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Abstract The impacts of various added substances on the morphology and related 
photocatalytic properties of different hematite (α-Fe2O3) nanostructures were exam-
ined. α-Fe2O3 croissant-like designs and finished microspheres were framed by 
aqueous treatment at 120 °C for 6 h within the sight of NaCl, Na2SO4, and Na2C2O4 

as added substances, separately. After heat treatment in air, the photocatalytic move-
ment of the α-Fe2O3 powder was surveyed by degrading methyl orange (MO) under 
UV light with hydrogen peroxide (H2O2) as an activator. The α-Fe2O3 progressive 
designs displayed the best photocatalytic activity with a 76.5% evacuation or degra-
dation of dye molecules. This is credited to the high surface region of the iron oxide 
like morphology, which gives more dynamic locales for the degradation of dyes. The 
activation energy has also been well compared to the kinetic and isotherm models in 
the review, which shows that degradation of dyes on the outer layer of iron oxide is 
much more effective. 
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12.1 Introduction 

Water is the most precious resource and is crucial for all living creatures in its pure 
state on earth. It plays a key role in the world economy. An exclusively broad spectrum 
of hazardous contaminants is released into the watercourse due to rapid urbanization, 
industrialization, population growth, and long-term droughts, which has grown to be 
a serious issue worldwide [1–4]. So far, industries have generated a huge amount of 
miscellaneous carcinogenic contents, and the disposal of these untreated contami-
nants has been observed to be the main source of water pollution [5, 6]. This may 
lead to major social evils such as drinking water deficits [7], water evaporation [8], 
and surface water contamination [7]. The most important factors contributing to this 
global water pollution are industrial sewage containing hazardous dyes and heavy 
metals, along with some poisonous chemicals. In fact, these untreated industries 
discharged the contaminants that contaminate surface water as well as groundwater 
by spreading their toxicity and causing severe protozoan infections, fungal attacks, 
and other deadly diseases in aquatic organisms [9–11]. These pollutants, which have 
tempted increasing concerns about wastewater, can cause adverse ecological prob-
lems for wildlife and the environment, such as health effects and mutagenic effects in 
human beings, aquatic beings, and other living beings [12]. Moreover, the release of 
these miscellaneous dyes as well as a number of toxic natural contaminants in soils 
and aqueous environments has made the global water source’s condition of inferior 
quality [13]. 

Commonly, dyes are classified into two major types such as: herbal/natural and 
synthetic/artificial dyes. Natural dyes are derived from plant resources such as leaves, 
roots, wood, berries, fungi, bark, and lichens, whereas synthetic dyes are produced 
from chemicals, earth minerals, and petroleum derivatives [3, 4]. Artificial dyes 
are considerably used in sports as well as in paper; in printing, they are used as 
colorants, and they are also used in the beauty and leather industries too [14]. It has 
been previously affirmed that dyes were comprehensively used in textile industries 
(~200,000 tons/year), and without a precise remediation method, they were tended 
to release into the sewage [2, 15]. 

In general, dyes possess a very complicated shape with a high molecular weight, 
are water-soluble, degradation-resistant, potentially carcinogenic as well as muta-
genic, and also have the tendency to inhibit sunlight penetration and reduce photo-
synthetic reactions [6]. The water pollutants may be labeled into numerous prin-
cipal types, which include natural and inorganic contaminants, vitamins, agricultural 
waste, pathogens, suspended solids, radioactive wastes, and thermal pollution as well 
[16]. 

Generally, there have been various treatment methods implemented to eliminate 
hazardous organic contaminants from aqueous solutions over the past decades [17]. 
Several chemical, physico-chemical, and biological techniques, such as membrane 
separation [18], flocculation [19], adsorption [20], coagulation [21], fungal decol-
onization [22], degradation [23–26], and ultra-chemical treatments [27], have been 
widely implemented for the successful removal of dyes from wastewater. Among
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those methods, chemical degradation by the advanced oxidation process (AOP) has 
been proven to be the most efficient one for the resolution of these hazardous chem-
icals due to their refractory and persistent structure [28]. This process has also been 
demonstrated to be much more efficient, non-toxic, cost-effective, easy-handling, 
energy-saving, and eco-friendly in nature. 

In the present scenario, nanotechnology has materialized as a cutting-edge tech-
nology and a state-of-the-art with broad applications in every field of life. At present, 
scientists and researchers are putting more focus on the fabrication of nanocom-
posite, and various techniques are also being implemented for this purpose [29]. 
Physical methods and chemical techniques are conventionally applied to prepare 
these nanosheets. Furthermore, magnetic nanocomposites consist of a significant 
group of inorganic materials and propose a number of applications in research fields 
by virtue of their unique and distinctive properties [30]. 

Magnetic nanostructures hold the capability to remove these finely shaped 
nanoparticles of toxic dyes, heavy metals, and colloids, which cause a very prob-
lematic situation when they are supposed to be removed by those pre-conventional 
techniques. Among those several magnetic nanocomposites, iron oxide has been 
considered to be the most efficient as well as convenient for the adsorption technique 
due to its very small size and ferromagnetic nature [31]. They have the potential 
to remove several heavy metal ions, such as lead, cadmium, copper, or chromium, 
as well as dyes and pesticides, simultaneously from wastewater [32]. In current 
times, the application of magnetic nanoadsorbents for the decontamination process 
has become very efficient and has received considerable demand and attention due 
to their easy separation ability [33–38]. The iron oxide possesses many kinds of 
phases, such as FeOOH, FeO, Fe4O5, Fe3O4, Fe4O3, Fe(OH)3, polymorphs of Fe2O3 

(α-Fe2O3, and γ -Fe2O3), and so on. Among these, maghemite (γ -Fe2O3), hematite 
(α-Fe2O3), and magnetite (Fe3O4) are of greater interest for their drinking water 
treatment, electrical, magnetic properties, optical properties, ferrofluid technology, 
magneto caloric refrigerant, gas sensing, etc. [39–42]. This compound has a lot of 
influence and impact on the remediation of water, such as fast and easy production, 
rapid uptake, high adsorptive capacity, easy separation, etc. 

