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Abstract 

Textile dyes and heavy metals cannot be completely removed from wastewater 

using traditional wastewater treatment methods. Meanwhile, advanced oxidation 

processes produce active radicals that facilitate the decomposition of these 

compounds. Among these, semiconductor photocatalysts offer high removal 

efficiency and chemical stability. In this study, BiVO4/g-C3N4 nanocomposites 

were synthesized hydrothermally under acidic, neutral, and basic pH conditions; 

the prepared samples were then characterized, and their photocatalytic activity 

was evaluated. The XRD results showed that all three samples formed the 

monoclinic phase of BiVO4. The FESEM images revealed the effect of pH on 

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 

recombination in the composite sample versus pure photocatalysts. A three-

dimensional structure, a high specific surface area, and a more efficient charge 

carrier transport are among the reasons for the enhanced photocatalytic 

performance of BiVO4/g-C3N4 in the basic medium.
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1. Introduction 
In recent years, the discharge of large volumes of 

wastewater containing persistent organic 

pollutants-such as antibiotics, pharmaceuticals, 

synthetic dyes, phenolic compounds, and 

pesticides-has become a serious environmental 

challenge (Bharagav et al., 2023). Some of these 

pollutants, including methylene blue
1
 and 

rhodamine B
2
, can cause adverse health effects 

such as hypertension and anemia (Rehman et al., 

2022). Advanced oxidation processes
3
 offer 

effective treatment for resistant organic and 

inorganic contaminants by generating highly 

reactive hydroxyl radicals (OH•) that mineralize 

pollutants to simple, harmless products (Manna 

and Sen, 2022). Among these, semiconductor 

photocatalysis is recognized as a green, efficient, 

and chemically stable method for decomposing 

toxic organic compounds (Naushad et al., 2019). 

When irradiated with UV or visible light, 

semiconductor photocatalysts generate electron–

hole pairs that produce hydroxyl radicals and 

superoxide species (•O₂⁻), which drive pollutant 

degradation. These systems are particularly 

valuable in post-treatment to remove residual or 

partially degraded contaminants, including micro-

pollutants and microplastics, without adding 

chemicals and with high stability (Ahmad et al., 

2023). 

Bismuth vanadate (BiVO₄) has emerged as a 

promising visible-light-active semiconductor due 

to its suitable bandgap, good chemical and 

photochemical stability, and environmental 

compatibility (Ling Tan et al., 2017; Fakhrul 

Ridhwan Samsudin et al., 2018). However, its 

photocatalytic performance is limited by rapid 

electron–hole recombination, which lowers 

quantum efficiency. Strategies to overcome this 

limitation include constructing heterojunctions 

with other semiconductors, defect engineering, 

nanostructuring, and surface modification (Wu et 

al., 2020). Forming heterostructures is 

particularly effective in enhancing charge 

separation and transfer (Fakhrul Ridhwan 

Samsudin et al., 2020; Ren et al., 2019). Graphitic 

carbon nitride (g-C₃N₄), a metal-free layered 

semiconductor with an appropriate bandgap, high 

thermal stability, and favorable electronic 

properties, is an attractive partner for coupling 

with BiVO₄ (Wang et al., 2020; Ahmad Rather 

and Lo, 2020). Its suitable band positions enable 

heterojunction formation with BiVO₄, improving 

photocatalytic efficiency (Ong et al., 2016). 

                                                 
1
 Methylene Blue (MB) 

2
 Rhodamine B (RhB) 

3
 Advanced Oxidation Processes (AOPs) 

  

      Previous studies have shown that BiVO₄/g-

C₃N₄ composites can significantly enhance light 

absorption, charge separation, and photocatalytic 

activity for processes such as gas-phase NO 

oxidation and dye degradation (Ou et al., 2015; 

Cheng et al., 2017). 

Despite these advances, the effect of synthesis 

pH on the structural, morphological, and 

photocatalytic properties of BiVO₄/g-C₃N₄ 
composites-particularly for degrading Acid Blue 

92-has not been investigated. In the present work, 

heterostructured BiVO₄/g-C₃N₄ nanocomposites 

were synthesized hydrothermally under acidic, 

neutral, and basic pH, and their characteristics 

and photocatalytic activity were evaluated. The 

aim was to systematically investigate the effect of 

synthesis pH on the structural, morphological, 

and photocatalytic properties of the composite for 

degradation of the textile dye Acid Blue 92 

(AB92) under visible light irradiation. 
 

