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Abstract 

This review paper explores the efficacy of magnesium ferrite-based catalysts in photocatalytic degradation of organic contaminates (antibi- 
otic and dyes). We report the influence of different doping strategies, synthesis methods, and composite materials on the degradation efficiency 
of these pollutants. Our analysis reveals the versatile and promising nature of magnesium ferrite-based catalysts, offering the valuable insights 
into their practical application for restoring the environment. Due to the smaller band gap and magnetic nature of magnesium ferrite, it holds 
the benefit of utilising the broader spectrum of light while also being recoverable. The in-depth analysis of magnesium ferrites’ photocatalytic 
mechanism could lead to the development of cheap and reliable photocatalyst for the wastewater treatment. This concise review offers a 
thorough summary of the key advancements in this field, highlighting the pivotal role of the magnesium ferrite based photocatalysts in 
addressing the pressing global issue of organic pollutants in wastewater. 
© 2024 Chongqing University. Publishing services provided by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. 
This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
Peer review under responsibility of Chongqing University 
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. Introduction 

The textile sector is well-known for high effluent genera-
ion and environmental contamination [1] . This sector is con-
idered as one of the main significant pollutant producer for
he ground and surface water reservoirs due to its extensive
sage of water and usage of over 8000 chemicals [2] . Textile
usinesses normally produce 200–350 m3 of the wastewa-
er, producing 100 kg of chemical oxygen demand per tonne
f end product [ 3 , 4 ]. The effluent from the industries con-
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ains both organic and inorganic pollutants. Amidst numerous
rganic-contaminates, the most prominent ones are dyes and
ntibiotics which are very harmful and complex due to their
tructure. There are various types of synthetic dyes which are
urrently being used ranging from azo dyes, disperse dyes,
at dye, reactive dye, sulphur dye etc. [5] . The aquatic life
s being impacted in a grave manner due to these dyes. The
yes lowers the dissolve oxygen value in the water bodies by
locking the sunlight [6] . It also have very adverse effects
n the human health, [7] such as azo dyes components can
ause the human bladder cancer, and other biological prob-
ems such as eye and skin irritation [ 8 , 9 ]. Antibiotics are the
ther organic compounds that cause harm to the nature, and
lso, their excess presence in the environment is an alarm-
ng situation for the humans. Many research studies shows
hat there are different antibiotics present in the water such
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Fig. 1. Magnesium ferrite as a photocatalyst. 
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s sulfamethoxazole, ciprofloxacin and tetracycline [ 10 , 11 ].
xcess presence of antibiotics in the surroundings can cause

he growth of antibiotic resistive bacteria in the water bodies
hich could be harmful for not only the current generation
ut also for the future generation [12] . 

To counter these emerging organic pollutants, different
ethods of water purification has been developed some of
hich are a) adsorption b) catalytic process c) membrane pro-

ess d) ionising radiation process, and e) magnetically assisted
rocess, etc. These methods are used for the purification of
ater but most of these methods are not much effective in de-
rading the organic compounds [13] . One approach which is
till maturing and shows potential for the organic waste treat-
ent is the photocatalysis [ 14 , 15 ]. This process is consider

ffective and green method [16] as it utilises the sunlight and
lso shows higher degradation efficiencies [17] . This process
equires catalysts to carry out the degradation. Among differ-
nt materials, semiconductor is considered as the most effec-
ive materials to be used as photocatalysts. They can be eas-
ly removed from the system and are produced cheaply [18] .
ome of the widely utilized photocatalysts are TiO2 and ZnO,
nd both of these materials shows strong oxidation tenden-
ies but their large band gap and low visible light utilisation
imit their usage at large scale. To tackle these limitations,
esearchers have shifted their interest from these materials to
pinel ferrites due to their lower band gap and inexpensive
ature. The formula for spinel ferrite is AB2 O4 [ 19 , 20 ], here
 and B represents divalent and trivalent metallic cations,

14] and they are frequently employed as the magnetic pho-
ocatalysts [21] . Among the numerous types of ferrites, there
re only few spinel ferrites that show relatively the more po-
ential to be used as a photocatalyst. One such material is
agnesium ferrite. Magnesium ferrite is a spinel magnetic ox-

de with a chemical formula of MgFe2 O4 . Mg ferrite is widely
tilised in various magnetic applications while also being used
s catalyst [22] . Magnesium ferrite is n-type semiconducting
aterial, and is a soft magnet with small band gap range

23] . Magnesium ferrite is being considered as good catalyst
han the other catalysts because of its excellent chemical and
hermal stability, making it more adaptive for the hard envi-
onment conditions [24] . The saturation magnetisation of the
agnesium ferrite is high which facilitate the separation of

atalyst from the water by applying the magnetic field [24] . It
as a high capacity for the charge migration as well as charge
eparation efficiency, making it more reactive and less suscep-
ible to recombination [25] . Fig. 1 illustrates the importance
f magnesium ferrite as a photocatalyst. 

There are various methods for the production of magne-
ium ferrite such as microwave sintering, co-precipitation and
ol-gel which can affect its size, shape and defect structure.
his impact ultimately affect its photocatalytic efficiencies

26] . 
In this review paper, we will discuss about the conven-

ionally used synthesis approaches and their limitations when
ealing with the organic pollutants. We will also go over the
everal dyes and antibiotics that are being used on a large
cale in industry and are harmful for the environment and
uman well-being. This investigation will demonstrate the sig-
ificance of photocatalysis in the removal of organic contam-
nants and the advantages of using magnesium ferrite as a
hotocatalyst. We will also discuss the impact of various fac-
ors like synthesis, dopants, and elementary compositions on
he efficiency of photocatalysis. This study will also cover
he properties of magnesium ferrite which can affect the ef-
ciency of the photocatalysis i.e., structural, magnetic, and
ptical. 

. Wastewater causes and remedies 

One of the most difficult problems the world is currently
onfronting is water pollution. The harmful contaminants in
ivers and other water resources are affecting the environ-
ent very badly. On the basis of waste water production, the
aste water is mainly classified into four categories which

re industrial, domestic, infiltration/inflow and storm water
27] . Industrial pollution is caused via the release of toxic
nd harmful chemicals from the factories into the water re-
ources. These chemicals are present in various forms such
s solid, liquid and gaseous [28] . The various pollutants from
hese different resources are mainly classified into two types,
norganic and organic pollutants. The former mainly include
ations, heavy metals, radioactive debris, halides and oxyan-
on materials [29] and the later includes dyes [30] and an-
ibiotics [31] . According to a 2017 UN Water UNESCO re-
earch, high-income nations treat about the 70% of municipal
nd industrial wastewater, as compared to the 38% of the
pper-middle-income countries, 28% of lower-middle-income
ountries, and 18% of low-income countries. Given current
rends, it is expected that nearly 80% of global wastewater
s being released without treatment [32] . Although there are
onventional approaches being used for the treatment of wa-
er but these methods possess limitations, including the need
or the addition of reusable chemicals, specific pH require-
ents for the effluents, and the low biodegradability of cer-

ain molecules (such as dyes). To address these challenges, a
ovel and emerging solution is the advanced oxidation pro-
esses (AOPs) [33–35] . The AOP consist of set of treatments
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Fig. 2. Schematic representation of different AOPs, representing large scale(white), pilot scale(grey) and lab scale (black) (reprinted with permission from 

[36] ). 
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hat treats the waste water using the strong oxidising agents.
dvance oxidation is further classified into five parts which

re electrochemical oxidation process, ultraviolet (UV) based,
zone based, catalytic AOP, physical AOP and Photocatalytic
OPs as mentioned in Fig. 2 [36] . 