Over the last few years, the elimination of different organic dyes has grown to be 
a global concern considering their carcinogenic effects on the environment. Approx-
imately 70–80% of total illnesses in women and children in developing countries are 
initiated by different water contaminants, according to WHO and UNICEF reports 
from 2000. The several toxic things caused by dyes are shown in Fig. 12.1. Thus, 
in this session, different applications of Fe2O3 in the removal of organic dyes and 
pesticides are discussed.
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Fig. 12.1 Toxic things caused by dyes on environment and living beings 

12.2 Removal of Organic Dyes 

A dye is a substance that imparts color through physical or chemical binding. 
The chromophoric units present in the dye develop a color to which auxochromes 
are attached. Dyes are used in various applications in our day-to-day lives that 
release toxic organic and inorganic chemicals from industries wastewater, resulting 
in harmful effects on the environment. Therefore, it is essential to protect the environ-
ment from the toxic effluents released into the water body by treating them through 
different physical, chemical, and biological treatments. In the following sections, the 
adsorptive and photocatalytic removal of dyes using various classes of adsorbents 
and catalysts and their adsorptive and photocatalytic mechanisms are presented. 

Guo et al. synthesized a heterogeneous Fenton catalyst i.e., α-Fe2O3/Cu2O(SO4), 
which was highly efficient as well as a novel reagent for the removal of organic dye in 
the field of advanced oxidation processes (AOPs). It had become a widespread inves-
tigation which resulted in the formation of Cu2O(SO4)-Fe9 [43] composite showing 
brilliant catalytic removal efficiency for the degradation of orange II. Considering 
its effectiveness, it showed the rate of removal of about 98.9% at 50 mg/L Orange II 
in 100 ml (under the condition of 0.3 g/L Cu2O(SO4)-Fe9 catalyst, 3 mm H2O2, and 
pH = 3.5). In this concern, PL spectra were used to measure the dissociation effi-
ciency of photon-generated carriers. The intensity of this PL spectra indicated that the 
Cu2O(SO4)-Fe9 nanocomposite excited the dissociation of carriers by showing the 
peaks as Cu2O(SO4) >  α-Fe2O3 >Cu2O(SO4)-Fe9. Again a number of scavengers like 
1,4-benzoquinone, isopropanol, CCl4, and CH3OH were added to the photo-fenton 
system to adsorb the superoxide, hydroxyl radicals, electrons, and holes respectively. 
When the rate of degradation of Orange II was compared without and along with the 
scavengers, it was found that when isopropanol (10 mM) was added to the system,
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the degradation efficiency of Orange II was decreased to 21.4% from 98.9% within 
15 min. Based on this decreasing efficiency, the catalytic mechanism was analyzed 
as shown below. 

Fe3+ 
surf − OH + H2O2 → (H2O2)S (12.1) 

(H2O2)S ↔ Fe2+ 
surf − ·O2H + H2O (12.2) 

Fe2+ 
surf − ·O2H ↔ Fe2+ 

surf − ·O2H (12.3) 

(H2O2)S ↔ Fe2+ 
surf − ·O2H + H2O (12.4) 

Fe2+ 
surf + H2O2 → Fe3+ 

surf − OH + ·OH (12.5) 

Fe2+ 
surf − OH + ·O2H → Fe2+ 

surf + H2O + O2 (12.6) 

Fe3+ + H2O2 → Fe2+ + ·O− 
2 + 2H+ (12.7) 

Fe2+ + H2O2 + H+ → Fe3+ + ·OH + H2O (12.8) 

First of all, surface complex precursor was formed between Fe3+ 
surf−OH and H2O2 

which may be considered as the initiation step (Eqs. 12.1–12.4). For the oxidation 
of organic pollutants, more number of hydroxyl radicals were needed which was 
produced by the dissociation of peroxide and reduction of Fe by interface electron 
transfer (Eqs. 12.5–12.6). The amount of Fe2+ on the surface of catalyst was increased 
to 38.7% from 26.1%. At the same time, these cyclic reactions for Cu2+/Cu+ and 
Fe3+/Fe2+ were carried out under acidic circumstances (Eqs. 12.7–12.8). And it was 
observed that the combined effect of Cu and Fe in the above reaction became very 
helpful in enhancing the hydroxyl radical production for the degradation of H2O2. 
It was also inferred from the above study that orange II was very well-attacked by 
Cu2O (SO4)-Fe9 nanocomposite. 

Another researcher Mai et al. reported the AOP reaction of Fenton system modified 
with Fe2O3 and NaHSO3. This novel nanocomposite showed a very well-organized 
synergistic effect for the removal of Orange II and azo dye. In this study, the radical 
species produced were %OH and %SO− 

4 showing very high competence to oxidize 
and degrade organic contaminants. In this concern, hydroxyl radical was formed by 
activating NaHSO3 with Fe3+ reduced to Fe2+. The removal efficiency was found to 
be 90% in 20 min when the pH was adjusted between 8 and 10. The experimental 
result and the pathways of the experiment are shown by the following equations. 

