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Abstract

Bismuth titanate with 1 at.% Zn modifications were fabricated by a chemical solution decomposition (CSD) method, and
pure phase of (BiggZng 01)20TiO32 was first prepared at low sintering temperature of 4D0As sintered at high temperature,
the phase direct transformation between@g¥Zng 01)20TiO32 and (Bb.gsZNo.01)4 TizO12 Wwas observed. Their photocatalytic
activities were also evaluated using methyl orange as a model organic compound. The photocatalytic degradation rate of
methyl orange on (BigeZno 01)20TiO32 is faster than that on (BbgZng.01)4TizO12 and By TizO12.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction it has many applications in the field of microelectron-
ics, electro-optics and dielectrifg,8]. Several phases
Recently much interest has been paid to photo- in Bi~Ti-O system are known, including BiizO12,
catalytic methods, because they provide a promising Bi2Ti2O7, BizTisO11, Bi12TiOz0, BizeTiO32 and so
strategy for cleaning polluted air or water. TiGs on. In an earlier study the author has found that
known to be one of the most effective photocata- BisTizO12 is a new photocatalyst showing high activ-
lysts for the degradation of organic pollutants, and its ity to photodegrade the 10 mg/l methyl orange solution
photocatalytic behavior has been studied extensively in 4h. But the photocatalytic activity of BTizO12
[1-3]. Although titanium oxide catalysts are capable crystals still needs improving, because under similar
of decomposing a wide variety of oxide and inorganic conditions pure anatase TiQprepared by us shows
pollutants and toxic materials, in both liquid and gas a higher photocatalytic property to photodegrade the
phase systenf8—6], yet their reactivity and selectivity = aqueous methyl orange in 2.5h. It is known that tran-
are not enough for large-scale applications. It is, there- sition metal ions doped into catalysts can increase the
fore, of interest to develop new photocatalysts with quantum efficiency of the heterogeneous photocat-
high photocatalytic properties. In the past decades, alytic property by altering the @h™ pair recombina-
bismuth titanate had attracted much interest becausetion rate and promoting the interfacial charge transfer
rates of photogenerated carrigf-12]. So it is of
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into bismuth titanate crystals by the chemical solution
decomposition (CSD) method, and photocatalytic
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SO42~ and NG~ [13,14] The photodecolorization
of aqueous methyl orange was carried out in a 150 ml

properties of as-prepared samples were evaluatedPyrex glass vessel with magnetic stirring. A 20 W UV

using methyl orange as a model organic compound.

2. Experimental

The precursor materials of Zn-doped bismuth ti-
tanate crystals were prepared by a chemical solution
decomposition method to give a doping level of
1at.%. The dopant concentrations mentioned in this
work are the nominal atomic concentration, which is
based upon the assumption of quantitative incorpora-
tion of the dopant. Bismuth nitrate (Bi(N{x-5H20),
titanium butoxide (Ti(OGHg)4) and zinc acetate
(Zn(CH3COO)2H,0) were selected as starting ma-
terials, glacial acetic acid (GECOOH) was used
as a solvent. Bismuth nitrate and the stoichiometric
amount of zinc acetate were initially dissolved in
CH3COOH, and then titanium butoxide was added
drop-wise with constant stirring. The formed solution
was diluted with 2-methoxyethanol (GBCH,OH)
to adjust its viscosity and surface tension. Dust and
impurities were removed by filtering through Quéh
syringe filters. To keep the solution stable longer,
a certain amount of acetylacetonesHgO,) was
added to the solution. After being stirred for 0.5 h by
a magnetic stirrer, the solution was dried at 10
to remove the solvents and some organic materials.
Then the obtained powder was calcined at higher
temperature for 10 min to remove other organic mate-
rials and produce crystallinity. X-ray powder diffrac-
tion patterns of the prepared samples were carried
out on a Rigaku D/MAXy X-ray diffractometer.
The grain sizes in the powders are about 20-90 nm,
as determined by transmission electron microscope
measurements (Hitachi H-800 at 100 kV).

Photocatalytic activity of as-prepared samples was
examined by the photo-decolorization of aqueous
methyl orange. The primary step in photocatalysis
process is the generation of electrons and holes within
the catalyst particles. Then in the presence of dis-
solved oxygen and an electron dont@H and Q~
are formed. Methyl orange is attacked by the formed
hydroxy! radicals and generates organic radicals or
some other intermediates. Eventually all the parent
compounds and intermediates are oxidized intp CO

lamp with a maximum emission at about 360 nm was
used as the light source. Each as-prepared samples
of different quality were suspended in 50 ml methyl
orange aqueous solution (10 mg/l). The distance be-
tween the liquid surface and the light source was
5cm, and the averaged intensity of UV irradiance was
about 0.936 mW/cfmeasured by an UV-Vis spec-
trophotometer. The concentrations of aqueous methyl
orange were determined as a function of illumination
time by measuring the absorbance at 464 nm with an
UV-Vis spectrophotometer. The linear relationship
between the absorbance at 464 i) &nd the con-
centration of methyl orangeC] can be represented
empirically by the equationd = 0.0727C [13].

