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Abstract

A clean environment and human health depend on removing heavy metal ions from wastewater. Ecosystems and public health are
seriously threatened by heavy metal ions, such as nickel (Ni), lead (Pb), cadmium (Cd), vanadium (V), chromium (Cr), and copper
(Cu). For example, because of its toxic effects, cadmium is only permitted at 0.005 mg/L in drinking water, while lead has a
maximum permissible concentration of 0.015 mg/L. Heavy metal ions have been extracted from various wastewater types using
methods such as adsorption, membrane filtration, chemical addition, electrochemical treatment, and photocatalysis. Nevertheless,
conventional techniques frequently encounter obstacles like exorbitant operating expenses and restricted effectiveness, with removal
rates occasionally falling below 70%. These techniques can also result in hazardous byproducts, which makes wastewater treatment
procedures more difficult. Because photocatalysis is so versatile in environmental remediation, it can be used to remove heavy
metals. The ability of semiconductor nanostructures based on metal oxides to effectively remove heavy metals from contaminated
water has garnered attention recently. For instance, when exposed to particular light wavelengths, zinc oxide (ZnO) and titanium
dioxide (TiO2) can remove some heavy metals with up to 95% removal efficiencies. Zeolites have been used increasingly in
wastewater treatment over the past 20 years; applications have shown removal capacities of up to 100 mg/g for cadmium and 150
mg/g for lead. This article examines recent developments in using zeolites to extract heavy metals from contaminated solutions. Both
traditional and modern wastewater treatment methods are compiled and discussed in this comprehensive analysis, including the
application of ZSM-5 zeolites in photocatalytic technology, which can lower operating costs by up to 30% and improve removal
efficiencies. Combining zeolites with photocatalytic systems is a viable strategy to raise the efficacy of heavy metal remediation in
wastewater treatment.
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1- Introduction
) (Hg), nickel (Ni), cadmium (Cd), copper (Cu), chromium
Modern technology has introduced several heavy metals (Cr), and arsenic (As). Although these heavy metals can
into the environment, resulting in significant issues [1]. e detected in trace amounts, they are still considered
Pollution ~can alter water's physical, chemical, and  hazardous contaminants. This overview summarizes
biological qualities [2]. ) several heavy metals, including their primary origins,
Heavy metals in wastewater have increased due to the  peq|th implications, and the permissible concentration in
expansion of industry and human activities. For example, potable water. The metals above, along with others such
the textile industry, metal smelting, petrochemicals, paper 5 sjjver (Ag), iron (Fe), manganese (Mn), molybdenum
manufacturing, electrolysis applications, the mining (Mo), boron (B), calcium (Ca), antimony (Sb), and cobalt
industry, the rayon industry, metal rinse processes, and (Co), are frequently present in wastewater and must be

the tanning industry all contrik_)ute to this trend. The  gliminated [4]. Table 1 explains the most common heavy
release of heavy metal-contaminated effluent into the  \netals. their sources. and toxicity.

environment threatens the ecosystem and human health. The literature has documented various treatment
Heavy metals are non-biodegradable and have the  methods for industrial wastewater, including chemical
potenFlaI to cause cancer; therefore, an unreasonable precipitation, ion exchange, electrolysis, membrane
quantity of these metals in water could lead to severe fjjyation, solvent extraction, coagulation-flocculation
health compll_catlons: for living organisms. Here are some absorption, and electrochemical processes. However,
examples of industrial sources that release heavy metals  these methods are not desirable due to their high costs,
(HMs) and cause significant water pollution, as shown in  ¢ontinuous requirement of chemicals, incomplete removal

Fig. 1. The most prevalent heavy metals found in the  of certain metals, generation of toxic sludge, and the need
wastewater stream include lead (Pb), zinc (Zn), mercury ¢4y 5 high level of operational expertise [1].
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Researchers have recently extensively researched
various methods to eliminate heavy metal ions. These
include electrocoagulation (EC), synthetic and natural
adsorbents, magnetic fields, improved oxidation
processes, and membranes. These studies examined the
merits and drawbacks of a specific technique for treating
wastewater, which also involved the elimination of heavy
metals. A comprehensive review of the techniques for
removing heavy metals from wastewater has not yet been
established [4-6].

This review critically and comprehensively examines
the available technologies for efficiently removing heavy
metal ions from wastewater. Furthermore, selecting the
most appropriate method based on removal efficiency,
added chemicals or adsorbents, initial concentration,
optimal pH value, and other operating conditions is
critical.

Major
industrial
sources

Fig. 1. Major industrial sources of the toxic HM ions [3]

Among these new advanced oxidation technologies,
photocatalysis is a popular technology that shows
potential in various fields. Fig. 2 depicts the fundamental
principle of the photocatalytic process. Generally,
semiconductors make up photocatalysts. When light hits a
semiconductor, electrons (e”) in the valence band may
jump to the conduction band (CB) and leave a positively
charged hole (h*) on the valence band (VB) if the photon's
energy is greater than or equal to the bandgap energy
between the VB and the CB. This pair of h* and e~ can
migrate to the semiconductor's surface to endure a series
of oxidation and reduction reactions. The treatment of
heavy metals embodies these reactions through the
conversion of various valence states. The most important
things that slow down the photocatalysis process are the
high energy needs of the light that hits them (because of
the wide bandgap) and how easily the photogenerated
carriers (e~ and h*) recombine with each other [7].
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Fig. 2. Schematic diagram of photocatalytic treatment of
heavy metals [7]

Heavy metals, including nickel (Ni) and cadmium (Cd),
are frequently detected in sewage water due to inefficient
waste management, urban runoff, and industrial
discharges. There are serious health and environmental
dangers associated with their presence in wastewater.
Nickel exposure can result in cardiovascular disorders,
skin allergies, and respiratory disorders. An elevated risk
of lung and nose malignancies is linked to prolonged
exposure. Aquatic creatures can bioaccumulate nickel,
harming the food chain [8]. In addition to being a human
carcinogen, cadmium is highly poisonous and can lead to
serious health problems, including kidney impairment and
bone fragility. "ltai-Itai" sickness, which is marked by
excruciating agony and impairment, can be brought on by
prolonged exposure. Plant development and aquatic life
are negatively impacted by cadmium, which lingers in the
environment and builds up in soil and sediments. Each
jurisdiction has different acceptable limits for nickel and
cadmium in wastewater. For example, to reduce health
hazards, the U.S. Environmental Protection Agency
(EPA) advises that cadmium concentrations in effluent
should be less than 0.01 mg/L and nickel levels should
preferably be less than 0.1 mg/L [8, 9]. Regarding atomic
weight, nickel (Ni) has an atomic number of 28 and an
atomic weight of around 58.69 g/mol, whereas cadmium
(Cd) has an atomic number of 48 and an atomic weight of
roughly 112.41 g/mol. Several metals are heavier than
cadmium and nickel. With an atomic number of 82 and an
atomic weight of around 207.2 g/mol, for instance, lead
(Pb) and mercury (Hg) have atomic numbers of 80 and
200.59 g/mol, respectively[8].

