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Abstract
We report the design and one-pot synthesis of Ag-doped BiVO4 embedded in reduced graphene
oxide (BiVO4:Ag/rGO) nanocomposites via a hydrothermal processing route. The binary
heterojunction photocatalysts exhibited high efficiency for visible light degradation of model
dyes and were correspondingly used for the preparation of photocatalytic membranes using
polyvinylidene fluoride (PVDF) or polyethylene glycol (PEG)-modified polyimide (PI),
respectively. The surface and cross-section images combined with elemental mapping illustrated
the effective distribution of the nanocomposites within the polymeric membranes. Photocatalytic
degradation efficiencies of 61% and 70% were achieved after 5 h of visible light irradiation using
BiVO4:Ag/rGO@PVDF and BiVO4:Ag/rGO@PI (PEG-modified) systems, respectively. The
beneficial photocatalytic performance of the BiVO4:Ag/rGO@PI (PEG-modified) membrane is
explained by the higher hydrophilicity due to the PEG modification of the PI membrane. This
work may provide a rational and effective strategy to fabricate highly efficient photocatalytic
nanocomposite membranes with well-contacted interfaces for environmental purification.

Supplementary material for this article is available online
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(Some figures may appear in colour only in the online journal)

1. Introduction

Organic dyes are widely used in industrial processes, such as
fabrication of textiles, paper, production of cosmetics, and
printing [1]. When dispersed in wastewater, dyes are highly
toxic, harmful to aquatic life and continue to be a serious
environmental issue. Hence, complete removal is essential

before wastewater is discharged into the environment [2].
Unfortunately, many organic dyes are not degradable in
conventional wastewater treatment processes due to their
complex aromatic molecular structures. In addition, conven-
tional treatment methods are expensive, energy- and time-
consuming [3]. Recently, heterogeneous photocatalysis [4–8]
has been shown to induce advanced oxidation processes that
are effective for wastewater treatment. Yet, to improve pro-
cess performance, there is growing demand for fabrication of
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visible-light-driven photocatalysts and most importantly
immobilized photocatalysts [9].

Metal oxides, especially bismuth-based metal oxides
have been used [10–12] due to their ability to absorb visible
light, non-toxicity, and dispersibility. BiVO4 is characterized
by its low band gap energy (2.4 eV) allowing for visible light
absorption, non-toxicity, excellent dispersion possibility and
good photocatalytic performance under visible light illumi-
nation [13, 14]. However, BiVO4 suffers from low carrier
mobility [1]. Coupling with a two-dimensional material (such
as graphene [15]) and metal doping are two low-cost strate-
gies that have been shown to improve the performance of
BiVO4 [14]. Thanks to the high conductivity, large specific
surface area (∼2630 m2.g−1) and the abundance of deloca-
lized electrons from the conjugative π-system, coupling of a
semiconductor with graphene and reduced graphene oxide
(rGO) [16, 17] has been shown to promote charge separation.
The single-atom-thick nature of graphene sheets ensures
optical transparency, minimizing light shielding-effects.
Moreover, favorable absorption properties of BiVO4 when
grafted on rGO, were reported [18, 19]. For reducing the band
gap, noble metals such as Ag, Au, and Pt can be used in band
gap engineering [20]. Ag dopant has been shown to create a
mid-gap state thereby modifying the band gap and electronic
structure leading to optimized optical properties, visible light
harvesting, improve charge kinetics thereby reducing the
recombination of photogenerated carriers [21], and interface-
surface characteristics [22].

Despite various strategies to enhance photocatalytic
properties, using slurry type photocatalytic reactors involves
several issues, including the removal of nanoparticles. Due to
the small size of the photocatalyst particles and the hazardous
side effects of nanoparticles dispersed in water, removal is
mandatory [23–25]. In recent years, embedding photo-
catalytic nanoparticles in polymeric membranes has been
reported as a feasible approach to address the drawbacks of
slurry reactors [26]. The effectiveness of the polymeric
membrane is known to be affected by both fouling and the
deposition of contaminants on the membranes boundary layer
which is known as concentration polarization; so that pho-
tocatalytic membranes are predicted to suffer from undesir-
able photocatalytic degradation efficiency [27, 28].