3. Results and discussion
3.1. Characterization of as-prepared samples

The crystallization of bismuth titanate is influenced
by many factors, such as annealing temperature,
heating rate and so on. Annealing temperature is re-
garded as the most important factoFsg. 1 shows
the XRD patterns of as-prepared samples annealed
in air from 400 to 950C for 10 min. The prepared
samples exhibited a well-crystallized tetragonal phase
of (Bip.99ZNo.01)20TiO32 at an annealing temperature
of 400°C for 10 min, the X-ray diffraction patterns
of which were indexed based on tetragonal lattice
as reported previously. According to Joint Com-
mittee of Powder Diffraction Standard data cards
(42-202), most of the peaks emerged but a little
one marked as®) belong to (Bb.99ZNo.01)20TiO32
phase. This little peak, as shownkig. 1, increases
with the rise of calcining temperature. Although the
patterns of (Bd.ggZnp01)20TiO32 did not show any
significant variation when the annealing tempera-
ture roses to 500C, the little peak marked ad®j
increases remarkably. As the annealing temperature
increases to 600C, there exist two mixed phases
(Bi0.99ZNn0,01)20TiO32 and (Bb.99ZN0.01)4TizO7 in the
prepared samples. The peaks off(®iZng.01)20TiO32
become weaker, while that of (BdgZno.01)4TizO7
phase marked a®| increases. As shown iRig. 1
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Fig. 1. XRD patterns of the 1at.% Zn-doped bismuth titanate
annealed in air from 400 to 95@ for 10 min.

when the annealing temperature roses to TG0
the peaks of (RiggZnoo1)20TiO32 phase disappear

through melting oxides at 100€ for 2min and
quenching at room temperature. But to the authors
knowledge, there was no report about the prepa-
ration of pure BpgTiOs2 by the chemical solution
method, because when the composition of Bi and Ti
is Bi:Ti > 10:1, Bi2TiO29 phase but not BpTiO32

is easy to obtairf15,16] The experimental results
show that Zn ions doped can facilitate the forma-
tion of (Bip.99ZNno.01)20TiO32 and stabilize the phase
structure. It is noteworthy that no pyrochlore phase
of (Bip.99Zno.01)2TioO7 emerged in the formation
process of (BjggZno.o1)4TizO7 crystals. BpTioOy

is regarded as a metastable phase duringiBD12
formation. In the preparation of La modified bis-
muth titanate ceramics, Jiang et Hl7] pointed out
that BbTi»O7 is an unstable phase duringsBizO12
formation, and the phase structure can be stabilized
by ionic modification. Hou et al[15] showed that
BiooTiO32 was a metastable phase duringBpO;
formation. So the BipTiO32 can be also regarded
as one metastable phase in the formation process of
Bi4Ti3O12 phases. Although the direct transform be-
tween (Bb.9aZN0.01)20Ti032 and (Bb.99ZN0.01)4TizO7
phases is not clear at the present stage, while it can be
deduced that the disappearance of the pyrochlore bis-
muth titanate is something with the dopan£Zrions.

3.2. Photocatalytic activity of the prepared

completely and the prepared samples possess thesamples

major phases of (BiggZng01)4TizO7 crystals. Sim-
ilar results were found in the preparation of pure
Bi2TioO7 nanocrystal$15]. BixgTiO32 was examined

The UV-Vis for methyl orange in distilled water
show two absorption maximdarig. 2). The first band

as a metastable phase and can transform graduallyobserved at 270 nm and the second band at 464 nm.

into the BpTioO7 phase with the annealing time in-
creasing at a temperature of 58D. Comparing the
change of peaks of (BbgZnp01)20TiO32 with that
of (Big.g9ZNnp 01)4TizO7 phase, it can be concluded
that (Bip.g9ZNg.01)20TiO32 is a metastable phase dur-
ing the formation of (Bd.99Znp.01)4TizO7 and it can
transforms gradually into the (BbgZnp.o1)4TizO7
phase with the increase of annealing temperature.
Tetragonal bismuth titanate of BiliO3z is an un-
stable phase in Bi-Ti—-O system. According to the
conventional phase diagram of JBs—TiO, system,
BiooTiO32 phase cannot emerge at a low tempera-
ture of 400°C. From Joint Committee of Powder

The band at 464 nm was used to monitor the effect
of the photocatalysis on the degradation of methyl
orange.

