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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Carbon-based nanomaterials for haz-
ardous pollutants degradation. 

• Carbon-based nanomaterials as nano- 
adsorbents to refine wastewater from 
hazardous pollutants. 

• Novel synthesis routes and applications 
of carbon-based nanomaterials have 
been discussed for wastewater 
treatment. 

• Recent challenges and prospects of 
carbon-based nanomaterials are 
highlighted.  
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A B S T R A C T   

Carbon-based nanomaterials (CBNMs) have attracted significant alert due to the affluent science underpinning 
their implementations associated with a novel mixture of high aspect proportions, greater thermal and electrical 
performance, outstanding optical features, and high exterior area. CBNMs not only bear assurance in a broad 
range of implementations in medication, nano and microelectronics, and ecological remedies but may also be 
utilized in practical laboratory determinations. More specifically, CBNMs perform as an outstanding adsorbent in 
terminating heavy metal ions (HMI) from wastewater. There is presently a deficiency of powerful threat in-
spection instruments owing to their complex detection and related deficit in the health risk database. Therefore, 
our present review concentrates on spreading CBNMs to release pollutants from wastewater. The article wraps 
the effect of these contaminants and photocatalytic strategies towards treating these mixtures in wastewater, 
along with their restrictions and challenges, convincing resolutions, and possibilities of these approaches.   
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1. Introduction 

Wastewater treatment remains an essential issue internationally, 
regardless of innovative development and forward leaps(Ates et al., 
2020; Thakur and Voicu, 2016). Weighty metal in wastewater represents 
an incredible danger to human wellbeing if untreated appropriately, 
making its evacuation of most extreme significance (Blumensaat et al., 
2019; Odoemena et al., 2020)(Thakur and Thakur, 2015). Among 
different techniques used for wastewater treatment, the most widely 
recognised strategy is adsorption, which eliminates weighty metals in 
wastewater because of its adaptable plan, activity, and cost-viability 
(Siwal et al., 2021b, 2021d). Due to the simplicity of surface function-
alization and microporous design, carbon is considered the most regular 
adsorb twisted to eliminate substantial metal particles from wastewater 
(Onyancha et al., 2021). Notwithstanding, the initiated carbon division 
from wastewater arrangement has been troublesome; its significant 
expense has denied its wide use(Wacławek et al., 2017). As of late, the 
development of various novel materials has likewise shown their seri-
ousness in substantial metal particle expulsion (Rajendran et al., 2022) 
(Chandel et al., 2020; Raizada et al., 2020; Sharma et al., 2020a, b). 
These promising novel materials show a few distinctive traits: huge 
surface region, incredible mechanical strength, and high substance 
latency. 

Metal polluted wastewater that begins from anthropogenic exercises 
in various areas, for occasion horticultural exercises, businesses (mining, 

battery, atomic, material colours, tannery, and so on), homegrown 
sewage, and others, has consistently been a danger to human well-being 

and climate(Sivaranjanee and Kumar, 2021; Siwal et al., 2021c)(Beluns 
et al., 2021). Obliteration of the marine environment, soil erosion is one 
of the most intervene components of climate change, it reduces har-
vesting land, and various substantial metals such as Pb, Zn, Hg, Cu, Ni, 
and so on the present in underground water are absorbed by plants and 
diminishes the capacity of soil to fight against global warming (Sankaran 
et al., 2020)(Thakur et al., 2018; Verma et al., 2020). However, sub-
stantial metals, for example, Compact disc, Zn, Hg, Ni, Mn, Co, and so 
on, are ordinarily present in the following sums; they are considered 
generally poisonous boundless parts in wastewater were gushing (Zhou 
et al., 2020). However, such metals are not utilized by the human 
nonutilized resuming well-being if gathered in delicate tissues. Simul-
taneously, phenol is of high financial worth modern significance as a 
natural substance and drug intermediates. The non-dangerous partition 
of phenol from wastewater can cleanse the wastewater and reuse sig-
nificant phenol particles (Garrido-Cardenas et al., 2020; Oliveira et al., 
2020). Along these lines, understanding the non-damaging and specific 
detachment and extraction phenol with high proficiency has turned into 
a critical hypothetical and specialized issue. 

This paper proposes a brief survey on the standard’s utilization, 
view, and future points of view, simply as innovative materials towards 
significant metal adsorption in wastewater remedy implementations. 
Due to complications in detection and related deficit in databases of 

Abbreviations 

ACs Activated carbons 
CVD Chemical vapour deposition 
CNTs Carbon nanotubes 
SWCNTs Single walled carbon nanotubes 
MWCNTs Multi walled carbon nanotubes 
VACNTs Vertical aligned CNT arrays 
PECVD Plasma-enhanced CVD 
MOF Metal-organic framework 
FESEM Field-emission scanning electron microscopy 
SEM Scanning electron microscopy 
VACNTs Vertically aligned CNTs 
ADC Azodicarbonamide 
EDCs Endocrine disrupting chemicals 
NMs Nanomaterials 
MNPs Magnetic nanoparticles 
rGO Reduced graphene oxide 
GO Graphene oxide 
Gr Graphene 
PMMA Polymethyl methacrylate 
DNA Deoxyribonucleic 
3D-GNM Three-dimensional graphene-based nanomaterials 
PCNS-gel Permeable carbon nanosphere gel 
SMIP@PCNS-gel Surface microscopically engraved polymer 

nanosphere gel 
SMIP Surface molecularly imprinted polymers 
PVA Polyvinyl liquor 
CNS Carbon nanosphere 
As Arsenate 
Se Selenate 
GMCNs Glutaraldehyde cross-linked magnetic chitosan 

nanoparticles 
TEM Transmission electron microscopy 
MHCNs Magnetic hollow carbon nanosphere 

HRTEM High-resolution transmission electron microscopy 
QDs Quantum dots 
CQDs Carbon based quantum dots 
GQD Graphene quantum dots 
PL Photoluminescence 
PVC Polyvinyl chloride 
QYs Quantum yields 
GNPs Graphene-based nanoparticles 
HMI Heavy metal ions 
MCNSs Magnetic carbon nanosphere 
DI Deionized water 
KOH Potassium hydroxide 
HTs Hydrothermal treatment 
ZIF Zeolitic imidazolate framework 
IC-r GO Interconnected reduced graphene oxide 
N-IC-r GO N-Dopped Interconnected reduced graphene oxide 
4-VP 4-Vinylpyridine 
KH570 Propyl-tri-methoxy-silane 
XPS X-Ray photoelectron spectroscopy 
NPs Nanoparticles 
CNDs Carbon nanodots 
PEI Polyethyleneimine 
g-C3N4 Graphitic carbon nitride 
PDs Polymer dots 
ARS Alizarin red 
PDA Polydopamine 
HPAN Polyacrylonitrile 
PAA Polyacrylic corrosive 
PC Polycarbonate 
PES Poly-ether-sulfone 
MB Methylene blue 
TNSs Titania nanosheets 
RhB Rhodamine B 
VOCs Volatile organic compound 
LPT Loss portfolio transfer  
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health risks, there is presently a deficiency of powerful threat inspection 
instruments. Therefore, our present review concentrates on spreading 
CBNMs to release pollutants from wastewater. The article wraps the 
treating strategies of these mixtures in wastewater and the consequences 
of these contaminants and their restrictions, challenges, convincing 
resolutions, and possibilities of these approaches. 

2. Importance of carbon-based supported nanomaterials in 
wastewater treatment 

Recent investigations display an expansion within the application of 
CBNMs on wastewater processing analysis, and highly positive results 
are being accumulated from this study. The fast growth of the various 
industrial fields could be the influence left upon the atmosphere(Ash-
vinder K. Rana et al., 2021a, 2021b, 2021c). Numerous industries such 
as galvanization, mining, batteries, and metal finishing have pessimistic 
effects on the water by ejecting out heavy metals ions directly and 
indirectly to closest water resources (Mubarak et al., 2014; Thines et al., 
2017)(Ashvinder Kumar Rana et al., 2021a, b, c; Usmani et al., 2020). 

Activated carbons (ACs) possess microporous structure, huge surface 
area, and compound intricacy and due to the utilized. ACs are utilized as 
adsorbents in water treatment plants. Their outside surface has various 
utilitarian gatherings for phenol, carbonyl, lactone, carboxyl, quinone, 
etc. Adsorption execution of ACs is reliant upon characteristics such as 
pore size distribution and surface utilitarian gatherings. Nonetheless, 
under moderate temperature (≥ 300 ◦C), initiated carbon might respond 
with oxygen (Nguyen et al., 2021c). 

Nanomaterials can significantly be used to process and remediation 
water with the elevated exterior area, functional chemical performance, 
mechanical characteristics, economical and low power consumption. 
These substances can potentially be suitable as adsorbents when sup-
ported with comprehensible and manageable morphologies of appro-
priate size and porosity (Pérez-Page et al., 2016; Nasrollahzadeh et al., 
2021). 

3. Synthesis techniques for carbon-based nanomaterials used in 
wastewater treatment 

3.1. Synthesis techniques for carbon nanotubes (CNT)-based 
nanomaterials 

For the vertical improvement of CNT-based nanomaterials, chemical 
vapour deposition (CVD) is the best methodology. Impetuses are saved 
onto a substrate, initiated by synthetic carving or warm strengthening, 
and afterwards positioned into a heater for CNT development. The 
combinations of CNT antecedent gas and handling gas (nitrogen, argon, 
hydrogen) are presented after the heater has been warmed to wanted 
temperatures (e.g., 600–1200 ◦C) to accomplish CNT development on 
impetus surfaces, permitting impetus particles to stay at the base or top 
of the developing CNTs (Rao et al., 2018). Different impetuses such as 
Fe, Mn, Al, Co, Pt, and Pd are used for the enhanced development of 
CNTs-based nanomaterials (Shah and Tali, 2016). In any case, the 
breadth of the subsequent CNTs is controlled by the related impetus size, 
with impetuses more modest than 5 nm yielding single-walled CNTs 
(SWCNTs), impetuses greater than 10 nm producing multi-walled CNTs 
(MWCNTs), and impetuses somewhere in the range of 5 and 10 nm 
yielding both SWCNTs and MWCNTs (Sreekanth et al., 2021). 
Carbon-containing materials in a gaseous or fluid form such as polymers, 
hydrocarbons (CH4, C2H4, C2H5OH, C6H6, and so on), and biomaterials 
can be utilized as carbon-efficient precursors for CNT advancement 
(Sheoran et al., 2021). The carbon source’s atomic design hugely affects 
CNT morphology: straight CNTs can be synthesized by using direct hy-
drocarbons like CH4 whereas cyclic hydrocarbons like C6H6 are bound to 
make bent CNTs with a bamboo-like structure. Materials such as zeolite, 
silica, quartz, and alumina are utilized as substrates to improve CNTs 
(Zhao et al., 2012; Siwal et al., 2021a). Also, the geography and surface 

of substrates may influence the creation and nature of CNT clusters 
delivered. Stream rate, for instance, is a CVD boundary. The reaction 
temperature and time influence the development rate, length, and 
thickness of the last vertical aligned CNT arrays (VACNT) exhibits. 

