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Abstract
Textile dyes and heavy metals cannot be completely removed from wastewater Keywords:

. . . I Graphite Carbon
using traditional wastewater treatment methods. Meanwhile, advanced oxidation Nitride/Bismuth

processes produce active radicals that facilitate the decomposition of these | Vanadate Composite
compounds. Among these, semiconductor photocatalysts offer high removal = Photocatalyst, Acidity
. . . . . . of Synthesis Medium,
efficiency and chemical stability. In this study, BiVO,/g-CsN, nanocomposites Acid Blue 92,
were synthesized hydrothermally under acidic, neutral, and basic pH conditions; Photocatalyst
the prepared samples were then characterized, and their photocatalytic activity Morer_‘Or']‘:g'X’ t\_/|5|b|e-
ight-Active
was evaluated. The XRD results showed that all three samples formed the Semiconductor,
monoclinic phase of BiVO,. The FESEM images revealed the effect of pH on | Wastewater Treatment.
particle morphology, showing cubic, polygonal, and three-dimensional
trapezoidal structures with a uniform distribution in the basic environment. The
sample synthesized at pH=10 has the highest efficiency (approximately 75% in
120 minutes) when decomposing the Acid Blue 92 dye under visible light
irradiation, in the presence of 200 ppm of the photocatalyst and 20 ppm of the
pollutant. In addition, DRS and PL spectra indicate a decrease in electron-hole . (Open
recombination in the composite sample versus pure photocatalysts. A three- ’
dimensional structure, a high specific surface area, and a more efficient charge _
) 1 Received: Feb. 20, 2025
carrier transport are among the reasons for the enhanced photocatalytic Revised: Apr. 9, 2025
performance of BiVO,/g-C;N, in the basic medium. Accepted: May 13, 2025
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1. Introduction
In recent years, the discharge of large volumes of Previous studies have shown that BiVO,/g-
wastewater  containing  persistent  organic CsN, composites can significantly enhance light
pollutants-such as antibiotics, pharmaceuticals, absorption, charge separation, and photocatalytic
synthetic dyes, phenolic compounds, and activity for processes such as gas-phase NO
pesticides-has become a serious environmental oxidation and dye degradation (Ou et al., 2015;
challenge (Bharagav et al., 2023). Some of these Cheng et al., 2017).
pollutants, including methylene blue* and Despite these advances, the effect of synthesis
rhodamine B?, can cause adverse health effects pH on the structural, morphological, and
such as hypertension and anemia (Rehman et al., photocatalytic  properties  of = BiVO./g-C5N,
2022). Advanced oxidation processes® offer composites-particularly for degrading Acid Blue
effective treatment for resistant organic and 92-has not been investigated. In the present work,
inorganic contaminants by generating highly heterostructured BiVO./g-C3N, nanocomposites
reactive hydroxyl radicals (OH¢) that mineralize were synthesized hydrothermally under acidic,
pollutants to simple, harmless products (Manna neutral, and basic pH, and their characteristics
and Sen, 2022). Among these, semiconductor and photocatalytic activity were evaluated. The
photocatalysis is recognized as a green, efficient, aim was to systematically investigate the effect of
and chemically stable method for decomposing synthesis pH on the structural, morphological,
toxic organic compounds (Naushad et al., 2019). and photocatalytic properties of the composite for
When irradiated with UV or visible light, degradation of the textile dye Acid Blue 92
semiconductor photocatalysts generate electron— (AB92) under visible light irradiation.
hole pairs that produce hydroxyl radicals and
superoxide species (*O:7), which drive pollutant 2. Methodology
degradation. These systems are particularly BiVO,/g-CsN, nanocomposites were synthesized
valuable in post-treatment to remove residual or hydrothermally under acidic (pH=2), neutral
partially degraded contaminants, including micro- (pH=6), and basic (pH=10) conditions. Graphitic
pollutants and microplastics, without adding carbon nitride (g-CsN,) nanoparticles were
chemicals and with high stability (Ahmad et al. prepared by thermal polymerization of melamine
2023). at 550 °C for 4 h, followed by grinding. For