Specifically, it is suggested that photocatalytic nano-
particles immobilized at the outer membrane surface reduce
fouling, while embedded nanoparticles primarily participate in
the degradation of wastewater contaminants [27]. For example,
Ramasundaram et al fabricated TiO2/PI films and reported its
performance for the degradation of amoxicillin, atrazine and
4-chlorophenol [29]. The modified membrane was shown to
provide high thermal and oxidative stability, revealing the
potential of PI for use in photocatalytic membranes [29].
Moreover, Biswas et al prepared a BiVO4-GO-PVDF mem-
brane and successfully used it for the degradation of methylene
blue (MB). Their results indicate that BiVO4-GO-PVDF
remains photocatalytically active for the degradation of MB,
Rhodamine B and Safranin-O [30]. Recently, we investigated
Ag-functionalized Bi2W(Mo)O6/PVDF membranes for pho-
tocatalytic water treatment and obtained a degradation rate of

51% with the as-prepared photocatalytic membrane for
MB [31].

Despite the growing interest in photocatalytic mem-
branes, a good comparison of different types of polymers has
not yet been reported. Moreover, membrane surface mod-
ification by means of hydrophilic layers has not yet been
addressed.

Here we report on the performance of BiVO4-based
photocatalysts embedded in photocatalytic membranes using
PI and PVDF as relevant polymers. Specifically, we designed
and fabricated BiVO4:Ag/rGO to tackle the inherent slow
electron–hole pair migration of BiVO4. Moreover, the influ-
ence of hydrophilic layers has been addressed by PEG
modification. The photocatalytic experiments performed
suggest that PI-based membranes are more suitable for was-
tewater treatment due to both the modified hydrophilicity
(favorable wettability) and higher porosity which permit
contact between the photocatalytic membrane and the dye
solution.

2. Experimental methods

2.1. Synthesis of BiVO4 based photocatalysts

Bismuth (III) nitrate pentahydrate (Bi(NO3)3.5H2O), ammo-
nium meta-vanadate (NH4VO3), silver nitrate (AgNO3) and
all other reagents were of analytical grade (Sigma-Aldrich)
and used without further purification. Graphene oxide (GO)
was synthesized from natural graphite powder through a
modified Hummers method following previous reports [32].
The BiVO4/rGO nanocomposite was fabricated via a facile
hydrothermal process. Briefly, 40 mg GO was dispersed in 40
ml deionized water by ultrasonication to obtain a homo-
geneous suspension. 0.1796 g Bi(NO3)3.5H2O and 0.0430 g
NH4VO3 were separately added to two solutions of absolute
ethanol (10 ml) while stirring for at least 30 min at room
temperature. Subsequently, all solutions were combined. The
pH was adjusted to a pH of 8.0 using a 25 vol% ammonia
solution. After stirring for 30 min, a stable bottle-green
colored slurry was obtained. The resulting mixture was
transferred to a 100 ml Teflon-lined stainless-steel autoclave
and heated to 180 °C for 6 h under autogenous pressure. The
reaction mixture was allowed to cool down to room temper-
ature and the precipitate was filtered, washed five times with
distilled water and dried in vacuum oven at 60 °C for 12 h.
The obtained powered was labeled as BiVO4/rGO. For
comparison, the same method was repeated to synthesize pure
BiVO4 without adding GO to the mixture.

