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The visible-light-driven photocatalyst Ag/B-Bi,O3; microspheres were synthesized by a simple chemi-
cal method. First, B-Bi, O3 microspheres were obtained by a thermal treatment of sphere-like Bi,0,CO3;
precursor at 360°C for 3 h in air and then Ag nanoparticles were in situ incorporated into (3-Bi, O3 micro-
spheres by impregnation method. The as-synthesized samples were characterized by X-ray powder
diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-
ray photoelectron spectroscopy (XPS), UV-vis spectroscopy and photoluminescence measurements. The

gﬁﬁ‘:ggtlyst experimental results demonstrated that the visible light absorption of 3-Bi,O3 photocatalyst is greatly
Microspheres enhanced with the incorporation of Ag nanoparticles. The SEM and TEM observations revealed that the

Ag nanoparticles can be homogenously incorporated in the 3-Bi,O3; microspheres. The photocatalytic
activity of Ag/B-Bi,O3 sample was evaluated by the photodegradation of the Rhodamine-B under visible
light irradiation as a function of Ag content. It is found that the photocatalytic efficiency of B-Bi,O3 can
be significantly improved with the incorporation of Ag nanoparticles up to 2.0 wt% Ag. The mechanism
for the enhanced photocatalytic activity is also presented.
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© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Since the photoinduced decomposition of water on TiO, elec-
trodes has been discovered, semiconductor-based photocatalysis
for the degradation of organic compounds has been attracting an
extensive researchinterestin the past twenty years[1]. Particularly,
TiO, photocatalytic disinfection has been intensively studied due
to its safety, low-cost and efficiency [2]. Because of its wide band
gap (ca. 3.2 eV),low quantum yield and the absorbance of only near
UV-region (A <400 nm) limit its practical applications. In order to
extend its photosensitivity to visible region, TiO, has been doped
with various non-metal and metal atoms, such as nitrogen [3], flu-
orine [4], iron [5] and vanadium [6]. Nevertheless, these dopants
may also act as a recombination center among photo-generated
carriers, which is usually discrete and inconvenient for the migra-
tion of the electrons and holes. Therefore, it is essential to develop
efficient visible-light-active photocatalysts that can be used under
solar irradiation.

Bismuth oxide (Bi»Os3) is an important p-type semiconduc-
tor with four main crystallographic polymorphs denoted as a-,
B-, v-, and 8-Biy03 [7]. Due to unique optical and electrical
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properties, Bi;O3 has been extensively investigated for various
applications in gas sensors, photovoltaic cells, optical coatings,
fuel cells, supercapacitors, photocatalysts, etc. [7-9]. The band
gap of Bi;0O3 (2.58-2.85¢eV) is narrower than that of the TiO,
which is the most widely used and traditional photocatalyst.
Bi; O3 has been studied as a visible-light-driven photocatalyst
[10-13]. The intrinsic polarizability induced by the Bi 6s2 lone
pairs of electron is helpful for the separation of the photogener-
ated electron-hole pairs and the transfer of the charge carriers
[14]. However, the photocatalytic activity of Bi,O3 is low due to
the fast recombination of the photogenerated electron-hole pairs
[15]. Therefore, the photodegradation efficiency of Bi;O3 cata-
lyst needs to be further improved. In recent years, noble metal
and semiconductor-based heterogeneous catalytic ozonation has
been receiving considerable attention due to its potentially greater
effectiveness in the degradation and the mineralization of harm-
ful organic pollutants with lower negative effects [16,17]. Thus,
the nanostructured metals were used to improve the generation of
electron-rich species, such as O—, O,*~, HO,* and *OH, during the
ozonation treatment [16-18]. Additionally, the nano-sized metals,
as catalysts, exhibit a pronounced enhancement in catalytic activity
owing to the enhanced surface to volume ratio and quantum-size
effect [18,10]. Since the metal nanoparticles can store elec-
trons making the e~/h* charge separation [19], the catalytic

activity was found to be more enhanced when noble metals, such
as Au, Ag, Cu and Pt nanoparticles, were loaded on the semiconduc-
tors. Although some works have been done on the heterogeneous
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Fig. 1. XRD patterns of the as-prepared Bi,0,COs (a) and (3-Bi, 03 (b).

catalytic activities of the noble metals loaded a-Bi, O3 nanostruc-
tures [20-22], the photocatalytic activity of the composites is still
inefficient. It is therefore of interesting to investigate the pho-
tocatalytic activity of noble metals loaded {3-Bi;O3 nano- and
microstructures.
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Fig. 3. XRD patterns of Ag/3-Bi, O3 sample as a function of Ag content: 0.5 wt% (a),
1.0wt% (b), 2.0 wt% (c), 3.0 wt% (d) and 4.0 wt% (e).