Bismuth vanadate (BiVO,) has emerged as a composite  synthesis, bismuth nitrate was
promising visible-light-active semiconductor due dissolved in nitric acid (solution 1) and
to its suitable bandgap, good chemical and ammonium metavanadate was dissolved in
photochemical ~stability, and environmental deionized water (solution 2). Specific masses of
compatibility (Ling Tan et al., 2017; Fakhrul g-CsN4 were added to solution 1, stirred for 30
Ridhwan Samsudin et al., 2018). However, its ~ min, then solution 2 was added slowly with
photocatalytic performance is limited by rapid continued stirring. pH adjustment was performed
electron-hole recombination, which lowers using NH,OH or HNOj, after which the
quantum efficiency. Strategies to overcome this suspensions were stirred for 40 min and
limitation include constructing heterojunctions hydrothermally treated at 180 °C for 12 h.
with other semiconductors, defect engineering, Products were washed with ultrapure water and
nanostructuring, and surface modification (Wu et ethanol, then dried at 80 °C for 12 h.
al., 2020). Forming heterostructures is Characterization involved field emission
particularly effective in enhancing charge scanning electron microscopy* for morphology
separation and transfer (Fakhrul Ridhwan and particle size, and X-ray diffraction® for
Samsudin et al., 2020; Ren et al., 2019). Graphitic crystal  structure  (260=10°-80°).  Diffuse
carbon nitride (g-CsN,), a metal-free layered reflectance spectroscopy® and
semiconductor with an appropriate bandgap, high photoluminescence’ analyses were additionally
thermal stability, and favorable electronic conducted for the basic-pH sample with the
properties, is an attractive partner for coupling highest photocatalytic performance, comparing it
with BiVO, (Wang et al., 2020; Ahmad Rather with pure BiVO, and pure g-C3N, prepared
and Lo, 2020). Its suitable band positions enable under neutral conditions.
heterojunction formation with BiVO,, improving
photocatalytic efficiency (Ong et al., 2016). * Field Emission Scanning Electron Microscopy (FESEM)

5 X-Ray Diffraction (XRD)
! Methylene Blue (MB) ® Diffuse Reflectance Spectroscopy (DRS)
2 Rhodamine B (RhB) 7 Photoluminescence (PL)
% Advanced Oxidation Processes (AOPs)
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Photocatalytic performance was evaluated
using 200 mL of 20 ppm Acid Blue 92 dye
solution with 200 ppm photocatalyst in a cooled,
stirred reactor under visible light from a 400 W
Orsam lamp. Before irradiation, suspensions were
stirred in the dark for 20 min to establish
adsorption—desorption equilibrium. Samples were
collected at 20-140 min intervals during
illumination, and dye concentration was measured
by UV-Vis spectrophotometry to determine -
degradation efficiency. LT T e g T TS

w88
AUT. FRIAM

3. Discussion and results

The morphology of BiVO,/g-CsN, composites
synthesized under acidic (pH=2), neutral (pH=6)
and basic (pH=10) conditions was examined
using FESEM (Fig. 1). Acidic synthesis produced
uniform  hollow  microspheres (2-3 pum)
composed of aggregated BiVO, nanoparticles
(100-300 nm). Neutral synthesis yielded smaller
(< 1 pm) irregular and polygonal particles with
partial agglomeration. Basic synthesis resulted in

. . . an wosreen | 1 wimas rescan
cubic, trapezoidal, and polyhedral microstructures w4 1o

