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Abstract

Today, quality monitoring of water resources played an influential role in its exploitation and use.
Water sources usually contain heavy metals in minor concentrations. The research showed various
methods of removing heavy metals in aqueous solutions, such as chemical reduction, ion exchange,
adsorption, etc. Hence, the widespread applications of nanotechnology to remove toxic pollutants
from different contaminated water sources are known. In this study, while the existence of other
methods for pollutants elimination from water, the use of iron nanoparticles was investigated. Eco-
friendly and cost-effective nanomaterials are vital to ultimately removing contaminants from water.
Meanwhile, iron nanoparticles are available, cheap, and practical in water and wastewater treatment.
Therefore, Nano Zero-Valeant Iron (nZV1) with high surface area, nanoscale particle size, unique
catalytic activity, more reactivity than bulk iron, and mobility in the underground has attracted
significant consideration due to their performance in removing pollutants from aqueous solutions.
Since nZVI could have aggregated, various linkers have been used to stabilize these particles on the
substrate, and the use of some linkers to support these nanoparticles was examined. The results
showed that hydrophilic and biodegradable linkers such as Starch, Carboxymethyl cellulose (CMC),
Polyethylene glycol (PEG), Polyacrylamide (PAM), and Polyvinylpyrrolidone (PVP) could increase
the speed of chemical reaction in reducing pollutants from water. Because linkers often had different
functional groups that could enhance the stabilizing of these particles on the substrate. Among these
linkers, PVP, as a hydrophilic, cheap, and biodegradable polymer, has performed an excellent
function in supporting nZVI.
Keywords: Heavy metals, Linker, Pollution, Water, Zero-valent iron nanoparticles.

1. Introduction also contributed to introducing heavy metals

The quality of water resources has long
been a matter of concern for humanity, and
ensuring access to clean drinking water has
become a critical issue in all aspects of human
life (Najafabadi et al., 2018, Connolly et al.,
2020; Fida et al., 2022). Therefore, it is
essential to remove pollutants, especially
heavy metals, from water sources to safeguard
human health. Heavy metal contamination
primarily arises from mining activities and
human interventions, while inadequate urban
and industrial waste treatment methods have

into water (Ozaki et al., 2019; Warren-Vega et
al., 2023)

Numerous techniques are available for
reducing and eliminating contaminants from
water  sources. Among these, iron
nanoparticles, which possess high surface
areas and particle sizes in the nanoscale range,
are widely recognized as excellent materials
with a remarkable absorption capacity
(Barzegar et al., 2018; Brasili, et al., 2020;
Yahyaeian et al., 2023). Simultaneously, the
depletion of petroleum resources and growing
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environmental concerns, such as global
warming, have generated significant interest in
developing sustainable ecological materials for
mitigating water pollutants (Habibi, 2014;
Mohamed et al., 2023). Given that zero-valent
iron nanoparticles are prone to aggregation,
different linkers such as starch (Kumari and
Duetta, 2020), cellulose (Li et al., 2018),
polyethylene glycol (PEG) (Wu et al., 2020),
polyacrylamide (PAM) (Li et al., 2021), and
Polyvinylpyrrolidone (PVP) (Chen et al.,
2019) are employed to augment the efficiency
of these particles as absorbers in water. These
stabilizers prevent the agglomeration of zero-
valent iron nanoparticles through beneficial
bonds, thus increasing the reactivity of these
nanoparticles as absorbers in contaminated
water (Sidorenko et al., 2022; Liu et al., 2023).

Starch is an appropriate substance among
organic, environmentally friendly, and stable
organic biopolymers due to its
biodegradability, cost-effectiveness, and non-
toxicity (Nasrollahzadeh et al., 2021).
Research conducted by Kumari and Duetta
(2020) demonstrated that starch-enriched zero-
valent iron nanoparticles could improve the
water chromium removal through advanced
oxidation techniques (Kumari and Duetta,
2020). Carboxymethyl cellulose (CMC) is also
an anionic polyelectrolyte that can effectively
reduce the aggregation of iron nanoparticles at
the surface and enhance the mobility of zero-
valent iron nanoparticles in porous media (Yu
et al., 2020; Liu et al., 2023). Consequently,
Xu et al. (2020) discovered that zero-valent
iron nanoparticles supported by
carboxymethyl cellulose could reduce over
99% of trichloroethene in water within five
hours.

