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ABSTRACT

It was aimed to investigate the photocatalytic activity of GO-doped BiVO, nanocomposite (m-BVG)
as novel visible-light bismuth-based photocatalyst for decolorization of a selected azo dye (methyl
orange, MO) from water. According to the obtained results, the synthesized m-BVG represented
a better photocatalytic performance and exhibited higher decolorization rate and efficiency at any
given time of the test in comparison with the synthesized BiVO, nanoparticles. Owing to GO elec-
trical conductivity, reduction of the recombination rate of electron-hole pairs resulted in more effi-
cient performance for the m-BVG. The solution permeability to light, which is a function of both
m-BVG dosage and dye concentration, was distinguished as a predominant controlling factor of the
decolorization efficiency. Applying H,O, (at the content of 2 wt.%) as an external electron acceptor in
association with m-BVG, dramatically enhanced the decolorization rate. Presence of H,O, eliminated
the necessity of going through the long pre-required pathway (comprising of six successive reactions)
for the subsequent OH' generating reactions. Under this circumstance and owing to the synergistic
performance of H,0,/m-BVG composite, around 98% MO decolorization was achieved over only
10 min of irradiation while it lasted about 330 and 60 min for m-BVG and H,0,, orderly, to gain the
same decolorization efficiency when they were used individually.
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1. Introduction

Dyes are one of the largest and most important groups of
organic compounds used in several industries such as textile,
plastics, cosmetics, food, papermaking and printing. Due to
large volumes of water consumption in the different sections
of these industries, remarkable amounts of colored wastewa-
ters are generated annually [1]. Considerable environmental
and health hazards have been attributed to synthetic dyes.
Discharge of untreated dye-containing effluents in aqueous
ecosystems is aesthetically undesirable. It also impedes the
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sunlight penetration into aqueous environment which con-
sequently retards the photosynthetic activity and inhibits the
biota growth [2]. Acute toxic effects on aquatic plants and
long-term environmental problems have also been reported
for the dye compounds [3]. Azo dyes constitute the larg-
est part of synthetic dyes. According to the reports around
50% of the commercially available dyes are of this type.
They are characterized by at least one nitrogen to nitrogen
double bond (N=N), which is called azo group, in their chem-
ical structure. Many azo dyes have been proved to be toxic
and carcinogenic for the living organisms [2,4,5]. Therefore,
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it is necessary to remove these organic compounds from
textile wastewaters before releasing them into natural water
bodies.

Recently, intensive researches have been performed
regarding the azo dye removal from effluents by using
advanced oxidation processes (AOPs). In the mentioned
processes, strong oxidants such as free hydroxyl radical
(OH") result in complete mineralization of organic pollut-
ants. Heterogeneous photocatalysis is one of the robust tech-
niques among the various in the category of AOPs. No waste
disposal problem and facile operating conditions have been
accounted as some advantages of the photocatalytic pro-
cess [4,6,7]. The process is mostly believed to be based on
migration of valence electrons from the valence band to the
conduction band and the consequent generation of elec-
tron-hole pair on the catalyst surface under irradiation of
ultraviolet or visible light as energy source. This procedure
induces the photocatalytic water oxidation process during
which the superoxide radical anions (O;") and free reactive
OH radicals are produced. These photogenerated reactive
species have a strong tendency to interact with the organic
substances and destroy them in aqueous medium [6-10].

Various solid semiconductors such as metal oxides (TiO,,
Zn0O, CeO,, ZrO,, WO,, V,0,, Fe,O,, etc.) have been inten-
sively used as catalyst in heterogeneous photocatalysis [7].
In order to excite the valence electron, the irradiation wave-
lengths energy should be larger than the band gap energy
(hv 2 E ) of the catalyst material, and because of this, the
required energy level will directly depend upon the selected
metal oxide [6].

