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ABSTRACT

Water pollution is becoming an unavoidable problem in today's world. Tons of
dangerous pollutants are discharged into clean water every day. Pollutants in water
have negative effects on the natural environment and human health and are also one of
the causes of death in the world. In this regard, adsorbers and photocatalysts using
nanotechnology, such as the use of organic, metallic, and non-metallic semiconductor
photocatalysts, have attracted a lot of attention in the past few decades. The objective of
this study is to examine the impact of various nanostructures of graphitic carbon nitride
(9-CsNy), including nanosheets, nanotubes, and nanorods, on their performance, as well
as the effectiveness of certain g-CsN.-based composites as adsorbents and
photocatalysts in adsorption and photocatalytic processes for dye removal from
wastewater. Based on previous research findings, the dye removal efficiency of g-CsN:
nanostructures is significantly enhanced compared to their bulk counterparts due to
their higher porosity and surface area, stronger electrostatic interactions, and a greater
number of active sites.
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Figure 2: (a) Mass of dye degraded as a function of time and (b)
degradation rate as a function of time, using BiVO, and g-CsN, BiVO,
as adsorbent and (Methylene blue) MB, (Methyl orange)MO, and
(Rhodamine B) RhB as dyes at an initial concentration of 30 mgL™*
before the adsorption process (32).
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Figure 4 :HRTEM images of N-ZO/CN at (a) 50 nm, (b) 20 nm, (c) 5 nm with (d) corresponding FFT and inverse FFT image inset (66).
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Figure 5: FE-SEM images of (a—c) g-C3N4 nanosheets, (d—f) CoAl-LDH nanoplates, and (g—i) 5-CACN nanocomposite photocatalysts(67).
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Step 1 Hydrothermal synthesis of CDS Nanoparticles and synthesis of 2D g-C,N, sheet

Aqueous
NaOH

" 550°C,4h
180°C, 18h =™, - .
i \ ;., \‘ L
‘ - Ce0;-nanoparticle >

aqueous solutlon of 25

mmol of cerium nitrate Hysdyrno:::;;:al Melamine Muﬁle furnace
hexahydrate treatment
Step 2 Hydrothermal synthesis of Ce0,-CDS (or CCd) quantum dots
Aqueous (3\ {\
Naz$ | CeOzNPs 180°C, 18h
- Ce0,-CDS (OI' CCd)
- quantum dots
aqueous solution of 25 Hydrothermal
mmol of cadmium synthesis

acetate

|Step 3 Addition of 2D g-C,N, sheet to Ce0,-CdS quantum dots to synthesis Ce0,-CDS@2D g-C,N, sheet (or CCdG)

. A
p 2D -GNy 1g L_, CCd QDts, 1g
LT AT 5

W] 1_ Ce0-CDS@ 2D g-C3N,
ﬁ‘ - t‘ it e (or CCdG) Nanohybrid
ultrasonication ultrasonication,
e © el o) 40 min

" CCdG

Zn (NO3);'6H20 in 40 ml 30 min

ethanol

2-methylimidazole in

Step 4 incorporation of MOF ZIF-8 to CCdG to synthesize Ce0,-CDS@2D g-C,N, in ZIF-8 (or CCdGZ)

{
}": : ?i % ﬂ nanohybrid
3 L\L ultrasonication, Centrifuged{4500

rpm), washed and
40 ml ethanol dried

Ce02.CDS@2D g-C3N4 in ZIF-8
(or CCAGZ) =)

TEM image of synthesized
heterostructure

(#\) Ce0,-CdS@ 2D g-CsN, in ZIF8 (CCAGZ) sl 1,0 i S
Figure 6: Stepwise fabrication of CeO,-CdS@ 2D g-C3N, in ZIF8 (or CCdGZ) heterostructure (68).
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Figure 7: TEM images of amphiphilic MWCNTSs/GCN hybrid NCs
with various magnifications (a) 200 nm, (b) 20 nm(69).
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Table 1. Summary results of previous research in the field of dyes removal by g-C3;N, nanostructures using the photocatalytic process.

g-CsNy Synthesis

2017 Nanosheet Chemical Rhodamine B 98% (64)

2 2018 Nanosheet Thermal Methylene blue r?é]/% (60)

3 2018 Nanotubes Ultrasonication Rhodamine B 92.2% (83)

Thermal . 2 times g-

4 2019  Nanotubes polymerizing Rhodamine B CaNe< (80)

5] 2019 Nanotubes Hydrothermal Rhodamine B 59.2% (81)

6 2020 Nanosheet Ultrasonication Organic Dyes 90% < (63)

Methylene blue, 97%

7 2020 Nanorod Hydrothermal Methylene orange and 99% (74)
Rhodamine B 99.9%

8 2021 Nanotubes Reflux Methylene orange 53% (79)

9 2021 Nanotubes CVvD Methylene blue 98% (82)
Thermal Methylene blue and 96.1%

. 27 NERELITES polymerizing Methylene orange 98.3% )

11 2023 Nanosheet Thermal Red 227 and Black 166 %2; (65)
. 0

12 2024 Nanosheet Hydrothermal Methylene blue 98% (66)

13 2024 Nanosheet sonicating Brilliant Black 79% (67)

14 2024 Nanosheet Hydrothermal Victoria blue R 96.54% (68)

15 2024 Nanosheet Hydrothermal Crystal violet 99.32% (69)

MB

16 2024 bulk Thermal RhB L R )

MO <MO

P Caz 0l 8 5l eolatwl LE-CaNg (sla Lo lugil Lawgs LIS, Bio die) 10 (puieny Dliudiss doe S aods Y Jgus
Table 2. Summary results of previous research in the field of dyes removal by g-CsN4 nanostructures using the adsorption process.

g-C3N, Synthesis Adsorptlon

42.1

2017 Nanosheet Thermal Methylene blue and Cd?* mglg (61)
2 2018 Nanosheet Thermal Methylene blue r?]t /gg (60)
Organic dyes and 70-600
3 2019 Nanosheet Hummers Tetracycline malg (62)
4 2019 Nanorod Thermal Methylene blue 17.71 mg/g (58)
5 2023 Nanosheet Thermal Methylene blue 54.3 mg/g (18)
MB
6 2024 bulk Thermal RhB MBSIRIBN SN @2)
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MO
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