Biodegradable surfactants like PEG can
also enhance the physical stability of zero-
valent iron nanoparticles and reduce their
environmental risk (Wu et al., 2020). Jiao et al.
(2012) synthesized a new composite of zero-
valent iron nanoparticles linked to
polyethylene glycol and stabilized on activated
carbon, introducing it as an effective catalyst
for ~ removing  hexavalent  chromium.
Polyacrylamide (PAM) has been used as a
polyelectrolyte to prevent agglomeration and
facilitate the transportation of water and soil
(Wang et al., 2015). Liu et al. (2021)
discovered that PAM, which supports zero-

valent iron nanoparticles, can be an effective
flocculant. This facilitates the agglomeration
of these nanoparticles in water and wastewater
treatment while reducing the presence of
divalent lead in water. Polyvinylpyrrolidone
(PVP) is a nonionic linker that enhances the
dispersion of zero-valent iron nanoparticles.
This stabilizer is inexpensive, water-friendly,
environmentally compatible, and conductive
(Tian et al., 2020).

Shamshirgaran et al. (2022) demonstrated
that water-compatible biochar, enriched with
zero-valent iron nanoparticles and stabilized
by Polyvinylpyrrolidone, could significantly
reduce hexavalent chromium in groundwater
(achieving a reduction rate of 99.6% in only 5
minutes). The current investigation not only
examines methods for eliminating
contaminants from water but also explores the
application of nanotechnology in water
treatment. Specifically, the research focuses on
the use of zero-valent iron nanoparticles in
reducing water contaminants facilitated by
various linkers.

2. Methods for removing pollutants from
water sources

Various and abundant organic and
inorganic compounds are produced in
chemical industries, many of which are
persistent, toxic, and non-degradable.
Removing these compounds from industrial
wastewater, groundwater, and natural soil
poses a challenging task, mainly when they
spread into the environment (Pasinszki and
Krebsz, 2020; Romeh, 2023).

As depicted in Fig.1, there exist numerous
methods to eliminate contaminants, including
heavy metals found in aqueous solutions, such
as adsorption, ion exchange, chemical
precipitation, membrane filtration, redox
processes, electrodialysis, electrolytic
extraction, etc. (Zhu et al., 2016). Among
these, the adsorption technique is the most
common and cost-effective technology for
removing heavy metals from water, employing
both natural and bio-adsorbents (Chakraborty
et al., 2022; Ohale et al., 2023).

lon exchange is a reversible exchange way
between an insoluble solid phase and a liquid
phase. The solid phase in the ion exchange
procedure can be a crystalline network or gel.
If the exchanged ions are positive, it is named
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a cation exchange; if the ionic species have a
negative charge, it is considered an anion
exchange. Using a cation exchange method,
cations such as Ca?*, Mg?*, Ba?*, Sr?*, and
Ra?* can be picked up from an aqueous media.
So, lon exchange is capable of selectively
removing heavy metals of high quality. Also,
anions such as F, AsOs?, NO3*, SeOs%,
CrO4%, etc. can be removed by an anion
exchange method. Although, this technique is
utilized in different fields, including water
treatment, medical  research,  mining,
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agriculture, etc., it cannot be applied on a
large-scale duo to its high cost (Stenina et al.,
2020; Kordbacheh et al., 2023).

The chemical precipitation method is a
process that relies on the reaction between
heavy metal ions and a suitable compound to
facilitate the sedimentation of the resulting
residue from the solution. This method
operates on generating insoluble metal
precipitates (Peng and Guo, 2020).