In general, a definitive objective for CVD development of VACNTs is 
the adaptable and high return making of the enormous region, excep-
tionally thick, and super-long VACNT exhibits chirality, and controlled 
breadths of CNT (Xu et al., 2021). The scientists achieved record-long 
(21.7 mm) VACNT exhibits using a water-aided CVD technique, with 
an impetus lifetime of 790 min, just as CNTs with twofold dividers that 
were disseminated uniformly along with the heading of engendering 
(Hata et al., 2004). Unlike warm CVD, which requires high response 
temperatures, plasma-improved CVD (PECVD) permits VACNTs to 
create at low temperatures(Gong et al., 2009). Additionally, Fang et al. 
(Chen et al., 2018b) use the metal-organic framework (MOF)-based 
CNTs method to obtain 3D CNT/graphene (Gr). Besides CNT production, 
carbonising 3D heteroatom doping into MOF is also possible. Another 
method for producing hierarchical CNTs is to use microwave radiation. 
Fig. 1(a) elucidates the strategy synthesising Co@N-CNTs@rGO hybrid 
composites. Fig. 1(b) illustrations field-emission scanning electron mi-
croscopy (FESEM) images of zeolite imidazolate framework-wrapped 
GO (ZIF-8@GO) composite. A well-defined cubic morphology of ZIF-8 
nanocrystals having 200 nm size is shown in (Fig. 1(c) and d), and 
their tight deposition on graphene oxide (GO) sheet implies strong in-
teractions between the surface of GO and zeolite imidazolate framework 
(ZIF-8). Behind a following epitaxial development of ZIF-67, each GO 
layer’s flank was homogeneously coated by the ZIFs nanocrystals (Fig. 1 
(e)). Interestingly, the high-resolution FESEM pictures revealed that the 
cubic ZIF-8 nanocrystals shifted to trimmed-cubic ZIF67@ZIF-8 nano-
crystals (Fig. 1(f, g)) (Chen et al., 2018b). 

For instance, using plasma-enhanced CVD (PECVD), stacked verti-
cally, MWCNTs were using grown stammered FeNi scanning electron 
microscopy (SEM) images as the catalysts and methanol as the amount 
of carbon were grown on a silicon wafer at 180 ◦C using the vapour- 
liquid-solid formation mechanism(Wang and Moore, 2012). Even 
though it is debatable, vertically aligned CNTs (VACNTs) are progress-
ing. Generally, it is expected to follow the fume fluid intense Carbon 
breakdown, which includes the degradation of carbon precursors tur-
bulence reaches carbon with burning, impulse, nanoparticles. Then 
metal impetuses continuously disintegrate carbon until creating an 
encased strong arrangement in which the hide is immersed. The testi-
monies of carbon will shape vehicles onto metal impetuses. Exotic 
nanomaterials that can behave as subatomic nucleation centers 
sub-atomic particles CNTs will continue to develop in the future 
(Sharma et al., 2020a, b). Metal impetuses are still present here, relying 
on the association at the tip or lower half of CNTs between the impetus 
and the hidden substrate, where powerless connections will prompt the 
tip development component and bring about the existence of metals at 
the point of contact. 

In contrast, associations will trigger solid root/base development 
instruments. Bend release is another method for delivering VACNTs. 
Incorporates high current between graphitic materials millimeter’s 
separated between cathodes and carbon anodes saturated in Carbon 
commodities are created in gas or fluid conditions(Arora and Sharma, 
2014). As an illustration, Cai et al. (2012) acquired impetus-freebie 
union hydrogenation of VACNTs bend release graphite powder is used 
as the carbon source supply, CNTs are produced as a result of this pro-
cess with a vertebra construction with 30 m lengths and widths of a 
wavelength of 40–60 nm. The creation of VACNTs is based on the 
actuation of hydrogen extremists, the growth of anodes with extended 
diameters, and the upward on the anode surface; there is an electrical 
field. Aside from the upward, CNT production is increasing clusters 
substrates that are flat; progressive CNT exhibits there has also been 
made on bent full scale estimated or miniature measured substrates 
using pre-saved or in situ created impetus assisted techniques. MOFs’ 
direct carbonization has recently been used to pre-pare hierarchical CNT 
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arrays. For example, hollow structured hierarchical CNT frameworks. 
Lou et al.(Xia et al., 2016)ZIF-67 was pyrolyzed in an H2 environment to 
produce these compounds, where H2 was discovered to exist critical for 
the CNTs to be formed in a hierarchical structure. 

3.1.1. The advantages of CVD include  

1. It is a primary, cost-effective, gauge-able method for mass-producing 
carbon nanotubes.  

2. It makes extensive use of hydrocarbons in all of their forms, whether 
solid, fluid or gaseous and numerous substrates.  

3. It can be utilized to produce different shaped CNTs such as coiled, 
straight, and entangled. 

Various new approaches are involved in vanishing endocrine- 
disrupting chemicals (EDCs) and pharmaceutical garbage from tradi-
tional ways like ozonisation, coagulation-flocculation, chlorination, 
adsorption etc. The use of modern techniques like the waste treatment 
has become popular these days because of low cost, and there is no side 
product generation (Ojha et al., 2021). 

Because of their superior capabilities, iron-based nanoparticles have 
been acquiring footing in wastewater treatment (high adsorption limit, 
gigantic surface region to-volume proportion, excellent attractive 

properties, powerful biocompatibility, cost-adequacy, and reusability). 
As a result, many synthetic techniques (such as acid washing, hydrogen- 
reducing pre-treatment, and ultrasonic energy application) have been 
used as alternate approaches to utilization, and the crystalline structure 
of ZVI nanomaterials (NM) has deteriorated. 

3.2. Synthesis techniques for graphene-based nanomaterials 

Gr-based nanomaterials (GNPs) have an improved capacity to absorb 
a wide range of chemicals. Still, they also have a considerable disad-
vantage: complicated separation of the adsorbed analytes from the 
mother solution. Nanomaterials such as magnetic nanoparticles (MNPs) 
are implanted onto reduced graphene oxide (rGO) or GO-sheets to tackle 
this problem. MNPs provides easy separation of adsorbent from mother 
solution. For analytical purposes, these nanocomposites are appropriate 
due to the combination of easy separation and high adsorption capacity 
from Gr. Fe3O4 is an example of such MNPs with large surface area, 
highly reactive, tiny particles, and non-toxic. These properties add to the 
advantages of their use and make them more desirable (Plastiras et al., 
2021). 

Standard methods for synthesising MNPs are hydrothermal synthe-
sis, co-precipitation, thermal decomposition, colloidal and high-energy 
ball milling. Size distribution of MNPs depends on which approach 

Fig. 1. (a) Synthetic process towards the synthesis of Co@N-CNTs@rGO hybrid materials. (b–g) FESEM images of the ZIF-8@GO composite (b–d) and ZIF-67@ZIF- 
8@GO composite (e–g). Reprinted with permission from Ref. (Chen et al., 2018b). 
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was utilized (Amiri et al., 2019; Niculescu et al., 2021). Previously, 
Massart’s improved the co-precipitation method by adding FeCl3 and 
FeCl2 to deionized water and heating it up to 60 ◦C that gave the clear 
yellow solution. Then, drop by drop, aqueous ammonia is added until 
the pH reaches 10. The reaction is then allowed to proceed for about 30 
min while constantly and vigorously stirred. N2 is employed as a pro-
tective gas throughout the experiment. When the reaction is finished, a 
powerful magnet collects the black precipitate washed with deionized 
water and C2H5OH numerous times (Massart, 1981). 

Gr nanomaterials are used to treat wastewater as they possess major 
physiochemical features such as high tensile strength, large surface area, 
remarkable optical and electrical properties easy functionalization. Gr 
NMs can be used as nano sorbents to remove numerous pollutants 
hazardous and toxic mixtures. It remains a difficult task to commer-
cialize their production and utilization. By altering the pore size of 
uniform nanoporous Gr sheets, they can filter and water desalination. 
The fundamental disadvantage is that they lose mechanical stability as 
the pore increases. Using a self-assembly approach, they created 
Capacitive deionization electrodes using N-doped sandwich-type Gr 
composites. This sandwich composite has a large accessible surface area, 
low electronic resistance, significant salt adsorption capability, and 
improved modification and recycling capabilities. It has been demon-
strated that GO nanofilms can be used as water permeability particular 
hindrances (Nasrollahzadeh et al., 2021). As an absorbent for diverse 
materials, super-hydrophobic and super oleophilic porous Gr have been 
created, displaying exceptional selectivity, appropriate recyclability, 
and substantial absorption capabilities of more than 90%. Furthermore, 
a Gr oxide-based microfiltration membrane having an extremely porous 
polyacrylonitrile nanofibrous mat has been developed. GO may act as a 

barrier on a polyacrylonitrile nanofibrous mat with controllable 
thicknesses. 

3.2.1. Synthesis and structure of GO and Gr nanosheets 
The Brodie, Staudenmaier, or Hummers processes, or various ver-

sions of these methods, are used to chemically oxidize and exfoliate pure 
graphite to produce the majority of GO. It was discovered that the 
oxidizing combination (KClO4 + fuming HNO3) could only generate GO 
with graphitizable carbons that included graphitic structural areas. 
Staudenmaier later reported the production of GO while graphite was 
treated with H2SO4, HNO3, and KClO4. Then, Hummers and Offeman 
developed a simple method for preparing GO with H2SO4 and KMnO4 
(Wang et al., 2013b; Samarjeet et al., 2017).  

(1) Brodie method 

Graphite + KClO3̅̅̅̅→
+HNO3

60oc
̅̅→

H2O
̅̅̅̅̅ →
Exfoliation GO    

(2) Staudenmaier method 

Graphite ̅̅̅̅̅̅̅̅̅̅̅→
+H2SO4/HNO3

5oc ̅̅̅̅→
KClO4

̅̅→
H2O

̅̅̅̅̅ →
Exfoliation

GO    

(3) Hummers-Offeman method 

Graphite̅̅̅̅̅̅→+H2SO4
5oc ̅̅̅̅→

KMnO4
<20oc ̅̅→

H2O
90oc ̅̅̅̅̅→

H2O2
̅̅̅̅̅→

Exfolition Go  

Fig. 2. Different types of synthesis methods of 3D GNPs.  
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3.2.2. Fabrication of 3D Gr-based nanomaterials 
3D graphene-based nanoparticles (GNPs) assembly yields promising 

results. Controlling their morphology and characteristics for feasible 
applications is particularly important. In this case, they concentrate on 
producing 3D Gr models in this area. The synergy between architects can 
be subdivided into three classifications (Thiruppathi et al., 2020): (i) 
Chemical vapour with the help of a template (ii) Template-free chemical 
method; (iii) Template-assisted chemical method (Fig. 2). 

3.2.2.1. Template-assisted CVD method. CVD is a well-known method 
for creating CNTs, Gr, and other fullerenes, among other carbon-based 
nanostructures (Manawi et al., 2018). Cheng et al.(Chen et al., 2011b) 
were the first to use CVD to make flexible three-dimensional linked Gr. 
The most crucial operation in this method was to create a first layer 
polymerization and scratching of Gr on a 3D froth-like shape, which 
inspired Gr networks with interconnections 3D foam (Xiao et al., 2012). 

Pore size and patterns can be customised by selecting appropriate 
frameworks (Ni or Cu foam). CVD is a promising method for producing 
3D Gr with extraordinary characteristics. Nonetheless, the primary so-
lidity of these 3D stone monuments should be improved. The van der 
Waals powers are the links between the Gr sheets. 

