of Triton X-100 (surfactant), 6 mL  of n-
exanol (cosurfactant), and 16 mL  of cyclohexane (oil phase) were
ixed under magnetic stirring. Second, 2.0 mL  of 15% TiCl3 solu-

ion and specific amount of urea were dissolved in 2.0 mL  of water
series I) or 10 M hydrochloric acid solution (series II), making up
he aqueous phase. Then, the aqueous phase was added dropwise
o the oil phase under stirring at room temperature for 4 h, forming
he clear microemulsion. The microemulsion was heated at 180 ◦C
or 12 h in the autoclave. The precipitate was collected by centrifu-
ation and washed repeatedly with ethanol and water, and then
ried under vacuum at 60 ◦C for 6 h. The samples are labeled as SN-
, where N is a series number and T is the addition amount of urea.
he SI-0.30 represents the sample that obtained in series I, in which
.30 g urea was dissolved in water. The SII-0.90 refers to 0.90 g urea
issolved in 10 M hydrochloric acid solution.

.2. Characterization

The synthesized mixed-phase TiO2 samples were character-
zed by X-ray diffraction (XRD), scanning electron microscopy
SEM), Raman spectroscopy, UV–vis diffuse reflectance spec-
ra (DRS), transmission electron microscopy (TEM) and
runauer–Emmett–Teller (BET) analysis. The XRD patterns of
s-prepared products, recorded on a Rigaku D/max 2550 VB/PC
iffractometer using Cu K� radiation (� = 0.15405 nm,  voltage
0 kV, current 100 mA)  and a secondary graphite monochromator

n the 2� range from 10◦ to 80◦ (2�  steps 0.02◦, count time of 2 s per
tep), were used to identify the crystal structures and crystallite
izes. The morphology of titania was observed by using scanning
lectron microscopy (JSM-6360LV) and transmission electron
icroscopy (JEOL JEM-2011). The TEM samples were prepared by

ropping an alcohol suspension of powders on a carbon-coated
opper grid, operated at an accelerating voltage of 120 and 200 kV.
V–vis spectra were obtained for dry-pressed disk samples using

 Shimadzu UV-2450 PC instrument. BaSO4 powder was  used as a
eference, and the spectra were recorded in the range 200–800 nm.
he BET specific surface area measurements of the samples were
etermined by the N2 adsorption–desorption method at 77 K
Micromeritics, ASAP 2010), after being degassed at 453 K for 10 h.

.3. Photocatalytic activities

The photocatalytic activities of the products were evaluated by
egrading Rhodamine B in an aqueous solution. A 300-W high-
ressure Hg lamp was used as the light source, which had been
ositioned inside a quartz cylindrical vessel and cooled by a cir-
ulating water jacket. 0.06 g of TiO2 was suspended in 60 mL
f aqueous Rhodamine B (20 mg  L−1). Before the photocatalytic
xperiment, the suspension was continuously stirred for 30 min  in
ark in order to establish the adsorption–desorption equilibrium
mong TiO2, Rhodamine B, and dissolved oxygen. The concentra-

ion of Rhodamine B was analyzed by measuring the maximum
bsorbance on a UV–vis spectrometer. Reference experiment was
erformed by using Degussa P25 titanium dioxide as photocatalyst.
he TiO2 powder was separated from the solution by centrifugation,
Fig. 1. XRD patterns of TiO2 synthesized with different reaction series: (a) series I,
(b)  series II.

and the clear upper solution was analyzed for the total organic car-
bon (TOC). TOC was  determined using a Shimadzu TOC-VE analyzer.

3. Results and discussion

3.1. Phase structure, composition and morphology of TiO2
products

3.1.1. Analysis of XRD and BET
As shown in Fig. 1, the XRD patterns illustrate the crystalline

phase evolution of TiO2 synthesized with different addition amount
of urea. In series I, the samples are pure rutile when the amount of
urea is ≤0.30 g (only the pattern of SI-0.30 is presented). The anatase
phase appears when the addition amount of urea is ≥0.35 g, and the
content of anatase increases in the order of SI-0.35, SI-0.40, SI-0.50,
SI-0.60, SI-0.90, and SI-1.80. When the addition of urea is adjusted
to 1.80 g, the obtained TiO2 powder is almost pure anatase phase.
That is to say, the contents of anatase and rutile in samples can be
successfully controlled by simply adjusting the addition amount of
urea. Comparing with series I, the composition of aqueous phase
was changed in series II, in which TiCl3 and urea were dissolved
in 10 M HCl solution instead of water. The crystalline phase evo-
lution of TiO2 in series II (Fig. 1b) is similar to that of series I, but
detailed adding amount of urea is different. In series II, the samples
are pure rutile when the applied urea is ≤0.90 g; anatase appears
with further increasing the addition amount of urea in the aqueous

