Efficient solar photocatalyst based on
Ag3POg4/graphene nanosheets composite

for photocatalytic decolorization of dye
pollutants

R. Jiang, H.-Y. Zhu, J.-B. Li, F.-Q. Fu,
J. Yao, X.-X. Liang, R.-Q. Guo & G.-
M. Zeng

Journal of the Iranian Chemical
Society

ISSN 1735-207X ,
Volume 13 Journal of the Iranian

Number 6

JIRAN CHEM SOC (2016) 13:1167-1174 ( : I I EMI( :AL

DOI 10.1007/513738-016-0831-0 S o
| \“\‘“"\,\yl /]

@ Springer



Your article is protected by copyright and

all rights are held exclusively by Iranian
Chemical Society. This e-offprint is for
personal use only and shall not be self-
archived in electronic repositories. If you wish
to self-archive your article, please use the
accepted manuscript version for posting on
your own website. You may further deposit
the accepted manuscript version in any
repository, provided it is only made publicly
available 12 months after official publication
or later and provided acknowledgement is
given to the original source of publication
and a link is inserted to the published article
on Springer's website. The link must be
accompanied by the following text: "The final
publication is available at link.springer.com”.

@ Springer



JIRAN CHEM SOC (2016) 13:1167-1174
DOI 10.1007/s13738-016-0831-0

CrossMark

@

ORIGINAL PAPER

Efficient solar photocatalyst based on Ag;PO,/graphene
nanosheets composite for photocatalytic decolorization of dye

pollutants

R. Jiang!? - H.-Y. Zhu'? - J.-B. Li? - F.-Q. Fu' - J. Yao! - X.-X. Liang? - R.-Q. Guo® -

G.-M. Zeng*

Received: 29 May 2015 / Accepted: 26 February 2016 / Published online: 17 March 2016

© Iranian Chemical Society 2016

Abstract Silver orthophosphate-graphene nanosheets
composite (Ag;PO,-GNs) has been fabricated using a fac-
ile hydrothermal method. The Ag;PO,-GNs were char-
acterized using XRD, UV-vis DRS and SEM. The pho-
tocatalytic activity of Ag;PO,-GNs was evaluated by
photocatalytic decolorization of dye aqueous solutions
under simulated solar light irradiation. It was observed
that Ag;PO, nanoparticles in Ag;PO,-GNs were attached
on the surface of graphene nanosheets.The introduction
of graphene nanosheets enhanced remarkably the visible
light absorption region of Ag;PO,-GNs compared with
bare Ag;PO,. The photocatalytic activity of Ag;PO,-GNs
is nearly twice as high as that of the pure Ag;PO,. The
removal efficiency can reach more than 90 % by Ag,PO,-
GNs under simulated solar light irradiation within 25 min,
which might mainly be attributed to high adsorption capac-
ity, extended light absorption range and efficient charge
separation. After irradiation for 60 min, 84.70 % TOC
mineralization was achieved by Ag;PO,-GNs. Based on
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the results of detection of active species, the direct oxidiza-
tion of dye pollutants in aqueous solution by holes takes a
major role in the whole decolorization process by Ag;PO,-
GNs. As a result, Ag;PO,-GNs with the high photocatalytic
activity are proven to be an excellent light photocatalyst for
potentially scalable removal of dyes in aqueous solutions
and other environmental remediation under simulated solar
light irradiation.

Keywords Graphene nanosheets - Silver orthophosphate -
Photocatalysis - Dye - Water treatment

Introduction

With rapid industrial developments, a large number of vari-
ous hazardous pollutants are released into the open environ-
ment. Among of those pollutants, toxic organic dyes and
their effluents become one of the main sources of water pol-
Iution because of the greater demand in textiles, cosmetics
and other industries [1, 2]. There are more than 100,000 com-
mercially available dyes with an estimated annual production
of over 7 x 10 tons of dye-stuff [3]. Industrial dyeing pro-
cesses lead to the annual discharge of 30,000—150,000 tons
of dyes into receiving waters [4]. Effluents from those
industries have high content with organic pollutants, salts,
chemical oxygen demand (COD), suspended solids (SS) and
fluctuating pH [5]. What’s more, dye wastewater contains
complex composition, making the conventional biological
treatment method restricted. As a result, large amount of sci-
entific and technological efforts have been paid toward for
effective treatment of those dye wastewater. Among them,
photocatalytic oxidation by photocatalysts is found to be one
of the most hopeful and most effective methods to degrade
dyes wastewater and get rid of them [6, 7].
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Table 1 Properties of congo red, methyl orange, and Rhodamine B