Semiconductor oxides for the removal of heavy metal
Tons from wastewater TiO: is a semiconductor material
that is widely employed because of its high abundance,
low cost, high stability, low toxicity, and redox potential
[10, 11]. The most significant study has been done on
TiOz, the most common photocatalyst.
However, it only reacts to UV light due to its large
bandgap [12, 13]. As a result, further photocatalysts with
appropriate and effective band gaps have been created and
put to use, including ZnO [14], C3N4 [15], and Bi-based
catalysts [16]. With a band gap of 3.37 eV, zinc oxide
(Zn0O) is a semiconductor with much interest because of
its superior photoelectric qualities and strong chemical
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stability  [3, 17-20].  Unusual electromagnetic
characteristics might result from doped ZnO material
impurities changing geometrical structures. It is more
likely to produce oxygen vacancies and has a cheaper
manufacturing cost than TiO2, which permits a stronger
hydroxyl radical generation and a faster reaction.
Inappropriate dosages, zinc oxide is both biodegradable

and biocompatible. Three crystalline forms of it may be
found in nature: salt rock, blende, and wurtzite. The most
stable form is wurtzite, a hexagonal cell with lattice
parameters of a = 3.2495 A and ¢ = 5.2069 A; point group
= 6 mm,; space group = P63 mc. The rock salt structure
forms at high pressures, and blende can only be
manufactured on cubic substrates [21].

Table 1. Typical heavy metals existing in wastewater and their sources, in addition to the health issues caused by
improper quantities and the permitted amounts in drinking water based on the World Health Organization (WHO)
recommendations [22]

Heavy metal Main sources Toxicities Permitted
amounts (ng)
Skin, lungs, brain, kidneys, metabolic system,
Arsenic Electronics and glass production. cardiovascular system, immunological system, and 10
endocrine
. Batteries, paints, steel industry, plastic industries, Bones, liver, kidneys, lungs, testes, brain,
Cadmium L f . . . ! 3
metal refineries, and corroded galvanized pipes immunological system, and cardiovascular system.
. . - Skin, lungs, kidneys, liver, brain, pancreas, tastes,
Chromium Steel and pulp mills and tanneries. gastrointestinal system, and reproductive system 50
Corroded plumbing systems, electronic and cables Liver, br".’“n’ kldneys_, cornea, gastrointestinal system,
Copper : lungs, immunological system, and hematological 2000
industry.
system.
Nikel Stainless steel and nickel alloy production. Lung, kidney, ga_strom_testlnal d_lstress, pulmonary 70
fibrosis, and skin.
. Brass coating, rubber products, some cosmetics, Stomach cramps, skin irritations, vomiting, nausea,
Zinc . . 3000
and aerosol deodorants. anemia, and convulsions.
Lead-based batteries, solder, alloys, cable Bones, liver, kidneys, brain, lungs, spleen,
Lead sheathing pigments, rust inhibitors, ammunition, immunological system, hematological system, 10
glazes, and plastic stabilizers cardiovascular system, and reproductive system.
Electrolytic production Of. chlorine a_nd caustic Brain, lungs, kidneys, liver, immunological system,
soda, runoff from landfills and agriculture, - . -
Mercury . - - cardiovascular system, endocrine, and reproductive 6
electrical appliances, Industrial and control
. L system.
instruments, laboratory apparatus, and refineries.

2- Heavy metals nickel and cadmium

Nickel is primarily used in stainless steel alloys,
accounting for 68% of the total nickel used in the modern
industrial sector [23]. Other applications include
electroplating [24] and the manufacturing of nickel-
cadmium batteries and electrical devices [25]. Like other
metallic elements, the use of nickel in industrial contexts
results in nickel emissions into the surrounding
environment. Human activities release more than 20 times
more nickel into the atmosphere than is naturally emitted.
Collective natural emissions arise from several sources,
such as soil particles carried by wind, volcanic particles,
fires in forests and plants, and even sea salt sprays. These
emissions total around 26,000-30,000 metric tonnes of Ni
annually [26]. By 1995, oil combustion to produce
electricity and heat emitted the most substantial
anthropogenic emissions to the atmosphere, which
amounted to 86,000 metric tonnes of nickel annually.
Ultimately, soil or aquatic bodies deposit the released
nickel into the atmosphere. Furthermore, landfills dispose
of 181,000 metric tonnes of nickel, tailings basins dispose
of 170,000 metric tonnes, and smelting slag containers
dispose of 75,000 metric tonnes. These sources include
water, soil, and sediments.

Deficient elevated nickel intake can lead to biological
impairment and potentially fatal consequences for species
that require it. Exposure to quantities beyond the
recommended ideal range can also lead to various forms

of biological malfunction and mortality. The specific
composition of nickel directly influences its fate and
ability to be absorbed by organisms, and consequently, its
potential to cause harm to living beings. Nickel carbonyl
(Ni (CQy)) is an example of a substance that easily
evaporates and is highly poisonous. The refining process
of nickel ore generates nickel during an intermediary
phase, intending to create nickel metal. Nickel's behavior
in oxygen-deprived water is highly relevant. An example
is the appropriate management and containment of
radioactive nuclear waste [27]. Because of their technique
for absorbing magnesium, aquatic species may
inadvertently ingest nickel.

The International Agency for Research on Cancer has

classified all nickel compounds as carcinogenic to
humans, except for metallic nickel. The precise method
by which nickel induces cancer remains unclear [25]. This
effect appears to depend on species and tissue. Genetic
predispositions may also influence nickel's behavior in a
specific organism.
Cadmium, a trace metal frequently found in sediment,
facilitates the formation of reactive oxygen species, which
are linked to an elevated prevalence of various
malignancies.