phase. The required amount of urea to control the phase increases
obviously in series II. For example, the main phase of product is
anatase when the amount of urea is 0.90 g in series I. In contrast,
the product is still pure rutile in series II.
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ig. 2. Relationship between the contents of anatase and the applied amount of urea
n the aqueous phase in reaction series I and II.

The average crystalline sizes of anatase and rutile in samples are
alculated by applying the Debye–Scherrer formula on the anatase
1 0 1) and rutile (1 1 0) diffraction peaks, and the relative phase
ontents of the samples are estimated from the respective XRD peak
ntensities using the following equation [19]

WA = KAIA
(KAIA + IR)

;

WR = IR
(KAIA + IR)

;

KA = 0.886

here WA and WR are the fraction of anatase and rutile, and IA and IR
re the peak areas of the anatase (1 0 1) and rutile (1 1 0) diffraction
eaks, respectively. The results of the average crystalline sizes and
hase composition are calculated and shown in Table 1.

To study the relationship between the contents of anatase and
he amount of urea intuitively, an illustration was  carried out to
how the trend of phase composition in two series (Fig. 2). Inter-
stingly, it was found that two curves, presenting the relationship
etween the contents of anatase and the amount of urea in series

 and II, would make up of a closed curve. It is reasonably believed
hat the phase composition of as-prepared products with changing
he acidity of the aqueous phase would locate within the area of the
losed curve. The acidity of aqueous phase could be controlled by
arying the concentration of additional hydrochloric acid solution,

hich can change from 0 M (series I) to 10 M (series II). It implied

hat we could control the phases of the products located in the
egion enclosed by such a curve through changing the acidity of
queous phase and the amount of urea.

able 1
ynthetic conditions, phase contents, crystalline sizes and BET surface areas of TiO2 parti

Sample Amount of urea (g) Contents of rutile (%) Contents of anatase (%) 

SI-0.30 0.30 100 0 

SI-0.35  0.35 89.3 10.7 

SI-0.40  0.40 52.4 47.6 

SI-0.50  0.50 23.8 76.2 

SI-0.60  0.60 16.7 83.3 

SI-0.90  0.90 5.7 94.3 

SI-1.80  1.80 3.0 97.0 

SII-0.90 0.90 100 0 

SII-1.20 1.20 92.0 8.0 

SII-1.50 1.50 61.7 38.3 

SII-1.80 1.80 19.2 80.8 
Fig. 3. Raman spectra of the three samples shown in Fig. 1a: SI-0.30, SI-0.40, and
SI-1.80.

The surface areas (SBET) of the samples are estimated by the
BET method (shown in Table 1). It is found that SBET values show
the uptrend with further increasing the anatase content both in
series I and II. The average crystalline size of anatase decreases with
increasing the amount of urea, resulting in the increase of SBET.

3.1.2. Analysis of raman spectra
The phase structures of TiO2 powders were further char-

acterized by Raman spectroscopy in Fig. 3. Anatase exhibits
characteristic scatterings at 144 (Eg), 397 (B1g), 517 (A1g) and
639 cm−1 (Eg) [20], while rutile gives typical scatterings at 143
(B1g), 235 (two-phonon scattering), 447 (Eg), and 612 cm−1 (A1g)
[21]. Fig. 3 shows Raman spectra of the three powders of SI-0.30,
SI-0.40 and SI-1.80. Both the position and the relative intensity of
the observed Raman bands are in good accordance with the litera-
ture, from which phase composition of the powders was confirmed.
It is indicated that the phase of SI-0.30 is rutile and that of SI-1.80
is anatase, while SI-0.40 consists of both anatase and rutile. The
results are in agreement with the XRD data.

3.1.3. Analysis of SEM and TEM
It can be found that the content of anatase phase increases with

the amount of urea both in series I and II. The average crystalline
size of anatase decreases with increasing the amount of urea, which

may be induced by the different acidity of solution in system, such
as the final size decreases with increasing pH [15]. Besides the
changes of crystalline phases, the morphologies of particles also
vary with the preparation conditions. The typical SEM and TEM

cles.