BiVO4:Ag was prepared as follows; 0.44 g of
Bi(NO3)3.5H2O and 0.108 g of NH4VO3 were separately
added to two solutions of absolute ethanol (25 ml) while
stirring for at least 30 min at room temperature. Additionally,
0.0023 g of AgNO3 (Ag/Bi was 0.5 wt%) was dissolved in
5 ml deionized water. The three solutions were mixed while
stirring and subsequently the pH was adjusted to pH 8.0 with
an ammonia solution at 25% and stirred for 30 min. The final
solution was transferred to a 100 ml Teflon-lined
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stainless-steel autoclave and heated to 180 °C for 6 h under
autogenous pressure. The reaction mixture was cooled,
washed and dried as mentioned in the previous synthesis. This
product was labeled as BiVO4:Ag. For the synthesis of
BiVO4:Ag/rGO, a ratio of BiVO4 to GO of 3:1 was chosen
[30] and the individual preparation steps outlined above were
followed to obtain BiVO4:Ag/rGO.

2.2. Preparation of the photocatalytic membranes

Polyvinylidene fluoride (PVDF), polyimide (PI), polyethylene
glycol 400 (PEG 400) and dimethylformamide (DMF) were
purchased from Sigma-Aldrich and used without further pur-
ification. The PVDF and PI membranes were prepared using
the phase inversion method [33]. Generally, for the preparation
of the photocatalytic membranes a mass ratio of r=mn/mp, in
which mn and mp are nanoparticle mass and polymer mass
respectively, lower than the critical ratio of r* ≈0.2 to 0.3 was
chosen to avoid polymer/nanoparticle agglomeration. Using
out of the optimum mn/mp concentration leads to the agglom-
eration formation, which hinders both the light penetration into
the membrane and light irradiation on the photocatalysts that
are existed inside of the membrane layer and severe blocking of
light penetration. To remove possible moisture, PVDF and PI
powders were dried in a vacuum oven at 40 °C for 24 h. A
mixture of 2.3 g PVDF and 10 ml DMF was stirred at
30±5 °C for 24 h and subsequently degassed overnight in a
vacuum oven. Then, 0.69 g BiVO4:Ag/rGO photocatalyst
powder was added to the obtained solution and stirred for 24 h.
For the fabrication of BiVO4:Ag/rGO-modified PI membranes,
a mixture of 8.5 g PI, 2.125 g PEG (25% [34]) and 60 ml DMF
was stirred at 30±5 °C for 24 h and degassed overnight.
Afterwards, 2.55 g BiVO4:Ag/rGO was added to the obtained
solution and stirred for 1 h. Finally, the blend solutions of PI
and PVDF were cast on a glass plate using a casting knife set at
a gap of 200 μm and immediately immersed into a coagulation
bath (distilled water) for 30 min to induce phase inversion and
to form free films of PVDF and PI membranes. Figure 1

illustrates schematically all the preparation steps of PVDF and
PI membranes.

2.3. Materials characterization

X-ray powder diffraction (XRD, Equinox 3000, Intel) was
used to examine the phases of samples using Cu Kα radiation
(λ=1.541874 Å) and scanning range from 10° to 80° at a
scanning rate of 6° min−1 and a step size of 0.02°. Scanning
electron microscopy (SEM, SERON Technology, AIS2100)
and diffuse reflectance spectroscopy (DRS, Avaspec-2048-
TEC) were used to image sample morphology and deter-
mining the absorbance and band gap of the samples,
respectively. Functional groups were determined by Fourier
transform infrared (FTIR, Perkin Elmer FTIR Spectrum 100)
and Raman spectroscopy (Teksan, Takram using a 532 nm
laser at 10 mW incident power for excitation). Surface area
measurements were performed using a QUANTACHROME
Autosorb-1-mp instrument. Field emission SEM (FESEM,
TESCAN model MIRA III equipped with SAMX detector for
energy-dispersive x-ray spectroscopy, France) was used to
examine the surface and cross-section of the prepared mem-
branes as well as the elemental distribution. Static contact
angle measurements were obtained using a contact angle
goniometer (Jikan CAG-20).