Here, we emphasize on the synthesis and photocatalytic activity
of Ag nanoparticles loaded [3-Bi; O3 microspheres. The photocat-
alytic activity of Ag/(-Bi; O3 photocatalyst was evaluated by the
degradation of Rhodamine-B (RhB) under visible light irradiation,
and the mechanism of the enhanced photocatalytic activity is also
presented.

Fig. 2. SEM micrographs of the as-prepared Bi,0,COs; (a and b) and 3-Bi, O3 (c and d).



G. Zhu et al. / Journal of Alloys and Compounds 509 (2011) 9479-9486 9481

Fig. 4. SEM micrographs of Ag/3-Bi, 03 sample as a function of Ag content: 0.5wt% (a and b), 1.0 wt% (c and d), 2.0 wt% (e and f), 3.0 wt% (g and h) and 4.0 wt% (i and j).

2. Experimental mal method [23]. In a typical procedure to prepare sphere-like Bi,0,CO3 precursor,
2 mmol of Bi(NOs3)3-5H,0 was dissolved in 10 mL of 1M HNOs, and then 1.5 mmol

2.1. Synthesis of citric acid was introduced into the solution. After being magnetically stirred for
10 min, the pH value of the clear solution was adjusted to 4 with the addition

All chemical reagents purchased from Shanghai Chemical Reagent Co., China, of 2M NaOH solution under vigorous stirring. The formed white-colored precur-
were of analytical grade and used without further purification. 3-Bi,O3 micro- sor was transferred into a Teflon-lined stainless steel autoclave and maintained at
spheres were obtained by a thermal treatment of sphere-like Bi,0,CO3 precursor. 180°C for 24 h. After cooling the hydrothermal system to room temperature, the

Hence, the sphere-like Bi,0,CO3; precursor was firstly synthesized by a hydrother- sphere-like Bi, 0,CO3 precursor was separated by a centrifugation process, washed
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Fig. 5. TEM (a and b) and HRTEM (inset) micrographs of Ag/B3-Bi,O3; sample with
2.0wt% Ag.

with distilled water and absolute ethanol for several times, and dried under vac-
uum at 80°C for 5h. The as-prepared sphere-like Bi,0,CO3 precursor was then
heat treated at 360°C for 3 h in air in order to obtain (3-Bi,O; microspheres. The
incorporation of Ag nanoparticles (0.5-4 wt%) into 3-Bi, O3 microspheres was per-
formed by impregnation method. First, 1g of the as-prepared [3-Bi,O3 powder
was placed in a glass beaker and then 1 mL of aqueous solution of AgNO; was
added. The beaker was placed in a water bath, and the suspension was manu-
ally stirred using a glass rod during the evaporation of water. For the complete
decomposition of NO3~ ions, the dried sample from the water bath was further
heated using the Bunsen burner. Finally, a low temperature reduction treatment
of the sample was performed at 80°C for 1h under a steady flow of hydrogen
gas.

2.2. Characterization

The phase compositions and crystal structures of the as-synthesized samples
were determined by X-ray powder diffraction (XRD) using a D/Max2550 diffrac-
tometer (Rigaku, Japan) at a scanning rate of 5°min~' in the 26 range from 10°
to 70°, with Cu Ka radiation (A =1.5406 A) at 40kV and 50 mA. The morphologies
of the as-synthesized samples were examined using a Quanta 200 scanning elec-
tron microscope (FEI, The Netherlands) equipped with an energy dispersive X-ray
spectroscopy (EDS). Transmission electron microscopy (TEM) and high-resolution
transmission electron microscopy (HRTEM) observations were performed using
a JEM-2100F (JEOL, Japan) instrument at an accelerating voltage of 200kV. The
chemical states of elements in the samples were analyzed by X-ray photoelectron
spectroscopy (XPS) using a VG ESCALAB MKII X-ray photoelectron spectrometer (VG
Scienta, USA) with Mg Ka radiation. The optical properties of the samples were char-
acterized by a photoluminescence (PL) measurement using a He-Cd laser (3.82 eV,
325nm) as the excitation source at room temperature. The diffuse reflectance
absorption spectra (DRS) of the samples were recorded on a Lambda 950 UV-VIS-NIR
spectrophotometer (Perkin-Elmer, USA) in the range of 200-800 nm.
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Fig. 6. XPS spectra of 3-Bi; 03 (a) and Ag/3-Bi, 03 with 2.0 wt% Ag (b).