Figs. 3 and 4show the absorption spectra of
methyl orange solution at different times following
the photocatalystic degradation. The decreases in the
absorbance band at 464 nm reflect the disappearance
of methyl orange as it gets oxidized at the active
site on the catalyst. No decolorization occurs in the
absence of light when the catalyst is present. Further
more the concentration of methyl orange decreased
negligibly over the time span of these experiments in
the absence of photocatalysts. The dependence of the

Diffraction Standard data cards (42-202), pure phase photodegradation activity on the concentration of the

of BiogTiO3» crystals was prepared by Troemel et al.

catalysts calcined at 60C for 10 min was studied.
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Fig. 2. The UV-Vis spectrum of methyl orange.

As shown inFig. 3, the activity of the prepared sample ena were presumed to the complete absorption of
increases with the increase of the catalytic concentra- the light by a small portion of productive particles,

tion. When the concentration of the prepared catalysts while having many parasitic particles that compete on
was about 6 g/l, main part of the methyl orange in the contaminants’ adsorption but not on photons.
solution can be degraded in 2 h. But further increas-

Fig. 4shows the changes in the absorbance of aque-

ing of the catalyst concentration clearly decreases ous methyl orange at 464 nm by the prepared sample

the activity of the prepared samples. These phenom-as a function of UV irradiation time. As shown in
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irradiation time. The concentrations of the catalyst are (B) 4g/l; (C) 5g/l; (D) 6g/l; (E) 74d/l.
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Fig. 3. The changes in absorbance of methyl orange solution at 464 nm by the prepared sample calcineé@ as@D@unction of UV
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Fig. 4. The absorption spectra of methyl orange solution at different times following the photocatalystic degradation with the catalyst
annealing at different temperature. The sintering temperature of the used catalysts are°@®) @)0500°C; (D) 600°C; (E) 750°C; (F)
950°C.

Fig. 4, the annealing temperature of the prepared sam- the prepared catalysts was shown decreased with the
ples has a great effect upon its ability to decolorize increase of the sintering temperature. When using
methyl orange solution. When using the catalysts cal- the catalysts calcined at 95G for 10 min, as shown
cined at 400C, after half an hour exposure in UV in Fig. 4, the absorbance of methyl orange solution
irradiation, the absorbance of methyl orange solu- at 464 nm decreased very slowly with reaction time.
tion at 464 nm quickly changed from 0.538 to 0.089, Photocatalytic decolorization of methyl orange is a
which means the main part of the methyl orange in pseudo-first-order reaction and its kinetics can be
the solution had been degraded. As a composition, expressed as (Ag/A) = kt [13]. The calculated
pure phase of anatase Tihanocrystals prepared apparent reaction rate constants (k) of each cata-
by us need 2.5h and the puresBizO12 need 4 h to lyst from Fig. 4 are listed inTable 1 The different
photodegrade 10 mg/l methyl orange solution com- activity of each catalyst as shown ifable 1is in
pletely under similar conditions. Yet the activity of accordance with the XRD patterns of the prepared

Table 1
Comparison of the apparent reaction rate constants calculatedFigan3 for each catalyst
Catalyst Annealing Concentration Apparent reaction Methyl orange
temperature (CTD) rate constants decolorization
(°C) (k/1073 min—1) (t1/2/min)?
lat.% Zn-doped bismuth titanate 400 6 27.83 11
1lat.% Zn-doped bismuth titanate 500 6 5.437 55
lat.% Zn-doped bismuth titanate 600 6 6.366 47
1lat.% Zn-doped bismuth titanate 750 6 2.412 125
lat.% Zn-doped bismuth titanate 950 6 1.231 245
BisTiz012° 650 6 2.45 122
Anatase TiQ°¢ 600 2 4.6 65

2Time required for 50% decolorization of 10 mg/l methyl orange solution.
b pure anatase Tnanopowder and BiizO12 were also prepared by the CSD method under similar conditions.
®1In our experiment 2 g/l anatase TiGhows the highest activity to degrade the aqueous methyl orange.



348 WF. Yao et al./Journal of Molecular Catalysis A: Chemical 198 (2003) 343-348

samples. Photocatalytic properties of as-prepared between (Bi.g9Zng.01)20TiO32 and (Bi.g9ZNp.01)4-
Zn-doped bismuth titanates were drastically changed TizO12 was observed. Pure (849Zng.01)20Ti1032 was
with the phase transition. The higher photocatalytic found showing a higher activity to photodegrade aque-
activity of the samples calcined at 400 is at- ous methyl orange than that of @ igZno.01)4TizO12.
tributed to the (Bd.g9Zngo1)20TiO32 phase, which

is presumed to have a high activity for the methyl

orange. It can be confirmed that further increase Acknowledgements
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