——

7T

Heavy
metals

Ion
Exchange

e e
Purified Water

 Nanotechnology

Fig. 1. Different methods for reducing pollutants in water (Shrestha et al., 2021)

Nevertheless, the production of sludge, the
relatively weak sedimentation of metals, and
the environmental impacts of sludge disposal
are among the drawbacks of this process (Siti
et al., 2013; Saleh et al., 2022). Filtration is a
process in which membranes with pore sizes
ranging from 0.001 to 0.1 micrometers are
used to separate high molecular weight,
polymeric, and colloidal contaminants. This
process, conducted under pressure, is affected
by the electrical load and the surface chemistry
of the membrane (Almasian et al., 2018; Elsaid
etal., 2023).

In an electrochemical system, oxidation
occurs at the anode (the positive side), where
electrons are transferred to the cathode (the
negative side), and reduction occurs. These
two chemical reactions, called redox
(reduction-oxidation) reactions, lead to water
purification through metal removal. However,
this method is costly for industrial applications
(Qasem et al., 2021). Electrodialysis is also
used to separate ions, considering the

difference in electrical potential. This method
employs a series of cation exchange and anion
exchange membranes that are alternately
arranged in parallel to separate ionic salts. The
notable purification of water without any
chemical reactions or interference is one of the
advantages of this method. However, the high
cost of the membranes and the challenges in
creating an electrical potential remain
significant obstacles (Al-Amshawee et al.,
2020).
3. Application  of  zero-valent iron

nanoparticles in water treatment

The rapid advancement of nanoscale
science and engineering has created
unprecedented opportunities for expanding
cost-effective and environmentally friendly
water purification methods. Among these,
nanoparticles, due to their unique properties,
are used for various remediation applications.
The diverse applications of nanoparticles span
various domains, such as heavy metal
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pollution mitigation, reduction of wastewater
pollutant loads, treatment of hydrocarbons,
management of solid waste, and handling of
radioactive materials, among others (Ajith et
al., 2021; Devi et al., 2023).

Among the different nanoparticles used for
heavy metal removal, zero-valent iron
nanoparticles, due to their minimal particle
size, high surface area, and high reactivity, are
among the most effective technologies for
reducing pollutants in  water. These
nanoparticles are distinguished as a potent
reductive agent and a significant adsorbent in
water purification processes (Fu et al., 2014).
Consequently, in recent years, zero-valent
iron-based catalysts have emerged as an eco-
friendly solution for reducing heavy metals
from water bodies. These nanoparticles have
attracted considerable attention due to their
non-toxic nature and easy recyclability using
an external magnetic field (Lei et al., 2018 and
Hemmat et al., 2021).

Zhu et al. (2017) found that iron zero-valent
nanoparticles, when supported on biochar,
could decrease hexavalent chromium in water
by over 60%. In 2019, research was conducted
on the water purification from pollutants such
as nickel (I1) and copper (Il). The findings
indicated that zero-valent iron nanoparticles
were effective in reducing divalent copper and
nickel within a relatively short period (Lou et
al., 2019).

Shad et al. (2020) concluded from their
research that zero-valent iron nanoparticles,
within 24 hours, were able to decrease the
phosphate, ammonia, nitrate, lead, and
chloride in water by 99.51%, 88.01%, 86.33%,
79.33%, and 83.04% respectively. Zafar et al.
(2021) explored the impact of zero-valent iron
nanoparticles on contaminated waters. In their
case study, they reported a reduction in
tetrachloroethylene and  trichloroethylene
concentrations in groundwater between 50%
and 97% over three months.

4. Linkers for stabilizing zero-valent iron
nanoparticles.
Organic and inorganic linkers can alter the
properties of zero-valent iron nanoparticles.

4.1. Starch
Starch, as a biodegradable and renewable
raw material, provides enhanced stability to

zero-valent iron nanoparticles. It also serves as
a natural linker, abundant in hydroxyl groups,
with a strong bond with various functional
groups (Nasrollahzadeh et al., 2021).

Malekzadeh et al. (2018) conducted a study
that showed the adsorption behavior of
naphthalene on a sorbent comprising starch-
modified zero-valent iron nanoparticles. The
results indicated that the adsorption process
followed a monolayer mechanism and
conformed to the Langmuir adsorption model.
In addition, the maximum adsorption capacity
could be calculated as 24.752 milligrams per
gram. The reaction time (five minutes) is also
preferable  for  naphthalene  adsorption
compared to other adsorbents (Malekzadeh et
al., 2018).

