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ABSTRACT: In the present work, Ag.C.04/Bi,MoOs nanocomposites containing different weight
contents of Ag.C.Os were prepared by a deposition-precipitation method. The products
were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), high-resolution transmission electron microscopy (HRTEM), and selected area
electron diffraction (SAED). They revealed the presence of good crystalline monoclinic Ag2C204
nanoparticles distributed on orthorhombic Bi,MoOs square nanoplates. The photocatalytic properties
of Bi2MoQOg and Ag.C.04/BizM0QOs samples were investigated by photodegradation of rhodamine B
(RhB) under visible light irradiation. In this research, 10 wt% Ag.C,04/Bi,M0Os nanocomposites
have the highest photocatalytic performance of 78.84 % within 100 min under visible light irradiation,
higher than the photocatalytic performance of pure Bi:MoOg. A photocatalytic mechanism
of Ag.C,04/Bi;M00Os hanocomposites was also discussed according to the experimental results.
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INTRODUCTION

Over a period of ten years, advanced oxidation
process (AOP) has been actively developed because
environmental treatment for human health deals with
heavy discharge of wastewater and organic dyes of
industries in order to attain completely degradable, clean
and renewable features [1-3]. TiO2 has been proved
to be the most effective photocatalyst used for decomposition
of numerous compounds. A relatively wide band gap of
~3.2 eV for anatase or 3.0 eV for rutile prohibits
the photocatalytic reaction because only ultraviolet fraction
in solar light (< 3-5%) is absorbed [4, 5]. Thus
the development of visible light induced photocatalyst is
of great importance for efficient utilization of solar
energy for photocatalytic degradation of organic pollutants
and splitting of water.

Recently, bismuth-based materials such as BiOX
(X = CI, Br, 1) [4, 6], BiVO4 [7, 8], Bi;WOs [1-3]
and Bi:MoOgs [5, 9, 10-12] show promising application
for photocatalysis of organic pollutant induced by visible
radiation due to their unique crystalline structure, energy
band structure, chemical stability, nontoxicity and
relatively high photocatalytic activity for removal of
organic pollutants [6, 7, 13]. Among oxide-based
semiconductors, a naturally abundant, high quantum yield
and non-toxic Bi;MoOs material has promising candidate
dielectric, ion-conductive, luminescent and catalytic
properties [5, 9]. Furthermore, Bi;M0Og has a unique
layered structure constructed by alternate stacking of
corner-shared and distorted MoOs octahedron and
bismuth oxide [Bi.0,]** layers [9, 11, 12]. It is an
excellent photocatalyst for degradation of organic
compounds under visible-light irradiation such as
methylene blue [5, 14], rhodamine B [10, 14], methyl
orange [11], tetracycline [12] and phenol [15, 16].
Moreover, the photocatalytic performance of Bi,M0oQg is
limited by rapid recombination of electron-hole pairs
[9, 11, 14, 15]. To succeed in dealing with this problem,
further study is in urgent need to improve its
photocatalytic properties.

Construction of heterojunction photocatalyst is
generally known to be an effective method to promote the

separation of photoexcited electron-hole pairs and
to enhance the photocatalytic performance [1, 2, 7].
Ag-based photocatalyst mixed with other semiconductor
photocatalyst was used to improve photocatalytic

30

Phuruangrat A. et al.

Vol. 39, No. 4, 2020

activity owing to the narrow band gap energy and strong
visible light absorption [17, 18]. Feng at al. reported that
Ag2C204/TiO2 nanocomposites showed much higher
photocatalytic activity for degradation of propylene and
acetaldehyde gas under visible light irradiation than pure
Ag2C,04 and P25-TiO, [18]. Xiang et al. claimed that
Ag2COs deposited on the surface of ZnO by precipitation
method can lead to improve the separation of photo-
induced charge carrier of ZnO and show excellent
photocatalytic reaction of RhB under visible light
irradiation [19].

In this present research, Ag2C>04/Bi2M00Os
heterostructure nanocomposites with different weight
contents of Ag.C,Os4 were prepared by a deposition-
precipitation method. The products were characterized
by XRD, SEM TEM, HRTEM and SAED. Their
photocatalytic ~ performance was investigated by
photodegradation of rhodamine B (RhB) under visible
light irradiation. The photocatalytic mechanism of
AQg.C,04/BioM00s was also discussed according
to the experimental results.