3.2.2.2. Template-assisted chemical method. Unsupported 3D Gr NMs 
could be arranged with the help of a blueprint strategy for the material. 
This cycle is similar to the strategy mentioned above; however, the 
beginning is different. Materials differ from one another. The function-
alized Gr is typically used as an antecedent in this cycle—GOs, in 
particular, and reduced rGO (Nazarian-Samani et al., 2016). On metal 
foams or polymer beads, the functionalized Gr is placed. The functional 
groups are reduced via a chemical or electrochemical method to make 
3D Gr monoliths; in suitable solutions, the polymers or metal foams are 
dissolved (Yang et al., 2015). Scaffolds made of Ni, Cu foams and 
polystyrene beads have been utilized in the past (Qiu et al., 2018). In 
several circumstances, the future applications of 3D Gr with supports 
could be conventional towards supercapacitors and batteries (Li et al., 
2016a). For 3D Gr models, many technological and synthetic ingredients 
are used. 

3.2.2.3. Template-free chemical method. The template-free chemical 
technique is also known as the chemical self-decorated approach. GO- 

based 3D platforms containing have been identified, with hydrogels 
among them, self-assembled films/aerogels (Chen et al., 2011a; Zhang 
et al., 2012). This cycle can be divided into two sorts dependent on their 
qualities. The connections set up between Gr (regardless of whether 
certifiable correspondences or cross-associating) trained professionals 
empower synergy among Gr films). The majority of these GO-based 
solids are present in the environment. They rely on van der Waals syn-
ergies through the actual connections of GO structural squares. To 
generate macroscopic 3D structures, a specific drying procedure 
(lyophilization) is necessary after the gelation or chemical reduction 
process (Yang et al., 2015; Qiu et al., 2018). Despite this, the strength 
without polymers or other organics, the ensuing design’s strength is 
weak. The linking of Gr sheets with covalent bonds was offered to solve 
these problems. Moreover, other organisations, glutaraldehyde, resor-
cinol, and polyallylamine, were used as linkers (Sudeep et al., 2013). 
These network linkers can be electrochemically active in some situa-
tions; therefore, they are unavoidable in electrolytic applications. 

In this regard, the schematic for synthesising 3D interconnected 
reduced graphene oxide (GO) is shown in Fig. 3(a). Morphological 
changes during the synthesis of 3D-GNMs from graphite, was analyzed 
utilizing scanning electron microscopy (SEM). Fig. 3(b-e) portray SEM 
pictures of graphite, GO, interconnected reduced GO (IC-rGO), and N- 
based IC-rGO (N-IC-rGO). Fig. 3(b) confirms the crystallinity of graphite. 
Fig. 3(c) displayed the morphology of GO towards the end of the initial 
step, which uncovers its folded sheet-like design. These wrinkles in the 
construction are shaped because of the functionalization and peeling of 
graphite. Fig. 3(d) showcases the 3D structure of IC-rGO. The func-
tionalized 2D films were filled in as construction lumps, organized 
through supportive assemblies to shape a 3D design. Fig. 3(e) uncovers 
the surface structure of N-IC-rGO, affirming that the procedure of N- 
doping protects the interconnected 3D morphology (Thiruppathi et al., 
2020). 

3.3. Synthesis techniques of carbon-nanospheres based materials 

3.3.1. Synthesis of porous carbon nanosphere 
A perfect lattice ought to have an enormous explicit surface region to 

give engraving locales, a rich permeable construction to develop mass 
exchange efficiency further, and considerable underlying solidness to 
work with reusing and the porous carbon nanospheres (CNS) within the 

Fig. 3. (a)Schematic for synthesising 3Dinterconnected reduced GO. SEM imageries of (b) graphite, (c) GO, (d) consistent IC-rGO, and (e) N-incorporated IC-rGO (N- 
IC-rGO). Reprinted with permission from Ref. (Thiruppathi et al., 2020). 
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film and utilized it as a transporter (Hou et al., 2019). Here, the 
glucose-determined permeable CNS with plentiful aperture construction 
and an enormous explicit exterior region gave many dynamic destina-
tions were chosen and collected in a 3D permeable CNS gel (PCNS-gel). 
At that point, the PCNS-gel was changed over exterior microscopically 
engraved polymer CNS-gel (SMIP@PCNS-gel) through superficial 
sub-atomic engraving treatment. Contrasted and different adsorbents, 
SMIP@PCNS-gel has an enormous measure of acknowledgement locales 
in the enriched pore design of permeable carbon circles made through 
superficial sub-atomic engraving innovation, with bigger adsorption 
limit, more grounded explicit acknowledgement capacity, and higher 
mass exchange productivity. In the meantime, as a solid adsorbent, 
surface molecularly imprinted polymer (SMIP) is simpler to reuse than 
other powdered adsorbents; furthermore, it tends to be utilized on 
different occasions inferable from its magnificent primary stability, 
which lessens the activity cost. 

The SMIP@PCNS-gel mix has a pre-drawn schematic outline, as 
described in Fig. 4(a). PCNS-gel is ready to use sprightly due to its 
aqueous responsiveness to glucose, borax, and polyvinyl alcohol (PVA) 
fluid arrangement. The combination of borax and sugar diols creates a 
combustible network, causing a “layout impact” and gelation. PVA bind 
the particles together to form a sphere constructing a network platform 
and, as a result, settling the gel structure. To explore the morphology of 
materials, SEM was utilized. The cross-connected organization is a 
reason for the gel-like arrangement of carbon in PCNS-gel, as displayed 
in Fig. 4(b). Fig. 4(c) displays that the CNSs are solidly joined to the 
organization assembly. Fig. 4(d and e) are SEM pictures of PCNS-gel 
afterwards surface atomic engraving. It tends to be understood that 
the organization assembly is kept up with, and the CNS is implanted, 
showing that the gel structure is steady (Zhang et al., 2021a). 

3.3.2. Synthesis of microporous carbon nanosphere (CNS) 
With the evolution of carbon nanotechnology, there has been 

engagement in manipulating these nanomaterials’ high surface-to- 
volume proportions towards water processing. Newly, the adsorption 
effects of CNS in the reduction of arsenate (As(V)) and selenate (Se (VI)). 
Arsenic’s poisonous and carcinogenic effects are sufficiently understood 
(Tchounwou et al., 2003). While arsenate is slightly more poisonous 
than arsenite (As(III)), it is the predominant arsenic in oxygen-rich and 
oxidizing conditions, for example, consuming and surface waters 
(Mohan and Pittman, 2007). While selenium is an essential element, 
extreme levels may guide poisonousness within peoples and nature, 
especially in aquatic circumstances where quick bioaccumulation can 
occur. CNS was designed utilizing a spray pyrolysis process explained 
(Wang et al., 2013a). Unlike most other preparation methods for CNS, 
which needed supports like silica (Titirici et al., 2007) or polymer 
nanospheres (Lee et al., 2013), the solution-dependent, spray pyrolysis 
process may assemble porous CNS instantly without the usage of any 
supports and can be readily scaled. 

Fig. 5(a) schematic for synthesising 4-vinylpyridine (4-VP)/SMIP. 
SEM images of products at different stages. Uniform molecular size of 
approximately 114 nm with smooth surface and great sphericity of 
glutaraldehyde cross-linked magnetic (GMCNs) is shown in Fig. 5(b). 
Fig. 5(c) shows propyl-tri-methoxy-silane (KH570)/GMCNs with a 
somewhat harsh and soft surface, giving excellent connection locales to 
ensuing engraved uniting. Fig. 5(d) shows 4-VP/SMIP engraved poly-
mer. There are numerous projections on the outer layer of 4VP/SMIP 
consistently covered with an engraved polymer layer and molecular size 
extended up to 132 nm. Transmission electron microscopy (TEM) im-
ages of GMCNs and KH570/GMCNs are shown in Fig. 5 (b’&c’). An 
engraved polymer layer having around 10 nm thickness to differentiate 
phenol atoms is shown in Fig. 5(d)’ (Qu et al., 2020). 

Fig. 4. (a) Graphic illustration showing the synthesis of SMIP@PCNS-gel. SEM images of (b, c) PCNS-gel and (d, e) SMIP@PCNS-gel at several intensities. Reprinted 
with permission from Ref. (Zhang et al., 2021a). 
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3.3.3. Synthesis of magnetic hollow carbon nanospheres 
Currently, CNS, as a helpful carbon nanomaterial (CNM), has been 

broadly utilized as surface-assimilative, drug deliverers and hydrogen 
storing composites because of its durable physical and chemical char-
acteristics, enormous exterior area, sizeable permeable network, supe-
rior electrical performance and good biocompatibility. Within 
wastewater processing, CNS adsorbents have been broadly utilized to 
adsorb organic contaminants, HMIs and pigments within aqueous media 
(Cui et al., 2020b). Recently, biological methods broadly used in the 
cooking wastewater process depend upon no contaminants and high 
remedy ability. Though the degradation impact of ammonia-nitrogen 
materials described through quinoline and the comparable is unac-
ceptable, after these ingredients are discharged, they will get life dan-
gers to society and induce severe deterioration to the biological 
atmosphere (Zhao et al., 2018; Xiang et al., 2019). 

Therefore, the microwave-helped solvothermal technique was ready 
magnetic hollow CNSs (MHCNSs). Field-emission scanning electron 
microscopy (FESEM) and TEM described the construction and 
morphology of MHCNSs. It very well may be unmistakably seen that the 
pre-arranged MHCNSs have great sphericity and homogenous molecule 
size (40 nm). MHCNSs show an empty round assembly, including a 
typical shell width of around 10 nm. The massive depression inside the 
MHCNSs would give an enormous extra room to quinoline. Additionally, 
the carbon shell of MHCNSs dabbing with Fe3O4 nanoparticles proposes 
the attractive properties of MHCNSs. The high-resolution transmission 
electron microscopy (HRTEM) picture shows transparent cross-section 
edges of Fe3O4. The grid dispersing (0.253 nm) fits in the (311) cross- 
section plane of Fe3O4 (Cui et al., 2020a). 

Afterwards, blending MCNSs and potassium hydroxide (KOH) on a 
mass proportion of 1:1, the combination was ignited within a cylinder 
heater at 750 ◦C around 1 h within N2 environment (10 ◦C min− 1), then, 
at that point, air-conditioned to ambient condition and divergently 
splashed through deionized (DI) water till the pH of item was impartial. 
The item was called MCNSs-K. MCNSs-K was blended through 50 mL of 
8 mol L− 1 corrosive nitric arrangements. Subsequently, ultrasonication 
around 20 min, the combined solution was blended at 80 ◦C for 20 min. 
Then, at that point, the item was gathered centrifugation afterwards and 
splashed with DI water for quite some time till the pH of the item was 
impartial, called MCNSs-KH. 

3.4. Synthesis techniques of carbon-based quantum dots 

At present, quantum dots (QDs) have been identified as a finding in 

nanotechnology towards semiconductor inorganic crystals that include 
varying numbers of electrons, which inhabit well-known and different 
quantum states. Carbon-based QDs (CQDs) are typically represented as a 
captivating type of carbon nanoparticle consisting primarily of carbons 
with dimensions about 10 nm (Rani et al., 2020). CQDs have significant 
possibilities for wastewater remedy owing to high strength, suitable 
biocompatibility, low poisonous (Lim et al., 2018), high water solubility, 
low incorporation expense, and incredible photo-stability (Das et al., 
2018). Thus, CQDs exhibit sensible photo-luminescent signs, high fluo-
rescent performance, chemical inactivity, and stiffness due to their 
quantum incarceration impact and optical strength effects (Shi et al., 
2019). 