Elkady et al. (2019) conducted a study on
synthesizing a nanocomposite consisting of
starch-linked zero-valent iron. Their research
revealed that the incorporation of starch
facilitated the dispersion and stabilization of
zero-valent  iron  nanoparticles  while
preserving their crystal structure
characteristics. Furthermore, adding this linker
demonstrated the ability to reduce aggregation,
enhance distribution, and improve reactivity,
resulting in increased efficiency of zero-valent
iron nanoparticles to reduce Acid Blue color in
water sources (Elkady et al., 2019).

In one research, it was demonstrated that
zero-valent iron nanoparticles enriched with
potato starch, employed as a stabilizer, could
significantly enhance chromium removal from
water. SEM (Scanning Electron Microscope)
analysis indicated that starch has a
multiplicative, positive impact on supporting
zero-valent iron nanoparticles. It formed a
layer of polymeric molecules on the surface,
generating potent spatial repulsive forces.
Consequently, the amplified surface charge of
the nanoparticles resulted in the electrostatic
stabilization of a uniform dispersion and a
reduction in particle size (Kumari and Duetta,
2020).

Yang et al. (2021) synthesized a new
composite  featuring  zero-valent  iron
nanoparticles stabilized on biochar and
supported by enduring starch (Fig. 2). They
demonstrated remarkable performance in
reducing hexavalent chromium in water
(reduction percentage = 99.67%). The results
from fitting kinetic models in this study
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showed that the maximum adsorption capacity
of hexavalent chromium by the composite
containing zero-valent iron and starch is
122.86 mg/g (Table 1).

4.2. Cellulose

Cellulose, identified by the formula
(CeH100s5) n, is the most plentiful organic
polymer on Earth. Essentially, it is a
polysaccharide comprising thousands of
interconnected glucose units (Li et al., 2018).
According to a study by Zhang et al. (2019),
zero-valent iron nanoparticles anchored on
biochar and supported by carboxymethyl
cellulose could thoroughly eradicate 100 mg/L
of hexavalent chromium from water solutions
within 18 hours. In another study by Zhao et

nanoparticles were synthesized, supported by
carboxymethyl cellulose.
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Fig. 2. A depiction of the synthesis and

application of zero-valent iron nanoparticles
stabilized on biochar and modified with starch for

al. (2019), sulfided zero-valent iron reducing hexavalent chromium in water (Yang et
al., 2021).
Table 1. Some starch nanomaterial-based Fe® to removing pollutants in water
. . The catalyst Initial contaminant ~ Time of Removal
Materials Contaminant pH dosage. (g/1) Conc.(mg/l) reaction rate
SnZV1 particles Nitrate 5.0 1 100 480min
Starch-modified
Feo Naphthalene 5.0 1 5 5min >99%
nanoparticle
S-nZVI@AC  Chromium (VI) 5.0 0.6 10 99.96%
FeOst Ac'd( dE;L”)e 2 70 05 600 6min >99.9%
S-nzVI Chromium (V1) 3.0 0.5 50 180min >70%
nZVI1/SS/BC600  Chromium (VI) 2.0 1 50 99.67 %
Various tests showed that the cellulose- [ i i
containing catalyst demonstrated superior D!. : ey S
performance in  removing  hexavalent md . E
chromium in groundwater over a similar time (=2] [=2%2] [=2%F]
(removal efficiency = 535 mg/g at an initial e . O X S~

concentration of 50 mg/L of hexavalent
chromium) (Zhao et al., 2019).

The research conducted by Xu et al. (2020)
illustrated the polymeric stabilization of zero-
valent iron nanoparticles using cellulose.
Cellulose could enhance the sub-surface
transport of zero-valent iron on a nanoscale,
thus increasing the utilization efficiency of
electrons.

Fig. 3. Mechanism of chromium removal using
zero-valent iron nanoparticles anchored on
biochar and supported by carboxymethyl cellulose
(Zhang et al., 2019).
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Furthermore, they investigated the use of
sulfided zero-valent iron nanoparticles
stabilized with carboxymethyl cellulose to
reduce trichloroethylene contaminants in water
and achieved commendable results (Xu et al.,
2020).

