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15.1 Introduction
The gradual population growth, climate change, rapid development of urbaniza-
tion, and industrialization present serious challenges with environmental pol-
lution becoming a major concern globally. Various pollutants, such as heavy
metals, dyes, pesticides, insecticides, herbicides, antibiotics, oil spills, and toxic
metals, are disposed into the environment such as water bodies, thus causing
serious life-threatening problems to both animals and plants [1,2]. The main
sources of these contaminants include industrial waste, accidental spillage, and
agricultural activities. These pollutants pose a serious challenge since they are
toxic as well as carcinogenic. Therefore, there is an urgent need to develop
new methodologies and material for the removal of pollutants from environ-
ment. Removal of organic and inorganic pollutants using nanomaterials as cat-
alysts and adsorbents has become the center of attention now [3]. Generally,
these nanomaterials possess large surface area for adsorption and sensing of
the various toxic pollutants, remarkable thermal, optical, mechanical, and elec-
tronic properties. Recent studies focus on the use of nanomaterials as the re-
mediation for the environment (soil, air, and water). A nanocomposite is a
mixture of two or more different nanomaterials (having sizes in the range of
nanometers). The principal advantage is to combine properties of these multi-
functional nanomaterials and produce novel nanomaterial with enhanced and
improved physical and chemical properties (improved conductivity, enhanced
effective surface area, high selectivity, and stability). The obtained nanocom
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posites offer significant advantages over conventional methods in the remedia-
tion of the environment.

Recently, the employment of magnetic nanomaterials for the analysis of
pollutants has been of great interest to researchers. Magnetic nanoparticles
(MNPs) are generally composed of metal nanoparticles such as cobalt (Co),
nickel (Ni), and iron (Fe) or their oxides including magnetite (Fe3O4) and
maghemite (γ-Fe2O3). Magnetic-based nanocomposites have been extensively
employed for environmental purposes such as contaminant removal, remedia-
tion, and water treatment. They are currently attracting much attention due to
their exceptional multifunctional properties, affordability, large adsorption ca-
pacity, and magnetic separation ability using a permanent magnet [4,5]. Mag-
netic nanomaterials are usually coated with polymers, surfactants, carbona-
ceous nanomaterials, silica, and other metals and metal oxides to stabilize them,
prevent aggregation, and increase their surface area and the active sites mainly
for adsorption of pollutants.

15.2 Types of magnetic nanocomposites and their preparation
methods
Chemical and physical approaches have been reported for successful syn-
thesis magnetic nanoparticles and their respective nanocomposites; however,
in the recent past, the synthesis of nanoparticles using natural materials and
green methods is a very promising approach in green nanotechnology [6].
Various plant extracts and biocompatible reagents along with energy effi-
cient methods have been used in green synthesis of magnetic metal and metal
oxide nanoparticles because they are economical, nontoxic, easily available,
and eco-friendly. Their properties depend on particle size and the method of
preparation. The various conventional methods used to synthesize most of
the magnetic nanoparticles include electrospinning, coprecipitation, hydrother-
mal–solvothermol methods, and sol–gel autocombustion [7,8]. In these meth-
ods, control of size and size distribution is not easy. To overcome this problem,
coprecipitation (wet chemical) method is preferred. Coprecipitation method is a
simple method, and it involves dissolution of compound salt precursor in aque-
ous media and subsequent precipitation from the solution by pH adjustment
[9]. The advantage of coprecipitation method over the others is that control of
production of particles, its size, and size distribution is relatively easy. Surface
coating materials such as oleic acid and sodium dodecyl sulfate are used to
modify the surface of the magnetic nanoparticles surface to prevent agglomera-
tion. The search for novel magnetic nanocomposites has led to the combination
of different nanomaterials such as carbon nanotubes, metals, and polymers with
various types of magnetic nanoparticles for applications in various fields.
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15.2.1 Carbon-based magnetic nanocomposites