Biomass, for example, wheat stubble and plant shrubberies, has been 
broadly exploited as a carbon source towards synthesising (CQDs) in 
recent years (Nguyen et al., 2021b). Furthermore, hydrothermal treat-
ments (HTs) of orange juice and Jinhua bergamot, used as carbon 
sources, resulted in water-soluble fluorescent CQDs. A similar technique 
has been used to synthesise water-soluble CQDs on a broad scale from 
various food garbage resources. Here, the tofu yellow sera fluid used as a 
carbon substrate to make CQDs by carbonising the organic content in the 
yellow sera fluid using the hydrothermal method. The hydrothermal 
method has been described as a low-cost and straightforward strategy 
that may be used for large-scale and one-step amalgamation of 
water-soluble fluorescent CQDs. It is undesirable to manufacture fluo-
rescent CQDs that may emit blue, green, and red radioactivity towards 
optical applications of CQDs, particularly as light display substances. 
TEM and X-ray photoelectron spectroscopy (XPS) are utilized to char-
acterise the fabricated CQDs. The optical characteristics of CQDs are 
measured using a photoluminescence experiment (Zhang et al., 2017). 

Fluorescent-based quantum specks are of two sorts, in particular Gr 
quantum dots (GQDs) and carbon QDs (Fig. 6(a)). The preparation of 
CQDs can be separated into two types: “top-down” and “bottom-up” 
techniques Fig. 6(b). Physical, chemical, or electrochemical approaches 
can implement these methods. The CQD produced could be tweaked 
throughout the manufacturing process (Namdari et al., 2017). They 
make up another class of semiconductor nano-precious stones with a size 
range somewhere in the range of 2 and 10 nm named QDs and have 
gotten broad and huge consideration because of their extraordinary 
latent comparable profoundly tunable photoluminescence (PL). As of 
late, these kinds of quantum spots arose as proficient, unrivalled and 
widespread fluorophores. As per their attributes, CQDs have been joined 
with semiconductor nanoparticles (NPs), for example, Ag3PO4, TiO2, 
and Fe2O3, to work on their photocatalytic Characteristic. Polymeric 

Fig. 5. (a) Schematic for synthesis of 4-VP/SMIP. SEM images of products at diverse phases ((b): GMCNs; (c): KH570/GMCNs; (d): 4-VP/SMIP) and their TEM 
images ((b’): GMCNs; (c’): KH570/GMCNs; (d’): 4-VP/SMIP).Reprinted with permission from Ref. (Qu et al., 2020). 

K. Sheoran et al.                                                                                                                                                                                                                                



Chemosphere 299 (2022) 134364

9

units are cross-connected or collected, ready from straight monomer or 
polymer. This sort of dabs is a carbon centre and associated polymer 
backbones. 

3.4.1. Chemical ablation 
This alteration allows superior surface properties, essential for sol-

ubility and particular applications. Oxidizing solid acids carbonise small 
organic particles to carbonaceous ingredients that can then be sliced into 
small sheets through controlled oxidation in this process of CQD syn-
thesis(Wang and Hu, 2014; Chen et al., 2018a). One of the primary flaws 
in this method is the harsh conditions. The PL of these CQDs required 
surface passivation. By varying the time of the nitric acid treatment and 

the starting material, the emission wavelength of CQDs may be modi-
fied. They can be used in bioscience research because of their multi-
colour emission capability and harmless nature. These features suggest 
that they could be used as proton devices within the procedure of 
monitoring cellular metabolism via proton release (Hong et al., 2019). 
When hatched by the HeLa cell line, the CQDs permeate the cell mem-
brane and have minimal cytotoxicity and good biocompatibility, 
essential for HeLa cell imaging. 

3.4.2. Electrochemical carbonization 
An electrochemical carbonization is a robust approach for making 

CQDs from various substance carbon sources. Two Pt sheets were used as 

Fig. 6. (a) Three types of CDs: polymer dots (PDs), carbon nanodots (CNDs) and GQDs. (b) Synthesis route for CQDs: Top-down and bottom-up approaches. 
Reprinted with permission from Ref. (Namdari et al., 2017). 
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the auxiliary and working electrodes and a reference calomel electrode 
set upon a fully flexible Luggin tube. Afterwards, electrochemical 
carbonization within an immediate environment, the alcohols were 
converted to CQDs. With increased applied potential, these CQDs’ 
graphitization degrees and sizes grow. The amorphous core CQDs that 
result have suitable excitation and size-dependent PL properties without 
the need for time-consuming purifying and passivation methods. It is 
worth noting that these CQDs’ quantum yields (QYs) can reach 15.9%. 
CQDs can be made from various tiny molecular alcohols, and they have 
low toxicity to human cancer cells (Namdari et al., 2017). 

3.5. Synthesis techniques of graphitic carbon nitride (gC3N4)-based 
nanomaterials 

Graphitic carbon nitride (gC3N4) has slowly diverted to a flashpoint; 
meanwhile, its finding as a type of n-type metal-less polymeric semi-
conductor towards photocatalytic H2 generation during 2009 (Wang 
et al., 2009). Most prior investigations discovered that gC3N4 was 
designed through thermal polymerization of urea, cyanamide, dicyan-
diamide, melamine or thiourea comprised melem component (Dong 
et al., 2018). Additionally, it states that the steady tri-s-triazine part was 
the primary initial step of gC3N4. Through distinction by conventional 
semiconductors (e.g., TiO2 and ZnO), gC3N4 holds a two-dimensional 
(2D) lamellar network with π conjugate design and a reasonable en-
ergy gap (~2.7 eV), that direct to remarkable optoelectronic effects, 
better chemical strength and well visible light preoccupation (Zhang 
et al., 2019). 

For effective photodegradation of contaminants, many semi-
conductor catalysts are used with gC3N4. For the preparation of gC3N4- 
based nanocomposites, several techniques have been established. 

3.5.1. Solution mixing method 
The most straightforward way to prepare gC3N4-based nano-

materials entangled blending or sonication of gC3N4 powders composed 
through various nitrogen-enriched prototypes and the preferred metal 
or blend metal oxides within an organic solvent media or water. This 
approach states that compound construction among the two parts would 
be initiated through circulating metal oxide upon the gC3N4 surface 
during the exciting and mixing phase. The nanomaterial would be ac-
quired once the solvent disappeared. Konstas et al. (2018) made-up 
gC3N4/SrTiO3 heterojunctions through the sonication mixing 
approach. Yuan et al. (2016) assembled gC3N4/ZnO nanofilms photo-
catalysts with distinct gC3N4 loadings through a facile 
precipitation-calcination. 

Mixing gC3N4 with the required metal oxide in an organic solvent 
solution is the simplest way to make gC3N4-based nanocomposites. The 
organic solvent is evaporated in this procedure, but the metal oxides 
remain on the surface of gC3N4. This procedure produces ZnO/gC3N4, 
which is made by forcefully mixing them in methanol (Siwal et al., 
2018). 

3.5.2. Hydrothermal process 
Hydrothermal synthesis has been utilized as essential and encour-

aging expertise towards synthesising nanomaterials. As per this 
approach, crystallinity, crystal dimensions, and surface are enhanced 
beneath mild temperatures. Additionally, this synthesis approach uti-
lized simple tools and an environmentally friendly approach. For 
example, Tian et al. (2013) arranged Bi2WO6/gC3N4 complex through, a 
hydrothermal technique to convert methyl orange. Chou et al. (2016) 
manufactured BiOxIy/gC3N4 nanomaterial utilizing a steady hydro-
thermal process to degrade crystal violet beneath visible light radiation. 

The hydrolysis technique, in which the metal oxide precursor is 
hydrolysed to produce gC3N4 nano-composites, is another classic 
method. Subsequently, a precipitate is followed, which is then calcined 
to generate gC3N4 nanocomposites (Zhou et al., 2021). 

3.5.3. Sol-gel synthesis 
The sol-gel amalgamation technology produces a highly pure and 

homogeneous final product at an economical and simple synthetic 
procedure. Though this technique is challenging to regulate, the upstairs 
benefits make it a good choice for making gC3N4 nanocomposites. A 
colloid is first created by hydrolysis and polycondensation of precursors 
like metal alkoxides and salts (Ismael, 2020). 

The colloidal particles’ entireties construct a gel grid that experi-
ences hydrolysis and condensation response along with the period. It has 
been guided towards the construction of metal hydroxide or oxide bonds 
(Mahoney and Koodali, 2014), which helped to set unique connections 
of oxygen bridges via hydrolysis-polycondensation responses upon the 
gC3N4 surfaces. Ultimately, the nanomaterials will be received after 
crystallization via the annealing stage. 

3.5.3.1. Function of g-C3N4 in photocatalytic reduction. The photo-
catalytic reaction removes colours from water and wastewater using 
gC3N4. The reaction rate increases due to heterogeneous photo-catalysis 
since it is thermodynamically possible, i.e., ΔG is a negative number that 
lowers the initiation energy. Because the catalyst is made of semi-
conductor materials, the photocatalytic reaction inclines to be which-
ever oxidation or reduction. When the substance in question is made of 
semiconductor ingredients, which produce electrons when uncovered 
towards light (e− ) and holes (h+) The OH* radical, and other active 
types like h+ and O2*-, is the primary oxidant in the photodegradation 
of carbon-based contaminants. The manufacture of holes (h+) in the 
valence band is caused with the transport of electrons from the valence 
band to the conduction band. The photochemical reaction is depicted as 
a model in Fig. 7. 

The photo created electron recombines with the hole without 
electron-hole scavengers, resulting in a drop in photocatalytic compe-
tence. Scavengers for pieces improve the effectiveness of the photo-
catalytic activity while also preventing charge carrier recombination. 
The catalyst’s photonic excitation led to oxidation and reduction pro-
cesses detailed below. Photoexcitation occurs initially, resulting in 
electrons and holes in semiconductors. 

The chemical processes are depicted in Fig. 7(a and b) demonstrated 
the diffraction example of gC3N4 and exhibited two diffraction signals 
at 27.4◦ and 13.0◦. The XRD signal at 27.4◦, otherwise called (002) 
pinnacles, demonstrates the interlayer stacking of the fragrant frame-
work, and the 13◦ peak, likewise meant as (100) zeniths, shows the 
interplanar partition in Fig. 7(c). The sort of forerunners and response 
boundaries are very identified with gC3N4 is cost-effective as it is pro-
duced using a few low-evaluated nitrogen-rich antecedents (as displayed 
in Fig. 7(c)) (Ahmaruzzaman and Mishra, 2021). For example, cyana-
mide, dicyandiamide melamine, thiourea and urea, the antecedents are 
changed over into gC3N4 by the course of warm build-up. For what it’s 
worth of minimal expense and has a tunable bandgap, analysts centre 
around the debasement of natural engineered colours utilizing doped 
carbon nitride as the impetus. The doping of these impetuses’ illustra-
tion advanced productivity, and the amalgamation cycle is very 
straightforward, practical, and simple to perform. 