≡ Fe3+ + HSO− 
3 + OH− → ≡  Fe2+ + ·SO− 

3 + H2O (12.9)
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·SO− 
3 + ·O2 → SO− 

5 (12.10) 

·SO− 
5 + 2 ≡ Fe2+ + H2O → 2 ≡ Fe3+ + ·SO− 

4 + OH− (12.11) 

·SO− 
5 + HSO− 

3 → ·SO− 
4 + ·SO2− 

4 + H2O (12.12) 

·SO− 
3 + Fe2+ + H+ → Fe3+ + HSO− 

3 (pH < 6) (12.13) 

·SO− 
4 + Fe2+ → Fe3+ + SO2− 

4 (12.14) 

·OH− + Fe2+ → Fe3+ + OH− (12.15) 

·SO− 
4 + HSO− 

3 → ·SO− 
3 + SO− 

4 + H2O (12.16) 

·SO− 
4 + ·SO− 

4 → S2O2− 
8 → 2SO2− 

4 (12.17) 

·SO− 
3 + ·SO− 

3 → S2O2− 
6 → 2SO2− 

3 → 2SO2− 
4 (12.18) 

First of all, HSO− 
3 was accumulated on Fe2O3 catalyst surface and it was studied 

under both acidic and alkaline conditions (Eq. 12.9). The ·SO− 
3 which was supported 

by dissolved oxygen generated the powerful oxidizing peroxy-sulfate ion ·SO5 

(Eq. 12.10) which was further reacted to Fe2+ along with HSO3 (Eqs. 12.11–12.12) 
generating the stability and catalytic activity. This overall mechanism of degradation 
by ·SO4 and ·OH was found to be more consistent for Orange II with the formation 
of organic intermediates along with CO2 and H2O. 

The core–shell nanocomposites of Fe@Fe2O3 were synthesized by Yang et al. 
for the degradation of Orange II dye. This heterogeneous catalyst was found to be 
very effective in the reaction of Fenton to degrade organic pollutants as well as dyes 
[44]. The efficiency of this nanocomposite was increased when this Fe@Fe2O3 was 
assisted by NaHSO3. This combined form of the experimental nanocomposite was 
inferred for the removal of Orange II dye in both acidic as well as in alkaline medium. 
The mechanism of degradation process is shown below. 

≡ Fe3+ + 2HSO− 
3 + 2OH− → ≡  Fe2+ + 2SO−· 

3 + H2O (12.19) 

SO−· 
3 + O2 → ·SO−· 

5 (12.20) 

SO−· 
5 + HSO− 

3 → SO−· 
4 + SO2− 

4 + H+ (12.21)
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Fe0 + 2FeIII → 3FeII (12.22) 

FeII OFeIII → FeIII OFeII (12.23) 

FeII OFeIII + O2 → O−· 
2 (12.24) 

2O−· 
2 + 2H+ → H2O2 + O2 (12.25) 

≡ Fe2+ + H2O2 → ≡  Fe3+ + OH· + OH− (12.26) 

This process involves solid–liquid interface of Fe@Fe2O3 nanocomposites. First 
of all, the HSO− 

3 radical species assembled on the surface of Fe@Fe2O3 catalyst. 
After that, SO− 

5 was produced as a result of reaction of ·SO− 
3 and dissolved O

− 
2 . 

The ·SO− 
5 so obtained treated with HSO

− 
3 to obtain ·SO4 (Eqs. 12.19–12.21). This 

Fenton catalyst could persuade electron transfer in between the Fe2O3 shell and Fe 
core which accelerated the generation of ·O− 

2 (Eqs. 12.22–12.24). The generation of 
radical resulted in the removal of Orange II. This mechanism was well-established 
for the removal of Orange II dye. 

MgO/α-Fe2O3 nanocomposite was prepared by Allawi et al. with the help of 
hydrothermal process, and photo-oxidation operations were carried out for the degra-
dation of MB dye. The study is mainly based on two assumptions i.e., (1) the decrease 
in recombination possibility of electron–hole pairs and (2) the increase in absorption 
of photon by MgO. So this study was made on combined photocatalytic outcome of 
MgO-Fe2O3 nanocomposite [45]. The mechanism of the reaction of as follows: 

MgO/Fe2O3 + hν(Vis Region) → MgO/Fe2O3
(
H+ + e−)

(12.27) 

H+ + H2O(OH·) → (OH·) + h+ (12.28) 

h+ + Dye → Dye·+(Oxidation of Dyes) (12.29) 

e− + O2 → O ·− 
2 + Semiconductor (12.30) 

Dye + O·− 
2 → Degradation Products (12.31) 

The result of degradation of MB dye was found to be 91.7% at pH 12 which 
was designated to be very cost-effective as well as efficient photocatalyst for 
mineralization of dye pollution.
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Bouziani et al. synthesized the heterogeneous nanocomposite α-Fe2O3/TiO2 by 
sol–gel method to integrate the photocatalytic activity of titanium oxide. The α-
Fe2O3/TiO2 nanocomposite showed great photocatalytic efficiency for the degrada-
tion of methylene blue i.e., 90% in 180 min of photo-illumination [46]. The process 
involved the generation of active species like ·OH, ·O− 

2 , holes. The mechanism of 
the process is: 

TF6 + hν → TF6
(
h+ + e−)

(12.32) 

O2 + e− → O−· 
2 (12.33) 

O−· 
2 + H+ → HO· 

2 (12.34) 

2HO· 
2 → O2 + H2O2 (12.35) 

H2O2 + O−· 
2 → OH· + OH− + O2 (12.36) 

H2O2 + hν → 2OH− (12.37) 

A well-organized photocatalyst for the decolorization of MB dye was studied by 
Hojamberdiev et al. The Porolas-Fe2O3 nanocomposite (1%) was prepared using the 
precursor iron nitrate which was more amorphous as compared to 7% of the same 
nanocomposite. The heterogeneous photodecomposition on the nanomaterial surface 
by UV photo-irradiation [47]. 