Additionally, Zhao et al. (2022) discovered
that zero-valent iron nanoparticles, supported
by carboxymethyl cellulose due to their unique
crystalline structure and particle size, exhibit
high efficiency and capacity to remove
Vanadium (V) and Chromium (V1) from water

(Table 2).
Table 2. Some nZV1 supported by cellulose to remove pollutants in water
o . - Removal
Materials Contaminant pH [;r::aczta(ly/slg Initial contaminant :;;;figrf efficiency or Ref.
ge. g Conc.(mg/l) capacity
Microcrystalline
cellulose . . Sharma et
immobilized Chromium (VI) 3.0 0.1 5 600min >50 mg/g al. (2018)
nzVI (Cl-2)
Biochar-CMC- . . Zhang et al.
nZVI Chromium (VI) 5.6 1.25 100 1080min >99% (2019)
. Fe ; 0 Zhao et al.
CMC-S-nzVI Chromium (VI) 3.0 dosage=0.3 20 10min >95% (2019)
Two-step CMC- . _ . Xu et al.
S-nzVI Trichloroethene  ---  Fe dosage=1 10 480min >80% (2020)
CMC-AnzVI  Chromium (VI) 3.0 15 100 40min 99.9% Z'ggze;)a"

4.3. Polyethylene Glycol (PEG)

Polyethylene glycol, a biodegradable and
hydrophilic polymer, can enhance the
dispersion and stability of zero-valent iron
nanoparticles (Zhao et al., 2020). Jiao et al.
(2019) synthesized a novel composite of zero-
valent iron nanoparticles linked to PEG and
stabilized on activated carbon, introducing it as
an effective catalyst for hexavalent chromium
removal. Zhao et al. (2020) evaluated a sorbent
containing zero-valent iron nanoparticles and
polyethylene glycol to remove
fluoroquinolone antibiotics in water, achieving
a high removal efficiency of over 90% within
an hour. Wang et al. (2021), in their research

on versatile zero-valent iron composites, noted
that zero-valent iron nanoparticles modified
with PEG efficiently disperse on the substrate
surface, showing enhanced performance in
reducing pollution due to the presence of
numerous hydroxide functional groups. Wang
et al. (2022) employed joint modification of
zero-valent iron nanoparticles with resin and
PEG to remove hexavalent chromium. As
depicted in Fig. 4, the resin acts as a carrier and
PEG as a stabilizer, preventing agglomeration
and  oxidation of  zero-valent iron
nanoparticles. This resulted in a hexavalent
chromium adsorption capacity of 134.56 mg/g
(Table 3).

Table 3. Different nZVI modified with polyethylene glycol for the pollutant’s removal in water

Materials Contaminant  pH J::agga(lésl; Initial contaminant 2;228: efﬁgin;r?;ljlor Ref.
Conc.(mg/l) capacity
nZVI-MAC Chr(‘\’/”l‘)i“m 2.0 4 100 20min >99% Jiéizooigf;"
PZ-NzVI  Norfloxacin 4.0 0.4 10 60min 98.42% ZQZ%;S)‘"""
PZ-NZVI Ofloxacin 4.0 0.5 10 60min 97.62% 223‘52"’8)3"
né@?é)es_c Chr(‘\’/”l‘)i“m 3.0 1.25 100 10min 97.38% V\('goztoe;"
nZ\F;IIE/(I;-201 Chr((\)/nrll)ium 30 3 20 60min >99% W?ggzezt)al'
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Fig. 4 Removal of Cr (V1) by zero-valent iron
nanoparticles stabilized on resin and stabilized by
polyethylene glycol (Wang et al., 2022).

4.4. Polyacrylamide (PAM)

Polyacrylamide (PAM) is a synthetic
polymer widely used as a flocculent, paper
strengthener, and oil recovery enhancer. As a
water-soluble polymer, PAM is favored in the
biomedical and pharmaceutical sectors,
leading to extensive research on its use as a
hydrogel for blood-compatible materials. In
water and wastewater treatment, PAM is a
linker for linking heavy metal ions by forming
coordinate bonds (Christy et al., 2020).