4. Applications of carbon-based nanomaterials for wastewater 
treatment 

4.1. Applications of CNT-based nanomaterials for waste water treatment 

Due to its unique qualities like huge specific area, high absorbency, 
hollow assembly, lightweight, coated construction, and intense interface 
with contaminants, CNTs have been broadly exploited within the area of 
wastewater remedy as adsorbents, sensors, membranes, and composites. 
CNTs have been used to eliminate various hazardous contaminants from 
wastewater due to their unique properties. Furthermore, CNTs can be 
combined with other CBNMs to improve their efficacy in eliminating 
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various contaminants from wastewater. While CNTs have been 
commonly utilized for wastewater treatment, the prevalence of con-
taminants such as carbonaceous species and residues used during 
manufacture, these CBNMs do not work well. The presence of such 
pollutants causes a change in their surface morphology by restricting the 
critical areas for this nanomaterial’s contact with contaminants. How-
ever, several studies have indicated that change may be avoided by 
cross-linking CNTs in the vicinity of alkaline solutions, which creates a 
new functionality group upon the exterior of CNTs, which could help 
eliminate contaminants. In determining the adsorption ability of this 
CBNM, the existence of novel efficient groups on the surface of CNTs and 
the type of the adsorbent is of specific attention. Owing to their excellent 
adsorption ability and good renewal and retrieval characteristics, this 
CBNM has been established chosen an ideal adsorbent for removing 
contaminants from wastewater, resulting in a clean environment 
(Madima et al., 2020). 

Furthermore, by enhancing the surface characteristics of these 
CBNMs, the chemical responsiveness and properties may be improved. 
These nanoparticles can be used independently or with other composites 
like membranes or other structured solutions. New studies show a surge 
in the use of CBNMs in wastewater treatment research, with many 
promising results. The impact on the environment is the driving force in 
arrears the fast growth of various industrial areas (Cherubini, 2010; 
Siwal et al., 2020; Yang et al., 2020b). Like mining, battery makers, 
galvanization, and metal polishing, many businesses produce waste-
water containing heavy metal ions, which are then discharged directly 
or indirectly into nearby water supplies. As a result, a critical step should 
be taken to protect the environment from additional pollution while also 
lowering industrial costs through reprocessing disinfected water pro-
cessing (Thines et al., 2017). 

Furthermore, polluted groundwater and outward water should be 
treated seriously because it is essential for maintaining a hygienic and 
vigorous environment. The following segment will examine how 
different CNT nanomaterials are used in various water treatment 
processes. 

4.1.1. Adsorption in water treatment 
CNTs have been tested for their adsorption characteristics against 

various hazardous compounds found in water and wastewater, including 
Pb, Cd, and 1,2-dichlorobenzene. Hadavifar et al. (2014), for example, 
observed that amino- and thiol-functionalized MWCNTs adsorb Hg(II) 
from wastewater. Subsequent processes with ethylenediamine, cyanuric 
chloride, and sodium 2-mercaptoethanol invented the aforementioned 
structural features onto the CNT sidewalls. Langmuir and 

pseudo-second-order theories, correspondingly, were used to match the 
adsorption behaviour and kinetic data. MWCNTs with thiol functional-
ization eliminated Hg(II) from wastewater more quickly than MWCNTs 
with amino functionalization. The elimination of Cr(VI) from waste-
water by magnetic MWCNTs was explored. The magnetic MWCNTs’ Cr 
(VI) adsorption capability increased by increasing the baseline adsor-
bate concentration and the contact period. Conversely, as the adsorbent 
dosage was increased, the adsorption efficiency dropped. The 
pseudo-second-order framework quickly described the kinetic nature of 
the adsorption process (Sarkar et al., 2018). 

Desorption is one of the most potent water processing methods for 
eliminating organic and inorganic contaminants from wastewater. The 
term “adsorption process” refers to the process of a substance being 
absorbed by another substance (Crini et al., 2019). Adsorption could be 
classified into two types: physisorption and chemisorption. The van der 
Waals force attracts the molecules adsorbate and adsorbent together in 
physisorption, whereas chemisorption happens when the molecules are 
linked to the surface of the adsorbent by a strong chemical bond (Mete 
et al., 2017). As a result of its large specific surface area and efficient 
active sites, AC, CNT steeped upon AC, and nanomaterial shown to be 
crucial adsorbents. The following segment will discuss the imple-
mentation of several types of CBNM as adsorbents for the adsorption of 
pollutants such as organic and inorganic contaminants from water 
sources. 

4.1.2. Nanomaterials made of CNTs and their use in water treatment 
Numerous researchers have extensively adapted CNTs, first discov-

ered in 1991 by Iijima to examine their water treatment capabilities 
(Iijima, 1991). CNTs are cylinder-moulded macromolecules with a 
radius of a few nanometres and a length of up to 20 cm. 

MWCNTs are made up of hundreds of concentric tubes, whilst 
SWCNTs comprise a single coating of carbon particles. MWCNTs have a 
diameter of up to 100 nm, whereas SWCNTs have a diameter of 0.4–3 
nm. Compared to MWCNTs, SWCNTs have the advantage of being 
wrapped up into various types of Gr sheets to make a variety of CNTs. 
CNTs have long been regarded as one of the most promising nano-
structured ingredients, and the prospect of mass production has piqued 
the interest of all researchers. 

Four possible sites in CNT aggregate for the adsorption of the 
different pollutants:  

⁃ Inner spots, which seem to be hollow inside the nanotubes,  
⁃ The intermediate channels (ICs) between some of the different 

nanotubes in the aggregated are called interstitial channels. 

Fig. 7. XRD patterns of gC3N4 and its construction (a, b). (c) Formation of g-C3N4 by thermal condensation of different precursors as mentioned in figure. Reprinted 
with permission from Ref. (Ahmaruzzaman and Mishra, 2021). 
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⁃ Grooves on the upper shell of the outermost nanotubes and the 
perimeter of a nanotube aggregation  

⁃ On the outside of the nanotube aggregates, there is a curved surface 
of separate nanotubes. 

For more information about the CNT-based materials, preparation 
methods used for the wastewater treatment their efficiency are shown in 
Table 1. 

4.2. Applications of graphene-based nanoparticles (GNPs) for wastewater 
treatment 

Gr is still an ideal filler as compared to carbon nanotubes. Gr pro-
vides an excellent foundation for oxygen-containing organic com-
pounds, including hydroxyl, carboxyl, and epoxy groups, resulting in GO 
or rGO. Gr offers a better nano sorbent design than traditional com-
mercial adsorbents due to its considerably higher specific surface area, 
great sorption sites, short intra-particle diffusion path-length, minimal 
heat alteration, enhanced revival ability, and reusability features (Car-
malin Sophia et al., 2016). 

In summary, GNPs are used to biodegrade toxic chemicals from 
water in two different ways. The methods are mainly based on the 
adsorptive efficiency of GNPs fall under the first category. GNPs can 

adsorb various organic compounds due to their vast surface area and 
different organic compounds on their surface. The second category is 
based on the actual photocatalytic destruction of organic pollutants. 

When GNPs are used in photocatalytic systems, they become more 
efficient. Gr and its associated assemblies have swiftly established 
themselves as a unique material for wastewater treatment applications 
(Dasari Shareena et al., 2018; Ali et al., 2019). GNPs are used as sorbents 
for the purification procedure within wastewater because of their 
exclusive properties (e.g., a large sum of functional clusters, large 
explicit surface area, and efficient movement of charge transporters) 
(Jayakaran et al., 2019). The following sub-sections, which describe the 
adsorption of inorganic and organic (colorants and other) pollutants, are 
the most recent versions of assessments accessible. 

4.2.1. Adsorption of HMIs 
The contamination of water forms by HMIs, like Cu, As Fe, Mn, Ni, 

and Hg expanded step by step during the last many years attributable to 
abandoned releases of wastes from many manufacturing plants (such as 
mining, painting, metal electroplating, tanneries, auto producing, pur-
ifying, petrol sanitizing printing, and so on) what is more, pullovers 
coming from farming and woodland lands (Micó et al., 2006; Yadav 
et al., 2019). Thinking about their determination in the climate that 
these particles watch out for together in living animals, subsequently 

Table 1 
Shows the CNT-based materials used for the wastewater treatment.  

CNT-based materials Contaminant 
removed 

Initial 
concentration 

Performance Removal rate 
(%) 

Surface 
area (m2/ 
g) 

Preparation method Ref. 

CNT supported by 
activated carbon 

Cr(VI) 0.5 mg/L Shows adsorption capacity of 9.0 mg/ 
g 

72 755 Wet-impregnation 
method 

Atieh (2011) 

Laccase/PVDF/ 
MWCNT 

Diclofenac 
Carbamazepine 

5 ppm 4.47 U/cm2 was the observed activity 95 
27 

– Phase-inversion 
method 

Masjoudi et al. 
(2021) 

Co@CoO/NC Tetracycline 
Rhodamine 

10 mg/L 
20 mg/L 

Exhibited adsorption capacities of 
679.56 and 385.60 mg/g for 
rhodamine and tetracycline 
respectively 

98 
99 

277.6 One-step annealing 
method 

Yang et al. 
(2021) 

MWCNT Ismate violet 2 R 
dye 

10–80 mg/L Adsorption capacity was 76.92 mg/g 88 181.99 Chemical vapour 
deposition 

Abualnaja et al. 
(2021) 

β-CD@Fe3O4/MWCNT Ni(II) – Shows excellent superparamagnetic 
properties and exhibits absorption 
capacity of 103 mg/g 

– 83 – Lin et al. 
(2021) 

6O-MWCNTs@Fe3O4 Pb(II) 50 mg/L Shows the adsorption capacity of 
215.5 mg/g 

– – – Wang et al. 
(2021) 

MWCNTs5–15nm Pb(II) 
Ni(II) 

10 mg/L Showed significant adsorption 
capacity of 215.38 ± 0.03 mg/g for 
Pb(II) and 230.78 ± 0.01 mg/g for Ni 
(II) 

95 
96 

1306 ± 5 Taguchi method Egbosiuba et al. 
(2021) 

MWCNTs- 
KOH@NiNPs 

Pb(II) 
As(V) 
Cd(II) 

20 mg/L 
60 mg/L 
100 mg/L 

Shows adsorption capacities of 481, 
440 and 415 for Pb, As and Cd 
respectively 

91.2 ± 8.7 
88.5 ± 6.5 
80.6 ± 5.8 

– Calcination process Egbosiuba et al. 
(2022) 

TETA-MWCNTs/PVC Bisphenol A – Exhibited water flux of 107.9 L/m2 h 
for 0.25 wt% 

97.66 – Phase separation 
and immersion 
precipitation 

Vatanpour and 
Haghighat 
(2019) 

Purified CNTs As Pb 
Cr 
Cd 
Ni 
Cu 
Fe 
Zn 

58.03 
4.94 
72.34 
3.02 
106.1 
97.57 
127.5 
167.6 

Nano-adsorbent for heavy metals 
removal from industrial 
electroplating wastewater. 

99.99 
99.44 
99.80 
99.34 
92.24 
82.91 
87.05 
21.80 

100.16 Chemical vapour 
deposition 

Bankole et al. 
(2019) 

Polyhydroxyl butyrate 
functionalized CNTs 

As Pb 
Cr 
Cd 
Ni 
Cu 
Fe 
Zn 

58.03 
4.94 
72.34 
3.02 
106.1 
97.57 
127.5 
167.6 

Biodegradable and biocompatible 
polymer 

99.95 
98.85 
98.19 
99.34 
77.95 
83.08 
15.92 
18.34 

111.40 Chemical vapour 
deposition 

Bankole et al. 
(2019) 

PVDF: Polyvinylidene fluoride; Co@CoO/NC: surface oxidized nano-cobalt wrapped by nitrogen-doped CNTs; β-CD@Fe3O4/MWCNT: β-cyclodextrin onto the surface 
of magnetic MWCNTs; 6O-MWCNTs@Fe3O4: multiwall magnetic carbon nanotubes; MWCNTs-KOH@NiNPs: Nickel nanoparticle supported on MWCNTs. 
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causing a few possible sick consequences for people and creatures when 
the acknowledgement levels are surpassed. 