Among the various AOPs, the photochemical AOPs are
onsidered the most efficient one for elimination of organic
ollutants as they can reduce the contaminants to the less
armful compounds by using the strong oxidising agents pro-
uced during the reaction. These radicals can decompose most
f the stable organic contaminates which are a lot harder
o degrade via the conventional approaches [37] . Also, the
hotocatalysis doesn’t cause any secondary waste and it can
ntirely oxidises the contaminants to innocuous compounds
uch as water and carbon dioxide [38] . It is useful method
s it uses the solar energy for starting the reaction which is
co-friendly, reusable and ample in nature [ 39 , 40 ]. A detailed
xplanation on the photocatalytic process is given in the sec-
ion ahead. 

. Photocatalytic degradation 

A photoinduced reaction that is catalysed, or made faster
y the presence of light, is known as photocatalysis. This
rocess can be carried out directly by irradiating the reac-
ion or indirectly by irradiating the catalysts. The purpose
f this irradiation is to lower the activation energy to carry
ut the reaction. It could either happens naturally or synthet-
cally by using the catalysts. The natural photocatalysis oc-
urs in the presence of chlorophyll during the photosynthesis.

hereas, the catalyst based photocatalysis was first discov-
red by Honda and Fujishima in 1972 via the TiO2 electrode
nder the UV irradiation [41] . In catalyst based photocatal-
sis, the redox reaction occurs due to formation of strong
educing agents like the hydroxyl radicals. 

The photocatalysis is largely influenced by the type and
raits of the catalyst. During this process, the catalyst ab-
orbs the photons which causes the excitation of the electrons
rom the valence to the conduction band. The produced exi-
ons (holes and electrons) helps to carryout the photocatalysis.
he first basic condition for the photocatalysis is that the en-
rgy of photons falling onto the catalysts should be equal or
ore than the band gap of the catalyst. There are three condi-

ions that are required to be present in an ideal photocatalysts,
hich are i) ability to harvest the broad spectrum of light, ii)

eparation of exitons from the bulk to the surface of catalysts
nd iii) the contribution of interfacial charges in the redox
eactions at the reactive sites [ 42 , 43 ]. These three conditions
epends on the various factors like band gap, crystallite size,
urface area, porosity, etc. [44] . The lower size could cause
he quantum confinement by making the band gap energies

ore distinct and thus, increasing the light utilisation. Also,
he smaller band gaps leads to the improved light absorption
ver a wide spectrum. But there is also a chance of increas-
ng the recombination rate of exitons produced which can
e reduced by making use of electron trapping reagents like
2 O2 . Further more, the catalysts used during photocatalysis

an be divided into two major categories, i.e., homogeneous
nd heterogeneous catalysts. The homogeneous catalysts are
n aqueous phase and thus, are more effective in degrading
he pollutants, but the separation of homogeneous catalyst is
 difficult task. On contrary, the heterogeneous catalysts are
n solid phase hence can be easily separated out of the so-
ution after the reaction. Generally, the heterogeneous pho-
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Fig. 3. Schematic representation of photocatalytic degradation (reprinted with 
permission from [48] ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ocatalysis is considered to be the more viable option be-
ause it leaves the possibility of reusing the photocatalysts
nd thus, increasing the efficiency and inexpensiveness of the
hotocatalysis. 

The heterogeneous catalysis utilises the solid semi-
onducting catalysts due to their appropriate optical traits.
here are different kind of semiconductors including binary

ZnO, TiO2 , CdS, g-C3 N4 , etc.), ternary (Perovskite, spinels,
tc.) and quaternary semiconductors (AlGaInP, Cu2 ZnSnS4 ,
tc.) that can be utilised for the purpose of photocatalysis
 45 , 46 ]. Out of these three types, the ternary semiconduc-
ors are mostly utilised as the heterogeneous catalysts due to
heir higher stability and higher number of active sites which
an promote the various reaction during the process of photo-
atalysis. The researchers are continuously trying to optimise
he band gap and charge separation of the semiconductors in
rder to increase their efficiency as photocatalysts [47] . 

The photocatalysis mechanism is mainly divided into two
arts-direct mechanism and indirect mechanism. In direct
ethod, the pollutant can absorb the photon energy and

chieve an excited state which in-turn get converted to the
emi-oxide cation. This cation species can trap the conduc-
ion band’s electrons from the photocatalyst and cause the
ormation of superoxide radical by using the dissolved oxy-
en. Similar reaction can occur over the valence band and
an cause the formation of hydroxyl radicals. These radicals
re helpful in degrading the organic pollutants, and also, this
ype of method is generally followed by dye molecules. In
ase of indirect catalysis, the pollutants doesn’t get excited
nd the reaction is carried out by photo-induced electrons of
he photocatalyst. The electron of photocatalyst engage with
he photons and hops to the conduction band, where it can
eact with the adsorbed oxygen species on the photocatalysis
nd cause the formation of superoxide radicals. The holes also
onises the water and causes the formation of hydroxyl rad-
cal. These reactive species can then react with the organic
ollutants and degrade them to other less harmful products
ike CO2 and H2 O [48] . Furthermore, the types of pollutants
eing degraded also impact the photocatalysis process. The
ovement of electron and holes are different for unlike pol-

utants during the photocatalytic degradation for e.g., in dyes,
he dye molecules serve as both electron donors and accep-
ors. The water molecules over the catalyst surface oxidises
hen they come into contact with the holes during the photo-

atalysis, creating hydroxyl radicals. Additionally, superoxide
r hydroperoxyl radicals form when the oxygen molecules
resent in the solution gets reduced via the electrons. Then,
t leads to the production of other reactive oxygen species
ROS) like superoxide (O2−) and hydroxyl radical (OH−),
elping in oxidation of pollutant. These ROS then proceed
o attack and breakdown the contaminants. The ROS are the
rimary species responsible for the pollutant degradation [49–
1] . Fig. 3 gives the mechanism of this approach. There are
ome factors that affects the degradation efficiency of pollu-
ants including a) pollutant concentration b) quantity of cat-
lyst c) reaction medium of pH d) type and configuration of
he catalyst e) light intensity. 
a) Pollutant concentration: The initial amount of pollutants
influence the adsorption equilibrium and the presence of
active sites on the photocatalyst surface. Low beginning
concentrations can promote the pollutant adsorption and
degradation, whereas the high initial concentrations can
lead to active site saturation and competition. Addition-
ally, a high initial concentration may inhibit light pen-
etration and diminish the photocatalytic effectiveness
[39] . 

b) Amount of catalyst: The photocatalytic system’s surface
area and light absorption are influenced by the cata-
lyst’s quantity. Increasing the catalyst concentration can
boost the photodegradation rate by growing the number
of active sites. Beyond a certain threshold, however, the
additional catalyst may not continue to increase the ef-
ficiency but rather result in the aggregation and shading
effects that lower the light utilisation [39] . 