Wang et al. (2015) conducted a study in
which they observed that introducing
Polyacrylamide (PAM) at a concentration of 1
mg/I significantly enhanced the sedimentation
of zero-valent iron nanoparticles, thereby
improving the wastewater quality. Fig. 5,
presented in their study, demonstrated the
efficacy of PAM as a support material for zero-
valent iron nanoparticles, augmenting their

performance in water and wastewater

treatment (Table 4).

C
Clarifier =9 Effluent

Ni(ll):
<1.5mg/lL

{-CH—CH, 3 CH—CH.}
CONH, COONa

N

Fig. 5. Reduction of divalent nickel in water
using zero-valent iron nanoparticles supported by
Polyacrylamide (Wang et al., 2015).

Eljamal et al. (2018) studied the reduction
behavior of nitrates and the absorption of
phosphorus using zero-valent iron
nanoparticles, both in isolation and when
stabilized with PAM. Their research
demonstrated that among various doses of
polyacrylamide, 0.6 grams per liter yielded the
highest performance in achieving nitrate
removal and phosphorus adsorption.

Moreover, in 2021, the modification of
zero-valent  iron nanoparticles  with
polyacrylamide was examined by Liu et al.
(2021) Their studies confirmed that compared
to bare zero-valent iron nanoparticles, particles
modified with PAM become larger and firmer,
enhancing the sedimentation rate and water
purification (Liu et al., 2021).

Table 4. Various modifications of nZV1 with polyacrylamide for the pollutant’s removal in water

. . . Removal
Materials Contaminant  pH (‘jl'gseacz;ta(I%sI; Initial contaminant :-elarlgfi(())rf efficiency or Ref.
9e. {9 Conc.(mg/l) capacity
PAM PAM/nZVI = Wang et al
enhanced Nickel (11) --- . - 100 120 min 92% g '
1:100 (2015)
nZVi
PAA Eljamal et al
stabilized Nitrate 1.25 300 120 min 99% ) '
(2018)
nzVvi
PAA Eljamal et al
stabilized Phosphorus --- 1.25 100 120 min 99.2% ) '
(2018)
nZVi
. . Eljamal et al.
0,
PAA/NZVI Nitrate 7.0 1 300 120 min 99% (2020)
PAANZVI  Phosphorus 7.0 1 100 120 min 97% Eljamal et al.
(2020)
4.5. Polyvinylpyrrolidone (PVP) solubility, high dielectric strength, and

Polyvinylpyrrolidone, bearing the chemical
formula (CeHgNO) n, is known for its water

biodegradability. Due to its unique structural
properties, PVP can establish complexes with
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various mineral salts and perform as a
stabilizer, thereby enhancing the physical
stability of nanoparticles (Table5) (Tian et al.,
2020).

In a study conducted by Chen et al. (2019),
a system composed of Polyvinylpyrrolidone
and zero-valent iron nanoparticles coupled
with  copper particles was  designed.
Implementing of PVP led to an elevated
removal efficiency of the antibiotic
ciprofloxacin, reaching 95.6% in 120 minutes.
Results from BET analyses further affirmed
that the inclusion of PVP considerably
optimized the specific surface area and
dispersion performance of the catalyst.
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Similarly, to mitigate the agglomeration
issue of zero-valent iron nanoparticles and
boost their reactivity, Eljamal et al. (2020)
employed four different polymers during the
synthesis process. These included
polyacrylamide, carboxymethylcellulose,
polyethylene sorbitan monolaurate, and
Polyvinylpyrrolidone (Fig. 6). The findings
indicated that among these, PVP was more
effective in enhancing the reactivity of zero-
valent iron nanoparticles for nitrate reduction.
(The nitrate absorption capacity was observed
above 238.9 mg/g).
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Fig. 6. The impact of different polymers on the support of zero-valent iron nanopartlcles for nitrate and
phosphorus reduction (Eljamal et al., 2020).