Elements like arsenic, cadmium, chromium, lead, and
mercury have been classified as "heavy metals" due to
their elevated atomic weight. These are all-natural
substances that are present in varying concentrations
throughout the earth's strata. Due to their widespread use,
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people frequently extract these metals for human
consumption. Cadmium is of particular appeal to the
industry due to its versatility in various applications,
including electroplating and long-life batteries. When
used in small quantities, it is beneficial for soil
enrichment. Cadmium (Cd*?) is chemically more similar
to zinc and mercury than to other transition metals. Due to
their mutual affinity, people typically extract it alongside
zinc. Mining activities result in the release of previously
bioavailable metals and the elevation of various pollutants
to the surface, which would have been predominantly
inaccessible to groundwater sources. Cadmium is a
recognized environmental contaminant that poses a threat
to both humans and animals. Miners, construction
workers, smelters, and agricultural workers are among the
industrial workers at a high risk of direct exposure to trace
metals through occupational contact [28].

Smokers are also at a significant risk, as they inhale
approximately one microgram per cigarette. This is
partially attributable to the tobacco plant's propensity to
accumulate cadmium in the soil [29]. Despite this
utilization, food continues to be the predominant source
of human contact with metals. The risk of Cadmium
exposure is elevated due to the high soil content and the
presence of cadmium in industrial residue and pesticides.
Cadmium's abundance in the soil makes it accessible for
crop assimilation, particularly in cereal grains and leafy
vegetables. According to the most recent estimates,
humans' daily intake of Cadamium ranges from 8 to 25
micrograms [30].

The Food and Agriculture Organization of the United
Nations/World Health Organization Expert Committee on
Food Additives and Contaminants (JECFA) has
established a provisional weekly tolerable intake (PTWI)
of 5.8 ug/kg body weight. However, more recent studies
conducted by the European Food Safety Authority
(EFSA) and the US Agency for the Toxic Substances and
Disease Registry (ATSDR) have reduced this estimate to
approximately 2.5 g/kg [31].

3- Removal methods of heavy metals

Reverse osmosis, ion exchange, advanced oxidation
processes, and absorption are techniques used to filter
organic chemicals from wastewater. However, they are
unfavorable due to their significant investment
requirements and high running costs [32]. Conversely,
surface adsorption is easy to understand, manageable, and
economically viable [33]. It is a highly effective process
that can potentially purify and remove organic matter
[34]. Cadmium and nickel, typically present in chemical
and petrochemical effluents, are toxic and pose health
hazards. Numerous investigations have been conducted to
identify more efficient methods for removing nickel and
cadmium. Researchers have investigated various
treatment methods, including biological treatment,
chemical oxidation, air removal, and absorption to
eliminate cadmium and nickel from effluent. According to
these studies, adsorption is the most effective treatment
method because it allows for the recovery of the

adsorbent [35-38]. Researchers have studied the
adsorption behavior of cadmium and nickel using a
variety of materials and purification techniques. These
materials include resins [39] , surfactant-modified zeolites
[40], organoclay [41], carbon nanotubes [42], and
organo-clay.

3.1. Advanced oxidation

When extremely reactive hydroxyl radicals (OH-) or
reactive oxygen species (ROS) are produced, new
technologies, like advanced oxidation processes (AOPs),
offer chemical treatment methods that might work much
better than traditional methods. The transfer of one or
more electrons from an electron donor (regenerator) to an
electron acceptor (oxidant) is the definition of oxidation.
Electron transfer occurs when an oxidant and a reducing
agent are chemically transformed, resulting in the
formation of radicals, which are highly reactive and
unstable. Fluorine, chlorine, hydroxyl radicals, and ozone
are the most potent oxidants. Although these oxidants can
disinfect, they are subject to certain constraints. For
instance, ozonation can also result in the formation of
DBPs, such as bromate, which has a limited expiration
life [43, 44]. Hydrogen peroxide, an additional oxidant, is
a disinfectant significantly less effective than ozone or
chlorine, rendering it a less desirable alternative [45]. One
category of AOPs that has been shown to improve
disinfection capabilities is light-activated processes. In
light-activated processes, the interaction of photons with a
catalyst triggers the formation of free radicals. Since
1988, researchers have documented the disinfectant
properties of titanium dioxide (TiO2), a photocatalyst
frequently used in this process [46].

3.1.1. Photocatalyst

Since the discovery of photocatalytic water splitting in
1972 by Fujishima and Honda, much research has been
conducted to investigate TiO; materials
[47]. Photocatalysis  represents a  technologically
auspicious resolution for many synthetic precursors and
products utilized in producing fine chemicals and fuels
[48]. Photocatalysis is the process of a photoreaction
occurring in the presence of a catalyst. This process may
be categorized into homogeneous and heterogeneous
photocatalysis [49]. The reactants and catalysts are
present in the same phase during homogeneous
photocatalysis. Ozone and the photo-Fenton system are
typical photocatalysts. The OH ion is the active species
and is used in several ways. There are two phases in the
ozone's synthesis of *OH.

*OH * *OH — H,0, + hv (D)

The following procedure is how the Fenton system
generates hydroxyl radicals.

Fe?* + HO» — Fe®* + OH™ 2

This approach harnesses sunlight with a wavelength of
450 nm, hence circumventing expensive energy methods.
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The drawback of this approach lies in the need for low pH
levels during the process [50]. Heterogeneous
photocatalysis emerged as a novel Advanced Oxidation
Process (AOP) near the end of the 20th century, with over
2000 articles dedicated to the topic. Currently, about 1000
papers are published annually. Heterogeneous
photocatalysis has high efficiency in green chemistry, fine
chemicals, and developing advanced oxidation processes
(AOP). Currently, there is a preference for studying this
particular field. However, it is essential to remember that
photocatalysis can provide specific and gentle oxidation
for organic fine chemistry [51]. Fig. 3 shows the
applications of photocatalysts.

Water
purification

Environment
Ell
remediation

Deodorizing
and air
purification

Health, self-
sterilizing,anti
bacterial

Applications of
photocatalysis

Energy
production
,such as
H2,DSSC

Chemical
synthesis

Photocatalyti
c tiles,
paints, etc,

Fig. 3. Applications of photocatalysts

Photocatalysis is a subfield of chemistry that focuses on
chemical processes that occur in the presence of both light
and a photocatalyst. A photocatalyst is a type of
semiconductor that increases the speed of the chemical
process. Photocatalysis has many uses, such as
antimicrobial, deodorizing, air purification, antifogging,
self-cleaning, and water purification. Superhydrophilicity
is a critical phenomenon in some applications.
Photocatalysis is an environmentally friendly chemical
process that is now essential. The following Table 2
indicates a group of photocatalysts used to remove heavy
metals. Water is a requirement for humans, animals, and
plants. Due to the continuously growing population, the
water demand is steadily rising, and thus, there is a
necessity to cleanse water in Fig. 4.