2. Methodology 
BiVO₄/g-C₃N₄ nanocomposites were synthesized 

hydrothermally under acidic (pH=2), neutral 

(pH=6), and basic (pH=10) conditions. Graphitic 

carbon nitride (g-C₃N₄) nanoparticles were 

prepared by thermal polymerization of melamine 

at 550 °C for 4 h, followed by grinding. For 

composite synthesis, bismuth nitrate was 

dissolved in nitric acid (solution 1) and 

ammonium metavanadate was dissolved in 

deionized water (solution 2). Specific masses of 

g-C₃N₄ were added to solution 1, stirred for 30 

min, then solution 2 was added slowly with 

continued stirring. pH adjustment was performed 

using NH₄OH or HNO₃, after which the 

suspensions were stirred for 40 min and 

hydrothermally treated at 180 °C for 12 h. 

Products were washed with ultrapure water and 

ethanol, then dried at 80 °C for 12 h. 

Characterization involved field emission 

scanning electron microscopy
4
 for morphology 

and particle size, and X-ray diffraction
5
 for 

crystal structure (2θ=10°–80°). Diffuse 

reflectance spectroscopy
6
 and 

photoluminescence
7
 analyses were additionally 

conducted for the basic-pH sample with the 

highest photocatalytic performance, comparing it 

with pure BiVO₄ and pure g-C₃N₄ prepared 

under neutral conditions. 

                                                 
4
 Field Emission Scanning Electron Microscopy (FESEM) 

5
 X-Ray Diffraction (XRD) 

6
  Diffuse Reflectance Spectroscopy (DRS) 

7
 Photoluminescence (PL) 
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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. 

 

3. Discussion and results 
The morphology of BiVO₄/g-C₃N₄ 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 µm) 

composed of aggregated BiVO₄ nanoparticles 

(100–300 nm). Neutral synthesis yielded smaller 

(< 1 µm) irregular and polygonal particles with 

partial agglomeration. Basic synthesis resulted in 

cubic, trapezoidal, and polyhedral microstructures 

(1–2 µm), indicating pH strongly influences 

nucleation and growth, with acidic conditions 

promoting rapid nucleation and basic conditions 

favoring oriented crystal growth. 

 
 

 

 

 

 

 

 

 

 

 

Fig. 1. FESEM images of BiVO4/gC3N4 samples 

synthesized at different pHs, (a) pH=2, (b) pH=6, 

(c) pH=10 

 

 

 

Fig. 2. Acid Blue 92 dye removal efficiency for BiVO4/g-C3N4 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 BiVO₄ and g-

C₃N₄, 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-C₃N₄ layers increasing active 

sites. 

DRS analysis revealed that the BiVO₄/g-C₃N₄ 
composite exhibited optical absorption between 

its individual components (i.e., BiVO₄ and g-

C₃N₄). 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 

 

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 (R² 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 BiVO₄/g-C₃N₄ 
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 µm) 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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َااي‌وااا ي‌ي‌فااضا ‌‌‌‌‌َاي‌مقاايمي‌ماوىاذ‌سوا ‌‌‌‌تًاوايي‌حزف‌کامل‌آلايىذٌ‌،َاي‌سىتي‌تصفيٍ‌فاضلاب‌سيش

َاي‌فؼال،‌امکان‌تجضيٍ‌مؤثش‌‌سىگيه‌سا‌وذاسوذ.‌دس‌ايه‌ميان،‌فشايىذَاي‌اکايذاسيًن‌پيششفتٍ‌تا‌تًليذ‌ساديکال

ساوا‌تا‌تاصدٌ‌حزف‌س‌َاي‌ويمٍ‌کىىذ.‌يکي‌اص‌ساَکاسَاي‌کاسآمذ،‌استفادٌ‌اص‌فتًکاتاليات‌ايه‌تشکيثا ‌سا‌فشاَم‌مي

تٍ‌سيش‌َيذسيتشمال‌دس‌سٍ‌محاي ‌تاا‌‌‌‌BiVO4/g-C3N4ي‌پايذاسي‌تالا‌است.‌دس‌ايه‌پظيَش،‌واوً‌کامپًصيت‌

pHَاي‌ساختاسي‌ي‌ػماکشد‌فتًکاتالياتي‌آن‌تشسسي‌شذ.‌وتااي ‌‌‌مختاف‌)اسيذي،‌خىثي‌ي‌تاصي(‌سىتض‌ي‌ييظگي‌