Until present, TiO,and ZnO have been frequently inves-
tigated for many photocatalytic reactions [11,12]. However,
due to their wide band gap of 3.2 eV, their application is
limited to the ultraviolet light which represents only 4% of
the solar light as a reproducible energy source [7,9,11-13].
Valuable efforts have been made to produce and introduce
new compositions of semi-conductive materials with nar-
row band gaps so that the photocatalysis procedure could
be performed under irradiation of wavelengths with lower
energy levels such as visible and sunlight [7,9,11,12,14,15].
In this regard, bismuth-based semiconductors have gained
researchers’ attention because of their interesting phys-
iochemical properties, especially the highly visible-light-in-
duced photocatalytic activity [16-19]. As an outstanding
example, the monoclinic bismuth vanadate (BiVO,) has been
extensively investigated because of its comparative narrow
band gap (2.4 eV) and intrinsic photocatalytic activity under
visible light irradiation [9,11,13,19,20]. However, the pho-
tocatalytic activity of bismuth-based semiconductors, pure
BiVO, in particular, has been reported to be restricted by the
high recombination rate of photogenerated electron-hole
pairs and poor surface adsorptive performance [11,14,16]. As
reported by some researchers, doping with different metal
(e.g., Au Co, Ag, Ni) and nonmetal elements (e.g., N, F, B)
could enhance the BiVO , photocatalytic activity under visible
light irradiation through facilitating the charge separation
(e7/h*) and reducing the electron-hole pairs recombination
rate [11,14,20,21-23].

Recently, reduced graphene oxide (GO), as a dopant to
synthesize GO-metal oxide hybrid structures, has gained a
lot of attention with the aim of promoting the photocatalytic

activity. Owing to the excellent electrical conductivity and
high surface area, GO can serve as an electron acceptor, expe-
dite the electron transfer and prevent the recombination of
the charge carriers [19,24,25]. To the best of our knowledge,
there are very few reports [19,26] on the synthesis and pho-
tocatalytic properties of GO-doped BiVO, composite (BVG).
In the present work, the authors attempted to investigate
the photocatalytic activity of BVG as novel visible-light bis-
muth-based photocatalyst in order to decolorize the selected
azo dye (methyl orange, MO) from water. For this purpose,
GO, BiVO, and BVG composites were synthesized and exam-
ined. It was also focused on the effect of H,O,addition as an
external electron acceptor on BVG performance. The possi-
ble mechanisms of the photocatalytic reactions were also
discussed in details.

2. Experimental setup
2.1. Materials and instrumentation

Ethanol (purity of 99%), hydrogen peroxide (35%, v/v),
graphite powder (300 mesh, purity of 99.99%), nitric acid
(65%, v/v), sodium hydroxide, ammonium metavanadate
(NH,VO,, purity of 99%), bismuth (III) nitrate (Bi(NO,) -5H,0,
purity of 98%) and sulfuric acid (purity of 95%-97%) were
purchased from Merck (Germany). The azo dye methyl
orange (MO, A__ of 504 nm and purity of 99.9%) was sup-
plied by Sigma-Aldrich company.

A Shimadzu UV-1700 spectrophotometer (Japan) was
applied in order to record the UV-visible spectra of the
dye-containing samples. The decolorization efficiencies were
determined by using the previously developed absorbance-
concentration curve of the dye at 504 nm. As the visible
light source, a 40-W LED lamp was utilized. The structural
morphology observation was performed by a field emission
scanning electron microscope (SEM; ZEISS Sigma 500 VP
FE-SEM, Germany). To analyze the chemical composition of
the synthesized materials, an Oxford Instruments Energy-
Dispersive Spectroscopy (made in UK) was applied. The
micro-structure and crystallinity of the synthesized materi-
als were studied by using of a Philips PW1730 X-Pert diffrac-
tometer (Netherlands) using Cu Ko radiation in a 20 range
of 10°-80°. Oven (Memmert-UFP400, Germany), centrifuge
(Wisespin-CF-10, Korea) and ultrasonication instrument
(Elma-S60H, Germany) were also used during the experi-
mental period.

2.2. Synthesis of materials

Graphene oxide (GO) was synthesized by the Hummers’
method [27] and exfoliated under ultrasonication to give a
brown uniform dispersion. To synthesize the BiVO, nanopar-
ticles, the hydrothermal method described by Karunakaran
et al. [28] was used. A facile one-step hydrothermal method
was applied to synthesize the grapheme-doped BiVO, (BVG)
nanocomposite. As the first step, 485 mg of bismuth (III)
nitrate powder was dissolved in 20 mL of 1 M HNO, by stir-
ring at room temperature for 30 min to produce Bi(NO,),
solution (solution A). After that, 1.4 mg of GO was dissolved
in solution A under ultrasound irradiation (solution B).
Alkaline solution of NH, VO, (solution C) was prepared by
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dissolving 117 mg (1 mmol) of NH,VO, in 20 mL of 0.05 M
NaOH by stirring at room temperature for 30 min. Then,
solution C was added drop wise to solution B while stir-
ring to get a clear solution. The resultant was transferred to
a 100 mL Teflon-lined stainless steel autoclave, sealed and
heated at 120°C for 24 h under autogeneous pressure and
allowed to cool to room temperature. The obtained samples
were washed with deionized distilled water and pure etha-
nol orderly and then allowed to dry at room temperature to
get the final product. At one stage of the study, the modified
version of BVG (m-BVG) was produced by increasing the
heating temperature to 160°C.