2.3. Photocatalytic activity

The photocatalytic activity of Ag/B3-Bi,O; sample was evaluated by the degra-
dation of Rhodamine-B (RhB) under visible light irradiation (A >420 nm). The visible
light was obtained by a 400 W halogen-tungsten lamp with a 420 nm cutoff filter
to ensure that the desired irradiation light was obtained. The reaction temperature
was maintained at 25 °C by cooling water in the cooling jacket of the reactor. The
initial concentration of the RhB was 10 mg/L and the catalyst was 1.0 g/L. Prior to
irradiation, the suspension was sonicated for 10 min and then magnetically stirred
in the dark for 30 min to reach adsorption-desorption equilibrium between the RhB
and the photocatalyst. During visible light irradiation, 2 mL of aliquots was sampled
at certain time interval and centrifuged to remove solid particles. The filtrates were
analyzed by recording variations in the absorption band at 533 nm in the UV-vis
spectra of RhB by using a U-3010 UV-vis spectrophotometer (Hitachi, Japan).

3. Results and discussion

Fig. 1 shows the XRD patterns of the as-prepared Bi,0,CO3 pre-
cursor before and after heat treatment at 360°C for 3 h. Clearly,
all diffraction peaks in the XRD pattern, shown in Fig. 1a, of
the as-prepared Bi,0,CO3 precursor before heat treatment are
readily indexed to the hexagonal phase of bismuth subcarbon-
ate (Bip0,C03) with the lattice constants of a=b=3.868 A and
c=13.673A, which are in good agreement with the previously
reported values (JCPDS card no. 41-1488). As for the as-prepared
Bi, 0,CO3 precursor heat treated at 360 °C for 3 h, all the diffraction
peaks in the XRD pattern (Fig. 1b) can be well indexed to the tetrag-
onal phase of bismuth oxide ([3-Bi; O3 ) with the lattice constants of
a=b=7.740A and c=5.632 A, which are consistent with the values
from the standard JCPDS card no. 71-2274. This indicates that heat
treatment at 360 °C for 3 h was favorable for the complete forma-
tion of (3-BiyO3 from the Bi,0,CO3 precursor. The morphologies
and microstructures of the as-prepared Bi, 0,CO3 precursor before
and after heat treatment at 360°C for 3 h were investigated with
SEM and the results are illustrated in Fig. 2. It is visible from the
SEM micrograph shown in Fig. 2a that the panoramic morphology
of the as-prepared Bi,0,CO3 precursor is spherical with an aver-
age diameter of ~5 pm. The magnified SEM micrograph in Fig. 2b
reveals that each sphere is constructed by irregular nanosheets and
has a porous-like structure. Quite surprisingly, the morphology of
the as-prepared Bi, 0,CO3 precursor was not affected by heat treat-
ment at 360 °C for 3 h that induced the phase transformation from
Bi; 0,C03 to B-Biy03. As can be seen in Fig. 2¢ and d, the sphere-
like structures with an average diameter of ~5um are retained
with no significant changes. Probably, heat treatment temperature
was not high enough to cause a morphological transformation of
the as-prepared Bi, 0,CO5 precursor.
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Fig. 7. XPS spectra of Ag/[3-Bi, 03 sample with 2.0 wt% Ag: Bi 4f (a), O 1s (b) and Ag 3d (c).

The XRD patterns of Ag/(-Bi,O3; photocatalyst are shown in
Fig. 3 as a function of Ag content. It is clearly indicated that all
the samples doped with different Ag contents are well crystallized
and exhibit sharp diffraction peaks corresponding to the tetrago-
nal 3-Bi; O3 (JCPDS card no. 71-2274). No phase transformation and
no obvious change in the intensities of the diffraction peaks were
noted with increasing Ag content. This means that the incorpora-
tion of Ag into [3-Bi; O3 did not affect the crystal structure as well
as crystallinity. Besides the strong reflections of 3-Bi; O3, a weak
diffraction peak at 20 =38, corresponding to the cubic phase of Ag
(JCPDS card no. 04-0783), can be also seen for 3-Bi;O3 samples
loaded with 3-4 wt% Ag.