EXPERIMENTAL SECTION

The Bi:MoOs nanoplates were synthesized by
a hydrothermal method. Bismuth nitrate hexahydrate
(Bi(NO3)3-6H20, Loba Chemie Pwvt. Ltd., India) and
sodium molybdate dihydrate (Na;Mo0QO4-2H,0, Loba
Chemie Pvt. Ltd., India) were analytical grade and used
without further purification. In a typical synthesis, 0.005
mole Na;MoO.-2H,0 was dissolved in 100 ml reverse
osmosis (RO) water with continuous stirring at room
temperature for 30 min, and followed by 0.01 mole
Bi(NO3)3-6H.0 adding. The final mixture was stirred
for at least 30 min. Subsequently, 3 M NaOH was added
to the mixture until achieving at the desired pH of 10.
The solution mixture was transferred to a 200 ml Teflon-lined
autoclave and heated to 180 °C for 20 h. The resulting
suspension was left to naturally cool down to room
temperature. Following the centrifugation, the obtained
white precipitates were washed with absolute ethanol and
distilled water several times and dried in an oven at 60 °C
for 12 h.

To synthesize Ag.C,04 nanoparticles with different
contents deposited on BiMoOs nanoplates, different
concentrations of 0-10 % AgNO3; and Na,COs by weight
and 1 g BizMoOs sample were dissolved in 100 ml RO
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water under magnetic stirring for 24 h. Then the products
were separated by filtering, washed by absolute ethanol
and dried at 80 °C in an electric oven for 24 h.

XRD patterns of the products were recorded
on a Philips X’Pert MPD X-ray diffractometer equipped with
Cu K, radiation ranging from 10° to 80° at a scanning rate
of 0.02 deg/s. SEM and TEM images were taken
by a scanning electron microscope, JEOL JSM 6335F
with an acceleration voltage of 20 kV and a transmission
electron microscope, JEOL JEM 2010 with an
acceleration voltage of 200 kV.

The photocatalytic activities of as-synthesized
samples were evaluated via photodegradation of RhB
solution under visible light irradiation of Xe lamp as
a light source. A 200 mg photocatalyst was suspended
in a 200 ml 10> M RhB solution each. The suspension
was stirred in the dark for 30 min to establish an adsorption-
desorption equilibrium of RhB and photocatalyst. Then
the solutions were irradiated by visible light of Xe lamp
at room temperature for different lengths of time.
The RhB concentration was measured by a UV-visible
spectrophotometer (Lambda 25 spectrometer, Perkin
Elmer) at imaxof RhB = 554 nm. The decolorization
efficiency was calculated by the following equation.

-C
"ty 100 (1)
C0

where C, is the initial concentration of RhB and C;
is the concentration of RhB after light irradiation for
a period of time (t).

Decolorization efficiency (%) =

RESULTS AND DISCUSSION

Fig. 1 shows XRD patterns the 0-10 wt%
Ag2C,04/BinM00Os heterostructure over 20 of 10°-80°
which revealed the phase of Bi;MoOssample and
Ag2C,04/BinM00s heterostructure composites. It can be
seen that the pure Bi:MoOs sample shows prominent
diffraction peaks which were indexed to pure
orthorhombic Bi;M0Os phase as compared with
the JCPDS No. 21-0102 [20]. Impurities such as Bi2Os,
MoOs, etc were not detected, showing that the
as-synthesized Bi.MoOs phase is highly pure. Upon adding
different weight contents of Ag.C,O., the additional
characteristic monoclinic Ag2C20,4 phase (JCPDS No. 04-
0660 [20]) were detected in Ag2C204/BiM00Og
heterostructure composites. Comparing to BiMoQg,
XRD peaks of Ag.C,04/Bi;M0Os heterostructure were
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Fig. 1: XRD patterns of 0-10 wt% Ag2C204/Bi2M0QOs samples.

still in the same position as those of BioMoOs, suggesting
that the loaded Ag»C,04 did not change the bulk intrinsic
property of the BioMoOg sample. Therefore, the XRD
results certified the formation of high purified monoclinic
Ag2C20, nanoparticles supported on the orthorhombic
BiMoOs surface by forming Ag.C,04/BioM00Os
heterostructure composites.