2.3. Dark adsorption and photocatalytic reaction experiments

Dark adsorption and photocatalytic activity of synthe-
sized materials were evaluated by using of 50 mL samples
of methyl orange (MO) solution with 10 mg/L concentration
under dark condition (the first 30 min of each experiment)
and visible LED light irradiation, respectively. All experi-
ments were carried out at 25°C in a 250 mL water-jacketed
Pyrex flask as the container for the reactions. The mixture
was stirred by using a magnet stirrer during each experiment.
A 40-W LED lamp was utilized as the visible light source.
pH adjustment was performed by a CORNING pH meter
model 140. The samples were centrifuged before measuring
the dye concentration.
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3. Result and discussions
3.1. Crystal structure of synthesized materials

The structure of the synthesized materials was analyzed
by SEM images, X-ray diffraction (XRD) pattern and energy
dispersive X-ray spectroscopy (EDX) pattern. The SEM images
of BiVO, are shown in Figs. 1a and b. As seen, the particles
have an irregular amorphous structure. This is consistent
with the results of the previous studies [9].

According to the EDX pattern presented in Fig. 1c, the
obtained weight ratios of the Bi, O and V elements in the
composite structure were compatible with the theoretical
values in the BiVO, formula (i.e., 64%, 20% and 16%, respec-
tively). This verifies the successful formation of BiVO, com-
posite. The XRD pattern shown in Fig. 1d exhibits obvious
peaks at 20 =18.9°, 28.9°, 30.5°, 34.7°, 39.9°, 42.3°, 45.8°, 47.1°,
50.1°, 53.1° and 58.4° which are those of monoclinic BiVO,
structure (JCPDS 14-0688 standard card).

Graphene oxide was successfully prepared by the
Hummers’ method. The SEM images showed a sheet-like
morphology for the synthesized GO (Fig. 2). The XRD pat-
terns exhibited the 20 of 26.1° and 9.2° for natural graphite
powder and GO, respectively, which have been previously
presented in a work performed by Rahimi et al. [8].

The SEM images of the synthesized GO-doped BiVO,
(m-BVG) are shown in Fig. 3. As can be drawn from the fig-
ure, the morphology of the m-BVG is entirely different from
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Fig. 1. (a and b) SEM images, (c) EDX spectrum and (d) XRD pattern of the synthesized BiVO,.
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Fig. 2. SEM images of the synthesized GO.
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Fig. 3. (a and b) SEM images, (c) EDX spectrum and (d) XRD pattern of the synthesized m-BVG.

the sheet-like morphology of GO and the previous irregular
structure of BiVO, nanoparticles. The main structure of the
BVG nanocomposite comprises the spherical particles coated
with the scattered pure BiVO, nanoparticles. According to
the EDX analysis results, the synthesized BVG particles were
composed of Bi, V, O and C atoms that the latter one was orig-
inated from GO. The BVG nanocomposites showed a similar
XRD pattern to the pure BiVO,. Graphene diffraction peaks
are not observed in the BVG nanocomposites. Rahimi et al.

[8], who observed similar XRD patterns for TiO, and TiO,-
graphene nanocomposites, described this by the low amount
and the relatively low diffraction intensity of the graphene.
3.2. Decolorization performance of the synthesized materials