The morphologies of Ag/(3-Bi,O3 samples were examined by
SEM and TEM. Fig. 4 depicts the SEM micrographs of Ag/-Bi;03
sample as a function of Ag content. It can be seen from Fig. 4a
and c that the Ag/3-Bi;O3 samples loaded with 0.5wt% Ag and
1.0 wt% Ag have sphere-like structures with the diameter of ~5 pm;
in addition, the surfaces of microspheres in Fig. 4b and d present
porous-like structure. However, the shape of the sphere-like struc-
ture becomes non-uniform with increasing the Ag content to
2-4wt% added into the 3-Bi; 03, as shown in Fig. 4e-j. Also, the sur-
face feature was negligibly changed with the increase in Ag content.
Furthermore, in order to confirm the results obtained by SEM, the
samples were examined by TEM observation. The TEM and HRTEM
micrographs of Ag/3-Bi, 03 sample with 0.5 wt% Ag are shown in
Fig. 5. These TEM micrographs also demonstrate that the morphol-
ogy of the sample is sphere-like with the diameter of ~5 pm. It is
visible from Fig. 5b that some tiny nanoparticles of Ag with the size

of ~10-20 nm are attached onto the surface of the 3-Bi, O3 micro-
sphere. The HRTEM micrograph in an inset of Fig. 5b reveals the
presence of Ag on the surface of the [3-BiO3 microsphere. From
the TEM and SEM observations, we can conclude that a higher Ag
content slightly altered the shape and surface feature of the 3-Bi, 03
microspheres.

To elucidate the elemental composition and the chemical state
of Bi and Ag, the as-prepared samples were analyzed by X-ray pho-
toelectron spectroscopy (XPS). Fig. 6 shows the typical XPS spectra
for the as-prepared [3-Bi; O3 and Ag/[3-Bi, O3 loaded with 2.0 wt%.
As can be seen, both samples show the presence of bismuth (Bi 4f,
Bi 4d, Bi 4p, Bi 5d), oxygen (O 1s) and carbon (C 1s), and only the
Ag-loaded Bi, 03 sample represents the Ag3d peak around 370eV.
Further, Fig. 7 shows the high-resolution XPS spectra of the three
primary elements of the Ag/(3-Bi, O3 sample loaded with 2.0 wt%
Ag. In Fig. 7a and b, the binding energies of Bi 4fy,, Bi 4f5,, and O
Isare 159.0,164.0 and 528.0 eV, respectively. Fig. 7c shows that the
peaks of Ag 3ds), and Ag 3ds), are centered at 368.0 and 374.0eV,
respectively, which indicate that the state of Ag in the sample is
metallic [24]. Surface elemental analysis reveals that the atomic
ratio of Ag:Bi is 1:40. This value is higher than the theoretical one,
which means that the Ag nanoparticles are well dispersed on the
surface of (3-Bi, O3 microspheres.

The color of Ag/[3-Bi; O3 sample with low Ag content was yellow-
ish brown and became completely brown with high Ag content. As
one knows, the optical property of a semiconductor is related to its
electronic structure and is recognized as a key factor in determining
photocatalytic ability. The UV-vis absorption spectra of Ag/3-Bi; 03
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Fig. 8. UV-vis absorbance spectra (a) and plot of («hv)? versus hv (b) of Ag/B-Bi,03
sample as a function of Ag content.

sample are shown in Fig. 8a as a function of Ag content. It is evident
that pure 3-Bi» 03 and Ag/[3-Bi, O3 samples loaded with different Ag
contents have a strong ultraviolet as well as visible light absorption
in the range of 200-550 nm, indicating that the as-prepared sam-
ples have a strong visible light response. Especially, the visible light
absorption of Ag/3-Bi, 03 samples is significantly enhanced and the
absorption edge shifts to red light with the loading of Ag. For a
crystalline semiconductor, it was shown that the optical absorption
near the band edge follows the equation [25]:

ahv = A(hv — Eg)"/?

where «, v, E; and A are the absorption coefficient, the light
frequency, the band gap, and a constant, respectively. Accord-
ing to this equation, the value of n is equal to 1. A plot of
(ahv)? versus hv of Ag/B-Bi,03 sample are shown in Fig. 8b
as a function of Ag content. The estimated optical band gap of
Ag/B-Bi; 03 photocatalyst decreases in the following order accord-
ing to the Ag content: 2.34eV (0wt%)<2.30eV (1.0wt%)<2.28eV
(0.5wt%)<2.28eV (2.0wt%)<2.27eV (3.0wt%)<2.22 eV (4.0 wt%).

