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ABSTRACT

In this study, a bismuth oxybromide nanocomposite containing 2.5 wt% metal-
organic framework (Zr) nanoparticles was synthesized using a wet chemical
method under vigorous stirring for the degradation of bentazon and methyl orange
and characterized by XRD, FESEM/EDX, FTIR, UV-DRS and PL analyses. By
adding a small amount of metal-organic framework (MOF), the nanocomposite
exhibited better photocatalytic activity compared to pure bismuth oxybromide. The
synthesized nanocomposite successfully degraded 34.9% of bentazone under UV
irradiation and 25% under visible light within 120 min. Additionally, it achieved
97.4% and 91.3% degradation of methyl orange under UV and visible light,
respectively. Kinetic studies indicated that the pollutant removal results followed
the first-order model. The improvement in the degradation efficiency is attributed
to the increased adsorption capacity and reduced recombination rate, which play
a crucial role in enhancing photocatalytic performance. Furthermore, the
interaction between MOF and bismuth oxybromide semiconductor prevents the
accumulation of bismuth-based nanosheets, leading to more effective pollutant
degradation. These findings suggest that adding a small amount of metal-organic
framework (Zr) not only has no impact on the photocatalyst cost but can also
significantly improve the adsorption capacity and photocatalytic efficiency of
bismuth oxybromide, making it a promising option for advanced wastewater
treatment applications.
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Figure 1: X-ray diffraction patterns of pure BiOBr, MOF(Zr) and BiOBr-MOF(Zr) nanocomposite.
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Figure 2: FESEM images of synthesized samples along with EDX analysis of BiOBr-MOF(Zr) nanocomposite.
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Figure 4. PL analysis of pure BiOBr, and BiOBr-MOF(Zr)
nanocomposite.
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Figure 3: Diffuse reflectance spectroscopy (DRS) of pure BiOBr, and
BiOBr-MOF(Zr) nanocomposite.
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Table 1: Characteristics and optical properties of synthesized samples.

MOF(Zr)
Pure BiOBr

BiOBr-MOF(Zr)

Synthesis method
Solvothermal
Wet chemical

Solvothermal/Wet chemical

Morphology
Nanoparticle
Nanosheet

Nanosheet/Nanoparticle

325 3.81
461 2.69
456 2.72
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Figure 5: FT-IR analysis of synthesized samples.
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Figure 6: Photocatalytic degradation of bentazon pollutant by the synthesized samples under UV and visible light irradiation.
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Figure 7: Photocatalytic degradation of methyl orange pollutant by the synthesized samples under UV and visible light irradiation.
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Table 2: Kinetic study of bentazon and methyl orange photocatalytic degradation using composite sample.

Zero-Order Kinetics First-Order Kinetics Second-Order Kinetics

Photocatalyst stlugrr::te Pollutant
El NN
BiOBr-MOF(Zr) uv Methyl orange 0.7664 0.1718 0.9966 0.0285 0.7239 0.0110
BiOBr-MOF(Zr) Visible Methyl orange 0.8823 0.1507 0.9956 0.0185 0.8213 0.0033
BiOBr-MOF(Zr) uv Bentazon 0.9970 0.0406 0.9996 0.0026 0.9962 0.0002
BiOBr-MOF(Zr) Visible Bentazon 0.9983 0.0264 0.9997 0.0016 0.9987 0.0001
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Figure 8: Linear changes in the concentration of methyl orange over time using a) zero-order, b) first-order, c) second- order kinetic models and also
linear changes in the concentration of bentazon over time using d) zero-order, €) first-order and f) second- order kinetic models.
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Figure 9: Possible mechanism of organic pollutant degradation over of BiOBr-MOF(Zr) heterojunction.
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Table 3: Comparison of the findings of the present study with other similar studies

Photocatalyst Light source Irradiation Removal
Photocatalyst Pollutant (concentration)
dosage (g/L) (power) time (min) C)

uv (125 W) Present
BiOBr-MOF(Zr) Methyl orange (20 ppm)
_- eo _ -
BiOBr/UiO-66 Halogen (500 W) Atrazine (5 ppm) (38)
UiO-66(Ti) Xenon (250 W) Methylene Blue (10 ppm) 87. (48)
UiO-66/Palygorskite/TiO, Xenon (300 W) Methyl orange (10 ppm) (50)

V//A UV light irradiation
- Visible light irradiation
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Figure 10. Reusability of the synthesized nanocomposite.
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