(1-2 pm), indicating pH strongly influences Fig. 1. FESEM images of BiVO,/gC;N, samples
nucleation and growth, with acidic conditions synthesized at different pHs, (a) pH=2, (b) pH=6,
promoting rapid nucleation and basic conditions (c) pH=10

favoring oriented crystal growth.
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Fig. 2. Acid Blue 92 dye removal efficiency for BiVO,/g-C3N, samples fabricated at pHs
10, 6 and 2
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Photocatalytic test results for Acid Blue 92
(AB92) degradation under visible light irradiation
are shown in Fig. 2. According to these results,
the basic pH composite achieved the highest
efficiency (~75% removal in 120 min),
outperforming acidic (30.6%) and neutral
(17.2%) samples. The superior performance at
pH=10 is attributed to favorable morphology and
reduced electron-hole recombination. DRS
spectra showed the basic composite’s light
absorption between that of pure BiVO, and g-
Cs3N,, while PL spectra indicated significantly
lower emission, confirming improved charge
separation. Enhanced performance is ascribed to
(1) favorable polyhedral/trapezoidal morphology
improving  light  harvesting, (2) stable
heterojunction formation reducing recombination,
and (3) nanoscale g-CsN, layers increasing active
sites.

DRS analysis revealed that the BiVO,/g-CsN,
composite exhibited optical absorption between
its individual components (i.e., BiVO, and g-
CsNy). More significantly, PL spectra showed a
substantial quenching of the emission intensity in
the composite, indicating a drastic reduction in
electron-hole recombination. This efficient charge

Water and Wastewater

Vol. 36, No. 2, 2025

separation is attributed to the formation of a
stable heterojunction. The synergy between the
two components, likely following a Z-scheme
mechanism, is the primary reason for the
enhanced photocatalytic activity.

Kinetic study revealed first-order kinetics best
fit the degradation data (R? up to 0.99), with the
basic pH composite showing the highest reaction
rate.

4. Conclusions

This work demonstrates that synthesis pH plays a
crucial role in tuning the morphological and
crystallographic  features of BiVO,/g-CzN,
composites, which in turn significantly impacts
their photocatalytic performance. The composite
synthesized under basic conditions (pH=10)
shows the most promising characteristics for
application in advanced wastewater treatment due
to its medium-size (~1-2 pm) cubic and
trapezoidal morphologies with favorable light
absorption properties and reduced rate of
electron-hole recombination. These findings
provide valuable insights into optimizing
photocatalyst design through controlled synthesis
parameters.
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Table 1. Summary of the effect of synthesis pH on the morphology, particle size, crystal structure and photocatalytic
performance of BiVVO,/g-CsN, nanocomposite

AB92 removal

Synthesis pH Morphology Particle size Crystal structure efficiency (%)
2 Spherical 2-3 micrometers Monoclinic 30.6
Polygonal and ; .
6 irregular 1 micrometer Monoclinic 17.2
Cubic and . .
10 trapezoidal 1-2 micrometers Monoclinic 75

RSP U RO IR W JES- WP P | PN
Sl g3lalaz Sl g5l daa 530-CsNg 5 BIVO,
JS25 (V) 058 e (2 Lgs 5 50l8 s (S0 la L
(V) ) Slrio (555 = gL sl 53 G-CaNy (slagY
slaabusbanl s iy mhaw (21580 2 50 BIVO, (+)+)
U8 b s g 0 o S5 ol S Wb o0 i JWb
.(Miao et al., 2024, Shi et al., 2021) s 34 oo >
SB35 55 i aSuls g5l aS Cl S5 40 5Y
LS s 0 Ll el S alls BIVO, & s 65
O 3V s s s 5 a3 s im0, S350
oF bl 5 s 033 Lalls Ul & ey & Eard
2 Bl g gy s, Shas Ss slet il Bl 5
CaSh s 55 o Sud Sl b s o Cu sl

s = (03 S S 55k 5 g s 50 b e Lo slaas
3 ot S @l e Gas e bl (S
s (e 528 ilSa (7 JS5) o g0 gl BB Ll
oS Col sl LB Z-Scheme [l G &) poas sid i
&l ol L Uizl g o — 05,5 a8 (g5llax o 5o
I epll 3 sd oo eS8 Elab 23155 o g0 Sy 00l
glass plulid cdnea jsba anl 8l s Jlad sledisl,
5 pmetSo 55 3ds Sl (6 Toas a3k slagy sast Ll

