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Visible-light-driven Ag;P0O4/Ag/SiC photocatalysts with different weight fractions of SiC were
synthesized via an in-situ precipitation method and characterized by X-ray diffraction (XRD)
and UV-vis diffuse reflectance spectroscopy (DRS). Under visible light irradiation (> 420 nm),
the Ag;PO4/Ag/SiC photocatalysts degraded methyl orange and phenol efficiently and
displayed much higher photocatalytic activity than that of pure Ag;PO4/Ag or SiC/Ag, and the
Ag;PO4/Ag/SiC hybrid photocatalyst with 10% of SiC exhibited the highest photocatalytic
activity. The quenching effects of different scavengers demonstrated that reactive h™ and O,""
played the major role in the MO degradation. It was elucidated that the excellent photocatalytic
activity of Ags;PO,/Ag/SiC for the degradation of MO under visible light (A>420 nm) can be
ascribed to the efficient separation of photogenerated electrons and holes through the Z-
scheme system composed of Agz;PO,4, Ag and SiC, in which the Ag nanoparticles acted as the
charge transmission-bridge. The Ag;P0O,4/Ag/SiC hybrid remained good photocatalytic activity
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after 10 times of cycle experiments.

Introduction

Semiconductors-based ~ photocatalysis is a  promising
environmental friendly strategy to solve the environmental
contamination." > Developing high-efficiency ~semiconductor
photocatalysts is essential to transform this technology into practical
applications. Unfortunately, most widely applied semiconductor
photocatalysts are just active under UV-light irradiation, which
greatly restricts their practical applications under solar light.
Therefore, the development of high-efficiency visible-light-driven
photocatalysts has become a hot topic in the photocatalysis field.

Recently, Ag-based photocatalysts, such as AgX (X=Cl, Br and
D*°, Ag,0° Ag,CO;'and AgeSi,O,° have been developed for
photocatalytic degradation of pollutants in wastewater. Among those
Ag-based photo-catalysts, AgzPO, is extremely attractive since it has
shown the remarkable quantum efficiency up to 90% in the O,
evolution from photooxidation of water as well as
photodecomposition of organic dye under visible light irradiation.’
However, there are still some shortcomings inherent in AgzPO,
photocatalytic systemslo. As matter of fact, AgsPO, is slightly
soluble in aqueous solution, which greatly hinders its application in
the environmental management. Moreover, the by-product Ag
particles usually generate from the photo-decomposition of Ag;PO,
in the absence of electron acceptor during the photocatalytic process,
which would decrease its visible light absorption and photocatalytic
activity. In order to enhance the photocatalytic activity and stability
of AgsPO,, several kinds of materials have cooperated with Ag;PO,
to generate hybrid photocatalysts and heterostructures. The
combination of Ag;PO, with carbon materials (oxidized graphene'"
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, graphene and carbon quantum dots'>) can prevent the
recombination of photogenerated hole-electron pairs and accelerate
the electron transportation because of the excellent electrical
conductivity of carbon materials. However, the more negative
conduction band potential of carbon materials greatly hinders the
photogenerated electron transfer from Ag;PO, to the carbon
materials. Building heterostructures by cooperating Ag;PO, with
other semiconductors, which include wide-bandgap semiconductors
(TiO,, ZnO, SnO,, et al)'*% and narrow-bandgap semiconductors
(BiMoO,, Cr-SrTiO;, g-C3N, et al)*' %, is an valid route to facilitate
the separation of photogenerated electron-hole pairs and thus
enhance photocatalytic activity of AgzPO,. But the obtained
heterojunction structures suffer from the less reducibility and
oxidability of the remaining electrons and holes.