3.1.2. Photocatalysis mechanism

Heterogeneous  photocatalysis,  which utilizes
semiconductor materials, typically involves a radio wire
that gathers light and a few microorganisms that circulate
to aid in the breakdown of contamination. An information
light with an ultra-band-hole vitality (hn > Eg) shines on
the semiconductor. This causes a VB electron (e7) to be
excited by the CB, which leads to the loss of a

photogenerated opening (h*) at the VVB. The electron-hole

pair then engages in a redox reaction and relocates to the

material's surface. Three primary species participate in a

photocatalytic reaction: a hydroxyl radical, a superoxide

radical, and a hole that generates hydroxide radicals as a

preliminary oxidant. Typically, researchers use two

courses to determine the age of OH radicals.

e Hole oxidized H,O and OH" radical to form OH
radical in an aquatic environment.

e Oxygen exhibited in the watery arrangement
decreased electrons to form oxide radicals.

Non Toxic
Process (Eco
Friendly )

Cost Effective
Process

Advantages of
Photocatalysis

Reusable and Generate the
Recyclable Hydrogen
Process Energy

Degrades
Organic

Pollutantes

Fig. 4. Advantages of Photocatalysis.

The photogenerated h* is generally considered an
oxidant designed to degrade natural defiles. The impetus
composition and oxidation conditions determine the limit
of this effect [64]. Fig. 5 provides a concise explanation
of each of these stages. It is important to note that the
electron actuated by a photograph can easily recombine
with h* after reaching an advanced age, without using
electron or gap scavengers. In this way, the proximity of
specific scroungers is essential for enhancing the efficacy
of photocatalysis and suppressing charge recombination
rates. We must meet fundamental requirements to design
a photocatalyst that effectively utilizes sustainable and
renewable solar energy. First and foremost, the
semiconductor material should have a smaller band gap to
facilitate the retention of solar energy over a wide range
of wavelengths. At the same time, the semiconductor
needs to have a moderately positive valence band so that
h* and OH radicals can be made in large amounts.
Secondly, the impetus should have a specific stage or
framework for productive charge partition and
transportation [65, 66]. Additionally, the semiconductor
materials should exhibit exceptional photoelectrochemical
stability in their electrochemical responses [67]. In
addition to the electron band structures, other factors,
such as material selection, morphological engineering,
crystallinity, and surface properties, are essential when
developing a stable and effective photocatalytic system
that is light-responsive [68]. The choice of semiconductor
materials is particularly critical, as it determines the
degree of visible light reaction and, consequently, the
overall efficacy. The privileged morphological design,
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which  briefly separates the photograph-bearing
intersection and the redox response focus, can improve
the transporter detachment and transportation [69].
Additionally, a high level of crystallinity with precious
stone deformities would enhance the efficiency of the
photogenerated electrons and gaps to participate in the

recombination [70]. The photocatalytic action is also
significantly influenced by the surface terrain of the
photocatalysts, which is dependent on the porosity and
geometrical condition of the materials. We infer this from
the fact that the adsorption of contaminants represents a
fundamental advancement [71].

desired  responses,  thereby  limiting  interface
Table 2. Overview of the types of photocatalysts used in heavy metal removal
Photocatalyst Heavy Metal Light Type Irradiation Time Efficiency References
. s . 100% (formic acid as
Tio2 Cr(VI) Visible light 80 min electron donor) [52]
TiO2 hollow sphere Cr(VI) UV light 80 min 0.0867 min! [53]
! cd(In, Ni(lny, zn(1y, . . 100, 96, 65.13, 58.22 and
Ag/TiO2 Mn(i1) and Cu(ll) UV light 120 min 56.20% [54]
Tio2 ”a”"/‘l‘gb;ra”aysmg' Cr(v) Solar light 180 min 58.63% [55]
CdSITiO, Cr(VI) Visible light 180 min 2.14 x 10%min’? [56]
Zr0, Cr(VI) UV light 90 min About 100% [57]
ZnTiO4/Zn,Ti30s/ZN0O Cr(VI) Full-spectrum light 150 min 47% [58]
ZnO-graphene Cr(VI) UV light 240 min 98% [59]
Nb,0Os Cr(VI) Full-spectrum light \Y0 min 90% [60]
110x 1074 1.4 x
Chitosan/Ag Cu(ll), Pb(11) and Cd(I1) Natural sunlight 240 min 10“and 1.5 x 10™*mol [61]
dm-3s?
SnO; nanoparticles Co(ll) UV light 60 min 94% [62]
Simulated solar
Porous BNNSs/TiO, Cr(VI) light and visible 70 min and 80 min 99% [63]
light

0, Converted .0

Photocatalysf

e-e-e-
02
|
Recombnation /
hihihe H20/- OH;R

-OH;R+

Fig. 5. Mechanism of photocatalysis [72]

3.2. Heterogeneous photocatalysts

Two photons (light) and an impetus (semiconductor) are
required to initiate the substance response, which is why
photocatalysis combines two primary subjects:
photochemistry and catalysis. UV (300-388 nm) or
unmistakable (388-520 nm) light sources can generate
photons depending on the semiconductor materials used.
The semiconductor materials are characterized by a

vacant CB (Conduction band) and VB (Valence band). A
photon with enough energy, which is the same as or
higher than the band gap energy (Eg), can move the
electron from the VB to the CB as shown in Fig. 6 Upon
excitation, the electron moves from the valence band to
the conduction band, leaving a positive charge in the VB,
known as a gap (h*). We commonly refer to this as charge
detachment, marking the beginning of a photocatalytic
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response. The photogenerated electron-opening sets can

be associated with a few conceivable responses.

e  The information vitality is dispersed as heat resulting
from the recombination of electrons and gaps.

e  The metastable state captures electrons and holes.

e Interaction with electrons or holes on the surface or
within a semiconducting material

An ordinary photocatalytic process can be represented
as a four-stage framework in which an electronic stage is
associated with a light source in addition to the fluid
(watery, naturally dissolvable), strong (photocatalyst), and
porous stages (oxygen, nitrogen). The initial step in a
photocatalytic response is the development of electron-
gap sets, followed by oxidation and/or reduction reactions
[74, 75]. Despite being within the sight of an opening
scavenger, the oxidation responses become substantial in
the presence of an electron forager (oxygen).
Environmental science and research in environmental
pollution (formic corrosive, methanol, and so forth) can
circumvent the oxidation response, and the decreased
response transitions into the guideline response.