c) Reaction medium pH: The pH of the mixture impacts
how the photocatalyst and the pollutant adsorb and
charged their surfaces. Depending on the kind of photo-
catalyst and the pollutant used in the reaction, the ideal
pH will vary. In general, an acidic pH can encourage the
production of hydroxyl radicals and enhance the oxida-
tion potential of system. However, some photocatalysts
may corrode and dissolve in the presence of an exces-
sively low pH [39] . 

d) Type and composition of catalyst: different photocata-
lysts have unique characteristics that affect how well
they can produce ROS and breakdown pollutants, in-
cluding band gap, surface area, crystallinity, and sta-
bility. As an illustration, due to its great stability, low
cost, and strong oxidising power, TiO2 is a well-liked
photocatalyst. Nevertheless, TiO2 ’s efficiency is con-
strained as it only absorb the ultraviolet light. To in-
crease TiO2 ’s visible light activity, the different changes
including doping, coupling, and sensitising have been
applied [50] . 

e) Light Intensity: The quantity of photons that arrive at
the photocatalyst surface and to start the photodegrada-
tion reaction depends on the light intensity. A higher
light output can boost the photocatalytic efficiency and
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Fig. 4. Structure of Rhodamine B. 
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Fig. 5. Structure of Congo red. 
speed up the formation of electron-hole pairs. But, the
excessive light output can also have heating effects and
also, hasten the recombination of electron-hole pairs
[52] . 

. Types of organic pollutants 

Two types of organic pollutants that causes most of the
ater pollution are dyes and antibiotics. In this section, we

re going to discuss the different type of dyes and antibiotics
n detail. 

.1. Dyes 

Dyeing is the process of colouring materials including fab-
ics, paper, leather, and other items with chemical compounds,
nd they are mainly of two types-natural and synthetic. In
he past, dyes were made from the natural materials, how-
ver, William Henry Perkin committed an unintended error in
856 and made the first synthetic dye to be commercially suc-
essful. After that by the end of nineteenth century, over thou-
ands of synthetic dyes have been manufactured [53] . These
yes are commonly categorised as: cationic dyes, non-ionic
yes and anionic dyes. In an aqueous solution, cationic dyes,
ommonly referred to as basic dyes can be separate into pos-
tively charged ions [54] . Some of the examples of cationic
yes are crystal violet (CV) and methylene blue (MB) [55] .
nionic dyes are a particular class of colour that, when dis-

olved in water, take on a negative charge. They are used
o colour textiles like nylon, silk, and wool because they are
sually water soluble [56] . Some of the examples of anionic
yes are Congo red, Cochineal Red A and Acid Red 14 [57] .
on-ionic dyes are a particular kind of dye that, when dis-

olved in the water, have no electrical charge. They are used
o colour fabrics like polyester, acetate, and nylon and are
ormally water-insoluble or only marginally soluble. Because
hey are applied by dispersing them in a carrier solution that
ids in their penetration of the fibres, non-ionic dyes are also
nown as disperse dyes [56] . Dyes like malachite green (MG)
re an example of non-ionic dyes [58] . The most common
orm of dyes is cationic, while the anionic dyes are acidic
yes and contain a variety of dyes such as azo, acid, direct,
nd reactive dyes. Some of the most used dyes are discussed
elow. 

.1.1. Rhodamine B (RhB) 
RhB is a cationic dye and come under the Xanthene

lass of basic dye [59] . These synthetic dyes are the earli-
st kind of dyes and are employed in a variety of applica-
ions. These are water soluble and are used in animal treat-

ents, biological trial staining, printing, and the textile sec-
or. RhB’s IUPAC designation is N-[9-(ortho-carboxyphenyl)-
-(diethylamino)-3H-xanthen-3-yli-dene] diethyl ammonium
hloride, and Fig. 4 shows its chemical structure. Its molec-
lar weight is 479.02 g mol−1 and a maximum wavelength
bsorbance (A) is 554 nm [60] . RhB is difficult to remove us-
ng the standard techniques because it is resistant to biodegra-
ation and contains a lot of salts [ 61 , 62 ]. The side effects
f rhodamine B include tissue necrosis, elevated heart rate,
hock, and vomiting [63] . It can cause the cellular apoptosis
nd impede the ATP synthase [64] . Therefore, RhB must be
liminated for the protection of environment and the health
f living things. 

.1.2. Congo red (CR) 
In 1883, Paul Bottiger made the discovery of CR dye while

orking to develop a method for detecting the pH levels. In
he cellulose industry, which includes the cotton textiles and
aper/pulp, CR dye is often employed because of its high
ffinity for the cellulose fibres [65] . It is a type of azo dye
hich is stable against the photo- and biodegradation. Be-

ause it has aromatic amines in its structure, it is known to
e carcinogenic. Azo dyes are resistant to natural deteriora-
ion because they include the aromatic groups [66] . Congo
ed is known by the IUPAC name, disodium 4-amino-3-[4-
4-[4-(1-amino-4-sulfonato-naphthalen-2-yl) “diazenylphenyl”
phenyl” diazenyl-naphthalene-1-sulfonate. The formula of
R dye is C32 H22 N6 Na2 O6 S2 and it has a molecular weight
nd CAS number of 696.66 and 573-58-0. It has maxi-
um wavelength absorbance of 497 nm [67] . CR’s organi-

ational structure is illustrated in Fig. 5 . Congo red dye has
arious effects on the health such as it causes skin infec-
ion, irritation, cyanosis, vomiting, tissue necrosis and cancer
 68 , 69 ]. 
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Fig. 6. Illustration of methylene blue structure. 
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Fig. 7. Structure of Malachite green. 
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.1.3. Methylene blue (MB) 
MB is a cancer causing toxin which is renowned for its

ide effects on the aquatic life [ 70 , 71 ]. MB is a type of hetero-
yclic aromatic complex with a value of 319.85 g/mol molec-
lar weight and C16 H18 N3 SCl molecular formula. MB is a ba-
ic and synthetic type of dye [72] with IUPAC name [3,9-bis
imethyl-aminophenazo thionium chloride]. The maximum
avelength absorbance (A) for the MB is 661 nm [73] . MB

s used in the clinical medicine as a antibacterial chemical,
olourant and indicator [74] . Heinrich Caro and Soda Fabrik
ere the first to synthesised the MB in 1876 as a synthetic
ye derived from the aniline, which was employed for the
urpose of staining cotton [75] . The MB structure is given in
ig. 6 . 

.1.4. Malachite green (MG) 
MG is a crystalline solid having dark green colour that is

ade by mixing the strong sulphuric acid or zinc chloride
hile condensing one part benzaldehyde with two parts
iemethylaniline. MG is a triarylmethane dye (C23 H26 N2 O,
l 42,000) [76] . It is referred by IUPAC nomenclature, [4-[[4-

dimethylamino)phenyl].-phenylmethylidene]cyclohexa-2,5–
ien-1-ylidene]chloride, -dimethylazanium, with a molecular
eight and a maximum wavelength absorbance (A) of
64.911 g/mol and 619 nm [77] . 

Fig. 7 illustrates the structure of MG. MG is a biocide
hat is broadly utilised in the fish farming sector universally.
t is quite good at preventing the serious protozoal and the
ungi infections [ 78 , 79 ]. Additionally, MG is employed in
he wool, paper, cotton, and acrylic trades as both dye and
edical decontaminator, and anthelminthic [80] . MG has a

reat impact on the reproductive system, and immunity with
ancer and genotoxic causing traits [ 81 , 82 ]. 