Photoluminescence (PL) emission spectra are often used to
examine the efficiency of charge carrier trapping and transfer as
well as to understand the fate of the e*/h~ pairs in semiconduc-
tor particles [26]. Fig. 9 shows the room-temperature PL emission
spectra of the as-prepared [3-Bi; O3 and Ag/[3-Bi, O3 sample loaded

T - : - - r - T ,
—— B-Bi203
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E
&
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I
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E
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520 530 540 550 560 570

Wavelength (nm)

Fig. 9. PL spectra of 3-Bi, 03 and Ag/3-Bi, 05 with 2.0 wt% Ag.

with 2.0 wt% Ag. The PL spectra show two emission peaks at 541 and
544 nm, respectively. It can also be clearly seen that the 3-Bi; 03 and
the Ag/3-Bi, 03 sample loaded with 2.0 wt% Ag display an identical
position and shape of those two peaks in the PL spectra. This behav-
ior of the samples may be attributed to a radiative recombination
process of the e~ /h* pairs [21]. However, an absolute luminescence
intensity of Ag/(3-Bi, O3 sample is comparatively lower than that of
pure (3-Bi; O3 sample. Probably, it is due to a low radiative recom-
bination process caused by Ag nanoparticles incorporated into the
[3-Bi03. When Ag nanoparticles are present on the surface of 3-
Bi; O3 microspheres, the photo-excited e~ can easily be transferred
from the conduction band to Ag nanoparticles and further leads to
the e~/h* charge separation that results in the reduction of combi-
nation rate. The results presented above conclude that Ag/B-Bi;03
sample can be applied as an effective photocatalyst compared to
pure (3-Bi, O3 sample.

The photocatalytic activities of the as-prepared [B-Bi;O3 and
Ag/B-Bi;03 samples were evaluated by the degradation of
Rhodamine-B (RhB) under visible light irradiation. The temporal
changes in the RhB concentration were monitored by examining
the variations in maximal absorption in UV-vis spectra at 554 nm.
For a comparison, a direct photolysis of the RhB and the degrada-
tion of the RhB over 3-Bi, O3 sample were also performed under
the identical conditions. Fig. 10a shows the concentration change
of RhB under visible light irradiation at 554 nm as a function of Ag
content. A blank sample proves that there is no obvious change in
the RhB concentration with the absence of the photocatalyst. In
contrast, the as-prepared [3-Bi, 03 indicates a better photocatalytic
activity (44%) in degradation of the RhB in 210 min. Nevertheless,
pure (3-Bi, O3 still has a poor photocatalytic activity for the degrada-
tion of the RhB, although there is a strong absorption in visible light
region. Clearly, the photocatalytic performance of pure 3-Bi, 03 is
significantly improved with the incorporation of Ag nanoparticles.
The decrease in the RhB concentration increases up to 64% in the
presence of Ag/(3-Bi, O3 sample loaded with 0.5 wt% Ag. That is to
say, the Ag content was an important factor for a higher photocat-
alytic activity of Ag/[3-Bi, O3 photocatalyst. Because the structure of
Ag/[3-Bi,03 sample favors the migration of the electron-hole pairs,
leading to a higher photocatalytic activity. The results from the
photodecomposition experiments indicate that the photocatalytic
activity of Ag/[3-Bi, O3 sample can be considerably improved with
increasing Ag content up to 2.0 wt%. The highest photodegradation
(98%) of the RhB in 210 min was in Ag/3-Bi, O3 sample loaded with
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Fig. 10. Photocatalytic activity of Ag/B-Bi,O3; samples with different Ag contents.

2.0wt% Ag. It should also be noted that the Ag/[3-Bi, 03 sample with
4.0 wt% Ag content shows a decreased photocatalytic activity.