A A ¥
” E vs. NHE (pH=0)
10k = .
i - CuOC--s
£ ; IO, _/:cgg%k:(mopo.w)
i T N N N BVO R wo. [—h,Uin,
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o o «f © oy
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Fig. 6. Energy band gaps of different materials vs. NHE
[76]

4- Catalysts used in heavy metal removal

One promising approach for oxidizing or reducing
hazardous contaminants is photocatalysis. Heterogeneous
photocatalysis is emerging as an innovative technique for
removing and restoring heavy metals. This method
enhances the processes of detoxifying wastewater
pollution by generating electron-hole pairs in
semiconductors. The primary objective of this section is
to delve deeper into the thermodynamics, energy
dynamics, and other intricate aspects of the photocatalytic
reduction of metal particles (or metalloids) in light of
recent advancements in photoreactors and photocatalysts
[75]. TiO2 and ZnO were selected as photocatalysts for
the experiments because they are water-insoluble,
photostable, non-toxic, cost-effective, and demonstrate
higher photocatalytic efficiency. In recent years, titanium
dioxide (TiO2) nanoparticles have gained significant

attention due to their unique properties and potential
applications in various fields, such as photocatalysis, solar
energy conversion, environmental remediation, and
sensor technologies [76]. Several techniques are currently
employed to synthesize TiO: nanoparticles, including sol-
gel synthesis, hydrothermal methods, chemical vapor
deposition, and flame synthesis. Among these, chemical
methods, especially the sol-gel process, stand out for their
ability to produce TiO: nanoparticles with precise control
over size, morphology, and crystallinity.

The product's exceptional purity, the narrow range of
particle sizes, and the production of a consistent
nanostructure at low temperatures are the sol-gel
technique's primary benefits. Metal nano oxides are often
synthesized using this technique [77]. Since TiO: has a
greater specific area, a more negative conduction band
edge potential (higher potential energy of photogenerated
electrons), is non-toxic, photochemically stable, and
reasonably priced, it is often favored in anatase form due
to its vigorous photocatalytic activity [78]. ZnO
nanoparticles are now created using a variety of
processes, such as sol-gel synthesis, physical vapor
deposition, hydrothermal/solvothermal procedures,
microemulsion methods, and precipitation. Chemical
synthesis is an essential process that uses several
precursors and  specific  parameters, including
temperature, time, and reactant concentration [79].

The primary benefit of chemical processes is their
capacity to generate particles with particular sizes,
compositions, and structures. These particles can be used
in electrical devices, sensing, and catalysis, among other
areas. Additionally, some chemical processes—especially
the sol-gel approach—require less energy and lower
processing temperatures for synthesis, making them more
economical than physical methods [80]. The sol-gel
procedure allows for exact control over the chemical
makeup and homogeneity of the final nanoparticles by
converting a system from a liquid "sol" into a solid "gel"

phase. This procedure effectively creates ZnO
nanoparticles since it can be scaled up and processed at
low temperatures.

The presence of heavy metals in effluent—such as
nickel (Ni), lead (Pb), cadmium (Cd), vanadium (V),
chromium (Cr), and copper (Cu)—poses a significant
environmental concern. For many years, these inorganic
pollutants have been non-biodegradable, leading to the
accumulation of their harmful effects. In recent years,
semiconductor nanomaterials derived from metal oxides
have emerged as effective solutions for removing heavy
metals from contaminated water through photocatalytic
ion reduction when exposed to specific wavelengths of
light. Titanium dioxide (TiOy), zinc oxide (ZnO), and
binary nanomaterials combining both types of oxides are
among the most commonly used semiconductor oxides
for these applications [80].

The study examined the use of illuminated TiO, to
remove Cr (VI) and Ni (11) through photocatalysis. The
experimental setup involved varying the pH of the
solution, the duration of contact, the dosage of TiO,, and
the initial concentrations of Cr (VI) and Ni (Il). The
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photocatalytic process effectively led to the near-complete
removal of both contaminants, as Cr (V1) and Ni(ll) were
adsorbed onto the surface of TiO2 and subsequently
reduced to Cr(lll) and Ni(0). This reduction technique
was recognized as a highly effective method for
eliminating Cr (VI) and Ni (lI) from wastewater.
Interestingly, as the pH increased, the removal efficiency
of Cr (VI) decreased, while the removal of Ni (lI)
improved. The dosage of TiO; also played a crucial role
in the elimination of Cr (VI), with a 1 g/L TiO;, dose
resulting in a consistent enhancement in the removal rates
of both Cr (V1) and Ni (I1) [81].

Another study evaluated the effectiveness of
photocatalytic processes in removing cadmium (Cd?") and
lead (Pb?*') in both continuous and batch systems. The
research utilized reactors comprising three components:
an ultraviolet (UV) radiation source, an electrochemical
cell, and a blending enclosure. Experiments were
conducted with both a batch reactor and a continuous
reactor to treat synthetic wastewater, maintaining Cd*
and Pb?* concentrations at a constant 25 mg/L throughout
the study.

The impact of titanium dioxide (TiO2) dosage, pH

levels, and air dispersion on the efficacy of Pb*" removal
was thoroughly examined. The results indicated that
increased TiO: dosage and pH levels correlated with
higher cadmium and lead removal rates. Specifically, the
optimum results were achieved at a TiO. dosage of 0.9
g/L and a pH of 11, yielding removal rates of 99.8% for
cadmium and 99.2% for lead. Additionally, increased air
dispersion led to enhanced removal efficiency, with the
maximum observed at an air dispersion rate of 2 cm3/L,
resulting in removal efficiencies of 88% for Cd** and
93.2% for Pb?" over a contact duration of 56 minutes.
The photocatalytic process is an advanced oxidation
process (AOP), which is significant because it is cost-
effective in eliminating organic pollutants. Titanium
dioxide (TiO,) is an affordable substance that cannot
dissolve in water, is not harmful, and exhibits high
reactivity [82]. The TiO, photocatalytic method was
tested to see how well it could remove lead (II) and
cadmium (1) from industrial wastewater.

Adsorbate efficacy may decrease at low pH due to
protonation and competition between protons and metal
ions for adsorption sites on the sorbent [83]. Zeolite is
recognized as one of the most effective methods for
removing pollutants from water and wastewater.
Although zeolite possesses distinctive photophysical
properties—such as high-capacity adsorption, numerous
microcavities, and chemical-thermal stability—its use has
certain limitations. Therefore, enhancing the pollutant
removal capacity of zeolite particles through the
deposition of photocatalysts has garnered significant
interest. In this study, fine zeolite particles were coated
with TiO; nanoparticles.