Dye name Molecular formula Molecular weight (g/mol) CAS number Molecular structure
COngO red C32H22N50552N32 696.68 573-58-0 NH, @ @ NH,
S0;Na SO;Na
Methyl orange C14H1403N3SNa 327.33 547-58-0 cn o
N _ o .
CH,/N@N 7NOE‘ N
Rhodamine B C28H31C|N203 479.01 81-88-9 O
'COOH
NS
(CHs):N O o O &(cms)zcr

Very recently, silver orthophosphate (Ag,PO,) semi-
conductor with a band gap of ~2.3 eV exhibits signifi-
cant photocatalytic decolorization of organic dyes under
visible-light irradiation [8, 9]. Therefore, Ag,PO, is one
of the most promising photocatalysts in harvesting solar
energy for clean energy production and environmental
purification [8, 10-13]. To further enhance photocatalytic
activity of Ag;PO,, different strategies have been devel-
oped [14]. Some composites of Ag;PO,, such as SrTiOs/
Ag,PO, [13], Ag;PO,/CNTs [15], Ag;PO,/In(OH); [16],
and PANI/Ag/Ag;PO, [14], have been proven significant
enhancement of photocatalytic activity for eliminating
dye pollutants. Graphene with 2D carbon nanostructures
can potentially serve as a support material with which to
anchor semiconductors, and to improve the performance of
photoelectronic and energy conversion devices [17]. In par-
ticular, outstanding conductive ability (mobility of charge
carriers 200,000 cm? V' s7! at room temperature) and an
extremely high theoretical specific surface area (theoreti-
cally, 2630 m?%/g [18, 19]) can reduce the photo-generated
electron-hole (e~/h") recombination rate and improve
the photocatalytic properties of photocatalyst [19, 20]. In
recent years, graphene has caught immense research atten-
tion to synthesize various graphene/semiconductors and
investigate its application for environmental remediation
and water purification [21-25]. More recently, Ag;PO,/
graphene composite [11, 26] and Ag;PO,/reduced gra-
phene composite [27, 28] have been reported. With the
introduction of graphene, the photocatalytic performance
and photostability of Ag;PO,/graphene were greatly
enhanced due to the improved separation efficiency of pho-
togenerated carriers and adsorption performance [11, 26].
However, high price of graphene limits its application for
practical water treatment. Graphene nanosheets (GNs) are
atomic-thickness monolayers of hexagonally arranged,
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graphite-derived carbon atoms that may be composed of
graphene, graphene oxide, or reduced graphene oxide. They
have attracted tremendous interest in their potential appli-
cation for environmental remediation and water purifica-
tion [29, 30]. Furthermore, GNs cost only one twentieth of
the price of graphene (GNs $15 g~!, graphene $308 g~ 1).
To the best of our knowledge, no previous studies regarding
the hydrothermal synthesis and photocatalytic performance
of Ag;PO,-graphene nanosheets (Ag;PO,-GNs) have been
reported.

In this study, Ag;PO,-GNs have been fabricated via a
facile hydrothermal method. The composition, morphol-
ogy, and optical properties of the as-prepared Ag;PO,-
GNs were characterized using SEM, XRD and UV-vis
DRS. The photocatalytic performance of Ag;PO,-GNs
was evaluated by the decolorization of three dyes (congo
red, methyl orange and rhodamine B) as model pollutants
in aqueous solution under simulated solar light irradiation.
Moreover, the possible mechanism for dyes decolorization
by Ag;PO,-GNs is proposed based on the experimental
results. Our finding can pave a way to develop economi-
cal and highly efficient photocatalysts for the removal of
organic pollutants for water purification.

Materals and methods
Chemicals

Graphene nanosheets (GNs, purity >99 %) were pur-
chased from Nanjing Xianfeng Nanomaterial Technology
Co., Ltd. Congo red (CR), methyl orange (MO) and rho-
damine B (RhB) and used as model dyes were purchased
from Yongjia Fine Chemical Factory (Wenzhou, China)
(Table 1). Silver nitrate (AgNO3, 99 %), sodium hydrogen
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Fig. 1 Schematic representa-
tion for the preparation of
Ag;PO,-GNs

phosphate (Na,HPO,, 99 %), edetate disodium salt dehy-
drate (EDTA-2Na), t-butyl alcohol (TBA), sodium hydrate
(99 %) and other reagents of analytical grade were pur-
chased from Shanghai Chemical Reagents Research Insti-
tute (Shanghai, China) and were used without further
purification.