In the Sidorenko et al. (2022) developed a
catalyst incorporating  zero-valent iron
nanoparticles and polyvinylpyrrolidone (PVP)
as a stabilizing agent. Analysis of the catalyst's
FT-IR spectra revealed bonding facilitated
through the oxygen atoms in the PVP's ring
structure, which were coordinated with the
iron atoms. Furthermore, PVP polymer
assisted in generating a negatively charged
carbonyl group on the iron nanoparticles'
surface during the synthesis, promoting the
development of a stable colloidal solution.
Large PVP molecules also generated a steric
effect, preventing the agglomeration of the
particles.

Shamshirgaran et al. (2022) studied the
fabrication of zero-valent iron nanoparticles
stabilized with Polyvinylpyrrolidone (PVP)

and supported by hydrophilic biochar. The
hybrid material exhibited an impressive
reduction capacity for hexavalent chromium,
achieving 99.63% removal in just 5 minutes
(Fig. 7). The XPS results indicated that the
PVP polymer facilitated the surface absorption
process by increasing the number of absorption
sites.

The appearance of trivalent chromium on
the surface confirmed the conversion of
hexavalent chromium, making the impactful
role of the polymer in reducing hexavalent
chromium evident. Furthermore, BET analysis
revealed that although the surface area of the
PVP-containing sample decreased slightly
compared to the PVP-free sample, there was an
increase in the average pore diameter and total
pore volume (0.1687 cm"3/g). Investigation of
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the catalyst's behavior and mechanism also
indicated a dominance of absorption in the

NaBH,

Pyrolysis 4

Biochar

i)
k)
%

v )
mass Z,
(Wheat straw)

NaBH4

PVP-free sample and catalytic behavior in the
PVP-containing sample.

T

Fig. 7. The effect of PVP polymer on the support of zero-valent iron nanoparticles for Cr (V1) reduction
(Shamshirgaran et al., 2022).

Table 5. Some Fe® linked to polyvinylpyrrolidone for pollutants removal in water

. . . Removal
Materials Contaminant pH (;F:seaczte?ly/sl,; Initial contaminant ;2;2;8: efficiency or Ref.
ge. g Conc.(mg/l) capacity
PVP- : . . 0 Chen et al.
NZVI/Cu Ciprofloxacin 6.0 1 50 120 min 95.6% (2019)
. . Eljamal et
0,
PVP/nZVI Nitrate 7.0 1 300 120 min 99.5% al. (2020)
. Eljamal et
0,
PVP/nzVI Phosphorus 7.0 1 100 120 min 73% al. (2020)
0.4 (by 6
PVP-nZVI- ; mM of - ; 0 Idrees et al.
Cu Trichloroethylene 3.2 persulfate ~1 60 min 99.6% (2021)
oxide)
0.6PVP-
nZVI@HWS  Chromium (VI) 3.2 0.2 20 5 min 99.63% Our work
(2:2)

5. Conclusion

Providing clean and sanitary water has
always been a paramount concern for
humanity. This study examined various
methods for reducing organic, mineral, and
biological pollutants in water, focusing on the
role of nanosorbent, specifically zero-valent
iron nanoparticles, in pollutant reduction.
Additionally, the study investigated several
linkers to enhance the performance of zero-
valent iron nanoparticles and mitigate their
aggregation. The findings revealed that linkers
such as starch, cellulose, polyethylene glycol,
polyacrylamide, and Polyvinylpyrrolidone can
significantly enhance reaction rates and
removal efficiencies. Linkers play a crucial
role in supporting nZVI particles and have
some advantages, including enhanced stability
and compatibility with different media.

However, with some disadvantages, such as
potential toxicity, limited lifespan, and cost
implications. Among these surfactants,
Polyvinylpyrrolidone  emerged as a
hydrophilic, cost-effective, and biodegradable
polymer that effectively supports zero-valent
iron nanoparticles. The inclusion of
Polyvinylpyrrolidone resulted in an increased
total pore volume in the composite material.
Consequently,  Polyvinylpyrrolidone, by
augmenting the number of absorption sites,
facilitated the surface absorption process,
thereby enhancing the efficiency of pollutant
reduction.
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