XRDوشان‌داد‌کٍ‌فاص‌مًوًکايىيک‌‌BiVO4‌ًوٍ‌تشکيل‌شذٌ‌اسات.‌تصااييش‌‌‌دس‌َش‌سٍ‌ومFESEMتيااوگش‌‌‌

pH‌‌‌‌ٍتأثيش‌ ٍ‌‌تش‌مًسفًلًطي‌رسا ‌تًدٌ‌ي‌دس‌محي ‌تاصي‌سااختاسَاي‌مکؼثاي‌ي‌ريصوقا تؼاذي‌تاا‌تًصياغ‌‌‌‌‌اي‌سا

 ppmتحت‌تاتش‌وًس‌مشئي‌دس‌حضًس‌‌۲۹يکىًاخت‌مشاَذٌ‌شذ.‌آصمًن‌فتًکاتالياتي‌دس‌تجضيٍ‌سو ‌اسيذ‌تاً‌

کااسايي‌‌‌تيشاتشيه‌‌pH=10وشان‌داد‌کٍ‌ومًوٍ‌ساىتض‌شاذٌ‌دس‌‌‌‌ppm ‌۹2فتًکاتاليات‌ي‌غاظت‌آلايىذ۹22‌‌ٌ

ٌ‌‌وشاان‌‌PLي‌‌DRSَااي‌‌‌دقيقٍ(‌سا‌داسد.‌َمچىيه‌وتااي ‌يياف‌‌‌۰۹2دسصذ‌دس‌‌۵۷)حذيد‌ کااَش‌واش ‌‌‌‌‌دَىاذ

.‌دسمجمًع،‌تُثًد‌ػماکاشد‌‌تًدَاي‌خالص‌‌کامپًصيتي‌واثت‌تٍ‌فتًکاتاليات‌‌حفشٌ‌دس‌ومًوٍ‌-تاصتشکية‌الکتشين

تالاتش‌ي‌اوتقاال‌ماؤثشتش‌‌‌‌‌تؼذي،‌سطح‌ييظٌ‌دس‌محي ‌تاصي‌تٍ‌ساختاس‌مىظم‌سBiVO4/g-C3N4‌ٍتي‌فتًکاتاليا

‌شًد.‌َاي‌تاس‌واثت‌دادٌ‌مي‌حامل

فتوکاتاليست کامپوزيتي 

کربن نيتريد 

گرافيتي/بيسموت 

وانادات، اسيديته محيط 
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، مورفولوشي 29بلو 

هادي  ، نيمهفتوکاتاليست
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Fig. 1. FESEM images of BiVO4/g-C3N4 samples at different pHs, (a) and (b) pH=2, (c) and (d) pH=6, 

(e) and (f) pH=10
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Fig. 2. (a) XRD spectra of g-C3N4 and BiVO4/g-C3N4 samples prepared by hydrothermal method at 180 °C and at 
acidic, neutral and basic pHs, (b) magnification of XRD pattern in the 2θ=25–32 range 

aXRDg-C3N4BiVO4/g-C3N4

pHbXRD2 =25–32
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Fig. 4. (a) Acid Blue 92 dye removal efficiency for BiVO4/g-C3N4 samples synthesized at pHs of 10, 6 and 2, changes 
in UV-visible absorption spectra for samples fabricated under (b) basic, (c) acidic, 

and (d) neutral conditions 
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pHBiVO4/g-C3N4

Table 1. Summary of the effect of synthesis pH on the morphology, particle size, crystal structure and photocatalytic 
performance of BiVO₄/g-C₃N₄ nanocomposite 

Synthesis pH Morphology Particle size Crystal structure
AB92 removal 
efficiency (%)

2 Spherical 2-3 micrometers Monoclinic 30.6

6
Polygonal and 

irregular
1 micrometer Monoclinic 17.2

10
Cubic and 
trapezoidal

1-2 micrometers Monoclinic 75
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Fig. 5. (a) Comparison of DRS and (b) PL of BiVO4, g-C3N4, and BiVO4/g-C3N4 composite samples 
synthesized under basic conditions 

a DRS b PL BiVO4g-C3N4BiVO4/g-C3N4

Fig. 6. Tauc plots showing band gap energies for: pristine BiVO4, g-C3N4, and BiVO4/g-C3N4  
synthesized under basic conditions 
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Fig. 7. Kinetic model of the (a) zero-order, (b) first-order, and (c) second-order removal reaction of Acid Blue 92
in the presence of BiVO4/g-C3N4 photocatalyst fabricated at three acidic, basic, and neutral pHs
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Table 2. Correlation coefficients (R
2
) of zero, first and second order kinetic models for the degradation of  

Acid Blue 92 synthesized under different acidity conditions

Second order kinetics First order kinetics Zero order kinetics 
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Fig. 8. Stability of the optimal BiVO4/g-C3N4 sample synthesized at pH=10 during five consecutive
cycles of Acid Blue 92 degradation under visible light irradiation
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