Preparation of Ag;PO,-GNs

Ag;PO,-GNs were prepared by a simple hydrothermal
method (Fig. 1) [9]. Briefly, silver nitrate was dissolved in
200 mL of double distilled water for 1 h. Fifty grams of
GNs were ultrasonically dispersed in the double distilled
water (50 mL). The resulted GNs suspension was added
into the silver nitrate solution. The suspension system was
strongly stirred for 12 h. The positively charged Ag™ cati-
ons could be assembled onto the surface of the negatively
charged GNs [12]. Na,HPO, aqueous solution (0.2 M,
10 mL) was added dropwise to the above system with mag-
netically stirring. The resulting reaction system was then
transferred to a Teflon autoclave and heated at 180 °C for
24 h. After the treatment, the obtained precipitate was col-
lected, washed with double distilled water and ethanol for
several times and dried at 100 °C under atmospheric con-
ditions for 10 h until constant weight. The corresponding
bare Ag;PO, nanoparticles were also facilely synthesized
using the same method but in the absence of GNs.

Characterization of Ag;PO,-GNs

X-ray diffraction (XRD) patterns were measured by a
Bruker D8 Advance X-ray diffractometer at 40 kV and
50 mA with Cu target and Ko radiation (x = 0.154178 A)
in the region of 26 from 10 to 80°. UV-vis diffuse reflec-
tance spectra (DRS) were collected on a Hitachi UV-3100
UV-vis spectrophotometer with BaSO, as the background.
Scanning electron microscopy (SEM) images were taken
using a Hitachi S4800 scanning electron microscope at spe-
cific magnification.

Photocatalytic experiments
The photocatalytic experiments of congo red (CR), methyl

orange (MO) and rhodamine B (RhB) as model pollut-
ants were carried out in aqueous solutions at ambient

: S HPOS pi
R 37
. Solvothermal, wash ¢
54 5

and Dry

GNs-Ag+ Ag:PO4-GNs

temperature controlled by a watercooling system. A 300 W
Xenon lamp (PLS-SXE300, Beijing Trusttech Co. Ltd.,
China) was used as a simulated solar light source. The
wavelength of simulated solar light irradiation was in a
range from 300 to 1100 nm. According to a corresponding
technical report of PLS-SXE300, UV output (<390 nm)
was about 5.2 % of irradiation energy while visible light
output (390-770 nm) was about 39.2 %. 0.05 g of photo-
catalyst was added to 100 mL of simulating pollutant solu-
tion contained in a 250 mL Pyrex glass vessel with a plane
side. During reaction, the resulting aqueous suspension
containing dye and Ag;PO,-GNs was continuously stirred
and bubbled so that the concentration of dissolved oxygen
in the reaction system was kept constant. At given time
intervals, about 5 mL aliquots were sampled and centri-
fuged to remove the photocatalyst. Then concentrations of
model pollutants in aqueous solution were determined by a
TU 1810 UV-visible spectrophotometer (Beijing Purkinje
General Instrument Co., Ltd., China) by monitoring the
characteristic absorption wavelength of 553, 463 and
496 nm for RhB, MO and CR, respectively. Decoloriza-
tion efficiency (1) of dye solution by Ag;PO,-GNs at time ¢
was calculated by Eq. (1). Total organic carbon (TOC) was
measured using a TOC-VCPH analyzer (Shimadzu Co.,
Japan) to evaluate the mineralization of final dye solutions
after the treatments.

(Co—Cy)
S —— X
Co

(%) = 100 (1)
where C, (mg L") is the initial dye concentration and C,
(mg L) is the dye concentrations at a specific given time ¢
(min), respectively.