H2O → H+ + OH− (12.38) 

eCB− + O2 → O·− 
2 (12.39) 

O·− 
2 + H+ 

aq → HO· 
2 (12.40) 

HO· 
2 + HO· 

2 ↔ H2O2 + O2 (12.41) 

hVB+ + OH− 
aq → OH·− (12.42) 

MB· + MB·+ + O·− 
2 , HO

· 
2, H2O2, OH·− → Degradation Products (12.43) 

Mohamed et al. studied a Z-scheme photocatalytic system which simulated the 
photosynthesis by recombination of charge carrier and having great redox capacities. 
They produced the Fe2O3/GO/WO3 3Z-Scheme nanocomposite [48] which was seen
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to be very effective for the decolorization of MB and CV dyes. The mechanism of 
the reaction in α-Fe2O3/WO3 system includes the electron–hole generation under 
solar light. The photo-generated electrons and photo-generated holes lead to the 
increase in oxidizing and reducing abilities of Fe2O3 and WO3. These radical species 
generated in this reaction were responsible for the degradation of organic pollutant 
like methylene blue. The result of this study revealed that the efficiency of this 
nanocomposite for the removal of MB was 95.4% in 120 min. This process was 
found to be a green synthesis of Fe2O3/GO/WO3 nanocomposite with the utilization 
of solar light. 

The nanocomposite Fe2O3/Graphene/CuO (FGC), which is known to be a visible 
photo-sensitive material was successfully synthesized by Nuengmatcha et al. using a 
very simple solvothermal method. In this context, the photocatalytic activity of FGC 
was evaluated for the removal of MB when the nanocomposite was subjected to act 
in presence of visible light. It was found that the nanocomposite showed very great 
efficiency as compared to other types of catalysts. Furthermore, the mechanism of 
photocatalytic property of this hybrid composite was also studied. The synthesis of 
Fe2O3/graphene/CuO (FGC) [49] photocatalyst in a visible light system showed very 
good photocatalytic activity and brilliant magnetic separation capability. This method 
was very well-established for the removal of MB dye with an efficiency of more than 
90% in 5 cycles. When FGC nanocomposites were used as a catalyst the valence 
band (VB) electrons of CuO were shifted to its conduction band (CB). This exci-
tation results in the generation of electron–hole pairs (e−/h+) that mainly cause the 
photocatalytic as well as a redox reaction. As grapheme showed brilliant electronic 
conductivity and possessed large surface area, it behaved as electron transporter and 
acceptor. These reacted with O2 which was dissolved in water and transformed to 
O−· 

2 radical species. At the same time, the holes reacted to OH−/H2O absorbed on 
the surface of FGC to form ·OH. These radical species had a strong ability to oxidize 
and degrade MB to CO2, H2O with other byproducts. Following figure shows the 
mechanism of degradation of MB using this method. 

Narendhran et al. [50] synthesized Fe2O3/FeWO4/WO3 nanostructures to examine 
the photocatalytic effect on methyl orange under UV–VIS irradiation method. When 
the nanoparticles were exposed to visible light, the band intensity of absorbed dye 
decreased. The hetero compound showed an efficiency of 98% within 160 min which 
was very high as compared to the individual reagents. These nanoparticles were 
synthesized by hydrothermal and precipitation method and no surfactant was added 
in the synthesis process. Santana et al. [51] synthesized a Fenton-like nanocomposite 
i.e., Fe2O3/MCM-41 for the photocatalytic degradation of methyl orange it showed 
a degradation efficiency of 70% in 120 min. The reaction mechanism of this reaction 
was as that of Fenton-like process which involves the production of hydroxyl radicals 
from hydrogen peroxide (H2O2) along with non-selective and highly oxidative OH 
radicals. These OH radical species showed brilliant efficiency toward degradation of 
organic pollutant like methyl orange. This study shows that Fe2O3/MCM-41 catalyst 
showed promising approach for the removal of MB dye.
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Friendy and Sillanpaa synthesized a novel α-Fe2O3/Graphene nanomaterial for 
the removal of Rhodamine B (RhB) by visible light. α-Fe2O3/Gr nanocomposite 
[30] showed a brilliant catalytic activity with 98% toward the degradation of RhB 
under visible light. The series of disintegration process was performed to evaluate 
the reusability of the photocatalyst. This overall study showed that the nanocom-
posite was very effective, efficient, reusable, and eco-friendly. A novel nanocom-
posite was reported by Ouachtak et al. [12] for the adsorption of Rhodamine B 
by co-precipitation method and the nanocomposite was named as ν-Fe2O3@Mt 
or magnetic montmorillonite nanostructure. The adsorption property of RhB on ν-
Fe2O3@Mt surface was measured. It was well-fitted with a great efficiency for the 
removal of RhB. 

Jasmindar et al. [52] prepared a mesoporous Fe2O3/g-C3N4 nanomaterial for the 
removal of RhB. This novel nanocomposite showed an efficiency of 94.7% catalytic 
activity in 140 min. Due to the porous nature of Fe2O3/g-C3N4 monoliths, with higher 
charge separation ability, this leads to increase the catalytic property. This nanocom-
posite was found to be very effective and reusable. However, the nanocomposite was 
found to be very difficult to synthesize. The mechanism of the reaction involved 
the formation of holes (h+), superoxides (O−· 

2 ), and hydroxide radical species. This 
radical was used to decolorize the harmful RhB dye. Following figure shows the 
mechanism of the proposed reaction. 