Crystalline size of rutile (nm) Crystalline size of anatase (nm) SBET (m2/g)

22.8 34
18.6 16.9 62
20.6 16.0 62
16.4 15.0 67
19.6 14.1 77
17.2 12.5 98
10.7 10.1 112
18.8 49
18.1 19.8 60
14.8 16.6 72
14.2 13.1 89
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Fig. 4. SEM (a)–(f) and TEM (g)–(i) images of different samples: (a) and (g) 

mages of two series are shown in Fig. 4. The obtained products
n series I are aggregated by small particles and the surfaces are
ough; the morphologies of aggregates in series I do not change
uch with increasing the amount of urea (Fig. 4a, c and e). The

nly difference among them is that SI-0.30 is aggregated by small
odlike particles (Fig. 4a); however, the others are aggregated by
mall quasi-spherical particles (Fig. 4c and e). It is confirmed by
he TEM images of SI-0.30 and SI-0.90. Rutile particles (SI-0.30)

how elongated rodlike shape with 20–25 nm in the diameter range
nd lengths in the range of 100–150 nm (Fig. 4g), whereas SI-0.90
almost anatase phase) contains about 10–15 nm quasi-spherical
anoparticles (Fig. 4h). In contrast to series I, the morphologies of
, (b) SII-0.30, (c) and (h) SI-0.90, (d) and (i) SII-0.90, (e) SI-1.80, (f) SII-1.80.

the fabricated products in series II change much more with increas-
ing the amount of urea. The crystalline form of SII-0.30 is rutile, and
the morphology is loose and irregular, composed of small particles
(Fig. 4b). The phase of SII-0.90 is also rutile; however, it is composed
of interconnected microspheres (Fig. 4d). The TEM image (Fig. 4i)
reveals that these microspheres are composed of radially aligned
nanorods. It is indicted that the growth of particles has been hin-
dered, due to the diffusion limitation with spatial constraints. Fig. 4f

shows that the diameter of the microparticles slightly decreased
with increasing the amount of urea to 1.80 g and it was composed of
many individual quasi-spherical particles. Comparing series I and
II, we could find that the acidity of the initial aqueous phase has
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ig. 5. UV–vis diffuse reflectance spectra of samples in Series-I: SI-0.30, SI-0.35,
I-0.40, SI-0.50, SI-0.60, SI-0.90, and SI-1.80.

n important effect on the morphologies of the final products. It is
ndicated that the higher acidity and concentration of Cl− play the
ey role in the formation of particles. In a highly acidic solution,
he high concentration of H+ suppresses the hydrolysis of Ti3+ and
esults in a low reaction rate. However, urea, as an in situ pH adjust-
ng reagent, is used to promote the hydrolysis. The Cl− ions in the
ystem can selectively adsorb on the (1 1 0) plane and influence the
rowth of TiO2. Consequently, the change of morphologies may  be
aused by the synergistic effect of acidity and concentration of Cl−

n system. The formation of TiO2 is retarded by changing the coor-
ination structure of the growing unit, and Cl− may  be adsorbed on
he surfaces of TiO2 to influence the morphologies [22–24].

.1.4. Analysis of UV–vis diffuse reflectance spectra
UV–vis diffuse reflectance spectra of the samples in series-I

re presented in Fig. 5. The UV–vis DRS reflects the band gap
etween the valence band and the conduction band of TiO2. As
hown in Fig. 5, with the increasing proportion of rutile in the
ixed-phase samples, the absorption edge gradually shifts from

95 nm to 415 nm,  implying that the band gap values of TiO2
btained were decreased. The band gap (Eg) can be estimated by
he Kubella–Munk function [25]

˛(h�) = C1(h� − Eg)2

h� = 1240
�

here  ̨ is the optical absorption coefficient, h� is the photon
nergy, C1 is the absorption constant for an indirect transition, and

 is the wavelength (nm). The pure rutile (SI-0.30) has a band gap
nergy of 2.98 eV, with the absorption started with 415 nm.  The
bsorption of SI-1.80 starts with 395 nm,  exhibiting a band gap
nergy value of 3.14 eV. The result is consistent with the fact that
he conduction band edge of rutile is about 0.2 eV more positive
han that of anatase [26]. For other samples, the band gap values
how a slight increase in the order of SI-0.40, SI-0.50, SI-0.60, SI-
.90, whose values are 3.03, 3.06, 3.06, 3.08 eV. It indicates that
he content of anatase in TiO2 would influence the band gap value
f TiO2. However, with the presence of anatase in the mixture as
hown in Fig. 5, the light absorption of rutile is obviously lower

han that of anatase/rutile mixed phase in the range between 250
nd 400 nm.  The lower light absorption may  result in a lower pho-
ocatalytic activity, because the UV irradiation was  utilized for the
hotocatalytic reaction.
aterials 192 (2011) 651– 657 655