Results and discussion
Characterization of nanocomposites

Figure 2 shows XRD patterns of graphene nanosheets
(GNs), Ag;PO, and Ag;PO,-GNs. For GNs, the sharp (0 0
2) diffraction peak of GNs at 260 = 26.3° was found, sug-
gesting that the characteristic interlayer distance of GNs
is about 0.34 nm [31]. Furthermore, the XRD pattern of
Ag;PO, clearly show that all distinct diffraction peaks (260)
at21.1°(110),299°(200),33.5°(210),36.8°(211),

@ Springer
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Fig. 2 XRD patterns of GNs, Ag;PO, and Ag;PO,-GNs

42.7° (22 0), 48.0° (31 0), 52.9° (2 2 2),55.2° (32 0),
57.5°(321),61.8°(400), 66.0°(330),70.1° (4 2 0),
72.1° (42 1), 74.0° (3 2 2) could be indexed to the body-
centered cubic structure of Ag;PO, (JCPDS no.06-0505),
which agrees well with previously reported work [10, 12,
32, 33]. No other characteristic peak was observed, indicat-
ing the high purity of the product formed via a facile hydro-
thermal method. As for Ag;PO,-GNs, the above peaks
belonging to Ag;PO, nanocrystal can be clearly indexed,
and the peak at 25.3° indexed to (0 0 2) plane of GNs can
be found. In the range of 20 = 10-80°, no other peaks
could be observed, which also confirmed that the compos-
ite was exclusively a cubic phase Ag;PO, crystal and GNs
[25]. Notably, the diffraction peak at 26.3° belonging to the
separate GNs decreased in the Ag;PO,-GNs. This results
from two facts that the partly disrupted layer-stacking regu-
larity of GNs by the intercalation of Ag;PO, particles and
the very low amount of GNs in the Ag;PO,-GNs.

UV-vis spectral measurements were employed to meas-
ure the changes in the absorption of GNs, Ag;PO,, Ag;PO,-
GNs and P25, as shown in Fig. 3. GNs has exhibited strong
absorption ability in both the visible light and UV light
ranges, while bare Ag;PO, could absorb solar energy with
a wavelength shorter than 530 nm [10]. Compared with the
bare Ag,PO,, the Ag;PO,-GNs display continuous strong
absorption in the range of 530-800 nm. A similar result
has also been reported on Ag;PO,/carbon nanotube com-
posite [34]. This suggests that Ag;PO, particles have been
enwrapped by GNs sheets. The possible reason is that the
GNs are an excellent light absorptive material and possess
a broad absorbance in the visible range. Therefore, as a pre-
condition for effective photodecomposition of organic pol-
lutants, the light absorbing property of Ag;PO,-GNs com-
posites has been greatly enhanced. Generally, the wider

@ Springer
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Fig. 3 UV-vis diffuse reflectance spectra of P25, GNs, Ag;PO, and
Ag;PO,-GNs

range of light absorption is beneficial to increase the photo-
catalytic activity of photocatalysts. As a result, the Ag;PO,-
GNs composite is suitable to be used for potentially
removal of dyes in aqueous solution and other environmen-
tal remediation under simulated solar light irradiation.
Figure 4 displays SEM images of GNs, Ag;PO, and
Ag;PO,-GNs for evaluation of their morphologies.
Figure 4a shows the SEM image of GNs before the attach-
ment of Ag;PO,. GNs have a crumpled layered structure
with thin thickness (5-20 nm) and smooth surface, and
wrinkled edge [17]. Ag;PO, exhibited a body-centered
cubic structure with grain sizes of 5-20 wm (Fig. 4b),
which was accordant with former report. In Fig. 4c, this
nanosheet morphology of GNs in Ag;PO,-GNs is retained
even after the hydrothermal treatment for 24 h at 180 °C.
It was observed that Ag;PO, nanoparticles in Ag;PO,-GNs
were attached on the surface of graphene nanosheets. The
size of the Ag;PO, in the Ag;PO,-GNs system decreased
to 0.5 wm. The size of the Ag;PO,-GNs was in micrometer
scale both in length and width, which allowed an easy sep-
aration from the reaction system by conventional filtration.

Photocatalytic activity

The photocatalytic activity of the as-obtained samples was
evaluated by photocatalytic decolorization of CR dye under
simulated solar light irradiation, and the results were dis-
played in Fig. 5. As seen from Fig. 5a, the decolorization
efficiency of CR solution can reach 68.3 % by the Ag,PO,-
GNs after irradiation for 10 min, increased by 24.3 % com-
pareed with the bare Ag;PO,. The 10 ppm CR solution
was almost completely decolorized by the Ag;PO,-GNs
within 60 min irradiation. The effective mineralization
of organic compounds is very important due to avoiding
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Fig. 4 SEM images of GNs (a), Ag;PO, (b) and Ag;PO,-GNs (¢ and d)
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Fig. 5 Comparison of the treatment performances of CR solutions under