Another researcher Yang and Li studied the ZnO/Fe2O3 nanomaterial for the 
degradation of RhB in presence of UV-Light. The nanocomposite was synthesized 
by co-precipitation method. It showed brilliant photocatalytic activity for the degra-
dation of RhB [53] when applied to external magnetic field, the magnetic satura-
tion was sufficiently high. And the nanocomposite was found to be very efficient, 
eco-friendly, and showed outstanding photocatalytic activity. The following figure 
shows the mechanism of the reaction. Hasan et al. prepared a U-Fe2O3 nanomaterial 
for the removal of malachite green. The process was carried out by polymerization 
of oxidative free radical with acrylamide monomer. The novel material PACT@U-
Fe2O3 nanocomposite [54] was utilized on the removal of MG with an efficiency 
of 77% in 170.28 min. as the conventional methods for the removal of dyes were 
found to be due to excessive cost, a most favorable approach could be adopted for its 
moderate approach, easy-handling and low cost as well. The optimization of various 
kind of processes could be maintained by the association of central composite design 
with response to surface methodology. The experimental process concludes toward 
degradation of MG with an easy access. 

Jiang et al. synthesized novel Fe2O3 hollow box with double shell structure for the 
adsorption of MG by template-engage process. This nanocomposite was formed from 
diatomite@FeOOH [55] using the diatomite@MnO2 material by a very simple route. 
The mechanism involved the introduction of Fe2O3/H2O2 in the solution of MG under 
irradiation of visible light. The Fe2O3 nanostructures are uniformly spreaded on the 
framework which was found to be 100% efficient in 60 min for the removal of MG 
in presence of H2O2. It exhibited great catalytic efficiency even after 5 cycles. This 
implies the nanomaterial can be taken as one of the promising catalysts used for the 
degradation of MG. Dehbi et al. used iron oxide nanoparticle from Fe (NO3)3·9H2O
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and NH4OH for the removal of malachite green (MG). The elimination efficiency 
was found to be 86.13% in 45 min using iron oxide. The nanocomposite was seen to 
be very recognized by thermodynamics stability. This α-Fe2O3 nanocomposite [56] 
was used as an efficient photocatalyst for the removal of MG. 

Again another researcher introduced the application of U-Fe2O3 nanocomposite 
[57] for the removal of BTEX. The process was followed by photocatalytic degra-
dation of semiconductors by gaining energy of the electrons present in the valence 
band (VB) and excited to CB. These electron–hole pairs (e− and h+) and hydroxyl 
radical were used for the degradation of BTEX in simpler compounds. The U–C 
nanomaterial was found to be very useful, cost-effective, and eco-friendly for the 
removal of BTEX. Ismail et al. [58] reported a very simple process to synthesize 
very efficient photocatalyst i.e., CNT-α-Fe2O3 nanocomposite for the removal of 
Bismarck Brown R dye (BBR). This nanomaterial showed an effectiveness of 98% 
for dye degradation when there was a synergistic effect of CNT and Fe2O3 interface. 
The main purpose of this study was to prepare an efficient photo-active mesoporous 
nano hybrid such as CNT-α-Fe2O3 with high sensitivity toward UV–VIS light. This 
nanomaterial can also be used as electrochemical sensor electrode. The photocatalyst 
showed remarkable efficiency for the removal of BBR dye. 

Ghaffari et al. studied the AOPs for degrading organic dyes from wastewater. The 
process was followed by photocatalysis of fenton reactions with a very high effi-
ciency. This involved a combined nanocomposite of Fe2O3/Mn2O3 [59] fabrication 
using the method of surfactant mediated co-precipitation. The recyclability was seen 
for seven cycles of catalytic reaction. The organic dye removal onto FMNC was 
found to be very efficient and sensitive for UV–VIS light. 

Chen et al. [60] proposed a novel nanostructure for the degradation of organic 
contaminants which was a functionalized biochar of Fe2O3/TiO2 (Fe2O3/TiO2-BC). 
The preparation of the composite involves pyrolysis process, and the removal process 
involves oxidation and fenton-like reaction. In this context the MB (75%), RhB (60%) 
and MO (40%) were removed. Overall this system possesses brilliant potential for the 
degradation of organic pollutants. Liu et al. [61] reported a novel nanocomposite such 
as α-Fe2O3 having a silkworm–cocoon structure with brilliant adsorption capacity 
of 99.2–100% efficiency in the removal of several heavy metals along with various 
organic dyes such as CR, MO, etc. In this study, simple hydrothermal process to 
synthesize the nanocomposite and fenton-like photo-catalysis for the degradation of 
organic pollutants. This catalyst was well organized and possess high efficiency in 
the removal process even if at very low temperature and concentration. The overall 
study became very promising, cost-effective adsorbent for wastewater treatment. 
A hierarchically structured nanocomposite of U-Fe2O3-PPy [62] was prepared by 
Gopal et al. for the decolorization of cationic and anionic dyes. It was known to be 
an eco-friendly, low cost, and earth abundant composite for removing MB. These 
U-Fe2O3 nanocomposites possess very strong magnetic properties, high adsorption 
ability, and high surface area. This eco-friendly Fe2O3-PPy nanostructure was applied 
successfully in the removal of organic dyes.
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12.3 Removal of Pesticides and Other Organic Pollutants 

Along with the rapid progress of urbanization and industrialization, environmental 
pollution also increases rapidly. The wastewater from the developing industries 
is discharged into the water bodies, which contain different organic pollutants. 
Among them, different kinds of organic pollutants, such as pharmaceutical products, 
phenols, benzene compounds, antibiotics, and halogenated hydrocarbons, are toxic 
and harmful. Thus, it is necessary to discover an eco-friendly and high-productivity 
method to change organic pollutants into non-toxic and harmless products. 