3.2. Possible formation mechanism of TiO2 with controlled phases

TiO2 crystals (anatase, brookite, and rutile) consist of [TiO6]
octahedra and differ only in the connection by corners or edges, and
the TiO2 formation mechanism is generally discussed on the basis
of the “partial charge model” [14–16,24].  In the present work, urea
acts as an effective “in situ pH adjusting reagent”, which produces
OH− ions via the hydrolysis at above 85 ◦C and can increase pH val-
ues. TiCl3 is chosen as the titanium source, and Ti3+ exhibits a strong
tendency to form [Ti(OH)x(OH2)6−x]3−x species via hydrolysis, due
to its the high charge/radius ratio (the possible coordination of Cl−

is tentatively not considered) [27]. According to the “partial charge
model”, the linking of [TiO6] units in TiO2 is formed by condensation
of octahedral [Ti(OH)x(OH2)y]n+ precursor ions.

The initial pH of aqueous phase is very low (about 0.2 in series
I), and it does not change much when the addition amount of urea
is ≤0.30 g. Under this condition, the rutile formation undergoes as
follows [28]:

[Ti(H2O)6]3+ + H2O → [TiOH(H2O)5]2+ + H3O+

[TiOH(H2O)5]2+ + O2 → Ti(IV) oxo species → TiO2

[TiOH(H2O)5]2+ is first produced by hydrolysis of [Ti(H2O)6]3+

and then can be oxidized by dissolved oxygen to form Ti(IV) oxo
species. The Ti(IV) oxo species is assumed to be an intermediate
between TiO2+ and TiO2, consisting of partly dehydrated polymeric
Ti(IV) hydroxide [29,30], and they can only occur the corner-sharing
bonding, which leads to the formation of rutile phase.

With increasing the addition of urea to the reaction medium,
the acidity would decrease (high pH), and the degree of hydrolysis
would increase, thus leading to an increase of the number of OH
coordinated to Ti centers. A general simplified scheme of process is
given:

[Ti(H2O)6]3+ + OH− → [Ti(OH)x(H2O)6−x]3−x

→ [Ti(OH)3(H2O)3]0 → [Ti(OH)4(H2O)2]0 → TiO2

At high pH values, the number of OH ligands (x) is high. If the
produced OH− is more enough by hydrolysis of urea, a zero-charge
complex ([Ti(OH)3(H2O)3]0) will be formed, which can be oxidized
to [Ti(OH)4(H2O)2]0 quickly. [Ti(OH)x(H2O)6−x]3−x monomers can
form different structures of polymers by sharing edges or corners,
which lead to different phases of TiO2. The formation of edge-
shared bonding requires two oxolation reactions between pairs
of Ti centers to occur simultaneously. At lower acidity, more OH
ligands coordinated to Ti centers. Consequently, the probability of
edge-shared bonding is increased, and it promotes the formation
of the anatase phase.

The results of series II further demonstrate these viewpoints
mentioned above. The acidity in aqueous phase of series II is much
higher than that of series I. Therefore, the required amount of urea
to control the phase in series II is much bigger than that in series
I. It is showed apparently by comparing with the XRD patterns of
two series.

3.3. Photocatalytic activity of mixed-phase TiO2 products

The photocatalytic activity of the resulting samples with
different contents of anatase was  evaluated by analyzing the
decolorization and the total organic carbon (TOC) removal rate of
Rhodamine B (20 mg  L−1) in an aqueous solution under a 300 W
UV lamp for 2 h (Fig. 6). The residual Rhodamine B in the solution

was analyzed by checking the absorbance at 552 nm. As shown
in Fig. 6, the photocatalytic activity of the samples depended on
the anatase/rutile ratio. The photocatalytic decolorization of Rho-
damine B increased significantly at the beginning, and then showed
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Fig. 6. Removal rate of Rhodamine B and the TOC for the photocatalytic decom-
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osition with different TiO2 catalysts in Series I from left to right: SI-0.30, SI-0.35,
I-0.40, SI-0.50, SI-0.60, SI-0.90, and SI-1.80.