.2. Antibiotics 

The most effective class of medications ever created
or enhancing the human health is undoubtedly the antibi-
tics. Apart from this essential function, antibiotics (gener-
lly speaking, antimicrobials) have also been utilised for treat-
ng and preventing the diseases in plants and animals, foster-
ng growth in animal farming, and many more [83] . Antibi-
tics inhibit or prevent the micro-organisms growth. Antibi-
tics are categorised into numerous types depending on their
tructure, mechanism, and the mode of administrations [84] .
he antibiotics have mainly divided into five different class

ike β-Lactams, Fluoroquinolones, Macrolides, Sulfonamides,
etracyclines with few more classes of antibiotics such as
hloramphenicol, Lincomycin and Trimethoprim [12] . WHO

tated that the presence of antibiotics in environment for a
ong time can make the bacteria resistant to the antibiotics
nd there will be no effect of antibiotics to the bacteria as
here is a development of antibiotic-resistant genes [85] . 

Here we have discussed the antibiotics like tetracycline and
iprofloxacin, since these are commonly used antibiotics that
ose a risk to the ecosystem and general people due to their
olubility, persistence, toxicity, and probable carcinogenicity
86] . 

.2.1. Ciprofloxacin 

Ciprofloxacin are the most famous antibiotics of 1990s
ith the sales greater than 1 billion in hospitals. These an-

ibiotics have a chemical formula C17 H18 FN3 O3 [87] . IUPAC
esignation for the ciprofloxacin is 1-cyclopropyl-6-fluoro-4-
xo-7-piperazin-1-ylquinoline-3-carboxylic acid and also has
 molar mass 331.34 g.mol−1 [88] . Ciprofloxacin is mostly
rescribed to treat the lung disorders, skin infections, STIs,
nd urinary tract infections [89] . Different surveys from the
ospital has shown the presence ciprofloxacin within the
aste water like Seifrtová et al. has found that the concen-

ration of ciprofloxacin is 150 μg/L in hospital waste waster
90] . In another study by Larsson et al., it was found that the
oncentration of ciprofloxacin in pharmaceutical waste water
ies between 31 and 50 mg/L [91] . In one of the research
onducted for ciprofloxacin presence in drinking water, the
resence of ciprofloxacin was found to be 6.5 μg/l [92] . The
resence of ciprofloxacin in the environment is effecting the
icroalga such as Pseudokirchneriella subcapitata and Lemna
inor growth [93] . The structure of ciprofloxacin is men-

ioned in Fig. 8 . 
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Fig. 8. Chemical structure of ciprofloxacin. 

Fig. 9. Chemical structure of Tetracycline. 
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.2.2. Tetracycline 
Tetracycline is a type of antibiotic that is used for

he treatment of acne, cholera and malaria in animals
nd humans [94] . Tetracycline have a chemical formula
nd a molar mass of C2 2 H2 4 N2 O8 and 444.44 gmol−1 .
UPAC name for the tetracycline is (4S,4aS,5aS,6S,12aR)-4-
dimethylamino)−1,6,10,11,12a-pentahydroxy-6-methyl-3,12- 
ioxo-4,4a,5,5a tetrahydrotetracene-2-carboxamide. Antibi-
tics like like tetracycline are chemically stable and highly
oluble in water which make it hard to degrade by the conven-
ional methods [95] . Tetracycline has a track record of past
hree generations. First generation of tetracyclines contain all
he natural antibiotics such as tetracycline oxytetracycline and
hlortetracycline. Second generation of tetracyclines contain
ntibiotics like doxycycline and minocycline. The third gen-
ration tetracylines contain antibiotic like tigecycline which
s currently in use [96–98] . Oxytetracycline is the most used
etracycline, with a complicated four-ringed macromolecule
ith a number of ionisable functional groups. Thus, it is a

omplex, and zwitterionic organic chemical [99] . In survey
y Pham et al. and Chen et al., it was found that the
xytetracycline had a very high risk quotient approximated
etween 27.78–94.81 g L−1 in marine settings [ 100 , 101 ].
etracycline’s chemical composition is shown in Fig. 9 . 

It is indeed a concern that the dyes and antibiotics, if left
ntreated, can contribute significantly to the water pollution.
yes from the industries such as textile and dyeing, as well as
ntibiotics from the pharmaceutical manufacturing and health
are facilities, can end up in water bodies, leading to the ad-
erse environmental effects. Conventional wastewater dealing
pproaches, such as physical and chemical processes, may
ot be sufficient to effectively remove these organic pollu-
ants, therefore, the alternative methods, including photocat-
lytic degradation are being explored. Photocatalytic degrada-
ion is much useful method than the other methods because of
ts low cost, high degrade efficiency, sustainability and broad
pplicability. 

. Magnesium ferrite as a photocatalyst 

Magnesium ferrite, is a type of spinel ferrite with cubic
rystal structure. The magnesium ferrite is represented by the
ormula, MgFe2 O4 [ 24 , 102 ]. Here Mg is in 2 + state and Fe is
n 3 + state. The spinel ferrites are mainly grouped into three
ategories as per the cationic distribution in their interstitial
ites, which are normal, inverse, and mixed. A total of 64
etrahedral (A-sites) and 32 octahedral sites (B-sites) exists
n spinal ferrite unit cell, among these sites 8 A and 16 B-
ites are occupied. For typical spinel, divalent cations take up
he A-sites while the trivalent cations go to the B-sites. For
nverse spinel, trivalent cations occupy the A sites, whereas
ight divalent and eight trivalent cations occupy the B-sites.
he divalent and the trivalent cations ions are distributed in

he tetrahedral (A) site and the octahedral (B) site in case
f mixed spinel, respectively. Magnesium ferrite (MgFe2 O4 )
ome under the category of mixed spinel ferrite [103–105] .
gFe2 O4 is the soft type of magnetic substances which have

igh electrical resistivity and moderate coercivity [106] . It be-
ongs to a type of ternary semiconductor which can effectively
bsorb the visible light, including a large percentage of the
olar spectrum, due to its small bandgap, which is typically
n the region of 1.5–3.0 eV. Magnesium ferrite’s valence band
lectrons hops to the conduction band when exposed to light,
roducing the electron-hole pairs. The mobile charge carri-
rs are then involved in redox interactions with the organic
olecules, which leads to their degradation. These traits of
gFe2 O4 ferrite make it suitable for degrading the different

ypes of organic molecules [107] . Due to its high saturation
agnetisation, great stability, good magnetic and photocat-

lytic activity, the Mg ferrite makes a good photocatalyst [24] .
he magnetic nature of ferrite enables them to be retracted

rom the reaction system and be reused several times. This
urther increases their functionality as they can be sustainably
sed many times. Although, there are several photocatalysts
hich are currently being investigated like TiO2 , graphene, g-
3 N4 and other oxides, and also, have larger band gap, non-
agnetic nature, complicated synthesis or low cost-efficiency.
hat’s why, their wide spread use is still debatable. On the
ther hand, the synthesis and characteristics of the magnesium
errites have been well established by the various investiga-
ors for example, Heidari et al. fabricated the MgFe2 O4 ferrite
y utilising the solution combustion method. Different fuels
i.e., citric acid, EDTA, glycine) were utilised for the synthe-
is of materials. The X-ray diffraction (XRD) results revealed

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/oxytetracycline
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/chlortetracycline
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/doxycycline
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/minocycline
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/tigecycline
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Fig. 10. XRD image of MgFe2 O4 ferrite (reprinted with permission from 

[108] ). 
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he partially inverse spinel phase of the synthesised samples
 Fig. 10 ) . 