3.2.1. Adsorption on GO

GO with a dosage of 1,000 mg/L was added to 50 mL of
10 ppm MO solution at pH of 3. This pH was chosen as an
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appropriate pH according to some pretests. The first 30 min
of the reaction was performed under dark condition and
after that, the LED light irradiation was used as visible light
source. According to the obtained results (Fig. 4), light irra-
diation had no effect on the decolorization performance of
the GO since the decolorizarion rate under dark adsorption
was obviously high and it did not improve under LED light
irradiation following the dark adsorption. This indicates
that adsorption was the essential decolorization mechanism
of the GO. It is notable that the decolorization rate decreased
mainly within two steps over the entire time of the test. The
slight decrease of the decolorization rate at the first step
(step 1 in the figure) was most probably due to the rapid
occupation of adsorption sites of GO sheets by MO mole-
cules. At the second step (step 2), decreasing of the decol-
orization rate was caused by both the extreme reduction
of the remaining available adsorption sites on GO sheets
and the very low remaining dye concentration which led
to insufficient collisions between the dye molecules and the
GO nanoparticles. Peng et al. [29] who reviewed the heavy
metal ions adsorption by GO have accounted the decrease
of the driving force between the positively charged heavy
metal ions and negatively charged GO sheets as a reason
for falling rate of the adsorption over time. However, this
cannot be the case for the MO molecules and GO particles
since they are both negatively charged in aqueous envi-
ronment. At the last 30 min of the test (i.e., after 330 min),
the decolorization efficiency reached more than 80% and the
adsorption—desorption equilibrium between the dye and the
surface of the GO sheets was achieved.

3.2.2. Decolorization with BiVO,, BVG and m-BVG

The decolorization performance of BiVO,, and BVG nano-
particles at a dosage of 1,000 mg/L was examined separately
by keeping the same reaction conditions described in section
3.2.1. The obtained results are depicted in Fig. 5. As seen in
the figure, BiVO, and BVG had a very similar trend for the
MO decolorization. They both exhibited negligible decolor-
ization efficiency during the dark condition which indicates
their low adsorption capability. After that, by irradiation of
the visible light, the decolorization rate of both BiVO, and
BVG increased up to an almost steady state in a short span.
This trend was entirely different from that observed for
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Fig. 4. Decolorization performance of GO.

GO. It is noteworthy that when testing with GO, a signifi-
cant decrease in decolorzation rate was occurred as the C/C,
reached about 0.4 (the 90th min); while during the test with
BiVO, and BVG, the reduction of the decolorization rate was
very moderate even at the C/C; of 0.2 (the 330th min). This
can be attributed to the strong photocatalytic activity of both
BiVO, and BVG which let them to perform less dependent
on the dye concentration.

Formation of free radicals as a consequence of the light
irradiation and the subsequent valence electron excitation
had the main role in the increasing of the decolorization rate
in the middle of the test time. No significant difference was
observed between the decolorization performance of BiVO,
and BVG so that a final decolorization efficiency of around
80% was obtained for both of them. This could be due to the
improper doping of BiVO, on the GO sheets. For this reason,
in the next step of the study, the modified version of BVG
(m-BVG) was produced and examined for its decolorization
performance.

The m-BVG showed negligible decolorization during
the dark condition. After the light irradiation, the decol-
orization rate increased and stayed at an almost constant
value until the end of the test despite that the remained dye
concentration was very low. This was almost the same trend
previously seen for BiVO,and BVG. As represented in Fig. 5,
when m-BVG was used, the decolorization efficiency of 80%
was obtained at the 240th min of the test which was about
2 h earlier in comparison with the test conducted by BVG
and BiVO,. Besides, at the end of the test, the decolorization
efficiency using m-BVG reached about 100%. Considering
the higher decolorization rate of m-BVG in comparison
with both BiVO, and BVG, it seems that the former was
benefitted from a better photocatalytic performance than
the latter ones. This illustrates the outstanding electrical
conductivity of GO that helped to reduce the recombination
rate of electron-hole pairs in m-BVG compared with BiVO,.
The result also indicates that synthesis of graphene-sup-
ported BiVO, at 160°C better enhanced the photocatalytic
activity compared with synthesis at 120°C. Xu et al. [30],
and Hsieh and Ting [24], who investigated the photocat-
alytic activity of a ZnO/rGO (reduced GO) and Cu-ZnO/
rGO, explained that the electron-hole recombination was
reduced because of the role of the GO as an electron collec-
tor and transporter. Shan et al. [19] who synthesized BiVO,/

—i— BiVO4
—#—BVG
= <l=-m-BVG

0 30 60 90 120 150 180 210 240 270 300 330 360 390

Time (min)

Fig. 5. Decolorization performance of BiVO,, BVG and m-BVG.
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rGO composite with different contents of GO described that
using pure BiVO,, the decolorization rate of Methylene Blue
(MB) solution was only 25% in 360 min while it ran up to
80% for BiVO,/rGO composite with 0.018 g content of GO.
They also explained that increase in the GO content led to
deterioration of the catalytic performance and concluded
that suitable GO content is crucial for optimizing the BiVO,/
GO photocatalytic activity.