2.4. Photocatalytic activity measurements

The photocatalytic activity of the as-prepared pure BiVO4,
BiVO4/rGO, and BiVO4:Ag and BiVO4:Ag/rGO nano-
composites were evaluated by MB degradation. All experi-
ments were performed using visible-light irradiation obtained
with a 500 W Halogen lamp (450–700 nm, OSRAM GmbH,
Germany) in a quartz photoreactor fitted with a circulation
cooling system to maintain a constant temperature. The as-
prepared photocatalysts (50 mg) were suspended in 100 ml of
10 mg.l−1 MB aqueous solution. Before illumination, the
suspension was magnetically stirred for 60 min in the dark to

Figure 1. Schematic illustration of PVDF and PI membranes preparation process.
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reach an adsorption–desorption equilibrium between MB and
the photocatalyst.

At given irradiation time intervals, samples from the
aqueous solution were collected and subsequently centrifuged
to remove the particles. Then, the absorption spectra of the
prepared photocatalysts were measured using UV–vis
spectroscopy (JENWAY 6715, 380–800 nm). The MB con-
centration was analyzed by measuring the maximum
absorption at 665 nm. The degradation efficiency of MB was
calculated using equation (1) [35]:

h =
-

=
-

´ ( )C C

C

A A

A
100%, 10 t

0

0

0

where C0 and A0 are the initial concentration and absorbance
of the MB solution at 665 nm; Ct and A are the concentration
and absorbance of the MB solution at 665 nm at time t.

Similarly, the photocatalytic activity of the photo-
catalyst/membrane has been measured in a cylindrical
membrane reactor (figure S1 (available online at stacks.iop.
org/NANO/33/465701/mmedia)). A photocatalytic mem-
brane reactor (PMR) with an absolute volume of 1 l and
equipped with two 500 W Halogen lamps (450–700 nm,
OSRAM GmbH, Germany) was used to study the photo-
catalytic MB degradation. The prepared rectangle flat sheet
photocatalytic membrane (200×100 mm2 in size) was
placed at the center of the PMR. The lamp, which was placed
in a double layer quartz (for its protection in aqueous
environment) was irradiated from both sides of the immersed
membrane. At specific time intervals, the optical absorption
from the MB solution were analyzed by UV–vis spectro-
photometer at 665 nm. Finally, the degradation efficiency of
photocatalytic membranes was calculated using equation (1).

3. Results and discussion

3.1. Photocatalyst characterization

The phase, the crystallinity and the structural composition of
the as-prepared samples (pure BiVO4, BiVO4:Ag,
BiVO4/rGO, BiVO4:Ag/rGO) were investigated by XRD.
As shown in figure 2(a), all XRD patterns have sharp and
well-defined peaks and phase-impurities are not observed.
Generally, the patterns match the tetragonal scheelite BiVO4

phase according to JCPDS No. 078–1535. The crystal
structure of tetragonal scheelite BiVO4 and corresponding
polyhedron structure are shown in figure 2(b). The crystal
structure of tetragonal BiVO4 scheelite is similar to mono-
clinic BiVO4 scheelite because both possess in both cases the
BiO8 dodecahedra and VO4 tetrahedra have corner-sharing
connection [36]. BiVO4 structures in figure 2(b) were visua-
lized using the VESTA package [37]. GSAS software [38] was
used for BiVO4 and BiVO4:Ag crystal structure refinement
and study of crystallographic characterization. The results are
shown in figure S2 along with an extended discussion of all
XRD data obtained. The lattice parameters and phase analysis
of mass fraction (weight %) of both pure BiVO4 and Ag-
doped BiVO4 are summarized in table S1.