The investigation successfully deposited TiO;
nanoparticles onto natural zeolite, and the resulting
composites were characterized using XRD, SEM, BET,
and DRS analyses. The incorporation of TiO;
nanoparticles caused a redshift in the absorption edge and

reduced the bandgap energy, although it also decreased
the specific surface area. The photocatalytic properties of
the composites were assessed under UV light radiation by
measuring the efficiency of methylene orange (MeO) and
cyanide ion removal, as well as hydrogen production from
water and methanol. The findings indicated that optimal
photocatalytic performance is achieved by adding an
optimal amount of TiO; to the zeolite particles (10% wt.).
The photocatalytic effectiveness of the ZT composites
surpassed that of zeolite or TiO2 alone, attributable to the
formation of electron-hole pairs in TiO, and the role of
zeolite in diminishing the electron-hole recombination
rate, which contributes to a greater specific surface area
[84].

The textile industry's expanding development has the
potential to harm the environment, as it produces dye
wastewater that is difficult to eradicate, in addition to
providing economic benefits. Procion red is a synthetic
textile pigment toxic to aquatic environments and requires
proper processing. The most effective method of
purifying dye wastewater is the photocatalytic method,
which can remove the hazardous pollutants in the
wastewater. To produce and characterize the ZnO-Zeolite
nanocomposites for photocatalytic applications, which
were tested with a 50 mg/L procion red dye sample. The
Zn0-Zeolite nanocomposites demonstrate the highest
degradation percentage compared to synthetic zeolites or
ZnO alone.

The ZnO-Zeolite nanocomposites rely on zeolite
adsorbents to absorb dyes and photocatalysts to facilitate
the dye degradation. When exposed to a UV lamp, ZnO in
nanocomposites will enhance the dye's degradability. A
photocatalytic method will increase the percentage of dye
degradation with ultraviolet light. This method will
degrade the hazardous components of the dye and
generate a safer final waste [85]. The photocatalytic
method creates hydroxyl radicals that serve as potent
oxidizers during the waste degradation. This process is
both straightforward and expeditious. Combining the ZnO
photocatalyst and synthetic zeolite adsorbent maximizes
pollutant degradation results and enhances photocatalysis
effectiveness. The formation of hydroxyl radicals as an
oxidizer of organic pollutants is a common chemical
feature in the photocatalytic process [86].

The nanocomposites were composed of synthetic zeolite

adsorbents and ZnO semiconductors prepared using the
sol-gel method. The ZnO-Zeolite nanocomposite's surface
area value increased to 95.98 m?/g, its pore size was 4.42
nm, and its total pore volume was 0.08 cm3g. The
average crystalline size of the ZnO-Zeolite
nanocomposite was 32.87 nm. The ZnO-Zeolite
nanocomposite has achieved a 90.42% dye degradation
rate after 120 minutes [85].
The photodegradation method is both cost-effective and
straightforward to implement [87]. Photocatalysis is a
combination of photochemical processes and catalysts.
The photocatalytic process commences with forming pairs
of positive electron holes (e, h*) in semiconductor
particles.
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5- Advantages and
removal methods

limitations of heavy metal

While all heavy metal wastewater treatment techniques

can potentially eliminate heavy metals, each has inherent
advantages and constraints.
Adsorption is a widely accepted technique for removing
heavy metals from low-concentration effluents containing
heavy metals. The exorbitant cost of AC restricts its
utilization in adsorption. Researchers have developed and
evaluated numerous low-cost adsorbents to remove heavy
metal ions. Nevertheless, the efficacy of adsorption is
contingent upon the nature of the adsorbents. The
biosorption of heavy metals from aqueous solutions is a
relatively new process with great potential for removing
heavy metals from effluent.

Increasing the surface area and pore size of activated
carbon can enhance its effectiveness—several studies
employed activated carbon to eliminate heavy metals
from wastewater. The scarcity of commercial activated
carbon (AC) leads to a rise in its cost. Activated carbon is
highly advantageous for wastewater treatment due to its
large surface area, significant porosity, and flexibility.
Carbonaceous sources like biomass, lignite, and coal
typically serve as the source of carbon adsorbents.
However, the manufacturing of activated carbon primarily
uses coal, Biosorbents are regarded as a cost-effective
adsorbent that is practical and may be acquired from
numerous industries as a byproduct. The key variables
that influence the efficacy of biomass in the adsorption
process are pH, temperature, adsorbent dose, metal
concentration, and contact duration [2].

Due to their straightforwardness and cost-effectiveness,
chemical-based separations have been extensively utilized
to remove heavy metals. However, chemicals must be
used to adjust pH levels and enhance ion buildup. The
process generates a substantial amount of sludge,
necessitating further treatment. The electrochemical
treatment offers rapid treatment, precise control,
simplified sludge removal, and reduced chemical usage.
Nevertheless, this approach's primary obstacles include
the exorbitant expense of anodes and cathodes, limited
production capacity, and excessive energy consumption.
Utilizing renewable energy sources to drive the coupling
between various electrochemical treatment techniques
shows promise for resolving this limitation. The most
suitable options for combining with other technologies to
remove organic and inorganic pollutants from wastewater
are aerated EC and electrochemical oxidation procedures.
The flotation technique produces less sediment. As a
result, this technology is ideal for integrating into
constructing an effective and economical electrochemical
treatment system [3].

lon exchange has been widely applied to remove heavy
metals from wastewater: efficient elimination, rapid
kinetics, and extensive treatment capacity. However,
chemical reagents must regenerate ion-exchange resins
when exhausted, and the regeneration can cause severe
secondary pollution. Also, it is expensive, especially
when treating a large amount of wastewater containing

heavy metals in low concentration, so it cannot be used on
a large scale.

Chitosan (CS) is a naturally occurring polymer with
adsorptive properties. It effectively removes contaminants
from wastewater because it contains amino (-NH,) and
hydroxyl (-OH) groups. Despite its distinctive
characteristics, inadequate mechanical strength and
limited stability hinder its effectiveness, leading to
ineffective regeneration. Furthermore, using CS in its
powdered or flake state is difficult due to its limited
permeability, small surface area, hindered mass transfer,
and elevated crystalline structure [60, 61].

Mineral adsorbents, such as zeolite, silica, and clay, are
highly regarded as effective options for water filtration
due to their low operational expenses. Clay has
exceptional cation exchange capacity (CEC), cation
exchange selectivity, hydrophilic surface properties, a
high capacity for swelling and expanding, and surface
electronegativity. Furthermore, the use of acid washing,
heat treatment, and pillar-bearing techniques may
effectively enhance the dimensions of the pore size, pore
volume, and specific surface area.