 downtrend with increasing the anatase content. The TOC removal
ate also revealed the same tendency of the photocatalytic decom-
osition with optimum activity at an anatase content of 47.6%,
hich was better than that of Degussa P25. Commercial TiO2
egussa P25 was also investigated for comparison, which is com-
osed of about 80% anatase and 20% rutile. The photocatalytic
ctivity of P25 was not illustrated in Fig. 6; the degradation of Rho-
amine B under UV in 2 h was 90% and the mineralization of TOC
as 55%. Among the products prepared under different amounts

f urea, pure rutile obtained with addition of 0.30 g shows the
owest activity, where only 27.3% Rhodamine B was decolorized
nd 17.7% of TOC was mineralized. The photocatalytic degradation
ould be significantly increased when as-prepared samples were
omposed of anatase/rutile mixed phase, comparing with that of
ure rutile (Fig. 6). A mixture containing 52.4% rutile and 47.6%
natase was achieved by adding 0.40 g of urea, and showed the
ighest photocatalytic activity, where the degradation percentage
f Rhodamine B was as high as 99% and the mineralization rate of
OC was 62%. However, the photocatalytic activity of as-prepared
roducts decreased when the anatase proportion was more than
7.6%. It is often assumed that the larger the surface area, and thus
he higher the adsorption of the organic molecules, the higher will
e the photocatalytic degradation rate. The BET surface areas of all
amples are shown in Table 1. The SBET values show the uptrend
ith an increase of the anatase content. The SBET of SI-0.40 with

he highest photocatalytic activity is only 62 m2/g. The photocat-
lytic activity of samples in series I first increases with increasing
urface areas, followed by a downtrend of activity with increas-
ng SBET. These results imply that BET surface area is not the main
actor for photocatalytic activity in this system. Thus, these can be
xplained by the reason that the anatase/rutile mixed phase has a
ynergistic effect in enhancing the photocatalytic activity. It is the
act that the conduction band edge of anatase (Eg = 3.14) is 0.16 eV

ore negative than that of rutile (Eg = 2.98), and it is implied to pro-
ote interfacial electron transfer from anatase into rutile, and the

nergy barrier will suppress back electron transfer. Consequently,
he anatase/rutile mixed phase will lead to better charge separa-
ion and thus to an increase of the photocatalytic activity. On the
ther hand, the anatase/rutile mixed phase could extend the use-

ul range of the photoresponse and absorb more light, according
o the narrower band gap of rutile. When the content of rutile is
oo much, it would inhibit the photoexcition carried in the anatase
hase, resulting in a lower photocatalytic activity. It is generally

[

aterials 192 (2011) 651– 657

suggested that the pure anatase has a higher photocatalytic activity
than the rutile phase. When the content of rutile in mixed-phase
TiO2 is too little, the lower activity can be explained by geomet-
ric considerations. The rutile may  be covered by too many anatase
nanoparticles, and the charge separation would be limited to some
extent, which leads to lower photocatalytic activity. Thus, the opti-
mum ratio of anatase to rutile was  found to be about 1:1 in this
experimental system.

Comparing with series I, the photocatalytic activity of samples
in series II have also been achieved, whose photodegradation of
Rhodamine B are 48.2%, 74%, 73.3% and 90% in the order of SII-0.90,
SII-1.20, SII-1.50 and SII-1.80. The photocatalytic activity of samples
in series II increases as the content of the anatase phase in TiO2
increases. SII-1.80 exhibits the highest activity, whose composition
and photodegradation rate of Rhodamine B is similar to those of
P25. The difference of photodegradation rate between series I and
II may  be caused by the different composition of phases, BET surface
areas and morphologies of TiO2 powders.

4. Conclusion

In summary, pure rutile and rutile–anatase mixed-phase
have been successfully synthesized by a microemulsion-mediated
solvothermal treatment of titanium trichloride with the assistance
of urea. The contents of anatase in the products can be controlled by
simply changing the amount of urea in the aqueous phase. A pos-
sible explanation of formation mechanism was  proposed, based on
the influence of amount of urea. The composition of the aqueous
phase in microemuslion influences not only the crystalline phase
but also the morphologies of final products. The as-prepared TiO2
containing 47.6% anatase and 52.4% rutile presented the highest
photocatalytic activity for decomposition of Rhodamine B, due to
the existence of a synergistic effect between anatase and rutile.
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