The crystallite size was found to be dependent on the type
f fuel used, and it was highest for the glycine fuel with a
ize of 57 nm, and the smallest was 35 nm for the EDTA.
or citric acid, the crystallite size was 41 nm. Also, the SEM
howed the morphologies of different samples ( Fig. 11 ) [108] .

Sripriya et al. studied the various traits of MgFe2 O4 

ynthesised through microwave supported method. Structural
Fig. 11. SEM images of MgFe2 O4 (repr
nalysis through the XRD showed that the lattice parameter
btained was 8.347 Å while the crystallite size was 15.42 nm.
he peak positions of XRD correspond to the cubic spinel
hase showing the formation of pure phase. Kubelka-Munl
odel was utilised to analyse the band gap of the synthesised

ample and it was 1.91 eV. The synthesised samples were also
ested for their photocatalytic behaviour by the degradation of
ethylene, which was found out to be 96.48%. The higher

egradation efficiency was due to the high surface area (71.85
2 /g) of the samples. This study shows that the even pure
agnesium ferrite shows good photocatalytic behaviour for

he dye degradation [109] . Singh et al. synthesised MgFe2 O4 

y using the sol-gel approach and it was calcinated at 300,
50, 400, and 450 °C. Investigations was done to report the
ffect of calcination temperature on the cation distribution as
ell as structural and magnetic traits. The production of pure
hased MgFe2 O4 was identified by the XRD examination.
ith calcination, the crystallite size increased. The average

ationic distribution between the A- and B-sites was evaluated
y XRD data. The cationic distribution demonstrates that the
ations move from the B-site to the A-site. Ms increased from
.52 to 23.54 emu/g as the particle size elevated. The coerciv-
ty (Hc ) declines with calcination due to a decreasing pinning
ction at the grain boundary. The curie temperature fell min-
mal when the A-B exchange contact deteriorated. Fig. 12
hows the hysteresis loops of MgFe2 O4 [110] . 
inted with permission from [108] ). 
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Fig. 12. Hysteresis loop of magnesium ferrite (reprinted with permission 
from [110] ). 
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All these studies showed that the excellent magnetic and
tructural qualities of magnesium ferrite underlining their
ritical importance in permitting the efficient photocatalytic
egradation processes. These experiments have also consis-
ently shown that it is feasible to fine-tune the structural and
agnetic nature of magnesium ferrite, which opens up a lot of

pportunity for improving the general effectiveness of photo-
atalytic degradation processes. These research studies high-
ights the positive prospects for utilising the special features of
agnesium ferrite in the development of photocatalytic degra-

ation technologies. Table 1 shows the comparative studies of
he photodegradation efficiency of magnesium ferrite with the
ther existing photocatalysts. 

.1. Magnesium ferrite for dye degradation 

When used for the dye degradation in wastewater treat-
ent, magnesium ferrite demonstrates the exceptional pho-

ocatalytic traits due to its distinct electrical band structure
nd surface properties. There are many research works which
how that the magnesium ferrite can degrade different types
f dyes such as non-ionic dyes, cationic dyes and anionic
Table 1 
Comparative studies of the photodegradation efficiency of magnesium ferrite wit

Composition Pollutant Band gap 

MgFe2 O4 Rb21 dye 1.90 eV 

MgFe2 O4 /Bi2 WO6 Tetracycline hydrochloride 2.23–2.78 eV 

MgFe2 O4 –CuO/GO Methylene Blue 1.69 eV 

5CQDs/NH2 BDC10 -TiO2 Rhodamine B 2.55–2.60 
TiO2 @TiOX Rhodamine B 2.75–3.05 
TiO2 -FSM-16 Phenol red –
TiO2 QDs Coomassie brilliant blue R dye 3.04–3.18 
ZnO-MoO3 Rhodamine B 2.25–2.76 eV 

MgO-CdWO4 Bismarck brown 2.4 eV 

Ce–ZnO–rGO Bromothymol blue 2.81 
yes. Nguyen et al. examined the effect of magnesium ferrite
n MB decomposition and found that the magnesium ferrite
hich is calcinated at 500 °C show the degradation of 89.73%

nd the magnesium ferrite which is calcined at 600 °C show
he degradation of 69.17% in 240 min. Magnesium ferrite
anoparticles’ surface area and crystal size effect the pho-
ocatalytic degradation of MB, as the particles calcinated at
00 °C are smaller in size and have higher degrading effi-
iency than that of the material calcinated at 600 °C [121] .
ardood et al. researched on the effect of magnesium ferrite
or the degradation of MG. The MG was taken in concen-
ration ranging from 5 to 20 mg/l while, the concentration
f magnesium ferrite was kept constant at 0.015 g. It was
ound that the magnesium ferrite can degrade the MG with a
ercentage of 98% in 60 min [122] . Riyanti et al. inspected
he magnesium ferrite for degrading the CR and it was found
hat the degradation efficiency is 99.62% for CR under the
pecific conditions. The solution pH was maintained at 6, the
ongo red was taken as 10 mg/L and concentration of H2 O2 

as maintained at 2.5 mM with an irradiation time of 180
in [123] . According to the Sundararajan et al., it was found

hat the magnesium doped cobalt ferrite (Co0.6 Mg0.4 Fe2 O4 )
howed the degrading efficiency of 99.5% for the removal
f RhB when compared to the pure cobalt ferrite (CoFe2 O4 ),
hich has a degrade efficiency of 73.0%. This research shows

hat the magnesium ferrite has good degrade efficiency for
hB [124] . The study indicated that the magnesium ferrite

hows great potential as the efficient photocatalyst for elimi-
ating the different organic dyes. 

.2. Magnesium for antibiotic degradation 

Magnesium ferrite demonstrates the remarkable effective-
ess not only in the degradation of dyes but also in the ef-
cient breakdown of antibiotics. Organic pollutants like an-

ibiotics are easily degraded by MgFe2 O4 ferrite. There are
ome studies which show the degradation of antibiotics by the
agnesium ferrite. Becker et al. researched about the effect

f magnesium ferrite on the degradation of tetracycline and
ound that at first, magnesium ferrite shows 76% degradation
n two hours and after 5 h, 95% degradation was detected
17] . Kadi et al. synthesised MgFe2 O4 /g-C3 N4 using three
h the other existing photocatalysts. 