More recently, with more and more attention has been paid to
the mechanism of AgzPO,-based hybrid photocatalytic systems, the
by-product Ag has been found to be a charge transmission bridge in
the AgiPO,-based Z-scheme systems”® %, It has been reported that
the AgzPO,-based Z-scheme systems can not only facilitate the
charge separation but also retain the high reducibility and oxidability
of the remaining electrons and holes for the corresponding
photocatalysts. However, there are only few reports on the
development of AgsPO,-based Z-scheme system.”>

In the current work, SiC, a semiconductor with a band gap of
around 2.5 eV, was chosen to combine with Ag;PO,, and a novel
high-efficiency = Ag;PO,/Ag/SiC  hybrid photocatalyst ~ was
demonstrated for the first time. The Ag;PO,/Ag/SiC hybrids with
different mole ratios of SiC were synthesized via in-suit precipitation
and were characterized by XRD, XPS, TEM and UV-vis
spectrometer. The photocatalytic activities of the AgzPO,/SiC hybrid
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photocatalysts with different mole ratios of SiC were evaluated by
degradation methyl orange (MO) under visible light (> 420 nm), and
the optimal mole fraction of SiC in the hybrid was determined.
Furthermore, the photocatalytic mechanism of the Ag;PO,/Ag/SiC
hybrid photocatalyst was investigated via reactive species trapping
experiments. It is shown that a Z-scheme system composed of
Ag;PO,, Ag and SiC contributes to the enhanced photocatalytic
activity of the hybrid. Finally, the stability of the Ag;PO,/Ag/SiC
hybrid photocatalyst was examined.

Experiment Section

Preparation of Ag;P04/Ag/SiC photocatalysts

The Ag;PO4/Ag/SiC photocatalysts were synthesized by
an in-situ precipitation method at room temperature. In a typical
process, different amounts of SiC nanoparticles (Nanjing
XFNANO Materials Tech Co., Ltd) were dispersed in 50 ml
deionized water by ultrasound for 30 min, and then 50 ml
0.05M AgNOj; aqueous solution was dropped into the SiC
dispersed solution. After stirring for 30 min, 50 ml 0.075 M
Na,HPO, aqueous solution were added into the above solution
drop by drop under magnetic stirring. After stirring for 1h, the
suspension was irradiated by 300 W Xe lamp equipped with an
optical cut-off filter (A> 420 nm) for 15 min. Finally, the
precipitate was washed with deionized water for 3 times and
collected by centrifugation, and then dried at 60°C in the
vacuum drying oven. The obtained photocatalysts with different
mole ratios of SiC were named as Ag;PO4/Ag/SiC-1%,
AgiPO,/Ag/SiC-5%,Ag;PO4/Ag/SiC-10%,andAg;PO,/Ag/SiC-
20%, respectively. For comparison, Ag;PO4,/Ag and SiC/Ag
were also prepared.

For Ag;PO4,/Ag, 50 ml 0.075 M Na,HPO, aqueous
solution were added into 50 ml 0.05M AgNO; aqueous solution
drop by drop under magnetic stirring. After stirring forlh,the
suspension was irradiated by 300 W Xe lamp equipped with an
optical cut-off filter (A> 420 nm) for 15 min. Finally, the
precipitate was washed with deionized water for 3 times and
collected by centrifugation, and then dried at 60°C in the
vacuum drying oven.

For SiC/Ag, the photo-reduced process was used, which is
widely used in metallic Ag deposition®*>°. SiC nanoparticles
were dispersed in 50 ml deionized water by ultrasound for 30
min, and then were irradiated by 300 W Xe lamp equipped with
an optical cut-off filter for 15 min. Finally, the precipitate was
washed with deionized water for 3 times and collected by
centrifugation, and then dried at 60°C in the vacuum drying
oven. Under visible light irradiation, the SiC excite and then the
photogenerated electron will reduce the Ag* which absorb on
the SiC surface in the AgNOj; solution.

Characterization

The powder X-ray diffraction (XRD) measurements were
performed on the D/max-IIIA instrument using Cu Ka radiation
at a scanning rate of 0.02 deg/s. Diffuse Reflectance Spectra
(DRS)of the samples were obtained by a Shimadzu U-3010
spectrophotometer, equipped with an integrating sphere
assembly. BaSO, was used as a reflectance standard. The
morphologies of the samples were observed with a scanning
electron microscope (S-3700N), and their energy-dispersive
spectroscopy (EDS) was observed using an Oxford instruments

INCA 300 detector Transmission electron microscopy
(TEM) images were obtained by using a JEM2100F field
emission electron microscope. Photoluminescence(PL) spectra
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of the photocatalyst were recorded by using an F-4600
spectrometer with an excitation wavelength of 325nm. X-ray
photoelectron spectroscopy (XPS) measurements were carried
out on a THETA Prode spectrometer and the spectra were
calibrated to the C 1s peak at 284.8 eV.