The morphologies of pure BiMoOs sample and
Ag2C204/BizM00O¢ composites were observed by SEM
as the results shown in Fig. 2. SEM image of pure BiM0Os
appears as uniform square nanoplates with edge length of
500-800 nm and thickness of 20 nm and a relatively
narrow grain size distribution. The surface of BioM0Os
nanoplates was very smooth. For the Ag.C.0./Bi2Mo0Qs
heterostructure images, they were still nanoplates,
indicating that the loaded Ag.C.0s did not alter
the morphology of Bi,MoOg. Moreover, the good dispersive
and uniform spherical Ag.C,0Os4 nanoparticles with
the diameter of < 100 nm supported on the surface
of Bi;M0Os nanoplates were detected on the
Ag2C,04/BixM00s  heterostructure  nanocomposites,
implying that Ag.C.04 nanoparticles were successfully
deposited on the surface of Bi:MoOs nanoplates.
The uniform size of the Ag.C,0O4 nanoparticles deposited on
the BioMoOg surface was detected. Due to the limited
number of reaction sites on BiMoOs, the growth and
the aggregation of Ag,C,O4 nanoparticles were prohibited
and the pre-adsorption of Ag* played the role
in prohibiting the growth of Ag.C,04 nanoparticles [21].
Moreover, the EDS analysis indicated that the 10 wt%
Ag2C,04/BizM00Os nanocomposites were composed
of Ag, C, Bi, Mo and O elements, -certifying
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Fig. 2: SEM images of (a) pure Bi2WOs, (b) 1 wt% Ag2C204/BizM00s, (c) 5 wt% Ag2C204/Bi2M00Os and (d) 10 wt%
Ag2C204/BizM00s samples.

that the as-obtained nanocomposites were the Ag.C,04
and Bi;MoOg combination.

Fig. 3 shows the TEM, SAED and HRTEM results
of BizM00Os, 5 wt% Ag.C,04/BiM00Os and 10 wt%
Ag2C,04/BizM00¢. The TEM image of BioMoOs sample
shows nanoplates with edge length of 50-200 nm.
Its SAED pattern shows well-defined bright spots of electron
diffraction revealing good single crystalline Bi:MoOs
phase. The SAED pattern was indexed to the (060), (062)
and (002) planes of orthorhombic BioMoOs phase
with zone axis of [100]. This shows that the (100) surface
is preferential orientation of orthorhombic Bi>MoOg
structure. TEM images of 5 wi% and 10 wt%
Ag2C,04/BizM00s nanocomposites showed uniformly
distributed  nanoparticles on  the surface of
Bi2MoOs nanoplates. The average particles are 5-20 nm
in size. With the increment increase of Ag.C,O4 content
to 10 wt%, more AQ.C.0. nanoparticles were fully
deposited and randomly dispersed on the surface of
Bi2M0oOs. TEM image of typical 10 wit%
Ag2C,04/BizM00s nanocomposites at high magnification
shows truly spherical Ag.C,0O4 nanoparticles with less
than 10 nm. The HRTEM image of typical 10 wt%
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Ag,C,04/BizM00Os  nanocomposites clearly  shows
interface of junction between Ag.C,0Os4 and Bi:MoOs
attributed to the separation of photo-excited charge
carriers [7, 13]. A lattice space of 0.285 nm corresponds
with the (110) crystalline plane of Ag.C,04 phase.

The photocatalytic activity of the pure Bi-MoOs and
AQg.C,04/BinM00Os samples was monitored through
photodegradation of RhB under visible light irradiation
(A > 420 nm). Fig. 4 shows UV-visible spectra of temporal
evolution for photodegradation of RhB under visible light
irradiation within 100 min by Bi,Mo0Os and 10 wt%
Ag2C,04/BizM00Os photocatalysts. They can be seen that
the absorption intensity of RhB spectra decreases with
the increase of exposure time of visible light irradiation.
The RhB solution photodegraded by BiMoOs remains as
pink color while that photodegraded by AgC,O4/Bi.M0Og
was transformed into almost white under visible-light
irradiation ~ within 100 min. The 10 wt%
Ag2C204/BizM00s  nanocomposites showed higher
photocatalytic activity for decolorization of RhB aqueous
solution than BioMoQOs. At the end of 100 min visible
light irradiation, the maximum absorption peak of RhB
at 554 nm was shifted to a shorter wavelength of 498 nm,
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Fig. 3: TEM images, HRTEM images and SAED pattern of (a and b) pure BizMoOse, () 5 wt% Ag2C204/Bi2M0oOs and
(d—f) 10 wt% Ag2C204/Bi-M00Os samples.
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Fig. 4: UV-visible absorption of RhB after being photocatalyzed by (a) Bi2M0oOs sample and (b) 10 wt% Ag2C204/Bi2M00Os
nanocomposites under visible light within 100 min.

attributed to the de-ethylation of RhB by active species
during photocatalytic reaction [22-24].