According to an interaction detail, Gr was created by ionic fluid that 
helped the electrochemical cycle. For this situation, the sorption of Co 
(II) and Fe (II) was then, at that point, inspected using a clump pro-
cedure. For example, the current adsorbent displayed better sorption 
limits of 370 and 299.3 mg g− 1 used for Co (II) and Fe (II), individually 
attempting the sorption capacity of GO to kill Cu (II) in water arrange-
ments. In light of the Langmuir model coefficients, GO exhibited a better 
sorption capacity of 117.5 mg g− 1 for Cu (II). The sorption of Cu (II) on 
GO was primarily accredited to exterior particle trade, electrostatic in-
terest and complexation according to the following conditions (eq. (1)- 
(4): 

GO − COOH + Cu2+ →GO − COO− − Cu2+ + H+ (1)  

(GO − COOH)2 +Cu2+ → (GO − COO− )2 − Cu2+ + 2H+ (2)  

GO − OH + Cu2+ →GO − O− − Cu2+ + 2H+ (3)  

(GO − OH)2 +Cu2+ → (GO − O− )2 − Cu2+ + 2H+ (4) 

The proposed sorption mechanism was based on lower harmony pH 
than the basic pH, primarily due to protons released by GO –OH and 
–COOH gathers (Kaya et al., 2011; Pepper et al., 2018). The sorption and 
motor investigations displayed monolayer sorption of metal particles 
considered. In addition, the GO aerogel was profoundly light through 
numerous oxygen holding contained gatherings, also, thus, an excellent 
adsorbent (Mi et al., 2018; Wang et al., 2019). Table 2 shows the 
graphene-based materials used for the contaminant’s removal along 
with preparations methods and efficiency. 

4.3. Application of carbon-nanospheres based nanomaterials for waste 
water treatment 

Carbon nanospheres (CNSs) are nanostructured substances whose 
surface structure has drawn curiousness recently because of their 
configuration; they give physical, textural, and biological effects 
appropriate towards diverse environmental and technical utilization. At 
present, nanotechnology has achieved significant prominence globally, 
and some period back, speaking about nanometric substances was a 
topic of science fantasy. Nonetheless, gratitude to the technical progress 
of society, today, this is feasible to talk of specific drug nanocarriers, 
microchips with specialized applications of stake, nano biosensors to 
identify the existence of pathogens, nanofiltration approaches towards 
water sanctification(Yang et al., 2020a; Vargas-Delgadillo et al., 2021). 

Currently, the in-depth cure of coking wastewater primarily com-
prises chemical oxidation, curdling, removal, and adsorption. Adsorp-
tion is broadly utilized in the developed remedy of coking wastewater 
because of its easy process and better efficacy. AC has been broadly 
utilized in water processing due to its helpful adsorption interpretation, 
but its costly and complicated detachment restrict its implementation 
(Song et al., 2011; Li et al., 2016b; Zheng et al., 2019). Few investigators 
decide adsorbents, like CNTs, AC fibres, and biochar, with a high cost, 
hard desorption and revival, and inadequate adsorption activity. 
Ramesh et al. (Rameshraja et al., 2012) investigated the adsorption 
nature of quinoline upon fine AC and bagasse fly ash. It has been seen 
that the soaked adsorption ability of granular AC for quinoline was 
around 160.03 mg/g, more significant compared to bagasse fly ash. 
Nevertheless, the granular AC adsorbent had complicated desorption 
and inadequate revival problems. Therefore, this is essential to create an 
adsorbent, including low cost, better adsorption ability and short 
detachment and retrieval (Siwal et al., 2022). 

Cui and his co-worker (Cui et al., 2020b) synthesized the magnetic 
CNSs (MCNSs) for quinoline by coking wastewater. The superior 

Table 2 
Shows the graphene-based materials used for the contaminant’s removal and preparations methods and efficiency.  

Graphene based 
materials 

Contaminant 
removed 

Initial 
concentration 

Performance Removal 
rate (%) 

Surface 
area (m2/ 
g) 

Preparation method Ref. 

PVP/Fe3O4/GO Pb 0.093 mg/L Exhibits adsorption capacity of 
793.65 mg/g 

99.57 – – Yang et al. 
(2019) 

TiO2@rGO Methylene blue 
Rhodamine 

10 mg/L Shows photodegradation of 99.6% 
for methylene blue and 99.9% for 
rhodamine 

98.1 
99.8 

– Hydrothermal and 
calcination methods 

Kocijan et al. 
(2021) 

rGO-Ni nanocomposite Rhodamine 50 mg/L Exhibits 90% of rhodamine 
adsorption 

– 18 Hummer’s method Jinendra 
et al. (2021) 

Fe3O4/RGO Cr(VI) – Shows adsorption rate of 98.13% for 
Cr(VI) 

99.9 326 One-step solvent- 
thermal reduction 
route 

Zhang et al. 
(2021b) 

MnO2 nanotubes/ 
rGOhydrogels 

Pb (I) 5 mg/L Exhibits adsorption capacity of 
356.37 mg/g 

– 156 Hydrothermal method Zeng et al. 
(2019) 

Fe3O4/PMA-g-PVA Ag(I) 0.2–1.4 mmol/ 
L 

Have higher adsorption capacity of 
0.8634 mmol/g 

92.15 71.33 – Liu et al. 
(2020b) 

Magnetic nanoparticles 
with surfactants M- 
450 A 

Zn(II) 100 mg/L Exhibits adsorption capacity of 
42.919 mg/g 

– – – El-Dib et al. 
(2020) 

W18O49/graphene 
material 

Cr(III) 
Cd(II) 
Pb(II) 
Ni (II) 
Co (II) 
Cu (II) 
Fe (III) 

10 mg/L Have specific capacitance of 564 F/g 96 
92 
92 
93 
94 
98 
95 

218 – Mao et al. 
(2021) 

PDI/rGO Ciprofloxacin 10 mg/L 10.92 was the observed 
photothermal conversion of the 
composite 

94.31 – Hummer’s method Dong et al. 
(2021) 

NiZrAl-LDH -GO NC Nalidixic acid 15 mg/L Adsorption capacity was reached to 
277.79 mg/g 

92 128.30 Hydrothermal method Radmehr 
et al. (2021) 

PVP: Polyvinylpyrrolidone; PMA-g-PVA: Poly(maleic anhydride)-graft-poly(vinyl alcohol); PDI: perylenetetracarboxylic diimide; NiZrAl-LDH -GO NC: NiZrAl-layered 
double hydroxide-graphene oxide-chitosan. 
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adsorption activity of MCNSs-KH results from the synergistic impact of 
permeable adsorption and acid-base relations (Fig. 8(a)). The hysteresis 
circles are shown within Fig. 8(b). As stated by the insert of Fig. 8(b), the 
leftovers magnetization (Mr) of MCNSs, MCNSs-K and modified MCNSs 
(MCNSs-KH) is around 4.47, 1.85 and 0.65 emu g− 1, correspondingly. 
The magnetic reaction of MCNSs-KH may be established using a magnet, 
as demonstrated in the picture of a magnetic split in an aqueous media 
(Fig. 8(c)). 

4.4. Carbon-based quantum dots nanomaterials for waste water 
treatment 

Li et al. (Liu et al., 2020a) described the construction of TiO2/CQDs 
or SiO2/CQDs semiconductor NMs with a robust and steady visible-light 
reaction towards the breakdown of an organic colorant, MB, by a 
one-step alkali-assisted electrochemical procedure. After 25 min of 
radioactivity with a halogen light (300 W), the highest photo-
degradation capabilities of SiO2/CQDs (TiO2/CQDs) NMs for aqueous 
methylene blue (MB), contaminants were seen to be 100%. In contrast, 
managing investigations with pristine CQDs and/or in the absence of the 
metal oxide segment (SiO2 or TiO2) showed a tiniest MB (0%) photo-
degradation. A one-step hydrothermal technique was used to create 
CQDs/ZnO nanocomposites (20–30 nm) (Yu et al., 2012). This was then 
used to photodegrade hazardous methanol and benzene in the air under 
visible-light conditions at ambient temperature (>80% degradation ef-
ficiency after 24 h). The photodegradation of a range of organic pol-
lutants has been demonstrated with significant proficiency using nano 
complex-dependent photocatalysts (e.g., WO3/CQDs, NeZnO/CQDs, 
CQDs/BiOI). CQDs’ planning and photochemical prowess embellished 
nanocomposites of Bi2WO6 towards the photocatalytic separation of 

gases volatile organic compound (VOCs) mostly below UV–vis light 
irradiation; this would expand the absorption visible-light and enhance 
the photo-generated charge rearrangements, showing improved 
photo-oxidation activities and reliabilities for toluene and acetone. 
Likewise, Martins covered the N-CQDs/TiO2 NMs exhibition towards NO 
poison’s photograph oxidation below mutually UV and visible light 
illumination (Martins et al., 2016), where the NO transformation 
expanded from ~10 to ~27% and from 58.4 to 79.6% below mutually, 
UV–vis light, separately. 

One of the possibilities for improving CQDs-dependent photo-
catalysts is the usage of metal sulphides (for example, Cds), including 
their unrivalled characteristic, mainly restricted bandgap, great vehicle, 
and better synthetic/warm dependability. Herein specific situation, 
CQDs/CdS photocatalysts were ready by Zhang and associates utilizing a 
HT method and their application for the photograph. Where CQDs are 
found might successfully capture electrons and reduce recombination 
(openings or electrons) of photoexcited transporters; a 50% reduction in 
rhodamine B (RhB) degradation generated CdS was used to obtain 
proficiency, while 1% CQDs/CdS have the potential to increase 
debasement productivity by 90%. The Alizarin red S (ARS) colour 
photodegradation was improved. With CQDs/ZnS photos/nanocatalysts 
under identical visible-light irradiation conditions displayed superior 
photocatalytic performance towards ARS reduction (89% afterwards 
250 min), 1.4 folds improved than pure ZnS (63%) (Kaur et al., 2016). 

Polymer dots (PDs) containing a CD core have been created using 
polymers such as polyvinyl alcohol (Zhu et al., 2015). The ability of 
nanohybrids to decrease MO colour degradation was tested ion in wet 
settings CDs/PDs working together to create energy TiO2 could effi-
ciently work on the elimination of hazardous MO, and the nano/-
photocatalytic proportion of PDs/TiO2 is 9.5 and 3.6 folds, respectively. 

Fig. 8. (a) Adsorption tool of quinoline upon altered adsorbents. (b) Magnetic hysteresis circles of MCNSs and MCNSs-KH adsorbents on 298 K and the insert chart 
exhibits the exaggerated picture of the inferior field region; (c) Magnetic detachment activity of MCNSs-KH within aqueous media beneath an exterior magnetic 
domain. Reprinted with permission from Ref. (Cui et al., 2020b). 
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P25 and TiO2 are more readily available than unadulterated P25 and 
TiO2. 