Magnetic carbon nanocomposites have magnetic nanoparticles such as mag-
netic ferrites decorated on the carbon as the hosting/supporting material. Car-
bon nanotubes (MWCNTs, SWCNTs), graphene (graphene oxide, reduced
graphene oxide, graphite), fullerene, and activated carbon, among others, are
the most used carbon materials owing to its unique mechanical, physical, and
chemical properties. Surface modification of the magnetic nanoparticles is ac-
complished by in situ growth or ex situ mixing on to the functionalized car-
bonaceous nanomaterials. Combination of these carbon materials with mag-
netic nanoparticles gives rise to unique properties such as large surface area to
volume ratio, high chemical and thermal stability, selectivity, and outstanding
adsorption capability due to the synergistic effects [10]. For instance, magnetite
(Fe3O4)/graphene oxide (GO) nanocomposite was synthesized via coprecipita-
tion for catalytic reduction of methylene blue in water. It was found that the
as-prepared Fe3O4/GO nanocomposite is a recyclable catalysts and due to the
magnetic separability [11]. In another recent study, Ag-rGO-PD-MCNT (sil-
ver/reduced graphene oxide/polydopamine/Fe3O4/MWCNTs) was fabricated
for catalytic reduction of 4-nitrophenol and methylene blue successfully. The
Ag-decorated carbonaceous magnetic nanocomposites were found to be mag-
netically separable as well as recyclable [12].

15.2.2 Magnetic metal/metal oxide nanocomposites

Magnetic nanoparticles mainly comprise of the following:

1. Metal nanoparticles such as cobalt (Co), nickel (Ni), and iron (Fe) and
their derivatives

2. Magnetite (Fe3O4) and maghemite (γ-Fe2O3)

Among these nanomaterials, iron (a ferromagnetic) and its oxides magnetic
nanostructures are greatly explored for applications in environmental remedi-
ation. This is because they are abundantly available, low toxicity, and easy
to synthesize and to functionalize. Most of the bare magnetic metal/metal
oxide nanoparticles agglomerate; hence, they are functionalized with other
nanomaterials to reduce agglomeration. In addition, functionalization enhances
their efficiency in various environmental applications. Gong et al. [13] in-
vestigated the removal efficiency of aqueous chromium (VI) using magnetic
iron sulfide–coated iron (Fe/FeS). In another latest work, Fe3O4 coated by
SiO2 and TiO2 nanocomposite was successfully fabricated by Khalaf et al.
[14]. The prepared nanocomposite exhibited effective adsorption and good
stability for removal of chromium Cr (VI). Lanthanum-doped cobalt ferrites
(CoLaxFe2-xO4) were

Novel magnetic nanocomposites and their environmental applications
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successfully synthesized via sol–gel method as magnetic adsorbents for envi-
ronmental applications by Mariosi et al. [15].

15.2.3 Polymer based magnetic nanocomposites

Magnetic polymer nanocomposites can be defined as hybrid nanomaterials
composed of an inorganic magnetic component in the form of particles dis-
persed in polymers such as polyaniline [16]. Coating magnetic nanoparti-
cles with appropriate polymers greatly reduces agglomeration of the magnetic
nanoparticles; thus, it enhances the adsorption capacity of the prepared mag-
netic based nanocomposite. The extraordinary catalytic ability, rapid adsorp-
tion, and effective regenerability of the polymer-based magnetic nanocompos-
ites offer great potential application in the removal or detection of pollutants
in the environment. Ballav et al. [17] and Gopal et al. [18] reported the use
ɤ-Fe2O3/polypyrrole nanocomposite as effective adsorbent for methylene blue
removal from wastewater. The nanocomposite presented superb adsorption ca-
pacity of 464 mg g−1.

15.3 Role of magnetic nanocomposites on environmental

15.3.1 Adsorbent

The adsorption process essentially is based on surface phenomenon in which
an adsorbent such as the magnetic nanocomposites provides a surface on which
an adsorbate (the substance that is being adsorbed, for instance, the various
contaminants) is adsorbed. The attraction between adsorbent and adsorbate can
be due to electrostatic forces of attraction, the weak van der Waals forces
and π-π interaction [19]. Adsorption is the most extensively used method in
removal of both organic and inorganic pollutants such as toxic heavy metal
ions, pesticides, and dyes since the method is simple, efficient, and relatively
cheap as compared with the other conventional approaches. Magnetite and
maghemite have been used as nanosorbents in the removal of various pollu-
tants such as heavy metals because they can be easily separated and recov-
ered from the system with the help of an external magnetic field. Zhang et
al. [20] developed a highly efficient and effective biodegradable nanoadsor-
bent (carboxymethylated lignin with a silica-coated magnetic nanoparticles)
for removal of Pb2+ and Cu2+ metal ions from aqueous solutions. The as-pre-
pared Fe3O4/SiO2/NH/MFL presented good adsorption capacity of 150.33 and
70.69 mg g−1 for Pb2+ and Cu2+ ions, respectively. Magnetic (Fe3O4) β-cy-
clodextrin (β-CD) porous polymer nanospheres (P-MCD) were fabricated by
Ref. [21] for adsorption of micropollutants. The adsorbent is reported to ex-
hibit a higher adsorption capacity of 305.8 mg g−1. Amino/thiol bifunctional-
ized magnetic adsorbent was applied for efficient adsorption of heavy Pb2+

ions from aqueous solution [22]. Excellent adsorption capacity
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was achieved due to the synergistic effect of amino and thiol functional groups
(Scheme 15.1).