As a result, there is a significant increase in adsorption
efficiency [66, 77]. The magnetic field, surface charge,
and characteristics associated with redox activity
influence the adsorption process. They demonstrated a
cost-effective, straightforward synthesis, exceptional
surface charge, and the potential for reuse [68]. Although
MOFs possess impressive characteristics and are effective
in extracting heavy metal ions, they have micropores that
are not accessible to some specific metals. Additionally,
the majority of them have poor water stability. Metal-
organic frameworks (MOFs) have utilized manganese
(Mn), iron (Fe), and copper (Cu). However, most of these
MOFs have exhibited inadequate chemical stability [3].

Membrane techniques are critical in wastewater
treatment and have emerged as a highly favorable choice.
They are already very suitable for specific separation
applications, including desalination. Membrane processes
exhibit a notable capacity for extracting metal ions with
high efficiency.

Nevertheless, this approach is hindered by issues such
as membrane fouling and biofouling, poor recovery
efficiency for the volume of feed wastewater, process
complexity, the need for pre-treatment, frequent
membrane cleaning, and high cost. To improve the
effectiveness of industrial wastewater treatment, it is
necessary to create new membrane materials that have
improved thermal and chemical stability. These materials
should also possess greater anti-fouling capabilities and
higher selectivity for the target metals. Both adsorption
and membrane technologies in industrial facilities require
additional implementation and development to achieve
autonomous operation [3].

When coagulation-flocculation is used to treat heavy
metal effluent, the sludge that is made settles down and
loses water more quickly. However, this approach
necessitates the production of a greater volume of
sediment and the consumption of chemicals. Coagulation
and flocculation are not fully effective in treating heavy
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metal wastewater. Consequently, coagulation and
flocculation necessitate the use of additional treatment
methods.  Utilized precipitation, coagulation, and
flocculation techniques employing ferric chloride to
eliminate tungsten from industrial effluent. The most
effective method for removing tungsten was discovered
under acidic circumstances, namely with a pH below 6,
achieving an efficiency rate of 98-99%. We investigated
the spontaneous reduction-coagulation process by
utilizing a micro-alloyed aluminum composite in a
laboratory semi-flow system to treat simulated heavy
metal wastewater. After just 20 minutes of treatment, the
remaining concentrations of metals were under acceptable
limits [84].

The photocatalytic technology has excellent redox
capability, adaptability, and performance in the
remediation of organic contaminants in water. This makes
it easier to utilize for the recovery of heavy metals. Its
primary benefit is that it does not necessitate any energy
input beyond light energy, distinguishing it from
numerous conventional processes and facilitating its
continuous operation. Photocatalytic redox does not
generate any polluting intermediates. This is an additional
significant benefit. This environmentally beneficial
feature follows the objective of water remediation. Lastly,
photoreactions can be implemented to deposit heavy
metals readily reduced on the catalyst's surface in
particulates, thereby achieving the effect of direct
separation from the solution. Many conventional heavy
metal processing methods lack these photocatalytic
characteristics.

Even though all of the techniques above can be
implemented to treat heavy metal wastewater, it is crucial
to note that the selection of the most appropriate treatment

technique is contingent upon the initial metal
concentration, the component of the wastewater, capital
investment, operational cost, plant flexibility and

reliability, and environmental impact [87].
6- Zeolites: Structure, classification, and properties

Silicon, aluminum, and oxygen elements synthesize or
form aluminosilicates, which are zeolites. The charge-
balancing non-framework cation M has valence n, x is
two or more, and y is the number of water molecules in
the cavities. Its chemical formula is Ma/n O. Al;O3.x
Si0O,.y H20. Shared oxygen molecules connect the Al and
Si tetrahedral atoms, or T-atoms, to form a three-
dimensional (3D) framework of AlOs and SiO4
tetrahedral. While the SiO, tetrahedral maintains charge
balance, a positive charge on M counterbalances the
negative charge of the AlO, tetrahedral. Furthermore, it
demonstrates the compositional ranges of significant
zeolites [88].

The zeolite framework is composed of interconnected
cavities and channels that are inhabited by water
molecules and cations. Generally, the cations are mobile
and can be exchanged with other cations, thereby
changing the pore diameter. Sometimes, we can
reversibly eliminate intercrystalline water [89].

The catalytic activity of zeolite is attributed to acidic sites,
which are electron acceptors identified as Lewis centers
(L) and proton donors accepted as Bronsted (B) sites.
Zeolites contain both Lewis acid sites and Bronsted acid
sites. While the latter can be charge-compensating cations
or trigonal aluminum atoms at cation positions or in
oxygen-deficient sizes, the former are protons affixed to
lattice oxygen atoms [90].

The precise sequence in which a network of tetrahedral
units connects determines the crystal structure of a
zeolite. Four- and six-membered rings unite to form a
cubic octahedron, sodalite unit in A, X, and Y zeolites.
The oxygen bridges between the six-membered rings
form the hexagonal prism (zeolite X and Y), connecting
these sodalite units. The framework cages leave 8 (zeolite
A) or 12 (zeolite X, Y) oxygen-membered apertures,
responsible for the pore structure. The arrangements are
as follows: in the Mordenite framework, TO4, the
tetrahedral is arranged to form five-membered rings,
which then join to form five chains. Then link the chains
to form the crystal [91].

Another classification of zeolites is contingent upon the

pore dimensionalities, which vary among the various
types of zeolites. Zeolite may possess pore structures that
are one, two, or three-dimensional. Type A's structure is
characterized by three intersection channels, whereas
ZSM-5 has two intersecting channels—one linear and the
other sinusoidal. Mordenite, on the other hand, has a
single-channel system that resembles a bundle of soda
straws [92, 93]. Fig. 7 and Fig. 8 illustrate an example of
pore structure for different types of zeolites [88].
ZSM-5 selectively adsorbs organic molecules in the
presence of water, whereas aluminosilicate zeolites are
hydrophilic. This is due to its hydrophobic and
organophilic character [94].

The framework of ZSM-5 comprises eight-membered
rings and features a novel configuration of linked
tetrahedral, as illustrated in Fig. 9 A.

As shown in Fig. 9 B, joining these ZSM-5 units
through the edge forms the chain. You can connect the
chain to form sheets, and the coupling of sheets creates a
three-dimensional framework structure. A parallel,
straight channel goes in the same direction as the arrow
(010) and has an elliptical cross-section of 5.1 x 5.8 A.
There is also a second system of sinusoidal, or zigzag,
channels that run perpendicular to the straight channels
and have a nearly circular cross-section of 5.4 x 5.6 A, as
shown in Fig. 9 C [95].