Raman spectroscopy confirmed the nature of GO (figure
S3) and the structure of the BiVO4/rGO and BiVO4:Ag/rGO
nanocomposites (see figure 2(c) and additional discussion in
SI). The surface morphology and composition of the GO and
photocatalysts were imaged by SEM (figure S4). After rGO
deposition, the BET surface areas of BiVO4:Ag and
BiVO4:Ag/rGO increased to 13.96 and 30.85 m2 g−1,
respectively. Since the surface area correlates with the pho-
tocatalytic activity, it is expected to observe an enhancement
in the photocatalytic activity of BiVO4:Ag/rGO composite
compared to the BiVO4:Ag. Table S2 summarizes the ele-
mental composition of the pure BiVO4 and BiVO4:Ag sam-
ples as identified by EDS and revealing the concentration of
Bi, V and O elements, with presence of Ag in BiVO4:Ag
composite (figure S5 along with the discussion provided in
SI). Finally, UV–vis DRS was employed to determine the
optical property of the photocatalysts. The pure BiVO4,
BiVO4:Ag and BiVO4:Ag/rGO nanocomposite exhibit an
absorption edge at around 566, 593 and 620 nm, respectively
(figure S6). The optical band gap energy (Eg) of the obtained
samples was estimated using a Tauc plot [39] (figure 2(d)).
The approximate band gaps of BiVO4, BiVO4:Ag and
BiVO4:Ag/rGO are 2.29, 2.09 and 2.00 eV, respectively.
Finally, the FT-IR spectra of pure BiVO4, BiVO4:Ag,
BiVO4/rGO and BiVO4:Ag/rGO are shown in figure S7 with
accompanying text in the SI.

3.2. Photocatalytic membrane characterization

The photocatalytic performance of PVDF photocatalytic
membranes is a topic of recent interest [31]. Here we report a
comparison of the photocatalytic performance of the PVDF
membrane with another oxidation-resistant membrane, PEG-
modified PI. In the following, we discuss the results of
immobilizing of BiVO4:Ag/rGO nanocomposites into/onto
the PVDF and PEG-modified PI membranes and their pho-
tocatalytic performances.

FESEM images of the top surface (figures 3(a)–(b)) and
the cross-section (figures 3(c)–(d)) of the BiVO4:Ag/
rGO@PI (PEG-modified) and the top surface (figures
3(e)–(f)) and the cross-section (figures 3(g)–(h)) of the
BiVO4:Ag/rGO@PVDF including the related elemental
mapping results are shown in figure 3. The comparison of
surface images shows a clear difference in morphology, ele-
mental distribution and pore sizes of the membrane samples.
Specifically, PI-based membranes appear to be less dense,
contain generally larger pores and a good photocatalyst dis-
tribution is obtained. Several studies have reported that the
uniform elemental distribution of photocatalysts across the
photocatalytic membranes improves the wastewater treatment
efficiency significantly. Because photocatalyst aggregation on
the surface of the membrane may hinder the performance of
photocatalyst and decrease both the surface area and photo-
catalytic active sites in the photocatalytic dye degradation
[40]. Moreover, a denser membrane structure as observed for
BiVO4:Ag/rGO@PVDF membrane might lead to low light
penetration and inactive BiVO4:Ag/rGO nanocomposites
inside the membrane thereby decreasing the performance of

4

Nanotechnology 33 (2022) 465701 M Golmohammadi et al

http://stacks.iop.org/NANO/33/465701/mmedia
http://stacks.iop.org/NANO/33/465701/mmedia


the BiVO4:Ag/rGO@PVDF membrane. Thus, it is expected
that BiVO4:Ag/rGO@PI (PEG-modified) membranes show
better photocatalytic performance in comparison with the
BiVO4:Ag/rGO@PVDF.

Besides, the photocatalyst elemental distribution on the
surface, the distribution throughout the membrane is of impor-
tance, because of their effective anti-fouling role that increases
the performance of the photocatalytic membrane. Elemental
mapping (Bi and Ag) of the cross-section and top surface of both
BiVO4:Ag/rGO@PVDF and BiVO4:Ag/rGO@PI (PEG-mod-
ified) membranes was performed, as shown in figure 3. Ele-
mental mapping confirms the silver doping of BiVO4. In
addition, by comparison of the elemental maps of silver and
bismuth, it can be concluded that BiVO4:Ag/rGO nano-
composites are uniformly dispersed cross the prepared

membranes. The good distribution is likely induced by a suitable
electrostatic interaction between the photocatalytic nanocompo-
sites and the polymeric membranes. Full elemental maps (F, O,
C, V and N) of any other atoms present in the material are
provided in figure S8.