Degradation efficiency Reusability References 

93% (180 min) 66% efficiency after 5 cycles [111] 
95.82% (90 min) 90.18% efficiency after 5 cycles [112] 
98.8% (27 min) 94.6% efficiency after 4 cycle [113] 
87.1% (120 min) – [114] 
92% (65 min) – [115] 
84% (1220 min) 63% efficiency after 3 cycle [116] 
91% (140 min) 23% decrease after 8 cycle [117] 
94% (120 min) 89% after 5 cycle [118] 
94% (90 min) 20 to 30% Drop after 5 cycles [119] 
92% (180 min) – [120] 

https://www.nanochemres.org/?_action=articleceau=562889ce_au=Saeid++Taghavi+Fardood
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Fig. 13. Schematic of the CIP photodegradation and the charge carriers re- 
combination prevention in the MgFe2 O4 /g-C3 N4 heterostructure (reprinted 
with permission from [125] ). 
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tep synthesis approach. The synthesized composite showed
20 m2 g−1 of surface area along with 2.58 eV of band gap.
he synthesized samples had a magnetisation of 44.0 emu
−1 . The produced samples were utilised in the photocat-
lytic degradation of ciprofloxacin (CIP). It was found that the
omposite can degrade the ciprofloxacin almost 100% under
he visible light with 1.6 g/L of catalyst. The photocatalysis
egradation achieved for the pure g-C3 N4 and MgFe2 O4 was
0% and 18% correspondingly. The study demonstrated that
he hetrostructured composites allowed for the diffusion of
IP in its pores and carried out good charge separation abil-

ties, resulting in enhanced photocatalytic ability ( Fig. 13 ). 
The research study also showed that the incorporation of

gFe2 O4 allows for the recyclability of photocatalysts [125] .
ll these studies shows that the MgFe2 O4 ferrite is a good
hotocatalyst for the degradation of organic compounds. Mag-
esium ferrite show more than 90% of the degradation effi-
iency for many organic compounds. These show that the
agnesium ferrite can act as good photocatalyst for the degra-

ation of antibiotics and dyes which make it useful for the
ater purification. Moreover, the applicability of magnesium

errite can be extended through the various methods, includ-
ng doping, synthesis routes, heat treatment, and composite
ormations. 

. Factors affecting MgFe2 O4 photocatalysis 

Photocatalytic degradation of organic compounds by the
agnesium ferrite is affected by the different factors such

s type of dopant used, synthesis technique, and composites.
ome of the factors that are affecting the photocatalytic degra-
ation of magnesium ferrite are discussed below. 

.1. Impact of synthesis 

Magnesium ferrite nanoparticles can be formed via syn-
hesis approaches like, co-precipitation, sol-gel combustion,
ol-gel, solvent thermal, glycine-nitrate, hydrothermal, ball-
illing, etc. [ 26 , 126 , 127 ]. These synthesis techniques influ-

nces the structural and magnetic aspects of the magnesium
errites thus, creating an overall impact on the degradation ef-
ciency in various ways. The synthesis approaches also have
 huge impact on the cost efficiency of magnesium ferrite
hotocatalysts. The synthesis methods and their impact on
he catalytic nature of magnesium ferrite are discussed ahead
n detail. 

.1.1. Sol-gel 
This is a bottom up approach for the fabrication of nano-

aterials. This approach comprise of three parts, first one is
aking of solution using the appropriate reagent, second one

onsists of making of the gel using the prepared sol and the
hird is drying/ageing of gel to get the final product. This
eaction was first found through hydrolysis and condensation
f metal alkoxides, but this method can also be used for the
ormation of different metal oxide (binary, ternary and quater-
ary) using the aqueous metal species. For the preparation of
etal semiconductors like ferrites, the most commonly used

recursors are metal nitrates (easily soluble and highly oxidis-
ng) and citric acid (chelating agent), that’s why this method
s sometimes also called as the citrate precursor method. The
olution of precursors are made in aqueous solvent and some
imes, the pH regulators like ammonia is also mixed for ad-
usting the pH. The gel is made through the pyrolysis of solu-
ion and sometimes gel precursor like ethylene glycol is also
sed to fasten up the reaction. After gel formation, the metal
itrates helps during drying due to their strong oxidising na-
ure while the citric acid act as organic fuel and helps in the
ombustion. This process results in the formation of metal
xides with smaller crystallite size and higher degree of ho-
ogeneity, while requiring lesser temperature than the other

pproaches like solid-state. The gel also ensures the better
issolution of metal ions within the structure and causes the
ure phase formation. That’s why, many researchers utilise
his approach for the formation of ternary and quaternary
etal oxides like ferrites. Nguyen et al. examined the impact

f synthesis techniques on the crystalline size and degrada-
ion efficiency and therefore, it was found that the magnesium
errite prepared by the combustion method shows the growth
n crystalline size from 18 to 61 nm at different calcination.

here the approx particle size was 30 nm and the degrade
fficiency of magnesium ferrite for the MB was 89.73% in
he presence of light and H2 O2 [121] . While Cabrera et al.
ynthesize magnesium ferrite by auto-combustion method and
olymerisation method and it was found that the crystallite
ize was in between 7 and 16 nm where the degrade effi-
iency of magnesium ferrite for MB was 75% in light [128] .
ardood et al. prepared the magnesium ferrite nanomaterials
y the sol-gel method without any organic chemical for the
egradation of MG. The crystalline size of magnesium fer-
ite was 11 nm and it was observed that under the visible
ight, 98% of the dye was degraded in 60 min. The tests
ere conducted at 20 mg/L of dye for 60 min of irradiation

122] . 
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.1.2. Solid state approach 

This approach is the most common approach for the prepa-
ation of ceramic materials in large scale. This method con-
ists of chemical decomposition of solid reagents at high tem-
erature to form new composition with a well defined struc-
ure. This method could be utilised for making the single
rystal, thin film, ceramics, polycrystalline material and many
ore. This method is useful in preparing the metal nitrates,

xides, alkoxides, hydroxides etc. Most commonly used start-
ng precursors are metal oxides. The metal oxides helps in
he formation of stable solid solution. This approach requires
he high temperature due to the lower activity of solids at
ower temperatures. This approach can also be followed at
he higher scale by making use of ball mill to perform the
ixing. This is also one of the inexpensive approach for the

abrication of nanomaterials. However, as compared to the
et chemical methods like sol-gel, the resulted material from

his approach shows the higher degree of agglomeration and
igger particle size with lower homogeneity. Due to the solid-
tate’s accessible and inexpensive nature, researchers are try-
ng to make the efficient photocatalyst from this approach to
ower their cost and make them more production friendly. Das
t al. fabricated the magnesium ferrite by the facile solid-state
eaction technique. The average crystalline size of magnesium
errite particles was 12.40 nm. It was found that the degrade
fficiency of magnesium ferrite for MG was 100% in 50 s in
he presence of hydrogen peroxide [129] . 

.1.3. Co-precipitation 

This is a type of wet chemical approach that consists of
eparation of solid precipitates from a solution. The starting
recursors utilised for this approach consists of acetates, chlo-
ides and nitrates. The solution of metal ions are either made
n water or in other organic solvents like ethanol. This process
tilies the strong basis in order to start the precipitation of
etal cations. The precipitates obtained are washed and dried

ccording to the requirements and they are less agglomer-
ted. The computed crystallite size is smaller as compared to
he other approaches. This approach provide the benefits of
aster reaction, precise control and the smaller crystallite size,
ut it needs the use of stronger basis which might become
ard to dispose if produced in larger quantities. George et al.
dopted the co-precipitation route for the fabrication of Cu
oped MgFe2 O4 nanoferrites. The nitrates of metals (Mg, Cu
nd Fe) were first dissolved in water individually and stirred
ell. The solutions were mixed together and 2 M NaOH was

lso mixed to maintain the pH of 13. The resultant mixture
as then heated for three hour at 80 °C. The precipitates thus