solution under simulated solar light irradiation on Ag;PO,-GNs (b)

secondary pollution in the practical application of photo-
catalytic technology. In this system, total organic carbon
(TOC) was chosen as a mineralization index. After irradia-
tion for 60 min, 84.70 % TOC mineralization was achieved
by Ag;PO,-GNs under simulated solar light irradiation.
Obviously, the addition of an appropriate amount of GNs
could enhance the photoactivity effectively. The photocata-
lytic decolorization of CR solution over the photocatalysts
matches the pseudo-first-order kinetics by linear transform
In(Cy/C,) = kt. The initial apparent rate constant k over
Ag;PO,-GNs is 0.1277 min~!, which is nearly two times

-

s ey i e e

500nm

0.4
’;‘ 0.3
= —— O min
© —— 10 min
Q —— 20 min
g 024 30 min
2 —— 40 min
2 50 min
i) —— 60 min
< 0.1 —H0
00 T T — T T T
200 300 400 500 600 700

Wavelength (nm)

different conditions (a) and UV-vis spectra for decolorization of CR

as high as that of the pure Ag;PO,. Figure 5b shows the
temporal evolution of the spectral changes of CR dye solu-
tion mediated by Ag;PO,-GNs. As observed from Fig. 5b,
absorption spectrum of the original CR solution was
characterized by two main bands at 496 and 338 nm. The
absorbance peak at 496 nm was attributed to the azo bonds
of CR molecule while the absorbance peak at 338 nm was
attributed to “benzene, naphthalene rings” structures. Dur-
ing photocatalysis of CR solution by Ag;PO,-GNs, the
absorption peak of CR solution at 496 nm decreased gradu-
ally and disappeared finally, which is in accordance with

@ Springer
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Fig. 6 Time-dependent UV-vis spectra of degraded RhB solution (a) and MO solution (b) photocatalyzed by Ag;PO,-GNs

the color change from red to colorlessness of the CR solu-
tion with increasing irradiation time. According to the pre-
vious report, the azo groups of CR were removed, and then
the cycloreversion occurred during the decolorization of
CR solution [7]. To clarify whether the adsorption behav-
ior by photocatalysts is responsible for the decolorization
of CR solution, the efficiency of adsorption is determined
by measuring the evolution of CR dye concentration. The
adsorption efficiency of CR by Ag;PO,-GNs is two times
higher than that of bare Ag;PO,. The carbon in GNs plays
important roles during the photocolorization of dye solu-
tion by increasing adsorption capacity of Ag;PO,-GNs.
High and fast adsorption of CR on Ag;PO,-GNs can be
attributed to the strong interaction from the m—m stacking
between aromatic regions of GNs and dye molecular [24],
which is profitable for the succedent photocatalytion of CR
solution. As a result, the enhanced photocatalytic activity of
Ag,PO,-GNs might be attributed to high adsorption capac-
ity of dyes, extended light absorption range and efficient
charge separation due to giant m-conjugation system and
two-dimensional planar structure of GNs in Ag;PO,-GNs.

Furthermore, two other dyes (MO and RhB) were also
chosen to evaluate the photocatalytic activity of Ag;PO,-
GNs. All the experimental conditions were the same as
those of CR decolorization. From the temporal evolution of
the spectral changes of MO and RhB solutions mediated by
Ag;PO,-GNs under visible light irradiation (Fig. 6a, b), the
absorbance spectral lines clearly indicates the gradual, sig-
nificant and steady decrease in both the absorbance of MO
and RhB dyes. The percentage decolorization of MO and
RhB at the maximal absorption wavelength was accounted
to be 71 and 85 %, respectively, by the end of 120 min of
exposure.

The proposed photocatalytic mechanism

Generally, the elimination of organic compounds in aque-
ous solution by photocatalysis can be attributed to both the
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Fig. 7 Effects of hydroxyl radical and hole scavengers on the decol-
orization rate of CR dye photocatalyzed by Ag;PO,-GNs composite
and Ag;PO,

adsorption and oxidation properties of reactive species,
such as it and *OH [35]. To investigate the photocatalytic
mechanism of the Ag;PO,-GNs in more detail, different
specific scavengers were used to determinate the influ-
ences of *OH and A" on the decolorization rates of CR.
In this study, #-butyl alcohol (TBA) and edetate disodium
salt dehydrate (EDTA-2Na), acted as the scavengers for
*OH and A [36], were introduced into the photocatalytic
process, respectively. Figure 7 shows the corresponding
pseudo-first-order rate constants of CR dye over Ag;PO,
and Ag;PO,-GNs with and without scavengers under simu-
lated solar light irradiation.