Evaluation of photocatalytic activity

The photocatalytic activities of the samples were evaluated by
the degradation of MO and phenol aqueous solution with the
concentration of 10 mg/L under UV-vis light irradiation. A 300W
Xe lamp with a 420 nm cutoff filter was used as the light source. In
each experiment, 0.1g of the as-prepared photocatalyst was added
into 100 ml MO solution. Before irradiation, the suspensions
containing the photocatalysts were stirred for 30 min in dark in order
to reach the adsorption-desorption equilibrium. In the process of
irradiation, a certain amount of the suspension was removed in every
5 min and centrifuged to obtain the clear solution. The absorbance of
the clear solution was measured by a Shimadzu UV-2050
spectrophotometer.

In order to detecting the active species during the photocatalytic
reaction, ammonium oxalate (AO), benzoquinone (BQ) and
isopropanol (IPA) were added into the MO solution dispersed with
the Ag;PO,/SiC hybrid photocatalyst to capture holes (h*), the
superoxide radicals (O,") and hydroxyl radicals (*OH), respectively,
followed by the photocatalytic activity test.

Results and Discussion

Fig.1 displays the XRD patterns of the Ag;PO4/Ag/SiC hybrid
photocatalysts with different mole ratios of SiC, together with those
of SiC/Ag and Ag;PO,/Ag. It is observed that no peaks assigned to
Ag® were found in the AgsPO4/Ag/SiC, AgsPOy/Ag and SiC/Ag
owing to its low amount. Ag;PO,/Ag is cubic phase (JCPDS NO.06-
0505), while SiC/Ag is a cubic crystal (JCPDS No. 65-0360). No
obvious peaks of the SiC phases are found in the patterns of the
Ag;PO,/Ag/SiC-1% because of the low contents and good
dispersion of SiC. As the mole ratio of SiC is increased to 5%, 10%
and 20%, the Ag;PO,/Ag/SiC hybrid photocatalysts exhibit a
coexistence of both SiC and Ag;PO, phases, and the intensities of
the diffraction peaks of SiC increase with the weight ratio of SiC in
the hybrids.
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Fig. 1 XRD patterns of Ag;PO,/Ag, SiC/Ag and

Ag;P0O,/Ag/SiC hybrids with different mole ratios of SiC.

Fig. 2 displays the UV-vis diffuse reflectance spectra of the
AgzPO,/Ag/SiC hybrids with different mole ratios of SiC, together
with those of Ag;PO4/Ag and SiC/Ag. As shown in Figure 2, SiC/Ag
has an absorption edge at about 475 nm, while Ag;PO,/Ag has a
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broader absorption in the visible region with an absorption edge at
about 530 nm. The Ag;PO,/Ag/SiC samples show the similar
absorption edge and a broader absorption in the visible region as
comparison to AgsPO4/Ag. According to the plot of (ahv)*" versus
energy, as shown in the insert of Figure 2, the band gap energies
(Eg) of AgzPO, and SiC have been calculated to be 2.41 and 2.58
eV, respectively. The band structure of Ag;PO4 and SiC can be
estimated according to the empirical equations 1 and 2 below;

()

Eyp=x-E +05%E,

E :EVB _Eg (2)