The ten-membered rings of oxygen atoms generate two
distinct channels: straight (elliptical) and sinusoidal
(circular). Channels' effective diameter is intermediate
between small-pore zeolite (type A and erionite zeolite)
and large-pore zeolite (faujasite and mordenite). ZSM-5
crystallizes in the idealized or rhombic system with lattice
constants a = 20.1, b = 19.9, and ¢ = 13.4, as illustrated in
Fig. 10 [95].

The mole ratio of oxides can be used to ascertain the
composition of ZSM-5.M is a mix of a tetra-alkyl-
ammonium cation (with 2-5 carbon atoms preferably) and
an alkali metal cation, especially sodium. The mixture is
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made up of: 0.9 £ 0.2 M 2/, O: Al,O3: 5 — 100 SiO: Z  the cation.
Hz, Z ranges from 0 to 40, and n indicates the valence of

3D PORES 2D PORES 1D PORES
Type A ZSM-5 . Mordenite

-

Fig. 7. Three commercial zeolites with different pore dimensionalities

(a) (b)

(©)

Fig. 10. Channel Structure of ZSM-5
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ZSM-5 zeolite catalysts have facilitated the
development of commercially significant petroleum and
chemical processes. At room temperature, ZSM-5 can
easily bind linear and monomethyl-substituted paraffin,
but it can't handle bigger compounds like o-xylene and
2,2-dimethyl butane [96].

The composition-dependent properties of ZSM-5, such
as ion exchange capacity, hydrophobicity, and catalytic
activity, are influenced by its SiO2/Al;,Os ratio. These

properties exhibit a linear relationship with aluminum
content. The SiO,/Al,O3 ratio does not affect the X-ray
pattern, pore size, volume, or framework structure.

As a catalyst, ZSM-5 exhibits a diverse array of unique
properties, including the dewaxing of distillates, the
synthesis of ethylbenzene, the isomerization of xylene,
the disproportionation of toluene, and the conversion of
methanol to MTBE [94]. Table 3 shows a set of previous
studies on using zeolite in heavy metal removal.

Table 3. Summary of previous work, different types of catalysts used for heavy metal removal

Zeolite type Heavy metal Photocatalyst Method/Process Removal percentages | Reference
Zeolite Y Cd, As, Cr, Cu, Acids, bases, salts,
Pb, Ni, Mn, and surfactants, or metals 89.1% to 94.5% [100]
Hg
. The degradation with
Zn0O-Zeolite ZnO - - 98.96%, 95.43%,
Nanocomposite Cd, Cu, Fe and Pb Ultraviolet (UV) light 96.07%, and 95.53% [101]
exposure
Zeolite - S 93% for Cr®* and 89%
nanocomposite Cr6+ and Cd2+ N-ZnO@Zeolite Visible light for Cd?* [102]
. Cr, Cu, Ni, Zn and (434.78, 388, 316,
Natural zeolites Co 333.46 , 138.07 mg/g) [103]
Natural zeolite Rhodamine B Zeo-TiO2 and Zeo-ZnO UV-light 93.8% [104]
Zeolite Beta (mBeta) Cd2+ and Zn2+ Visible- light - [105]
7.50 Combination of ultrasonic
Tetracycline (TC) CoS2/MoS2 and facile hydrothermal - [106]
methods
MeO and
- potassium cyanide [ . - 0
Natural zeolite (CN) were Zeolite/TiO, UV light radiation (96.71%) [84]
removed
Zeolite Y Fe, and As TiO, UV light irradiation 90%, 30%, and 70% [107]
Pb?* reach 1119.80 and
. . 24 24 1348.42 mg/g, while
ZIF-8 and ZIF-67 Pb?* and Cu they are 454.72 and [108]
617.51 mg/g for Cu?*
Cu-Zeolite As - [109]
Zeolitic imidazolate .
. UV, visible (VIS), and NIR 71.22%, 69.52%, and
framewogl;;ﬁ? (ZIF- Cr(VI) TiO2 and ZnO radiations 40.79% [110]
. Zeolite-Based TiO2 -
Natural Zeolitic Cu (I1) Composites UV light - [111]
At each stage of catalyst development, the primary 7- Conclusion
objective is to characterize the catalysts. Assess the
efficacy of each operation by measuring critical Operating costs, initial metal ion concentrations,
parameters, which also function as specifications for  environmental effects, pH levels, chemical usage,

future products. The researcher may examine or regulate
the characterization of support properties, metal
dispersion and location, and surface morphology [97].

A catalyst's quality depends on various factors,
including stability, selectivity for specific products, and
activity. These parameters are dependent on the catalyst
preparation precursor conditions and reaction conditions.
Understanding catalytic performance through the
mechanism of catalytic action depends on looking at the
chemical and physical properties of the substance itself
and finding links between some of these properties and
catalytic performance [98, 99].

The factors include acidity, specific surface area, pore
structure, mechanical strength, and chemical stability.
Other indispensable methods for characterizing supported
metal catalysts are associated with metal dispersion and
support location [94].

removal efficiency, and economic viability are some of
the important factors that affect the choice of the best
technique for eliminating heavy metal ions from
wastewater. In order to comply with strict environmental
regulations for the removal of heavy metals from
industrial wastewater, this study has looked at several
techniques, including coagulation/flocculation, ion
exchange, flotation, membrane filtration, chemical
precipitation, electrochemical treatment, adsorption, and
photocatalysis. Of these techniques, photocatalysis has
become an essential part of cutting-edge water treatment
systems. Research on using photocatalytic technology to
remove various heavy metal contaminants is currently
thriving. Photocatalysts based on semiconductor oxides
have attracted a lot of attention because of their
remarkable photochemical stability, potent oxidizing
capabilities, and nontoxicity, abundance, affordability,
environmental friendliness, and chemical inertness.
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The benefits of using aluminosilicate zeolite with a high
Si/Al ratio in conjunction with other semiconductors to
create  photocatalytic  composites are especially
highlighted by this study. By adding zeolite to these
semiconductor materials, their characteristics are
improved, leading to better photocatalytic performance.
High adsorption capacity, improved transparency,
effective separation of photogenerated carriers, and ease
of reclamation are among the advantages, all of which add
to the overall increase in photocatalytic activity. Zeolite is
a very promising alternative for developing immobilized
photocatalytic materials that efficiently degrade heavy
metals in wastewater, especially in light of the
developments reported in this study. The results highlight
how these novel composites can address environmental
issues related to heavy metal contamination, opening the
door for their widespread use in wastewater treatment
system.
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