ormed were washed and further annealed for 24 h using an
ven. The resulted powder was calcinated at 650 °C for 8 h in
 furnace. The samples had crystallite size ranging from 12 to
4 nm which was evident from the XRD analysis. The photo-
atalytic study was done using the UV–Visible spectrum. The
amples showed the absorbance in visible range of spectra. To
heck the photocatalytic behaviour of the samples, MB dye
as used. 100 mg of catalyst along with 2 ml of H2 O2 was
tilised to degrade 100 ml of 25 ppm of MB solution. The
tudy was conducted under the UV-lamp for 3 h while the
amples were extracted after 30 min. The samples showed a
egradation efficiency of 97% towards the MB [130] . Ajeesha
t al. fabricated the Mg1-x Nix Fe2 O4 ( x = 0.0–1.0) ferrites by
o-precipitation route. The nitrates of respective metals were
aken as precursor and deionised water was taken as solvent
o make a solution. 2 M hydroxides was mixed for main-
aining a pH of 13. Then, the heating of mixture for 3 h at
0 °C was done. This resulted in brown coloured precipitates
hich were separated out by using a centrifuge. The samples
ere cleaned using distilled water to remove the remaining

odium hydroxides and annealed for 1 day at 75 °C. The
owder was subjected to calcination at 650 °C for a period
f 8 h using a muffle furnace. The structural study showed
hat the crystallite size was 24 nm and thus, the cubic phase
as attained for all the samples. The samples also showed the
igher surface area ranging from 11.757 to 20.478 m2 /g. The
hotocatalytic investigations were carried out by MB degra-
ation in the visible spectrum. The experiment was performed
y utilising the 100 mg of catalysts in 100 ml of MB kept at
5 ppm. 2 ml of H2 O2 was also used as a sacrificial agent.
 86% of degradation was attained after 3 h of degradation

106] . 

.1.4. Hydrothermal 
It is a type of heterogeneous wet chemical synthesis for

he fabrication of nanomaterials in the aqueous solvent. This
ynthesis utilises the high pressure to start the crystallisation
f desired material. To achieve the desired pressure, auto-
lave is utilised. Auto-clave consists of stainless steel body
o withstand the pressure and also, the inner part of autoclave
s linned with a non reactive material like teflon. Usually
ater soluble metallic salts like nitrates are used as the pre-

ursors for this approach. During the process, the autoclave
s heated by making use of furnace and therefore, attains the
igh pressure which causes the rapid nucleation and causes
he formation of fine crystallites. Most of the time, the mate-
ial obtained from this approach don’t need to be calcinated.
his process provides the benefits of direct synthesis of ma-

erial without any need of heat treatment while also being
ble to maintain the crystallinity of the material. But in hy-
rothermal method, precautions should be made regarding the
pplied temperatures to the auto-clave, so that the pressure at-
ained doesn’t exceed the limit of the autoclave. Khaliq et al.
sed the hydrothermal approach for fabricating the pure mag-
esium ferrite and Ni and Cr doped magnesium ferrite to test
ts photocatalytic activity against the crystal violet. An auto-
lave having teflon lining was used for this approach. Firstly,
easured amounts of metal nitrates were mixed in deionised
ater and 25 ml of 1.5 M NaOH was also mixed. The mix-

ure was continuously stirred in the presence of heat which
esulted in brown coloured solution. This solution was then
assed to the autoclave and heated to 150 °C for a period
f 20 h. This resulted in the formation of brownish coloured
pecimens having pH range between 10 and 11. The spec-
mens were washed using the deionised water to neutralise
he pH and also, remove any other contaminates. Finally, the
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pecimens were dried at 120 °C for four hours to get the final
roduct. The photocatalytic behaviours were measured using
he crystal violet dye and the highest degradation efficiency of
7% was achieved within the 100 min of degradation [131] . 

These studies demonstrated that the synthesis approaches
an greatly influence the efficiency of the magnesium ferrite
s a photocatalyst. Thus, choosing the appropriate synthesis
echnique can be helpful for the fabrication of cost-effective
nd highly efficient magnesium ferrite photocatalyst. Further-
ore, the choice of synthesis methods can exert a signifi-

ant influence on the mass production of magnesium ferrite
t an industrial scale. Some synthesis approaches like solid-
tate approach can be used in industrial scale and can pro-
uce the magnesium ferrite in large scale. However, it’s worth
oting that these physical approaches may compromise the
rystallinity of the final product and limit control over the
rystallite size. Conversely, the chemical synthesis methods
ffer greater efficiency in fine-tuning the properties of magne-
ium ferrite, ensuring the superior control over its characteris-
ics. But, these methods have challenges in terms of scalabil-
ty, hindering their widespread industrial usages [132–134] .
hat’s why, more research should be done in the synthesis
pproaches for producing the magnesium ferrite in industrial
cale so that it can be more cost-efficient and be used in larger
cales. 

.2. Effect of dopant 

The photocatalysis by ferrites can be greatly influenced by
he doping. Ferrites are a class of materials that are often
sed in photocatalysis due to their semiconducting proper-
ies. There are many ways in which the doping can affect the
hotocatalytic behaviour of ferrites such as improved stabil-
ty, reduced band gap, improved charge separation, and re-
uced crystallite size. It’s crucial to keep in mind that the
recise impacts of doping on the photocatalytic behaviour
f ferrites will depend on the type and number of dopants
tilised, as well as the synthesis techniques. Band structure,
harge carrier dynamics, and surface chemistry are just a
ew of the variables that the researchers generally considered
hen conducting the comprehensive studies to optimise the
oping techniques for the photocatalytic applications. Many
tudies have also shown that the doping has substantial ef-
ect on the degradation efficiency of magnesium ferrite. Some
f the studies are discussed ahead. Bessy et al. synthesised
he cobalt doped magnesium ferrite via the combustion ap-
roach. The sample was prepared by mixing 40 ml of egg
hites into 60 ml of deionised water followed by the stir-

ing until the homogeneous solution of egg white was ob-
ained. Then, the stoichiometric amounts of metal nitrates
ere mixed into the egg white mixture and stirred for 60
in until the solution was well dissolved. After that, the
ixture was evaporated at 80 °C so that the dried precur-

or was obtained. Calcination was done at 500 °C for 2 h
nd the cobalt doped magnesium ferrite was obtained. With
he increase in doping of cobalt ferrite, the crystalline size
eaches from 23 to 18 nm and also, the degrade efficiency
eaches from 91% to 95% [135] . Vishnu et al. prepared
ix Mg1-x Fe2 O4 ( x = 0- 0.6) ferrites through the microwave

ssisted combustion approach for the removal of rhodamine
 and MB. 10 ml of distilled water was combined with the
agnesium, nickel, and ferric nitrates for around 30 min. The
ixture was then dried in a microwave oven for 30 min.
he components were then calcinated for 5 h in a muffle

urnace at 600 °C. The components were then characterised
nd utilised in applications. At 0–120 min time intervals, the
i0.4 Mg0.6 Fe2 O4 demonstrated the maximum degradation ac-

ivity, with MB dye degrading at a rate of 98.1% and RB
ye degrading at a rate of 97.9% [136] . Singh et al. pre-
ared Mg1-x Tix Fe2 O4 + δ (x = 0–1.0) nanoparticles by sol-gel
pproach for degrading the RhB. It was found that when the
oping levels increased, the value of average particle diame-
er was decreased. Mg0.75 Ti0.25 Fe2 O4.2 , Mg0.5 Ti0.5 Fe2 O4.5 , and

g0.25 Ti0.75 Fe2 O4.75 shows the decrease in average particle
ize by 37.6, 30.7 and 23.4 nm, respectively. It was observed
hat when the doping of Ti increased from x = 0.0 to 0.5, the
and gap showed a steady decrease from 2.53 to 2.24 eV, and
lso, the band gap improved steadily from 2.24 to 2.44 eV
s the dopant concentration increased from 0.5 to 1.0. They
erformed the photocatalytic degradation using the samples
aving x = 0.5 under the various pH concentrations because
he light absorption rises as the band gap narrows and the
owest band gap was achieved for x = 0.5. Maximum degra-
ation was found to occur at pH 6.0, when it was estimated
o be 98% [137] . This study concluded that the doping can
reatly alter the degradation efficiencies of magnesium ferrite.
t has also been observed that the dopants which reduces the
rystallite size can be helpful for increasing the degradation
fficiencies. 