The engineered interaction of GQDs brightened TNSs was schemat-
ically portrayed in Fig. 9(a). The host layers of loss portfolio transfer 
(LPT) comprised edge-shared TiO6 octahedrons, which would be 
delaminated from layered antecedent into titania nanosheets (TNSs) 
after a corrosive base response with ethylamine. The high soundness of 
TNSs in the non-partisan or soluble condition was attributed to the 
negative charges on the surface acquired from the host deposits in LPT. 
Moreover, the oxygen-functionalized GQDs were likewise adversely 
charged, consistently scattered in the TNSs suspension. After changing 
the pH worth of the combination to ~3, GQDs were typified into the 
flocculated adaptable TNSs, at long last framing the GQDs designed 
TNSs heterojunction photocatalyst, specifically GQDs/TNSs. 

The photodecomposition of RhB assessed the photocatalytic execu-
tion of rs-TNSs, GQDs and GQDs/TNSs amalgams under noticeable light 
illumination (>420 nm). As displayed in Fig. 9(b), the trademark 
assimilation bend of RhB fluid arrangement at 554 nm diminished as 
expanding the spare time with the GQDs/TNSs as impetus. 

Fig. 9(c) analyzed the photocatalytic action of different examples 
under apparent light illumination. However, GQDs had conspicuous 
apparent light ingestion; individual GQDs photodegraded nearly no 
colours under apparent light brightening. Through coupling TNSs with 
GQDs, the GQDs/TNSs heterojunction displayed an improved action for 
the decay of RhB, and practically all colours were eliminated below the 
noticeable light illumination. The response energy was contemplated to 
comprehend the photocatalytic movement; furthermore, the outcome 
was displayed in Fig. 9(d). 

To decide the ideal stacking content of GQDs, we looked at the 
debasement execution of RhB through the composites, including various 
GQDs doses (0.5, 1.0, 1.5 and 2.0 mL). As uncovered within Fig. 9(e), the 

corruption rate slowly rose by marginally expanding GQDs content, in 
any case, arrived at its most significant worth as the GQDs dose was 1.0 
mL. It is utilized GQDs/TNSs to photodegrade diverse focus of colours 
for exhibiting its all-inclusiveness (Fig. 9(f)). Fig. 9(g) outlined the 
connection between corruption productivity and process durations, and 
the outcome displayed comparative debasement conduct in each cycle. 
No undeniable depletion was noticed in the action of GQDs/TNSs, where 
a high corruption proportion >90% was as yet accomplished in the fifth 
cycle afterwards 120 min apparent light illumination, showing that the 
GQDs/TNSs compound had outstanding recyclability and dependability 
with a promising implementation in the photocatalytic area (Bian et al., 
2017). 

Furthermore, the nanoscale CQD fluorescence components might be 
successfully consolidated by half breeds with appealing physical, me-
chanical, or optical properties. An iron oxide centre is associated with 
CQDs. By using functional surface groupings to form a covalent bond 
present on nanohybrid components). Moreover, electrostatic in-
teractions (through the nanohybrid’s electrostatically charged shells 
components). In this one-of-a-kind circumstance, a series of bright 
centre shell shotshells obtained from CQDs and various NPs to catalysts 
centers (biogenic magnetite, carbon nanotubes, and silver) were ready 
the end of the year created a new and powerful convention for the CQDs 
are used to modify negatively charged NP-centre. Electrostatic in-
teractions to betaine hydrochloride, a central shell design made possible 
by covering magnetite and CNTs with CQDs. 

GQDs have been transported in a photocatalytic environment and 
compared. For example, cognitive remediation can be accomplished by 
disposing of natural contaminants. Semiconductor GQDs-based image 
photocatalytic productivity impetuses, such as the stacking of accept-
able metals and metal oxides, a semiconductor nano-structure plan, and 
the preparedness of a semiconductor nano-structure half and halves/ 

Fig. 9. (a) Schematic illustration for synthesising GQDs/TNSs compounds through the electrostatic flocculation process. (b) UV–vis spectrum of RhB aqueous media 
during the reduction procedure through visible source with GQD/TNSs photocatalyst. (c) The contrast towards photocatalytic activity. (d) Kinetic representation of 
ln(C0/C) vs t for rs-TNSs, GQDs and GQDs/TNSs. (e) Photocatalytic reduction of RhB through GQDs/TNSs compounds with diverse GQDs contents. (f) Photocatalytic 
reduction of RhB, including diverse concentrations through GQDs/TNSs. (g) The reusability activity of GQDs/TNSs towards the reduction of RhB beneath visible 
source radiation. Reprinted with permission from Ref. (Bian et al., 2017). 
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composite. A sequence of afresh intended GQDs-based photo/nano 
catalysts, with GQDs joined with TiO2 (Bian et al., 2017), Fe3O3 (Nas-
rollahzadeh et al., 2021), g-C3N4 (Siwal et al., 2018) have been created 
for photodegradation caused by visible light and/or near-infrared radi-
ation. GQDs/incorporated mesoporous-gC3N4 heterojunction can be 
generated in this setting via an electrostatic contact, where the NMs may 
develop additional superoxide radical types and tiny holes, resulting in 
well-organized photodegradation of RhB and tetracycline (TC). The 
ability of a GQD/zinc porphyrin heterojunction for the quicker disinte-
gration of aqueous MB visible-light-driven photodegradation processes 
was examined (Lu et al., 2015). 

GQDs are noted for having a perfect aryl-basal level structur-
e—actual and abundant carboxylic concentrations on the edges than the 
expected GO layers. GQDs are more appealing and possess significantly 
improved intrinsic peroxidase-like abilities than small measured GO, 
increasing efficacy and efficiency (Zheng et al., 2015). Nanohybrids of 
NPs and GQDs demonstrated a synergetic and switchable relationship. 
H2O2 disintegration peroxidase-like capacity or maybe H2O2 disinte-
gration peroxidase-like capacity in physiology or pathology, there is a 
location. Nanocomposites are, in essence, composites made up of 
nanoparticles. GQDs and Fe3O4 NPs, for example, are potent peroxidase 
emulators. It has been determined that nano-catalytic frameworks exist. 
Table 3 shows the CNSs and CQDs-based materials used for the 
contaminant removal and their efficiency for wastewater treatment. 

4.5. Application of boron-doped diamond and related materials for 
wastewater treatment 

Boron-doped diamond (BDD) light layer is a unique electrode sub-
stance, which has acquired significant alert lately because it retains 
different technologically essential features like an inactive exterior with 
low adsorption effects, excellent decomposition strength, actually in 
strongly acidic solution, and an extensive voltage window within 
aqueous and non-aqueous media. The diamond electrodes are optimistic 
anodes towards the electrochemical remedy of wastewater possessing 
organic contaminants due to these characteristics. In contrast, the earlier 
consequences, electrochemistry of BDD and its benefits than traditional 
electrodes, have been reported for electrochemical oxidation of different 
critical chemical components. The electrochemical oxidation approach 

has been suggested demolishing mixed waste when the wastewater 
possesses obstinate organic contaminants or poisonous materials. The 
primary purpose of wastewater processing is to oxidize organics to CO2 
or convert toxic organics to biocompatible combinations. 

Phenolic combinations are typical contaminants within multiple in-
dustrial wastewaters, such as pesticides, pigments, medications, and 
petrochemical enterprises. Mostly these combinations are compre-
hended for their high toxicity level and perseverance, and therefore their 
retrieval or removal is needed initially to the release or the reuse of the 
trash flow. 

Mousset (2022) suggested micro-reactors towards implementing 
cutting-edge electrocatalytic oxidation with BDD anode for wastewater 
processing. Three types of micro-reactors strategy have been executed 
within electrochemical remedies of wastewater, the flow-with (Fig. 10(a 
and b)) and flow-via (Fig. 10(c)) filter-press cells, and the reactive 
electro-mixing (REMix) vessel (Fig. 10(d)). The effluent flows between 
(flow-with) or via (flow-via) parallel-plate probes within the two first 
designs, whose spaces are minimized till an infrequent tens micrometres 
coverage. 

A distinct method to keeping the IR drop utilizing aqueous media low 
is to reduce the space among the probes, for example, within micro- 
fluidic (MF) reactors (Scialdone et al., 2010; Sun et al., 2016). These 
appliances work with fluids restrained within atmospheres with interior 
dimensions in the region of micro-meters (Elvira et al., 2013). The pri-
mary component of MF electrochemical reactors is the little IE gap 
(usually <1000 μm) (Kristal et al., 2012). Within this context, Scialdone 
et al. utilise microfluidic flow-with (electrolyte departing among the 
parallel-plate probes) reactors towards wastewater treatment using 
electro Fenton and anodic oxidation, including BDD technologies, 
acquiring better reductions of organic contaminants and sensible Ecell 
even without supporting electrolyte (Scialdone et al., 2014a, 2014b). 

4.6. Application of gC3N4- based nanomaterials for wastewater treatment 

4.6.1. Removal of organic dyes 
Concerns have been raised regarding the possible detrimental im-

pacts on aquatic ecosystems from dyeing wastewater, the world’s largest 
supplier of organic dyes. Evans’s blue (EB) and methylene blue (MB) are 
the most prevalent organic compounds found in dyeing effluent. They 

Table 3 
Shows the CNSs and CQDs-based materials used for the contaminant removal and their efficiency for wastewater treatment.  

Carbon nanosphere and 
quantum dots-based 
materials 

Contaminant 
removed 

Initial 
concentration 

Performance Removal 
rate (%) 

Surface 
area (m2/ 
g) 

Preparation method Ref. 

Glucose-derived 
microporous CNSs 

Phenol 0.25 mmol/L Displays outstanding 
adsorption capacity of 
85.72 mg/g 

– 402.69 Hydrothermal method Qu et al. 
(2020) 

SMIP@PCNS-gel Phenol 20 mg/L Shows adsorption 
capacity of 64.02 mg/g 

– 51.2 Hydrothermal method Zhang et al. 
(2021a) 

N,S-CQDs/TiO2 Diclofenac – Exhibits permeability 
of 277 L/m2.hr.bar 

62.3 – In-situ phase inversion method Koe et al. 
(2020) 

CNS–Ru Ciprofloxacin 20 mg/L Degradation takes 
place within 90 min. 

98 508 Incipient wetness impregnation 
method 

Serra-Pérez 
et al. (2020) 

N,N-dimethylformamide/ 
CNS 

Rhodamine 70 mg/L Shows adsorption 
capacity of 63.85 mg/g 

99 31.1 Hydrothermal method Li et al. (2019) 

CNS–Ru Bisphenol A 20 mg/L Degradation takes 
place within 90 min. 

76 220 Polycondensation reactions Serra-Pérez 
et al. (2019) 

N-doped ferromagnetic 
mesoporous CNS 

Fuchsin – Exhibits adsorption 
capacity of 165.5 mg/g 

– 435.8 Hexamine-induced co- 
assembly route 

Liu et al. 
(2019) 

CQDs/anchored hollow 
microsphere 

Tetracycline Cr 
(VI) 

20 mg/L 
10 mg/L 

E. coli was used as the 
pathogenic bacteria 

77 
88 

– One-step polyvinylpyrrolidone- 
assisted hydrothermal method 

Li et al. 
(2021a) 

WO3/N-CQDs Methylene blue – Displays efficiency of 
96.86% 

92.93 19.2 Hydrothermal method Nugraha et al. 
(2021) 

Fe3O4@NCQDs NCs Methylene blue 7.5 mg/L Adsorption efficiency 
of 90.84% was 
observed 

– – Hydrothermal method and 
coprecipitation reaction 

Tadesse et al. 
(2018) 

SMIP@PCNS-gel: surface molecularly imprinted polymer adsorbent/porous carbon nanospheres gel; WO3/N-CQDs: Tungsten oxide/amino-functionalized sugarcane 
bagasse derived-carbon quantum dots. 
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have been identified as genotoxic chemicals that can cause birth ab-
normalities and food safety hazards (Guo et al., 2019). Traditional 
membranes are limited in their ability to remove colour molecules more 
petite than the pore diameters of the membrane. Membrane entangling 
is also a significant problem towards long-term separation. Numerous 
gC3N4 based crossover layers for water and wastewater processing have 
been considered to handle these troubles (Cuong Nguyen et al., 2021). 