CB

Where Eyg and Ecp is the valence and conduction band edge
potential, respectively; J is the electronegativity of the

semiconductor, which is the geometric mean of the electronegativity
of the constituent atoms; E° is the energy of free electrons on the
hydrogen-scale (about 4.5 eV vs. NHE). The J values for SiC and
Ag;PO, are 5.46 and 6.16 eV, respectively. Thus, the Eyg of SiC and
AgzPO, have been calculated to be 2.25 and 2.87 eV vs. NHE and
their corresponding Ecp are —0.33 and 0.45 eV vs. NHE,
respectively.
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Fig. 2 UV-vis diffuses reflectance spectra of Ag;PO,/Ag, SiC/Ag,
and Ag;PO,/Ag/SiC hybrids with different mole ratios of SiC (the
insert shows plot of (ahv)"* versus energy (hv) for Ag;PO, and
SiC).
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Fig. 3 Photocatalytic activity of Agi;PO,/Ag, SiC/Ag and
Ag;PO4/Ag/SiC hybrids on degrading of MO (A) and phenol
(B) under visible light irradiation

The photocatalytic activity of the as-prepared samples under
visible light irradiation was also evaluated, as shown in Fig. 3. The
photocatalytic degradation efficiency of these prepared samples
follows the order Ag;PO,/Ag/SiC-10% > AgiPO,/Ag/SiC-5%

This journal is © The Royal Society of Chemistry 2014
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>AgiPO/Ag/SIC-1% > Ag;POJ/Ag/SiC-20% > AgiPOJ/Ag >
SiC/Ag. This result clearly demonstrates that all the Ag;PO,/Ag/SiC
hybrids exhibit higher photocatalytic activities than Ag;PO,/Ag and
SiC/Ag, which suggests that combining Ag;PO,/Ag and SiC/Ag is
an efficient route to enhance their photocatalytic activity. In the
presence of AgzPO,/Ag/SiC-10%, about 97% of the MO molecules
were decomposed within 15 min under visible light. Furthermore,
phenol, a substance without absorbing visible-light, was used to
further verify the visible light photocatalytic activity of the as-
prepared samples under visible light (> 420 nm), and the obtained
results are illustrated in Figure 3B. All the Ag;PO,/Ag/SiC
photocatalytic and pure Ag;PO, exhibit excellent photocatalytic
activities on degradation of phenol under visible light, confirming
their inherent visible light photocatalytic properties. In addition, a
comparison on the photocatalytic activity between Ag;PO4/Ag/SiC-
10% and a mixture of SiC/Ag and AgzPO,/Ag has been conducted,
as shown in Fig.4. The mole ratios of SiC/Ag and Ag;PO4/Ag in the
two samples are the same. It can be clearly seen from Fig.4 that the
photocatalytic activity of Ag;PO,/Ag/SiC-10% is much higher than
that of the mixture of SiC/Ag and Ag;PO,/Ag, implying that the
efficient charge transmission and separation occurs in
AgzPO,/Ag/SiC-10% rather than in the mixture.
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—¥— SiC/Ag
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—4— Sum of SiC/Ag and Ag PO /Ag
o 064
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Fig.4 Comparison on the photocatalytic activity of Ag;PO,/Ag/SiC-
10% with that of the mixture of Ag;PO,/Ag and SiC/Ag with the
same weight fraction of SiC on the degradation of MO under visible
light irradiation (> 420 nm).
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Fig.5 Photocatalytic activity of Ag;PO,/Ag/SiC-10%o0n the
degradation MO in presence of different scavengers under visible
light irradiation (> 420 nm).

To investigate the photocatalytic mechanism of the
AgiPO,/Ag/SiC-10% hybrid, the effect of scavengers on the
degradation of MO was examined in the photocatalytic oxidation
(PCO) process and the results are shown in Fig.5. Specifically,
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ammonium oxalate (AO), benzoquinone (BQ) and isopropanol (IPA)
acted as the scavengers for h*, O, and *OH were introduced into the
PCO process, respectively. As is clear from Figure 5, the addition of
IPA did not affect the degradation rate of MO over Ag;PO,/Ag/SiC-
10%, indicating that *OH was not the main reactive species in the
photocatalytic process. In contrast, the photocatalytic degradation of
MO was repressed in presence of AO and BQ. According to these
results, it can be concluded that h* and O, are the main oxygen
active species for Ag;PO,/Ag/SiC-10% in the MO solution under
visible light irradiation. It can be inferred that the electrons left on
the Ecg of SiC reduce O, to O, through one-electron reducing
reaction because the Ecp potential of SiC is more negative than
Ey(0y/0,7) (-0.046 eV vs. NHE).
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Fig.6 Survey (A), Ag 3d(B), P 2p (C), O 1s (D), Si 2p (E) and C 1s
(F) XPS spectra of the fresh Ag;PO,/Ag/SiC-10% sample.