.3. Effect of composites 

A common method to increase the photocatalyst’s pho-
ocatalytic degradation efficiency is to create the compos-
te materials. In composites, two or more substances of-
en a photocatalyst and also, another substance are com-
ined to provide the synergistic effects that enhance the
verall performance. There are many works that shows, the
ffect of composition on the photocatalytic degradation of
agnesium ferrite. Some of the studies are discussed here.
as et al. prepared the zinc/hydroxyapatite/magnesium ferrite

Zn/HAP/MgFe2 O4 ) composite for the degradation of MG.
irstly, they synthesised the magnesium ferrite by solid-state
eaction, and after that, the composite was made. It was
emonstrated that the samples showed 100% degradation ef-
ciency in the presence of H2 O2 . It was also found that the
egradation obeyed the first order kinetics [138] . Alhashmi-
lameer et al. synthesised the copper doped magnesium fer-
ite (CMgF), (MgF), and (CMgF@rGo) for the degradation of
enzimidazole and MB. The results shows that the prepared
gF, CMgF and CMgF@rGO samples show the degradation

fficiency of 54.54%, 76.5%, 92.4%, respectively for the MB
n 240 min. CMgF@rGO shows the degrade efficiency of 50%
or Benzimidazole in just 240 min [139] . Kiani et al. prepared
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] 
he magnesium ferrite and magnesium titanate composite for
he degradation of acid black dye. A 20 ml of ethylene gly-
ol solution was taken in which 0.2 g of PVA was dissolved.
hen, 0.1 g of synthetic MgFe2 O4 was mixed in 20 ml of
ethanol, after that the mixture was subjected to a 15-minute

ltrasonic bath. After the 10 min of stirring using magnetic
tirrer, 0.22 g of titanium tetra isopropoxide was introduced
o the solution (yield of MgTiO3: 0.1 g). Then, 0.5 ml of
cetic acid was then introduced, and for 10 min, the mixture
as placed in an ultrasonic bath. It took 17 ml of ethylene
lycol solution to gradually raise the pH of the mixture in
he range of 4 to 5. After that, it was agitated for 2 h in the
ltrasonic bath. The resulting mixture spent over the three
ays in a water bath at 35 °C. After that, the product was
ried in an oven for 6 h at 120 °C before being calcinated
or 2 h at 700 °C. When compared to the magnesium ti-
anate, which has a degrade efficiency less than 60% in 180

in, the magnesium ferrite and titanate composites have a
aximum degradation efficiency of 80% in 180 min [140] .

srar et al. synthesised (MFO)1-x (GNPs)x composite through
he in-situ co-precipitation approach for the degradation of

B. It was observed that under the visible light irradiation,
he (MFO)1-x (GNPs)x composite having x = 0.25 showed the
hotocatalytic activity, degrading 99.3% of MB in 60 min
141] . 

All of these research studies concluded that the magnesium
errite photocatalytic efficacies can be influenced by various
actors including the synthesis, doping and composite forma-
ion, and therefore, a detailed literature study on the impact
f these factors on photocatalytic degradation efficiency has
een studied in Table 2 . 

. Future perspectives and challenges 

Although the magnesium ferrite has shown its potential in
eing a cost-effective and efficient photocatalyst which could
e fabricated via a variety of synthesis approaches, there has
ot been enough research going on in order to increase its
hotocatalytic abilities. 

It is essential to recognise the current constraints impeding
he widespread implementation of photocatalytic degradation.
ost-effectiveness, catalyst recovery, and the creation of re-

iable reactor designs are some of these restrictions. The ef-
ective application of magnesium ferrite based photocatalysis
n real world wastewater treatment settings depends on ad-
ressing these practical issues. It was observed in our study
hat the doping might be a critical factor in increasing the
fficiency of MgFe2 O4 ferrite based photocatalyst, while the
ther factors like pH, contaminants and the catalysts con-
entrations also have an impact on the degradation efficiency.
ost of the research being done in field of magnesium ferrites

howed it efficiency in degrading the organic pollutants under
he ideal conditions. Most of the current research being done
oesn’t account for the real world waste water having multiple
ypes of pollutants. When accounted for the factors like, mul-
iple pollutants, lower visibility, extreme pH and salinity of
aste water, there might be larger variation in the degradation
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fficiency of pollutants using the magnesium photocatalysts.
 detailed analysis on the magnesium ferrite photocatalysis
hile also accounting for factors like recoverability, reusabil-

ty, environmental impact, would prove to be useful for further
evelopment in this area. Researchers should also focus their
ttention on the real world implementation of the photocatal-
sis while also choosing the right method to make it more
ost-efficient. The future of magnesium ferrite photocatalysts
hows high potential for the waste water treatment but the
imitations regarding the real world implementation should
e addressed, that way we can fully utilise their potential of
eing good photocatalysts. 

. Conclusion 

Magnesium ferrite, a versatile substance shows potential
or treating the water contaminated with organic waste. This
eview paper emphasises the significant function of magne-
ium ferrite in this context and highlights the significant value
f this material in photocatalytic degradation of dyes and an-
ibiotics. With an excellent average degradation effectiveness
eaching 90% in a very short duration of 1–2 h, a number
f research investigations have repeatedly shown the signif-
cance of magnesium ferrite in degrading a variety of or-
anic pollutants, including azo, dispersion, vat, reactive, and
ntibiotics. Magnesium ferrite has the potential to be used
n the photocatalytic degradation; however, its effectiveness
ust first be thoroughly examined. Degradation performance

an be improved by adjusting the catalyst concentration, pH
evels, temperature, and properties of the light source. This
eview paper promotes future innovations and research in the
esearch field of magnesium ferrite based photocatalysis. This
ould entail investigating the innovative catalyst modifications
nd determining whether it is feasible to power the photo-
atalytic processes using the renewable energy sources. The
eport also highlights the economic and environmental advan-
ages of using magnesium ferrite for the wastewater treatment.

agnesium ferrite emerges as a catalyst for improvement in
he field of green engineering and pollution management by
he lowering pollutants, preserving the water resources, and

inimising the environmental impact of numerous businesses.
verall, this review paper emphasises the crucial function of
agnesium ferrite based photocatalysis of wastewater. While

howing its outstanding degrading efficiency, the report also
ecognises the variables influencing its performance and dis-
usses the practical difficulties that need to be resolved for the
idespread deployment. This paper promotes the magnesium

errite as a useful asset in the pursuit of sustainable and ef-
ective wastewater treatment practises by urging the additional
tudy and acknowledging its economic and environmental ad-
antages. 
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