Currently, gC3N4 based all-solid-state (ASS) Z-scheme photocatalysis 
is recognised as the obvious way to reduce pollutants at ambient pres-
sure and heat. For example, the photodegradation efficacies of gC3N4/ 
Ag/LaFeO3 photocatalyst towards phenol and RhB reduction under light 
were explored (Sharma et al., 2021). A schematic description of the 
synthetic path is presented within Fig. 11(a). As per the catalytic in-
vestigations (Fig. 11(b)), towards LaFeO3 and gC3N4, the reduction rate 
of RhB dye was approximately 48.5% and 62.2% after 60 min, respec-
tively. Within Fig. 11(c), value of k to gC3N4, gC3N4/LaFeO3-10, plain 

LaFeO3, gC3N4/Ag/LaFeO3-5, gC3N4/Ag/LaFeO3-10 were confined as 
0.00307, 0.00358, 0.00048, 0.00368, 0.00423 min− 1, respectively. 
Behind five recycling experimentations (Fig. 11(d)), the Z-scheme 
photocatalyst showed a minor loss in performance. The apparent cata-
lytic tool for RhB reduction is demonstrated within Fig. 11(e). 

The progressions in the creation and execution of gC3N4 based half 
and half layers for the evacuation of natural colours without light illu-
mination are summed up in Table 4. For instance, arranged gC3N4 nano- 
sheets (CNNS) with counterfeit nanopores and insertions that were then, 
at that point, collected within anodic aluminium oxide (AAO) film ex-
teriors utilizing vacuum percolation (Wang et al., 2017). Spacers be-
tween the somewhat peeled gC3N4 and nanopores would use 
nanochannels for water carriage though bigger atoms were dismissed. 
Likewise, the nanochannels were steady below general pH circum-
stances. They got layer showed further developed dismissal proficiency 
(87.2% dismissal of EB and 75.5% dismissal of RhB) contrasted and 

Fig. 10. Micro-reactor strategies presented within the publications for wastewater processing utilizing BDD anode: (a, b) flow-with parallel-plate cells (c) flow-via 
parallel-plate cell, (d) reactive electro-mixing vessel. Reprinted with permission from Ref. (Mousset, 2022). 
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flawless poly-ether-sulfone (PES) films(Wang et al., 2018a). Metals and 
metal oxides as nanoparticles have been displayed in past examinations 
to empower the growth of nanostructured layers because of their 
extraordinary physiochemical qualities (Yin and Deng, 2015; Nguyen 
et al., 2021a). Besides the dye degradation, photocatalytic imple-
mentations of gC3N4 towards CO2 removal, water splitting, bacterial 
disinfection, contaminant removal can enhance the material’s 
importance. 

To improve tensile strength, before the testimony to a polycarbonate 
(PC) layer superficial, polyacrylic corrosive (PAA) was added to a CNNS 
suspension. The fuse of proper spacers was accounted for to have the 
option to give more considerable interlayer distances (Nair et al., 2012; 
Wang et al., 2018b). Larger nanochannels were developed due to the 
lack of space in the film. The water transition was substantially 
improved. (LMH/bar) by obscene dismissal effectiveness (from 87.2 to 
83%). 

Aside from the growth, the hydrophobicity of the fused particles was 
improved due to the increased interlayer distance. Similarly, the cor-
rected gC3N4 films revealed two distinct patterns of larger water tran-
sition sizes without sacrificing detachment effectiveness (Nandi et al., 
2016). The sulfonated polymer is a type of sulfone polymer. The 
(SPPO)/gC3N4 layer introduced an incredible amount of water transfer 
8867 LMH/bar, with dismissal rates of 89, 84, and 100% for EB, RhB, 
and individually, MB (10–50 mol L− 1). 

Additionally, the corrosive base that creates SO3H is a group of 
people. The base locations of gC3N4 allowed the 2D nanochannels to 
maintain stability in high-strain, corrosive, and soluble surroundings. 
CNNS were included in a polyamide layer to improve the water resis-
tance during another inquiry distinct from the previous inquiries. CNNS 
that are hydrophilic. They were preserved using oxygen plasma treat-
ment with the poly-ethylenimine (PEI)/polydopamine (PDA) coating on 
hydrolysed proteins. HPAN (polyacrylonitrile) supports with oxygen 

Fig. 11. (a) The photodegradation consequence of RhB upon different photocatalysts. (b) The plots show ln(Ct/C0) vs time and the steady ‘k’ rate. (c) Recycling 
investigations of gC3N4/Ag/LaFeO3-10 nanomaterial for the RhB reduction. (d) Schematic description of ASS Z-scheme catalytic tool within gC3N4/Ag/LaFeO3 
nanomaterial. The apparent catalytic tool towards RhB reduction is illustrated within (e). Reprinted with permission from Ref. (Sharma et al., 2021). 
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plasma, the CNNS The behaviour amended the wettability, resulting in 
an outstanding antifouling performance. Following then, the pre- 
recorded film revealed an overabundance of footage with sub-atomic 
loads between the atoms, 98.5% of responsive hues were dismissed 
(Nandi et al., 2017; Li et al., 2021b; Mishra et al., 2022). 

5. Conclusion, challenges and outcome 

The current study will be collected to represent the current elimi-
nation procedures and discuss additional improvements in their 
competence and deployment. The microporosity of CNTs is more 
elevated compared to AC. Thus, it delivers more adsorbing ability to-
wards organic complexes. EDCs and medicinal dopes have been inves-
tigated and noted to designate readily commandeered using these CNTs. 
The elevated price of an exhibition of CNTs consists of a task for their 
large-scale marketable implementation as photocatalysts into waste-
water processing units. The investigations have mainly been conducted 
upon a laboratory-scale group that bounds their position within effective 
techniques. The mixture of CNTs with methods to achieve more essential 
characteristics is always required to handle their practical application in 
contamination management. 

Largely the CBNMs is incorporated by metal and their oxides. 
Nevertheless, novel approaches are being designed towards the metal- 

free carbonous substance to the green photodegradation of impurities. 
Current investigation has concentrated upon N-doped hydrochar to-
wards the photoconversion of endocrine disruptors. Here, the NM, 
gC3N4, was seen to let radical and non-radical degradation of the organic 
mixture. Gr-based nanomaterials are questioned to perform by as the 
exterior is readily functionalized and altered. It evolves relatively 
complex to controller the exterior configuration for adequate execution. 

The publications upon the toxicity of CBNMs to living beings are still 
insufficient and unreliable. Such drawbacks ask for better investigation 
and, therefore, more accurate understanding. There is a further demand 
for a more in-depth investigation into the composite characteristic and 
their implementations, such as other ingredients, to improve the effec-
tiveness without conciliatory the unfavourable poisonousness factors. 
For instance, current carbon-based combinations of similar fullerenes 
still transit significantly for their utility in water processing applications. 
Furthermore, a substantial hazard inspection method and standardized 
poisonousness examination are crucial to resolving the possible health 
risk and environmental impairment caused by these materials. 

We think that the process of designing CNMs discussed in this present 
study is a practical and eco-friendly approach to wastewater processing. 
By integrating various CNMs or other non-metallic substances, this 
design may also process various contaminants within water and air. 
Also, it should have the tremendous prospect for other corresponding 

Table 4 
Carbon-based nanomaterials for the removal of hazardous pollutants.  

Carbon- based nanomaterials Preparation method Rejection 
rate (%) 

Applications Reduction of 
target 
pollutants 

Performance Permeability Ref. 

CNT/polyaniline/ 
polyethersulfone 

In-situ 
polymerization and 
phase inversion 

80 ultrafiltration Humic acid Shows 100% water flux 
recovery and 65% total 
fouling ratio 

1400 LMH/ 
bar 

Lee et al. (2016) 

CNT/ZnO/polyethersulfone non-solvent induced 
phase inversion 

>90 Nanofiltration Direct red 16 Enhanced antifouling 
properties 

16.7 kg/m2h Zinadini et al. 
(2017) 

CNT/poly (sodium 4- 
styrenesulfonate) 

Phase inversion 99 Nanofiltration Acid orange 7 higher hydrophilicity <0.1 wt% Ghaemi et al. 
(2015) 

Polyhydroxybutyrate- 
calcium alginate/carboxyl 
MWCT 

Electrospinning 98.20 Nanofibrous filtration Brilliant blue Improved mechanical 
and hydrophilic 
properties 

32.95 L/m2 

h 
Guo et al. 
(2016) 

CNT/polysulfone Phase inversion 94.2 
78.2 

– Cr(VI) 
Cd(II) 

higher thermal stability – Shah and 
Murthy (2013) 

CNT and Xerogels Sol-gel 85 
70 
98 

– Mordant 
Yellow 
Reactive Red 
Acid Orange 
10 

Only in the presence of 
carbon materials Acid 
Orange 10 is 
biodegraded 

– Pereira et al. 
(2014) 

Polypyrrole-rGO Chemical 
exfoliation 

92.3 Millipore filtration Hg(II) Fast adsorption kinetics 
(i.e., within 20min.) 

5-20 wt% Chandra and 
Kim (2011) 

Magnetic chitosan/GO Ultrasonic 
dispersion 

90.1 – Pb(II) Excellent reusable 
adsorbent 

76.94 mg/g Fan et al. 
(2013) 

GO aerogels Unidirectional 
freeze-drying 

97 – Cu(II) Fast adsorption rate – Mi et al. (2012) 

Functionalized Gr sheets Hydrogen induced 
exfoliation of 
graphitic oxide 

66 
65 
54 

Sanitization of 
industrial waste water 
removal 

Na 
As (V) 
As (III) 

Improved performance 
of metals elimination 
from aqueous media and 
sea water 

139 
142 
122 mg/g 

Mishra and 
Ramaprabhu 
(2011) 

SiO2/Gr Hydrolysis of 
tetramethyl 
orthosilicate 

95 Agricultural and 
industrial waste water 
purification 

Pb(II) Decrease the serious 
loading of Gr films 

113.6 mg/g Hao et al. 
(2012) 

Few layered GO Modified Hummers 98 
– 

– Cd(II) 
Co(II) 

Enhanced sorption 
capacities 

– Zhao et al. 
(2011) 

Oxygen vacant bismuth 
tungstate nanosheets and 
oxygen-enriched g-3N4 

facile hydrothermal 
process 

96.16 Photodegradation Tetracycline Light absorption 
capacity improved 

– Huo et al. 
(2021) 

Vanadium oxide/boron co- 
doped gC3N4 

Modified synthesis 
routes 

100 Photocatalyst Diclofenac low-priced 
pharmaceutical 
contaminated 
wastewater treatment 

– Oliveros et al. 
(2021) 

CQDs functionalized carbon 
nitride 

Modified 
hydrothermal 
process 

95 Photocatalytic 
activation of 
peroxymonosulfate 

Bisphenol A Higher surface area, 
better light absorption 
and enhanced charge 
separation 

– Ming et al. 
(2021)  
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areas of catalysis, like electrochemical catalysis for detection. 
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