3.2.3. Effect of m-BVG dosage

To evaluate the effect of m-BVG dosage on decolor-
ization performance, different amounts of m-BVG were
dosed into the dye-containing samples. Fig. 6 shows the
final decolorization performance of different m-BVG dos-
ages. According to the results, with increasing the m-BVG
amount from 200 to 1,000 mg/L, the final decolorization
efficiency significantly increased from 40% to around
100% color removal. Further increase, particularly beyond
1,400 mg/L, resulted in a slight decrease in the decoloriza-
tion efficiency. Dhatshanamurthi et al. [2] and Sathishkumar
et al. [31] observed similar trends for photocatalytic decol-
orization using ZnO and CuO-ZnO nanoparticles, respec-
tively. They attributed the pre-described increase to rise in
the number of dye molecules adsorbed on the photocatalyst
[2] and the increased number of photons absorbed by the
photocatalyst [31]. Dhatshanamurthi et al. [2] also explained
that increased opacity of the solution at higher photocat-
alyst concentrations reduced the light penetration into the
samples and resulted in lower decolorization efficiencies.
Yang et al. [17] similarly explained that there is an optimal
amount of photocatalyst which can make the maximum use
of photo energy.

3.2.4. Effect of oxygen peroxide as an external
electron acceptor

In the next step of the study in addition to the m-BVG,
hydrogen peroxide (H,O,) was also used as an external
electron acceptor with the aim of improving the decolor-
ization rate. As depicted in Fig. 7, H,0, addition at a con-
tent of 2 wt.% in conjunction with 1,400 mg/L m-BVG dra-
matically influenced the decolorization rate and resulted in
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Fig. 6. Decolorization efficiency of different m-BVG dosages at
330th min of irradiation.

98% MO decolorization over 10 min of irradiation merely.
This result is in line with those reported by Georgiou et
al. [32] who used UV/H,O, for degradation of azo-reac-
tive dyes. They explained that complete destruction of the
color was succeeded in the first 20-30 min of irradiation.
This represents a relative high reaction rate of H,0,. Other
researchers have also reported significant performance
enhancements by the use of substances such as peroxo-
monosulphate and hydrogen peroxide [31]. They ascribed
it to the generation of enhanced number of surface active
radicals by reaction between electron acceptors and the
photocatalyst.

To have a better insight into the H,O,/m-BVG compos-
ite performance, decolorization performance of H,O, was
examined solely. According to the results, it took about
60 min for H,0, to reach the same decolorization efficiency
(i.e., about 98%) under visible light irradiation. Considering
the individual decolorization curves of m-BVG and H,0,, it
can be realized that the sum of their decolorization efficiency
at the 40th min of the process did not exceed 40%. Therefore,
such an enhancement of the color removal rate using H,O,/
m-BVG composite can be explained as a synergy phenom-
enon in which some of the photocatalytic mechanisms are
accelerated or some new ones propagated. This subject is
discussed more in section 3.3.
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Fig. 7. Decolorization performance of m-BVG, H,0, and HZOZ/
m-BVG.
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performance of HZOZ/m-BVG (H,O,: 2wt.%, m-BVG: 1,400 mg/L).
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3.2.5. Effect of initial dye concentration

Experiments were carried out to investigate the influ-
ence of initial dye concentration on the decolorization
efficiency of the H,0,/m-BVG composite. According to
the obtained results (Fig. 8), the initial dye concentration
severely influenced the decolorization rates so that almost
complete decolorization efficiency was obtained over only
10 min irradiation for the dye concentration of 10 mg/L,
while it was achieved after about 35 and 60 min irradiation
for the dye concentrations of 30 and 50 mg/L, respectively.
The rapid decrease and complete disappearance of the main
absorption peak of the MO at concentration of 50 mg/L
during the photocatalytic reaction using H,O,/m-BVG is
illustrated in Fig. 9.

As the light penetration into the mixture declines with
increase of dye concentration, longer irradiation times were
required for complete decolorization at higher MO concen-
trations. Ai et al. [33] reported lower dye removal efficiency
at the dye concentrations of more than 10 mg/L. However,
for the dye concentrations below 10 mg/L, Ai et al. [33]
observed a slight enhancement in decolorization perfor-
mance with increasing of the initial dye concentration. This
may imply that below a certain amount of dye concentration,
the decolorization rate essentially depends on the proper
and sufficient contact between oxidizing species and dye
molecules, while beyond that specific amount, the solution
permeability to light will be the predominant controlling
factor.