Singh et al. investigated the monolithic catalyst for the removal of industrial 
pesticides and dyes through a photo-Fenton-like system. This process involved the 
advanced oxidation process with the generation of hydroxyl radical (.OH) radical 
resulted in the degradation of pesticides as well as dyes. The novel nanocomposites 
formed in this process were Fe2O3/TiO2 [63]. The mechanism of the system was 
found to be as like fenton system with the wide generation of various radical species. 
The nanocomposite obtained in this process was very cost-effective, non-toxic, and 
chemically stable in nature. It showed 95.7% efficiency in 150 min for reactive 
brilliant red X-33 dye and the herbicide 2,4-dichlorophynoxyacetic acid was removed 
with an efficiency of 18% in 1 h. Sun et al. [11] investigated the degradation of 
organic pollutant using a magnesium Mg-dopped CuO–Fe2O3 nanomaterials. Mg 
doping increased the catalytic activity of novel nanocomposite and the efficiency for 
degradation of phenol was found to be 84.36% in 45 min using 3.2% Mg doped CuO-
Fe2O3 nano sheet modified with persulfate system (PS). This novel nanocomposite 
was prepared by hydrothermal method and inferred to be a cost-effective and eco-
friendly photocatalyst. 

Salari et al. reported the photocatalytic degradation of organic pollutant in aqueous 
solution under UV–VIS light. In this contest, the Fe2O3/MoO3/AgBr nanocomposite 
[64] was prepared by facile method. Various parameters such as amount of photo-
catalyst calcinations temperature, dye concentration pH of the solution, and contact 
time were observed. It was inferred that the photocatalytic activity was increased 
with maximum peak at pH = 6.5. The experiment followed Langmuir Hinshelwood 
isotherm and Pseudo-first-order kinetics. Guo et al. [65] synthesized Ca-doped-
Fe2O3 nanocomposites and used for the degradation of organic pollutants. They 
prepared low cost and environment-friendly calcium-doped α-Fe2O3 (Ca-Fe2O3) 
with abundant oxygen vacancies by precipitation method and used for the degrada-
tion of Rhodamine B (RhB). RhB was efficiently degraded by the 5% Ca-Fe2O3/ 
PMS system over a pH values of (3.0–10.0), and the catalyst shows good constancy, 
flexibility, and less iron leaching. They reported that the process fitted well with the 
pseudo-first-order kinetics model. 

Huang et al. synthesized magnetic CuS/Fe2O3/Mn2O3 nanocomposite via a 
facile Strategy and investigated the degradation of peroxymonosulfate (PMS) for 
ciprofloxacin (CIP) from aqueous solution. They reported that the magnetic CuS/ 
Fe2O3/Mn2O3 nanocomposite [66] possessed higher catalytic activity for degrada-
tion of ciprofloxacin than bare CuS and Fe2O3/Mn2O3 composite. The degradation
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process of ciprofloxacin was best fitted with the pseudo-first-order kinetic model and 
the highest rate was reached 0.10083 min−1 at the optimized conditions i.e., catalyst 
doses 0.6 g·L−1, PMS of 0.6 g·L−1, pH of the solution 5.84, initial concentration of 
0.2 g·L−1 and time 120 min, the degradation efficiency was reported to be 88 and 
48.6% corresponding to degradation and mineralization of ciprofloxacin, respec-
tively. Ahmed et al. [67] studied the removal of Ciprofloxacin from wastewater via 
Pickering Emulsion Liquid Membrane Stabilized by Magnetic Nano-Fe2O3. They  
prepared the nanocomposite by ultrasonication for adsorption of Ciprofloxacin. They 
investigated the high rate of adsorption reached to 98.85% and minimum emulsion 
crack of 0.06% within 10 min addition time taken at the optimal operating conditions: 
12,700 rpm homogenizer speed, 0.7 (%w/v) nano-Fe2O3 particles concentration, 6% 
(v/v) TBP concentration at emulsification time of 7 min and 0.1 M HCl in the internal 
phase. 

Anfar et al. [68] prepared the Fe2O3/biochar by the process of green synthesis in 
microwave. They investigated the adsorption under different experimental parameters 
time (0–120 min), initial concentration (10–500 mg/L), pH (2–12). They reported the 
ultrasound-assisted adsorption capacity of salicylic acid, naproxen, and ketoprofen 
(SA, Nap, and Keto) from wastewater. For the removal (adsorption) of SA, Nap, and 
Keto the fitted kinetics and isotherm are pseudo-second-order model and Langmuir 
isotherm and maximum adsorption rate of SA, Nap, and Keto reaches to 683, 533, 
and 444 mg g−1, respectively. Ding et al. [69] studied the degradation of salicylic 
acid from wastewater by using the α-Fe2O3/MXene. They prepared α-Fe2O3/MXene 
by facile hydrothermal method which is good degradation of salicylic acid from 
wastewater. The degradation rate of salicylic acid was reported 97% at 0.2 g/L FM-2 
catalyst (17.1 wt.% of α-Fe2O3 loading) and 0.2 g/L PMS under neutral conditions. 