g aalss 5,0 san] gl e,

Y sl g 5 5 St —0-Y

53 it St slaan 285 5l Gasly Kozt aslllas
Y gl el Bl S s i ol 25 laesls i 5

1 . .
Heterojunction
2
Scavenger

Water and Wastewater

Vol. 36, No. 2, 2025

3k 4305 5 PL 5 DRS (slacib LT b -f-¥
w5 BIVO4/G-C3Ny o 55008 ol 55 5585 (qmy p sbtess
slacib ojls 1, Gis ol o iy 48 (5L lame 55 0ud
&l Bl Lok U 5 act oo sai ol PL ,DRS
SLad soi Sl S5 0 rﬂ A 4o lie 2l3g-C3N, 3 BiVO,
O JSswas el 25 bl s s Lalbg-C3Ny 5 BIVO,
Sl b3l B sasplis Jlsses 7 JSE 5DRS slocib
45 BIVO4/g-CsNy < 5 5,018 59-C3Ny BiVO, 45 s 4
s e ol (3b Ll 2 55 ead

O0LaDRS b o 5i 0 sanlina-0 K& 55 S650ks
&3k beme 53 BIVOWG-CaNg 5508 (5558 i S ans o
Sosbasls 13 ol saes S5 el oS5 gs
S ix 5503l 503 5 2 BIVO, 4 o o US4
3,03 st 55 i (Al 0-CoNg 4 s Lel s o0 LS
Sad S cul ol 51 Sb-0 IS8 J3PL s 505 S5
3 sacs 43 L BIVOSG-CaNy U ps Sy 5 508 s PL 26
oA Cadbl 58 55 o 5l Sl g s 5 sba 5L Lame
50— 05 S i 535 gslulir sl S el
Sl s ol il 5 5alS s LaoT S5k tals
63l bl s paead asle Cu5slS sl j5 5 9o Lsi‘}-é‘r"
el 0T B8 35 ol 5 s 5

S5l sad ol el el cesg el bl
CiS ol g5 oo 63b Jaa 3 sud 43l BIVOL/Q-CsNy G 95
3sdsose (V) ol 5 Jo Vs o sad ol (VL el
sbolsle b 5L byl s saaleusey BIVO, o sl

s dz el Rl 8l Sl gumas Glalisn 5 ez saix

sj)\.blé;s,ﬂ O
Q
VEo P LY olas FF oy



dx.doi.org/10.22093/ww;j.2025.540493.3507

w5 555198590 3 i darzme pH 130 (a0

@

——BivVO,
——g-C;N,
——BiVO,/g-C;N,, pH=10

Absorbance (a.u.)

— 7T - T T T T T T 1T T T T T
350 400 450 500 550 600 650 700 750

Wavelength (nm)

\td
(b)
—— BiVO,
—g-C;N,
—— BiVO,/g-C;N, ,pH=10
3
&
>
=
[}
c
Q
-
£
- T - T v T T T T T
400 450 500 550 600 650

Wavelength (nm)
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Table 2. Correlation coefficients (R?) of zero, first and second order kinetic models for the degradation of
Acid Blue 92 synthesized under different acidity conditions

Zero order kinetics

First order kinetics

Second order Kkinetics

Sample R’ Sample R’ Sample R’
B1V04/g'C3N4 BIVO4/g'C3N4 BIVO4/g'C3N4
0.98 0.99 0.99
pH=2 pH=2 pH=2
pH= pH= i pH= '
B1V04/g-C3N4 BIVO4/g'C3N4 B1V04/g'C3N4
pH=10 0.93 pH=10 0.99 pH=10 0.96
Water and Wastewater oMb ol

Vol. 36, No. 2, 2025

VEF JlolY o ls X5 55



dx.doi.org/10.22093/wwj.2025.540493.3507

w5 555198590 3 i darzme pH 130 (a0

Removal Percentage (%)
N w 5 u D ~l (o]
o o o o o o o
1 1 1 1 1 1 1

=
o
1

67.5

3 4 5

Cycles

Fig. 8. Stability of the optimal BiVVO,/g-C3N4 sample synthesized at pH=10 during five consecutive
cycles of Acid Blue 92 degradation under visible light irradiation
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