The photocatalytic performance of the as-prepared pho-
tocatalysts (figure 4(a)) and BiVO4:Ag/rGO@PVDF and
BiVO4:Ag/rGO@PI (PEG-modified) membranes (figure 4(b))
for MB degradation under visible light are summarized in
figure 4. To achieve adsorption–desorption equilibrium, the
dye suspension was magnetically stirred for 60min in the dark
before illumination. The MB degradation efficiency of
BiVO4:Ag/rGO (83%) was found to be higher than for other
photocatalysts. This phenomenon is attributed to the band gap
engineering by Ag doping and rGO decoration which leads to

Figure 2. (a) X-ray diffraction (XRD) patterns of BiVO4, BiVO4/rGO, BiVO4:Ag and BiVO4:Ag/rGO samples, (b) the crystal structure of
tetragonal scheelite BiVO4 and corresponding polyhedron structure (VO4 tetrahedra in red and BiO8 dodecahedra in purple), (c) Raman
spectra of BiVO4/rGO and BiVO4:Ag/rGO and (d) Tauc plot from diffuse reflectance spectroscopy of BiVO4, BiVO4:Ag and BiVO4:
Ag/rGO.

5
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Figure 3. (a)–(b) FESEM images of the top surface, (c)–(d) cross-section images of BiVO4:Ag/rGO@PI (PEG-modified) membrane, (e)–(f)
FESEM images of the top surface and (g)–(h) cross-section images of BiVO4:Ag/rGO@PVDF membrane with related elemental map
distribution of Bi and Ag.
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enhancement in both visible light absorption and separation of
photoinduced charge carriers, ultimately enhancing the photo-
catalytic performance of BiVO4:Ag/rGO nanocomposites.

The photocatalytic efficiency of BiVO4:Ag/rGO@PVDF
and BiVO4:Ag/rGO@PI (PEG-modified) membranes after
300 min are 61% and 70%, respectively. The first-order MB
photocatalytic degradation rates determined from as-prepared
photocatalysts are summarized in figure 4(c). The rate con-
stants were obtained by fitting the experimental data using
equation (2):

= -( ) ( )/C C k tln , 2t 0

where Ct/C0 and k are the ratio of the concentration of MB
solution at adsorption–desorption equilibrium and first-order
rate constant in min−1. Accordingly, the kinetic constants for
pure BiVO4, BiVO4/rGO, and BiVO4:Ag and BiVO4:Ag/rGO
were obtained as 0.0023, 0.0030, 0.0047, and 0.0061min−1,
respectively (figure 4(c)). Moreover, the kinetic constants for
BiVO4:Ag/rGO@PVDF and BiVO4:Ag/rGO@PI (PEG-
modified) membranes are 0.0031min−1 and 0.0040min−1,
respectively (figure 4(c)). As such, both prepared photo-
catalytic membranes can be suitable candidates for environ-
mental-friendly photocatalytic degradation processes. A
possible mechanism of photocatalytic degradation of MB over

BiVO4:Ag/rGO@PI (PEG-modified) membrane is sketched in
figure S9.