Niu et al. [70] synthesized persulfate activated with magnetic γ -Fe2O3/CeO2 by 
oxidation-precipitation method. They reported effective removal of tetracycline from 
wastewater by degradation process. They investigated γ -Fe2O3–CeO2 had high crys-
tallinity and good magnetism which leads good removal efficiency of tetracycline. 
The percentage of removal of tetracycline was reached to 84% under condition of 
a wide pH application range (pH 3–pH 9). Shan et al. synthesized magnetically 
recyclable La2O2CO3/γ -Fe2O3 by using calcinating La-Fe binary MOF precursors 
as an adsorbent. They examined the adsorption of phosphate from wastewater by 
La2O2CO3/γ -Fe2O3 [71]. Batch adsorption experiments showed that La2O2CO3/ 
γ -Fe2O3 (2:1) adsorbent exhibited a remarkable phosphate sorption capacity of 
134.82 mg P/g, a fast sorption kinetic, strong selectivity for phosphate in the pres-
ence of co-existing anions, and a wide applicable pH range of 3–9. They reported 
the adsorption rate reached to 83.1%. Experimental data showed that the adsorption 
process followed Langmuir model and kinetics followed pseudo-second-order. 

Wang et al. [10] prepared γ -Fe2O3@BC by pyrolysis of the pomelo peel-based 
biochar at a temperature of 400 °C and loaded with γ -Fe2O. They studied the 
adsorption of norfloxacin from wastewater by using γ -Fe2O3@BC. The experi-
mental study revealed that adsorption of norfloxacin followed the pseudo-second-
order kinetic model. Again the experimental study confirmed the adsorption isotherm 
followed the Sips mode. García-Muñoz et al. investigated the wastewater treatment



222 M. K. Sahu et al.

by removing norfloxacin via degradation. They used mesoporous Fe2O3–TiO2 [72] 
for the wastewater treatment which was prepared via structure-directing-surfactant 
method. They reported the best results were obtained with catalysts that had a surface 
Fe2O3 content of 3% (w/w), where the breakdown of H2O2 led to the maximum 
norfloxacin running down rate. They examined using 405 nm LED light, Fe2O3– 
TiO2 improved the process efficiency and under UV illumination at 405 nm and with 
a stoichiometric amount of H2O2, almost complete norfloxacin removal and almost 
total mineralization were achieved in 120 min at 298 K and pH = 7. 

Abdel-Wahab et al. [73] studied the treatment of pharmaceutical wastewater 
containing paracetamol by the help of magnetic flower-like TiO2/Fe2O3 core–shell. 
They synthesized the magnetic flower-like TiO2/Fe2O3 core–shell nanocomposite 
which was ultrasonically assisted by sol–gel method with some alterations. They 
mentioned that paracetamol was completely degraded after 90 min with 50% TiO2/ 
Fe2O3 under light irradiation and 66% paracetamol mineralization had occurred. 
They investigated the attack of the –OH radical on the aromatic ring which was 
supposed to be the initial point for photo-degradation of paracetamol. By experi-
mental data, the kinetics study indicated that degradation fitted with pseudo-first-
order reaction. Chahm et al. [74] reported the adsorption of ibuprofen from wastew-
ater with the help of O-carboxymethyl-N-laurylchitosan/γ -Fe2O3. For the adsorption 
mechanism, they studied Langmuir, Freundlich, and Sips isotherms and kinetics of 
pseudo-first-order, pseudo-second-order, and intra-particle diffusion model. They 
reported the maximum adsorption of ibuprofen was found to be 395 mg/g at 25 °C 
and pH 7.0 which was well-fit for Sips isotherms and pseudo-second-order kinetics. 

Lin et al. investigated the treatment of wastewater by using Ag/TiO2/Fe2O3. 
They reported the removal of deleterious and recalcitrant compounds by using this 
novel nanoparticle [75]. The maximum TOC removal at optimum conditions of 
light wavelength (254 nm), pH (4.68), photocatalyst dosage (480 mg/L), and initial 
TOC concentration (11,126.5 mg/L) was calculated using a numerical optimization 
approach of 9.78% and validated with experimental results of 9.42%. Ding et al. [76] 
studied the anode and cathode of an electrochemical/electro-Fenton oxidation (EC/ 
EF) device to degrade atrazine were boron-doped diamond (BDD) and Fe@Fe2O3 

core–shell nanowires loaded active carbon fiber (Fe@Fe2O3/ACF), respectively. 
Fe@Fe2O3 could activate molecular oxygen 31 to produce more ·OH via Fenton 
reaction, preferring atrazine degradation, according to an active 30 species trapping 
experiment. 

He et al. [77] were studied the treatment of municipal wastewater. They prepared 
Fe@Fe2O3 nanomaterial combined with polydiallyldimethylammonium chloride 
(PDMDAAC) and H2SO4 for sludge dewatering and found that the nanocomposite 
was very effective. Cao et al. studied the wastewater treatment which contains refrac-
tory pollutants via adsorption and catalytic oxidation. They performed the adsorption 
experiment by use of γ -Fe2O3/Bentonite [78] Modified which was prepared via a 
facile and eco-friendly reaction. They investigated the removal of BPA (bisphenol A). 
The experimental data showed that Langmuir isotherm well-fitted with adsorption 
with adsorption capacity of 77.36 mg/g. BPA photocatalytic degradation by product 
had a reaction rate constant of 0.00104 min−1. They reported the catalytic activity
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of the material still reached 91% after 5 experiment repeatedly. Pan et al. exam-
ined the degradation of bisphenol A (BPA) from wastewater. They used Aldehyde-
modified a-Fe2O3/graphitic carbon nitride (α-Fe2O3-DBD/g-C3N4) [79] prepared 
by complexation reaction for the degradation of bisphenol A. They reported under 
180 min of photocatalytic irradiation, the mineralization rate of BPA over 1.6% and 
α-Fe2O3-DBD/g-C3N4 was 52.2%, which is 6.14 times higher than that over g-C3N4. 