At first, the rate constant of CR decolorization by
Ag;PO,-GNs composite was 0.1277 min~', which was
about twice as high as that of pure Ag;PO, (0.0570 min~1).
This revealed that the photocatalytic ability of Ag,PO,-
GNs composite was higher than that of pure Ag;PO,. For
Ag;PO,, the photocatalytic decolorization rate constant
was obtained as 0.0570 min~! without scavengers, but it
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decreased to 0.0519 and 0.0209 min~' with the addition of
TBA or EDTA-2Na, respectively, demonstrating the contri-
bution of *OH and 41 with 8.9 and 53.9 %, respectively. As
shown in Fig. 7, the addition of TBA almost did not affect
the decolorization rate of CR solution by Ag;PO,, sug-
gesting that *OH was of less importance in the photocata-
lytic process. However, the decolorization percence of CR
solution was still on in the presence of EDTA-2Na under
simulated solar light irradiation, indicating some other
reactive species besides holes (h™) were involved, such as
*HO,, *O,", and so on. In fact, some previous studies have
reported that the photogenerated holes of Ag;PO, cannot
oxidize OH /H,0 to form *OH due to their little difference
of potentials [37].

However, for Ag;PO,-GNs, the photocatalytic decolori-
zation rate constant decreased from 0.1277 to 0.0956 min~!
and 0.0118 min~! with the addition of TBA or EDTA,
respectively. With the introduction of GNs to Ag;PO,, the
photocatalytic decolorization of CR solution was obviously
suppressed after the addition of TBA. When EDTA (hole
scavengers) was added into the photocatalytic system, a
notable inhibitory effect on the decolorization activity over
the Ag;PO,-GNs composite was observed, in which less
than 10 % rates constant were kept. The same result was
also reported by Yang [38]. As is well known, an efficient
charge separation/transfer is crucial for the enhancement
of photocatalytic activities. The transfer of the holes from
valence band (VB) of Ag;PO,-GNs was accelerated with
the addition of GNs. In fact, GNs could act as a support
and electron acceptor to suppress the charge recombination
of Ag;PO, and enhance the photocatalytic activity and sta-
bility of Ag;PO, [9, 17, 39]. It can be concluded that the
direct oxidization of pollutants by holes takes a major role
in the whole decolorization process by Ag;PO,-GNs under

simulated solar light irradiation. The high reactive *OH
formed in the photocatalytic system was found to be other
major responsible for the photocatalytic decolorization of
dye solution by for Ag;PO,-GNs.

Based on the results of the addition of active species
scavengers, the possible mechanism for photocatalytic
decolorization of organic dyes by Ag;PO,-GNs was pro-
posed and represented in Fig. 8. At first, the objective dye
molecular in aqueous solution was adsorbed on the sur-
face of Ag;PO,-GNs by the strong interaction from the
n—7 stacking between aromatic regions of GNs and dye
molecules [40]. It would be easier for the photo-generated
active species to oxidize the surface adsorbed dye pollut-
ants. At the same time, the activated Ag;PO, in Ag;PO,-
GNs generated electron—hole (¢ /h™") pairs in the conduc-
tion band (CB) and the valence band (VB) under simulated
solar light irradiation, respectively [8]. The excited e~ of
photocatalyst could transfer from the conduction band to
GNs via a percolation mechanism in GNs-photocatalyst
[41, 42] since GNs have been reported to be a competitive
candidate for the acceptor material due to its two dimen-
sional m-conjugation structure. During photocatalytic
reaction, the aqueous suspension containing both objective
dye pollutants and Ag;PO,-GNs was continuously stirred
and bubbled. As a result, the transfer e~ are scavenged
by the dissolved molecular oxygen in dye solution or the
adsorbed molecular oxygen on the Ag,PO,-GNs surface to
produce superoxide anion (O5") radicals. The photogen-
erated A" on VB of AgsPO, partly oxidize water to form
hydroxyl radicals (*OH). At last, together with *OH and
O3, the resultant 4™ in the VB of Ag;PO, in Ag;PO,-GNs
could undergo chain reactions to degrade and mineralize
partially or completely organic dye pollutant in aqueous
solution [43].
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