Fig. 5a shows the relative concentration of RhB
remaining in the solution as a function of irradiation time
during the photocatalytic process by Bi:MoOs and
Ag2C,04/BiM00Os samples under visible light irradiation.
It can be seen that no obvious degradation of RhB
was detected without photocatalyst. At the adsorption—
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desorption equilibrium between photocatalyst and RhB,
the RhB molecules were adsorbed around 18-21 %
for BiMoOs and Ag»C,0./BinM00O¢ samples. The pure
Bi2MoOs sample exhibited poor photodecolorization
efficiency of 24.53 % after 100 min of visible light
irradiation. But for all Ag.C,04/Bi,M00Qg heterostructure
composites with different loaded Ag.C,Os contents
showed higher photocatalytic activity than the pure
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Fig. 5: (a) Decolorization efficiency and (b) first-order plot for photocatalytic degradation of RhB by 0-10 wt% Ag2C204/Bi2M00s
photocatalysts under visible light within 100 min.
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Fig. 6: UV-visible absorption of BizMoOs and 10 wt%
Ag2C204/BizM00s samples.

Bi:M0Os sample. These results were ascribed to the
lowest rate of photoinduced electron-hole recombination
and the good absorption in visible light as the results
shown in Fig. 6. Fig. 6 shows the UV-visible absorption
spectra of Bi:MoOs and 10 wt% Ag2C,04/BizM00Os
samples in wavelength of 200-800 nm. Good UV-visible
absorption was observed because the electronic transition
from valence band to conduction band. Moreover,
10 wt% Ag.C,0./Bi,M0Os showed higher UV-visible
absorption than pure Bi:MoOs, indicating that more
photoinduced electron-hole pairs were produced and were
able to accelerate the photocatalytic activity for RhB
degradation by 10 wt% Ag2C.04/Bi.M0QOs photocatalyst.
The photodegradation efficiencies of RhB in the presence
of different photocatalysts under visible light within
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100 min were 70.93, 76.74 and 78.84 % for 1 wt%
A92C204/Bi2MOOe, 5 wt% A92C204/Bi2|\/|005 and
10 wt% Ag.C,04/BioM0Os, respectively. The 10 wt%
Ag2C204/BizM00s nanocomposites exhibited higher
photocatalytic activity than other photocatalysts.

According to the previous reports, the degradation of
dyes can be ascribed to a pseudo-first-order reaction
based on the Langmuir—Hinshelwood model for fitting
empirical data through the following equation

In&:kt (2)

Ct

where k is the apparent pseudo-first-order rate
constant (min™'), C, is the initial RhB concentration
and Cis the RhB concentration in an aqueous solution within
a period of irradiation time [25, 26]. Fig. 5b shows
the photocatalytic degradation of RhB as a function of
irradiation time (t). The plot of InCo/C; vs t shows a linear
relationship which certified that the photodegradation of
RhB followed the first-order kinetics. The 10 wt%
Ag2C,04/BizM00s nanocomposites have the highest rate
constant (0.0477 min™Y) which is 12 times of that of
Bi.Mo0Os (0.0040 min™t). The results indicated that the
deposition of Ag.C,0O4 nanoparticles on the surface of
BizM0Os nanoplates was favorable for the diffusion of
photoinduced electrons and holes, resulting in improving
photocatalytic activity of Ag2C204/BizM00s
nanocomposites [27].

The photocatalytic activity of Ag2C204/BizM00Og
nanocomposites was higher than that of Bi,MoQe.
Possibly, there might have synergic effect between
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Ag.C,04 and Bi;MoOs. This effect was attributed
to efficient charge diffusion across the composites. It was
able to prohibit photoexcited electron—hole recombination
and to enhance photocatalytic performance [28-30].
An appropriate band potential is a parameter to determine
the synergic effect. Both Bi.M0Os and Ag-C>04 could absorb
visible light and were all excited to generate electron—
hole pairs at conduction and valance bands.
Subsequently, photoinduced electrons and holes diffused
across the AQg.C,04-Bi:M0O¢ interface resulting
to prevent the recombination process and improve
the photodegradation reaction. Then, the photoinduced
electrons and holes can react with surface-adsorbed
O and OH™ on the Ag2C20; active sites to generate ‘Oz
and "OH radicals which further oxidized RhB molecules
to form CO; and water. Thus it is reasonable to claim that
the AQ2C,04/Bi:M0Og nanocomposites exhibit higher
photocatalytic activity than pure Bi,M0Qe.

CONCLUSIONS

Heterostructure Ag.C,04/BiM00Os nanocomposites
were successfully synthesized by a deposition-
precipitation method. The analytical results show good
distribution of Ag.C,Os nanoparticles supported
on BizMoOs nanoplates. The 10 wt% Ag2C204/BiM00Os
nanocomposites showed the highest photocatalytic
activity for degradation of RhB under visible light
irradiation.
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