In order to confirm the existence of metallic Ag, XPS technology
has been used to analyse the surface element composition and
chemical state of Ag;PO4/Ag/SiC-10%, and the obtained results are
shown in Fig.6. It is clearly seen that only Ag, P, O, Si and C
elements were detected in the XPS survey spectrum (Fig.6A). As
shown in Fig.6B, the Ag 3d peaks of Ag;PO4/Ag/SiC-10% has
separated as Ag" peaks and Ag’ peaks. The weak peaks at 368.13
and 37422 eV are attributed to Ag’ of AgiPO,, indicating the
existence of metallic Ag NPs on the surface of Ag;PO,/Ag/SiC-
10% sample. The strong peaks at 367.5 and 373.4 eV are
assigned to Ag" of Ag;PO,. A broad peak in the range of 131 to
135 eV of the P 2p spectrum (Fig. 6C) is observed for the
Ag;PO4/Ag/SiC-10% sample which is corresponding to the
phosphorus of AgzPO,. The O 1s peak centered at 530.8 eV is
associated with the O% in Ag;PO,. The other O Is peak at
532.6 eV as a result of the presence of —OH group or a water
molecule absorbed on the surface of theAg;PO,/Ag/SiC
composite photocatalyst (Fig.6D). The peaks at 101.1 and 284.8
eV can be attributed to Si 2p and C 1s of SiC (Fig.6E and 6F).
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Moreover, the metallic Ag content on the surface of the as-
prepared samples calculated from XPS results are listed in
Tablel. It can be clearly found that the metallic Ag content on
the surface of each sample is about 12% in atom, suggesting
that controlling the irradiation time can efficiently control the
metallic Ag content.

Table 1 Metallic Ag content in each sample from XPS and EDS
Metallic Ag Atom Content (at %)

CATALYST

From XPS From EDS
Ag;PO,/Ag 12.46 7.23
AgiPO,/Ag/SiC-1% 12.27 7.19
Ag3PO,/Ag/SiC-5% 12.44 7.21
Ag:PO,/Ag/SiC-10% 12.34 7.15
AgzPO,/Ag/SiC-20% 12.28 6.96
SiC/Ag 12.71 7.33

Intensity/a.u.

Pt

6 8 10
Energy/ KeV
Fig. 7 SEM images of AgPO,/Ag(A), SiC/Ag(B) and

AgiPO,/Ag/SiC-10% (C), together with the EDS spectrum of
Ag;PO4/Ag/SiC-10% (D).

The SEM images of Ag;PO,/Ag, SiC/Ag and Ag;PO,/Ag/SiC-
10% together with EDS spectrum are shown in the Fig.7. The as-
prepared Agz;PO,/Ag particles are irregular Ag;PO, sphere about
150-250 nm with some small Ag nanoparticles about 10 nm on its
surface. The SiC particles are irregular polyhedron about 500 nm
with Ag aggregation about 30 nm on its surface. In the Fig.7C,
Ag;PO, nanoparticles about 150-200 nm randomly covered on the
surface of SiC particles. Moreover, it can be clearly found that the
metallic Ag about 10 nm size existed on the junction of Ag;PO,and
SiC. It can be clearly found that all the peaks are corresponding to
the elemental composition of SiC, Ag and Ag;PO, in the EDS
spectrum, as shown in Fig. 7D. Furthermore, the metallic Ag content
in the as-prepared samples calculated from EDS are listed in Table 1.
The metallic Ag in each sample is about 7% in atom and vibrated in
a negligible range, suggesting that controlling the irradiation time
can efficiently control the metallic Ag content too. The metallic
Ag content calculated from EDS is lower than that calculated
from XPS is due to the XPS just can detect the surface elements
and the metallic Ag only exist on the surface of the as-prepared
sample.