15.3.2 Degradation catalyst

Nowadays, organic pollutants such as pesticides as well as drug residues are
being discharged to the environment via untreated industrial effluents and from
agricultural activities. Many of them are harmful; hence, their detection, degra-
dation, and removal are crucial. Besides adsorption, catalytic degradation is
another approach wildly used in getting rid of these pollutants from the en-
vironment. A catalyst is used to degrade the pollutant into less harmful prod-
ucts before being released into the environment; thus; it minimizes the impact
of the pollutant on the receiving environment. Successful application of both
the bare magnetic nanoparticles and their respective nanocomposites as novel
degradation catalysts has been reported in the recent past. This is mainly be-
cause of their low cost, wide availability, good biocompatibility, high stability,
and convenient magnetic separation. Chen et al. [23] reported the synthesis of
Fe3O4 via oxidative precipitation method for degradation of rhodamine B (a dye
pollutant). The obtained Fe3O4 magnetic nanoparticles had superior catalytic
activity and were magnetically recoverable and recyclability. Recently [24],
FeNi3/SiO2 was employed, as an eco-friendly magnetic catalyst for the cat-
alytic degradation of tetracycline in neutral pH medium with excellent degra-
dation efficiency of 87%. In another report, the use of ZnO- and TiO2-coated
magnetic particle for photocatalytic degradation of four insecticides (floni-
camid, etoxazole, metaflumizone, and fenpyroximate) was studied. Garrido et
al. [25] and Sajjadi et al. [26] synthesized thiotetrazole–palladium(II) com-
plex decorated and stabilized on the silica-encapsulated Fe3O4 magnetic parti-
cles for degradation of hexavalent chromium, 4-nitrophenol, potassium hexa-
cyanoferrate(III), and nigrosin. The prepared Fe3O4/SiO2-Thiotet-Pd(II)

SCHEME 15.1 Role of magnetic nanocomposites on environmental.

Novel magnetic nanocomposites and their environmental applications
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nanocomplex exhibited great catalytic activity with outstanding stability and
ease of magnetic separation.

15.3.3 Electrochemical sensor

Literature review reveals that a number of conventional methods such as chro-
matographic have been reported for both qualitative and qualitative analysis
toxic pollutants in various samples matrices. However, most of these analyti-
cal techniques such as separation-based methods suffer from a number of lim-
itations such as require expensive instrumentation, highly trained personnel to
run the instruments, and tedious and time-consuming sample preparation steps,
which involve the use of large amounts of organic solvents that may be toxic
to the environment making them inappropriate for regular analysis [27]. Elec-
trochemical sensors represent alternative methods. The nanocomposite-based
electrochemical sensors offer advantages such as on-site, cost-effective sen-
sors capable of routine, sensitive, and selective detection of a range of targeted
compounds present in humans, food, water, and the environment without (or
with reduced) sample pretreatment. This method is based on the phenomenon in
which electroactive organic pollutants are converted to less harmful products at
the surface of bare or modified electrodes via electroanalytical techniques [28].
The potential applied to the working electrode causes the electroactive species
existing in solution to be reduced or oxidized at the surface of the electrode
[29]. The process corresponds to the conversion of one form of the analyte of
interest into another. Appearance of the particular peak at certain potential is
used for analysis. Recently, modification of the electrode's surface using nano-
materials such magnetic nanoparticles and their respective nanocomposites is
reported to increase the surface area and provide more active sites for adsorp-
tion or detection of pollutants and other electroactive target analytes [30]. To
date, nanocatalysts including magnetic metal oxides have been used in fabrica-
tion of electrochemical sensors and biosensors due to their large surface area to
volume ratio, and have a high catalytic activity; thus, they can oxidize/reduce
analytes and accelerate electron transfer processes. A new biomimetic sensor
based on magnetic molecularly imprinted polymer was developed by Khan et
al. [31] for sensitive and selective detection of methyl green dye. Chimezie et
al. [32] fabricated a novel rGO-Fe3O4/SPE electrochemical sensor for deter-
mination of arsenic(III) in water samples. The fabricated sensor exhibited ex-
cellent electrochemical performance with a low detection limit and low quan-
titative limit of 0.1 μg L−1 and 0.33 μg L−1, respectively. Graphitic carbon ni-
tride (g‐C3N4)–decorated Ag2S/NiFe2O4 nanocomposite–modified GCE sensor
was fabricated for detection of formaldehyde, a toxic organic compound widely
used in industries [33]. The nanocomposite-based sensor was reported to ex-
hibit excellent sensitivity and selectivity because of the synergistic effect.
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15.4 Conclusions
Nanomaterials with unique properties offer promising analytical tool for
real-time determination of various pollutants in the water, soil, air as well as in
food. Owing to the high toxicity of chemical contaminants to human health and
the environment, it is urgent to develop reliable and practical methods for de-
tection, degradation, and removal of these compounds in various environmen-
tal samples. The use of magnetic nanoparticles and nanocomposites in partic-
ular has been reported to play a big role in environmental remediation owing
to their outstanding multifunctional properties. Adsorption is regarded as the
most promising technique for removal of most organic pollutants because of
its high efficiency, simplicity, and cost-effectiveness. Magnetic nanocompos-
ite–based adsorbents are attracting more attention in the recent past mainly due
to their ease of separation using a magnet as well as their great adsorption ca-
pacity as compared with other nanomaterials. In addition, magnetic nanocom-
posites are considered promising degradation catalysts as they exhibit remark-
able chemical stability, catalytic activity, and reusability. Furthermore, the sen-
sitive, reliable, and cost-effective magnetic nanocomposite–based electrochem-
ical sensors are giving rise to novel sensing platforms for detection of emerging
environmental pollutants. An intensive literature review reveals that magnetic
nanocomposites have great potential in the near future for determination and
elimination of different environmental pollutants present in various sample ma-
trices (Table 15.1).
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UNCORRECTED PROOFTABLE 15.1 List of recent magnetic nanocomposites for environmental application as adsorbents, sensors, and degradation catalysts.