In order to quantitatively understand the reaction kinetics of
the RhB degradation in our experiments, the pseudo-first order
is used to fit the experimentally obtained data. The pseudo-first
order is expressed as In(Cy/C)=kt, where Cy and C are the con-
centrations of the RhB in aqueous solution at time O (the time
to obtain adsorption-desorption equilibrium) and ¢, respectively,
and k is the pseudo-first order rate constant. The pseudo-first
order rate constant (k) for the as-prepared Ag/-Bi,O3 sample
is calculated based on the data plotted in Fig. 10b as a function
of Ag content. The calculated pseudo-first order rate constant
for the samples can placed in the following sequence accord-
ing to the Ag content: 0.0054min~! (2.0wt%)>0.0024 min~!
(3.0wt%)>0.0155 min~! (1.0 wt%)>0.00088 min~!
(4.0wt%)>0.0132min"! (0.5wt%)>0.0052min~! (0Owt%). It is
obvious that the presence of Ag nanoparticles in 3-Bi; O3 acceler-
ates the photodegradation reaction up to 2.0 wt% and then slows
with the increase in Ag content.

Above presented results indicate that the photocatalytic activ-
ities of the Ag/[3-Bi,O3 samples are significantly enhanced as the
Ag nanoparticles are homogenously distributed on the surface of
[3-Bi; 03 microspheres. Based on the results obtained in the photo-
catalytic experiments, a photocatalytic mechanism under visible
light irradiation can be proposed as follows. As is known, the
work function of the Ag is higher than that of the (3-Bi,03. Thus,
when the Ag gets a contact with the (3-Bi, 03, a Schottky barrier is
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Fig. 11. Recycling experiments for the photodegradation of RhB by Ag/B-Bi, 03
sample with 2.0 wt% Ag under visible light irradiation.

formed between them. As the (3-Bi; O3 microspheres loaded with
Ag nanoparticles are illuminated under visible light, the photogen-
erated electrons in the 3-Bi; O3 will continuously transfer across
the 3-Bi,03-Ag interface to the Ag under the effect of the Schot-
tky barrier. Consequently, the recombination of electron and hole
is effectively suppressed, more holes can reach the surface of the 3-
Bi, O3 and thus the photocatalytic activity can be greatly enhanced.
As more Ag is incorporated into the (3-Bi, 03, the excess Ag occu-
pies the active sites of the 3-Bi; O3 surface and thereby reduces the
efficiency of the charge separation; therefore, the photocatalytic
activity of the Ag/3-Bi, 03 sample starts to decrease.

To study the recyclability and photostability of the as-prepared
photocatalyst, the Ag/B-Bi,O3 sample loaded with 2.0wt% Ag
was collected, dried and reused in three successive photoreac-
tion experiments. Fig. 11 shows the results of the three successive
runs of the RhB degradation by Ag/3-Bi, O3 sample loaded with
2.0wt% Ag under visible light irradiation. During these repeated
experiments, the experimental conditions, such as pH, initial RhB
concentration and ionic strength were kept the same. From Fig. 11,
it is found that the as-prepared photocatalyst retains its photocat-
alytic ability even after three successive runs, each of which lasts for
210 min with 92% removal of the RhB. The obtained results demon-
strated that the Ag/3-Bi, 03 sample loaded with 2.0 wt% Ag will be a
promising photocatalyst for the photodegradation of organic dyes
in water.

4. Conclusions

In summary, the visible-light-responsive Ag/(3-Bi;O3 micro-
spheres were synthesized by a simple chemical method. 3-Bi;03
microspheres were obtained by a thermal treatment of sphere-like
Bi» 0,CO3 precursor at 360 °C for 3 hin air and then Ag nanoparticles
were in situ incorporated into (3-Bi, O3 microspheres by impregna-
tion method. The XRD results showed that heat treatment at 360 °C
for 3 h was favorable for the complete formation of (3-Bi; O3 from
the Bi,0,C03 precursor. The SEM and TEM observation indicated
that the morphology of the Bi,0,CO3 precursor was not affected
by the phase transformation from Bi,0,CO3 to [3-Bi,O3 and Ag
nanoparticles were present on the surface of 3-Bi,03. The visi-
ble light absorption of 3-Bi, O3 photocatalyst was greatly enhanced
with the incorporation of Ag nanoparticles. The estimated optical
band gap of Ag/[3-Bi, 03 photocatalyst decreased with the increase
in Ag content that further influenced photocatalytic activity. The
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photocatalytic activity of Ag/[3-Bi, O3 sample was evaluated by the
photodegradation of the Rhodamine-B under visible light irradia-
tion as a function of Ag content. It was found that the photocatalytic
efficiency of 3-Bi; 03 could be significantly improved with the addi-
tion of Ag nanoparticles up to 2.0wt% because the structure of
Ag/B-Bi,03 favored the migration of the electron-hole pairs, lead-
ing to a higher photocatalytic activity.
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