To explore the differences in the activity, the wettability
of the surface of the polymeric membranes was determined
[41] using static water droplet contact angle measurements to
obtain the membrane surface hydrophilicity (θa). The water
contact angle measurements of pure PI, BiVO4:Ag/rGO@PI
(PEG-modified), pure PVDF and BiVO4:Ag/rGO@PVDF
membranes and their related images are shown in figure 5.
PEG-modified PVDF membranes have been excluded in this
study as PVDF is not miscible with PEG (as a modification
additive to obtain a mixed matrix membrane). Moreover, the
contact angle of the PI membrane (without PEG) prepared via
phase inversion method is well-known from literature and has
been reported to be 92 ̊ [42], previously. The hydrophilic PEG
used in PI modification was responsible for the hydrophilicity
enhancement resulting in a contact angle of 77 ̊. This con-
firmed the PEG modification role in the increasing of the
membrane surface hydrophilicity. Moreover, the lower con-
tact angle of the PI-membrane was also maintained for
BiVO4:Ag/rGO@PI (PEG-modified) sample. Nevertheless,
for both membranes a significant decrease in contact angle
was observed. A contact angle of 70.9 ̊ was obtained in the
case of the loaded PVDF-membrane, whereas for the loaded
PI-membrane an angle of 66.3 ̊ was obtained. The observed

Figure 4. Photocatalytic degradation of MB in the dark and under visible light irradiation in the presence of, (a) photocatalysts: BiVO4 pure,
BiVO4:Ag, BiVO4/rGO and BiVO4:Ag/rGO, (b) BiVO4:Ag/rGO@PI (PEG-modified) and BiVO4:Ag/rGO@PVDF membranes; (c) MB
degradation kinetic curves of ln (C0/Ct) versus time for different photocatalysts and BiVO4:Ag/rGO@PI (PEG-modified) and BiVO4:Ag/
rGO@PVDF membranes.
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decrease is likely related to the enhanced surface roughness
and the wettability of the photocatalyst itself [43].

Besides its favorable hydrophobicity, the slightly lower
efficiency of PVDF-based membranes is likely related to the
partial coverage of the photocatalysts by the polymeric mem-
branes and consequently, the contact of the photocatalytic
nanocomposites with the dye is minimized. PI membranes with
larger porosity allow for a better contact between wastewater
and the active photocatalytic nanocomposite embedded inside
and at the surface of the membrane. As shown by the obtained
results, for the design of photocatalytic membranes, four main
factors should be considered carefully; (I) type of the selected
membrane; (II) optimum mass ratio of loaded photocatalyst,
(III) preparation method and (IV) effect of the surface mod-
ification. This ultimately leads to higher photocatalytic per-
formance of PI-based membranes.

Since both prepared flat sheets are fixed photocatalytic
membranes (without any permeation), other water treatment
parameters (e.g. rejection rate of dye solution) which are
considered for permeable photocatalytic membranes are not
applicable here and therefore have not been determined.

4. Conclusions and perspectives

In this work, an improved BiVO4:Ag/rGO nanocomposite
was synthesized using in situ deposition of Ag dopants and
GO reduction by a hydrothermal method. The
BiVO4:Ag/rGO nanocomposite, compared with pure BiVO4,
BiVO4/rGO and BiVO4:Ag samples, exhibits tangible
enhancement in photocatalytic activity due to the band gap
narrowing of Ag dopants and electron transfer facilitation of
rGO sheets. Since BiVO4:Ag/rGO@PVDF membrane has a
denser structure, it has low light penetration that leads to a
less effective photocatalytic activity rather than
BiVO4:Ag/rGO@PI (PEG-modified). Moreover, the contact
angle value or hydrophilicity of the BiVO4:Ag/rGO@PI
(PEG-modified) and BiVO4:Ag/rGO@PVDF are 66.3 ̊ and
70.9 ̊, respectively, which better photocatalytic degradation
performance is expected from the first membrane due to the
higher hydrophilicity. For PVDF and PI photocatalytic

membranes prepared by loading of BiVO4:Ag/rGO nano-
composite, a MB degradation efficiency of approx. 70% was
obtained using BiVO4:Ag/rGO@PI (PEG-modified) (after
300 min visible light irradiation), compared with a MB
degradation efficiency of 61% for PVDF-based membranes.
The performance of the PI membrane has been primarily
assigned to its favorable hydrophilicity and open structure.
These observations point to future directions for the design
and synthesis of high-performance photocatalytic membranes
for wastewater treatment applications.
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