Gao et al. synthesized heterogeneous Fenton-like catalyst which was used to 
treat the wastewater. By the use of sol–gel technique and sufficient oxygen vacan-
cies (OVs) promoted the synthesis of Fe2O3–CeO2 photocatalyst. They degraded 
sulfamerazine from wastewater with an efficient manner. They reported that the 
Fe2O3–CeO2 catalyst [80] was confirmed to have very good activity and stability 
after 75 min at pH 3.0 and temperature 45 °C in an Oxygen atmosphere and in 
these conditions, the Fenton-like reaction achieved complete SMR conversion. The 
main active species of the reaction were surface-bound OH radicals. In the Fenton-
like method, OVs on the surface of the Fe2O3–CeO2 catalyst highly improved the 
formation of OH under the atmosphere of O2. Huo et al. [81] developed Z-scheme 
α-Fe2O3/MIL-101(Cr) hybrid materials for the treatment of wastewater under the 
irradiation of UV–VIS light. They reported the degradation of carbamazepine from 
contaminated water. They prepared the Z-scheme α-Fe2O3/MIL-101(Cr) structure 
via hydrothermal method. The experimental data indicated that the carbamazepine 
was completely adsorbed from contaminated water after 180 min irradiation over the 
optimum α-Fe2O3 (0.3)/MIL-101(Cr) hybrid. 

Yan et al. studied the treatment of wastewater by removing nitrobenzene from 
aqueous solution. The degradation of nitrobenzene was done by preparing Si-doped 
α-Fe2O3 nanocomposites [82]. The adsorption experiment suggested that pH of the 
solution is 6.5. They reported best Si/Fe ratio of Si-doped α-Fe2O3 catalyst was 
0.5 in present and suggested that a heavy dose of Si-doped α-Fe2O3 makes high 
removal of nitrobenzene. Gao et al. [83] studied degradation of phenol from wastew-
ater by using magnetic Fe2O3–ZrO2. They synthesized the nanocomposite by sol–gel 
method. Hydroxyl and superoxide radicals were generated by the Fe2O3–ZrO2 photo-
catalyst they reported. In the heterogeneous system, complete phenol conversion and 
56% TOC removal were attained after 210 min at 60 °C at neutral pH. Wang et al. 
investigated the degradation of 4-chlorophenol and 4-nitrophenol for the treatment of 
wastewater. They prepared the nanocomposite oleophilic Fe2O3/polystyrene fibers 
[84] via electrospinning and γ -Ray irradiation methods. The photocatalytic degra-
dation of 4-CP and 4-NP were stated to be 80 and 75% in the 6th cycling and 
the composite fiber showed the batter recyclability of about 90%. Salih et al. [85] 
prepared the hematite (α-Fe2O3) nanocomposite by a modified method i.e., solu-
tion combustion and applied for the degradation of pollutants present in petroleum 
refinery wastewater using hematite (α-Fe2O3) and reported the biodegradability rate 
of BOD/COD was increased from 0.074 to 0.604. The removal rate was observed to 
be 90.85% for 90 min at a catalyst concentration of 5 gL−1, pH of 7.5, and H2O2/ 
COD ratio of 1 mg g−1 (Table 12.1).
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12.4 Conclusion 

This chapter explains the recent investigations on photocatalytic degradation of 
various organic as well as azo dyes. The decoration of these dye particles has been 
found to be very well-established due to the large surface area of iron oxide nanocom-
posite and its magnetic properties. To give a superior comprehension of the impact of 
various photocatalytic frameworks and the impact of planning methods on morpho-
logical properties for improved iron oxide execution, general data on photocatalytic 
corruption, a few instances of the Fenton oxidation process, and different amalgama-
tion courses of various morphologies of iron oxide have been incorporated. To sum up, 
utilizing appropriate help materials, a very scattered photocatalyst with a high surface 
region, abundant dynamic destinations, and better contamination particle adsorption 
could be understood. Moreover, acquiring a useful old-style heterojunction or Z-
plot heterojunction requires a cautious choice of a semiconductor photocatalyst with 
a sufficient band hole to be combined with iron oxide. The expanded reaping of 
noticeable light because of diminished band holes decreased charge recombination, 
and more successful charge transporter partitions show that both heterojunctions 
were well planned. However, it’s actually quite important that there are still a large 
number of associated concerns and examination chances to be investigated in the 
future. To the best of our knowledge, there hasn’t been any exploration of surface 
imperfections like oxygen opportunities and metal blemishes for further developing 
Fe2O3 performance. Several studies have been distributed to date on the examina-
tion of deformity areas for adjusting the band hole while supporting charge division 
and, in this manner, helping photocatalytic performance. Both metal deformities 
and oxygen opening can change the electronic band structure by shaping mid-hole 
states beneath the CB, modifying the band hole energy for apparent light gathering 
and charge transporter detachment at the same time. Several methods have been 
accounted for producing imperfection locales, including warming under vacuum or 
at high temperatures, illuminating with UV, lessening treatment, plasma-treating, and 
so on. Furthermore, the expansion of an alternate valence-state metal dopant would 
bring about the development of surface defects. In different examinations, oxygen 
openings and metal imperfections were made on the outer layer of photocatalysts 
through a self-doping strategy without the utilization of any impurity materials, and 
disorganized layers were created. 
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