Magnetic nanocomposite Contaminant Samples
Environmental
application Reference

Fe3O4/polythionine Mercury River and seawater Magnetic solid-phase
extraction (MSPE)

[34]

P-phenylenediamine/Fe3O4 Lead
Ions and azo dye

[35]

Fe3O4/SiO2/MIPs Triazine Water HPLC-MS/MS [36]

CoFe2O4/embedded MIL-101 (Cr with
tetramethylammonium hydroxide)

Toxic flame retardants Water MSPE-HPLC-UV method [37]

Fe3O4-zeolitic imidazolate framework-7-graphene
oxide

Fungicides Water and soil MSPE-LC-MS [38]

Methionine-glutaraldehyde Schiff's base-
chitosan-Fe3O4

Heavy metals Wastewater
samples

[39]

MWCNT/Fe3O4/2 mercaptobenzothiazole Lead and cadmium Water samples Magnetic solid-phase
microextraction

[40]

Fe3O4/SiO2/poly(ionic liquid) Ionic dyes; alizarin red (AR), thionin acetate (TA),
malachite green (MG), and acid orange II (AO)

Aqueous solutions
of mixed dyes

[3]

Bifunctional self-assembled oligopeptides
anchored magnetic carbon nanoparticles

Copper ion (Cu (II)) Tap and lake water [10]

Peroxidase-like Fe3O4 nanoparticles Phenols Colorimetric detection [41]

Fe3O4 embedded in SiO2
nanocomposite–modified carbon paste electrode

Nitrite Amperometric sensors [42]



UNCORRECTED PROOF
Magnetic nanocomposite Contaminant Samples

Environmental
application Reference

Magnetic Fe3O4 and polydopamine molecularly
imprinted polymer nanocomposites

Dichlorodiphenyltrichloroethane Electrochemical impedance
spectroscopy

[43]

Laccase-immobilized polyaniline-Fe3O4-rGO
nanocomposite–modified glassy carbon electrode

Hydroquinone Water samples Voltammetric detection [44]

TiO2-ZnFe2O4/Pd nanocomposite Diclofenac Photocatalytic degradation
under solar irradiation

[45]

Activated carbon-Fe3O4 nanocomposite Promazine Wastewater Nanoadsorbent [46]

NiFe2O4/MWCNTs/ZnO hybrid nanocomposite Methylene blue dye Photocatalytic degradation
and magnetic separation

[47]

Fe3O4/rGO nanocomposite Nitrophenol and tetracycline hydrochloride Photodegradation catalyst [48]

Fe3O4-CuO-graphene oxide–based
nanocomposite

Arsenic(III/V) Water Adsorbent [49]

Thiol-amine bifunctionalized Fe3O4--SiO2
nanocomposite

Pb2+ Adsorbent [22]
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