This journal is © The Royal Society of Chemistry 2014
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Ag,PO, Ny

Fig. 8 TEM images of Ag;PO,/Ag (A), AgsPO,/Ag/SiC-10% (B and
D) and SiC/Ag (C).

Moreover, the component and connection of Ag;PO,/Ag,
Ag;PO,/Ag/SiC-10% and SiC/Ag were investigated by TEM, as
shown in Fig.8. It can be clearly found that the metallic Ag is form
on the surface of Ag;PO, and SiC. For the AgzPO,/Ag/SiC-10%
photocatalyst, Ag;PO, particles with the size about 200 nm were
well anchored on the surface of SiC, and the metallic Ag NPs with
the size about 10 nm on the junction of Ag;PO, and SiC, which is
well agree with the SEM results. According to the SEM and TEM
results, the metallic Ag nanoparticles in the Ag;PO,/Ag/SiC hybrid
photocatalyst is formed on the junction of Ag;POand SiC, which
can act as a charge transmission bridge in the hybrid catalyst.

—— Ag,PO /Ag/SiC-10%
—— Ag,PO /Ag
——SiC/Ag
T —siC
. —— Ag,PO,
= —A: POJSiCA10%
© S —
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=
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Fig.9 PL spectra of Ag;PO,/Ag, Ag:PO,/Ag/SiC-10% and
SiC/Ag, (inset is the PL spectra of Ag;PO,, SiC and
Ag;P0O,/SiC-10%) with an excitation wavelength of 325 nm.

The photoluminescence (PL) emission spectra were
conducted to investigate the charge recombination and transfer
behaviour of the Ag;PO,/Ag/SiC photocatalyst and the results
were shown in Fig. 9. It is well-known that there combination
of electron—hole pairs can release energy in the form of PL
emission. In general, a lower PL intensity indicates lower
recombination of charge carriers, leading to higher
photocatalytic activity”’. However, the Ag;PO,/Ag/SiC-10%

This journal is © The Royal Society of Chemistry 2014
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with the higher photocatalytic activity showed a higher PL
intensity than that of Ag;PO,/Ag and SiC/Ag. The higher PL
intensity of Ag;PO,/Ag/SiC-10% would be attributed to higher
recombination of photogenerated electron-hole pairs in the
metallic Ag. This is because the metallic Ag formed on the
surface of AgsPO, and SiC process suitable wave function®® 3"
32 the photogenerated electron in the CB of Ag;PO, and holes
in the VB of SiC will shift to the metallic Ag simultaneously
and then combine here, which lead to higher PL intensity. The
recombination in the metallic Ag is favourable for accelerating
the separation of the photogenerated electron-hole pairs in both
Ag;PO, and SiC, so the photocatalytic performance of
Ag;P0O4/Ag/SiC improved. Moreover, it can be clearly seen that
the PL intensities of AgzPO4/SiC-10% hybrid photocatalysts
were lower than that of Agz;PO, and SiC because of the
formation of heterojunction between AgzPO, and SiC can
efficiently suppress the recombination of the photogenerated
electron—hole in the Ag;PO,/SiC-10% hybrid photocatalysts.
On the basis of these results, it concluded that the
Ag;PO4/Ag/SiC system is a typical Z-scheme photocatalyst
rather than heterojunction photocatalyst. It is suggested that
rich electrons in the CB of SiC and holes in the VB of Ag;PO,
participate in the reduction reaction of dissolved O, and the
oxidation of MO, respectively.