3.3. Involved photocatalytic mechanisms

Under the visible light irradiation, the valence electrons
of BiVO, became excited and began to migrate from the
valence band to the conduction band. This action produced
the electron-hole pairs which intrinsically tend to recombine.
Owing to high electrical conductivity, the graphene particles
in the m-BVG composite, acted as an electron acceptor and
helped to keep holes and valance electrons more steadily at
an appropriate distance. This indeed reduced the recombina-
tion rate of photogenerated electron-hole pairs and resulted
in better decolorization performance of m-BVG compared
with the BiVO,.

—MO
Dark (30 min)
Sin
10 min
15min
———20min
25min
—30min
35min
——40min
45 min
S0min
S5min
L 60 1min

| bradiation —

300 350 400 450 500 550 600 650 700 750 800
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Fig. 9. Changes of absorbance spectra of MO as a function of irra-
diation time using H,0,/m-BVG (MO concentration: 50 mg/L,
H,0,: 2 wt.%, m-BVG: 1,400 mg/L).

Considering the previous reports on the possible pho-
tocatalytic reactions involved in production of free radical
species (Egs. (1)—(9)) [7,12,32,34], the following reactions
would be suggested for H,O,/m-BVG composite:

BiVO,+hv — BiVO, (h},) + BiVO, (e ;) (1)
H,O0+hj, - OH"+H" )
O,+eg — 0O; 3)
*0; + H' - *O0OH 4)

*O0H +*OOH — H,0, + O, and/or *O; + e, + 2H" — H,O, (5)

H,0,+e_, — OH" + OH" (6)
H,0,+°0; - OH'+OH +0O, (7)
OH" +h;, > OH" ®)
H,O, +hv — 20H* 9)

From the above equations, it is clear that without using
H,O, as an external electron acceptor, the long pathway from
Eq. (1) to Eq. (5) is required for occurrence of the next four
reactions and generation of more OH radicals, which are
highly powerful oxidizing species. In fact, addition of H,O,
to the mixture has resulted in elimination of the necessity
of going through Egs. (1)—~(5) as a pre-required condition,
and the reactions 6 to 9 could happen independently and
directly. This accelerates the generation of OH species and
dramatically enhances the decolorization rate of H,O,/m-
BVG composite. Zhang et al. [35], who investigated the
photocatalytic disinfection of E. coli K-12 by using an AgBr-
Ag-Bi, WO, nanojunction system under visible light irradia-
tion, explained that the hydroxyl radicals (OH') played most
important role in the disinfection process. However, accord-
ing to Ma et al. [36], who used C70 modified BiOCI photo-
catalyst, superoxide radicals (O;) and holes (h;,;) were the
main active species during the photocatalytic degradation
of rhodamine B. Obviously, many structural, chemical and
operational factors could impact on a certain photocatalyst
performance in terms of generation of reactive species and
overall oxidative ability.

3.4. Comparison with other studies

To have a comparison between the results obtained in
the present study and other researches in the field of dye
decolorization and removal with the use of photocatalysis
process, some data are summarized in Table 1. In spite of the
diversity of the values taken by the researchers for differ-
ent experimental parameters (e.g., photocatalyst dosage, dye
concentration, sample volume, light source and its power,
etc.) it can be barely said that the m-BVG had a better per-
formance than the other photocatalysts in the list. However,
the m-BVG/H, O, composite clearly performed superior in
comparison with the others.
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4. Conclusion

GO- and bismuth-based photocatalysts including BiVO,,
BVG, m-BVG and H,O,/m-BVG were synthesized and exam-
ined for the color removal from aqueous solution contain-
ing azo dye methyl orange (MO). GO exhibited a decreasing
adsorption rate with time as its performance significantly
depended on the remained available adsorption sites on GO
sheets and the number of effective collisions between reac-
tant molecules and particles. The decolorization rates that
were observed for BiVO,, BVG and particularly m-BVG were
steadier in comparison with GO. This could indicate their
strong photocatalytic activity which lets them to perform
less dependent on the dye concentration. Comparing the
synthesized BiVO, and BVG, the synthesized m-BVG exhib-
ited higher decolorization rate and efficiency at any given
time of the test. The m-BVG performance was predomi-
nantly controlled by the solution permeability to light as a
function of both m-BVG dosage and dye concentration. The
synergistic performance of H,O,/m-BVG composite resulted
in around 98% MO decolorization over only 10 min of irra-
diation, while it lasted about 330 and 60 min for m-BVG and
H,O,, respectively, to gain the same decolorization efficiency.
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