According to the above results, the possible photocatalytic
mechanism of the Ag;PO,/Ag/SiC hybrid photocatalyst is
shown in Scheme. 1. The PO,* ions with large negative charge
in Ag;PO, prefer to repel electrons and attract holes, which is in
favour of the formation visible-light-driven Ag;PO,/Ag/SiC Z-
scheme system. And the Ag NPs act as the charge transmission-
bridge to form the visible-light-driven Ag;PO,/Ag/SiC Z-
scheme system. Under visible light irradiation, both Ag;PO,
and SiC are excited, and the photogenerated holes and electrons
are in their conduction and valence band, respectively. The
electrons on the conduction band minimum (CBM) of Ag;PO,
easily shift into metal Ag (electron transfer I: Ag;PO,
CBM—Ag) through the Schottky barrier because the CB
potential of Ag;PO, is more negative than that Fermi level of
the loaded metal Ag. Meanwhile, the holes on the valence
band maximum (VBM) VBM of SiC also easily shift into metal
Ag (hole transfer II: SiC VBM—Ag) because the Fermi level of
Ag is more positive than the VBM of SiC, and then combine
with the electron here. Therefore, simultaneous electron (I) and
hole (II) transfers enhance the charge separation of Agz;PO,4and
SiC. And holes in the Eyg of Ag;PO, show strong oxidation
ability while the electrons in the Ecg of SiC with more negative
potential display strong reduction power.
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Scheme. 1 Schematic illustration of photocatalytic mechanism of
Ag3PO4/ Ag/SiC under visible light irradiation (>420 nm).
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Fig.10 Cycle runs of Ag;PO,/Ag/SiC -10% for degradation of MO
under visible light irradiation (> 420 nm).

The stability and reusability of Ag;PO,/Ag/SiC photocatalysts
were evaluated by the cycling degradation experiment and the results
are shown in Fig.10. The results show that the Ag;PO,/Ag/SiC
photocatalysts do not display obvious decrease of photocatalytic
degradation activity under visible light, indicating that the
Ag;PO,/Ag/SiC hybrid photocatalysts is sufficient stable for
photocatalytic degradation of MO. The extraordinary stability of
Ag;PO,/Ag/SiC photocatalysts is ascribed to the fast charge
separation of Ag;P0O,/Ag/SiC induced by Z-scheme system. For pure
Ag;P0O,, the photogenerated electrons are prone to remain on the
Ag;PO, and then degraded the Ag;PO, to generate the by-product
metallic Ag. For theAg;PO4/Ag/SiC-10% photocatalyst, the
photogenerated electrons are apt to migrate to the metallic Ag and
combine with the hole here, which can efficient suppress the self-
degradation of Ag;PO, induced by photogenerated electron.
Moreover, the crystalline structure and morphology of
Ag;PO,/Ag/SiC-10% photocatalyst after photocatalytic experiments
have been investigated by XRD and SEM. There is no evident
crystalline structure or morphology changes could be observed in
either their XRD patterns or SEM results, indicating that these
Ag;PO,/Ag/SiC photocatalysts possess high stability.
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Fig.11 XRD patterns and SEM images of the Ag;PO,/Ag/SiC-10%
after photocatalytic experiments.

Conclusions

Novel high-efficiency visible-light-driven AgzPO,/Ag/SiC Z-
systems have been successfully prepared via facile in-suit
precipitation process under room condition. The Ag;PO,/Ag/SiC
photocatalysts showed obviously superior photocatalytic activity
over that of Ag;PO,/Ag and SiC/Ag for the photo-degradation of
MO and phenol under visible light irradiation. The superior
photocatalytic activity of Ag;PO,/Ag/SiC may originate from the
efficient separation of photogenerated electron-hole pairs through
the Z-scheme system composed of AgzPO,, Ag and SiC. The Z-
scheme photocatalytic process of the hybrid photocatalysts was also
supported by active species trapping and PL experiment results.
Furthermore, Ag;PO,/Ag/SiC possessed good stability in the PCO
process under visible light irradiation. It is expected that the

6 | . MATER.CHEM A., 2014, 00, 1-3

AgiPO,/Ag/SiC with high photocatalytic activities will greatly
promote their practical application to eliminate organic pollutants.
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Novel Z-Scheme Visible-Light-Driven Ag3;PO4/Ag/SiC
photocatalysts with Enhanced Photocatalytic Activity
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The excellent photocatalytic activity of Ag;PO,/Ag/SiC can be ascribed to the efficient separation of

photogenerated electron-hole pairs through the Z-scheme.



