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Abstract

In view of the previous work on magnetic Fe;O, nanoparticles-based layered double hydroxides (magnetic Fe;O,/LDHs)
as novel photocatalyst, research on this group of composites became one of the most attractive topics of nowadays. The
magnetic Fe;0,/LDHs materials are often utilized for environmental remediation and photocatalysis. Hybrids of layered
double hydroxides (LDHs) and Fe;O, MNPs are efficient nanocomposites due to their flexible properties and the excess of
composition available for modification. So, critically reviews on the hybrid of the work magnetic Fe;0,/LDHs composite
are the first report that efficient nanocomposites because of their flexible properties, energy and time used for separation,
reduced consumption of additional materials can result in significant environmental and economic benefits. “The electro-
static interaction between the positively charged LDHs nanocomposites and negatively charged Fe;O, MNPs is adequate to
make the formation of stable self-assembly of the two components”. This review article discussed the magnetic Fe;O,/LDHs

nanocomposites synthesis and applications in the photo catalysis, drug delivery and environmental remediation.

Keywords Magnetic Fe;O,NPs - LDHs nanocomposite - Fe;O,/LDHs nanocomposites

Introduction

At present, the preparation of magnetic nanoparticles
(MNPs) consciously studied owing to their great funda-
mental scientific attention as well as many technological
applications in water purification and photocatalysis [1-4].
Magnetic materials and non-magnetic are separated using
an applied magnetic field. The MNPs are effective adsorbent
owed to their large specific surface area in addition to mag-
netic properties to allow the effective separation in the short
time using an external magnetic field. However, the nano
sized Fe;O, MNPs suffer from some shortcomings such as
low chemical stability, agglomeration which makes its indus-
trial applications inconvenient [5—7]. Therefore, fabrication
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of nanocomposites is a subject of great importance in
developing functional nanomaterials such as catalysts [8],
nano medicines [9], electronic materials [10], and pollutant
scavenger [11]. Various kinds of nanomaterial components,
such as 0-dimensional particles [12], 1-dimensional tubes
[13] or fibers [14] and 2-dimensional nanosheets [15], have
been utilized to fabricate nanocomposites having various
functionalities. Especially, 2-dimensional nanosheets have
attracted interests to prepare nano composites for catalysts
[16], electrodes [17], and energy storage [18], due to their
high specific surface area, unusual physicochemical property
resulting from anisotropic structure and controllable compo-
sitions. Among the 2-dimensional nanosheets, layer double
hydroxide has proven to be the suitable and easily accessible
materials to stabilize the MNPs [19-24].

The shape and characteristics of layered double hydrox-
ides were first demonstrated by powder XRD by Allmann
and Taylor [25, 26]. Layered double hydroxides (LDHs)
with the common formula [M{*M>* (OH),]** (A™),,. m
H,0, where M** and M>* are divalent (e.g. Mg>*, Co?",
Ni%*, Cu**, Zn®*) and trivalent cations Fe’*, AI’*, Ga’"),
respectively; x, ranging from 0.20 to 0.33, stands for molar
fraction of M>* in the meatalic ions; and A" can be almost
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any organic or inorganic anion. Furthermore, the ascend-
ancy of employed LDHs as a adsorbent of powerful photo
catalysts with collective active sites are based on the follow-
ing characteristics: (i) the layered structures are collected
of enormously hydroxylated surfaces which were earlier
described to increase the photo catalytic activity [27, 28], (ii)
the flexibility of the brucite-like sheets composition which
may permit the insertion of strategic cations, such as Co**
and AI’* within the LDHs network and, therefore, might act
as charge separation centers enhancing the competence in
subsequent applications [29], (iii) brucite type layers can be
supplied a good metal dispersion within the layers.

Consequently, the combination of Fe;O, MNPs and LDHs
were evolved recently to improve separation and reproduc-
tion of the catalyst from water. The novel magnetic Fe;0,/
LDHs nano composites can be used in a variety of applica-
tions, with targeted drug delivery [30], magnetic resonance
imaging [31], photo catalysis [32, 33] and environmental
remediation [34-37]. Overall, an optimal magnetic Fe;0,/
LDHs photocatalytic structure aims to meet the following
requirements. (i) The synthesis and the manufacturing pro-
cess are both simple and easy with high-yield. (ii) Magnetic
Fe;O,/LDHs composite system displays superior photo-
catalytic performance remarkably better to existing naked
Fe;0, and pure layered double hydroxides sample. (iii) Mag-
netic Fe;O,/LDHs photocatalyst must be recycled through
an external magnetic field that make easy regeneration and
reuse. Eventually, the Fe;O,/LDHs photocatalyst must have
a good photo corrosion resistance ability and must be sta-
ble at room temperature few days. Some review articles are
available on individual LDHs and magnetic iron nanopar-
ticle that focus on the preparation and their catalytic appli-
cations [38—43]. Daud et al. was studied graphene/layered
double hydroxides nanocomposites evaluated the research
progress and new developments in the area [44]. Herein, the
techniques employed for the preparation of magnetic Fe;0,/
LDHs nanocomposites and their novel potential applications
in the area of photo catalysis and environmental remediation.
The best of our knowledge, this is the first review with the
most recent growth in the field of magnetic Fe;O,/LDHs
nanocomposites.

Properties of magnetic Fe;0, nanomaterials,
LDHs and Fe;0,/LDHs nanocomposite

Properties of magnetic Fe;0, nanomaterials

Over 60 years Fe;0, MNPs have been adapted in the appli-
cation in vitro diagnostics [45]. Over the past few decades,
the Fe;O, MNPs were found in a variety of structures and
morphologies because of the importance of fundamental
research. Conversely, the nontoxic and stable magnetic iron
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oxide nanoparticles were applied in various fields such as
separation and detection of proteins [46], immunoassay [47],
to improve the sensitivity of magnetic resonance imaging
[48], drug and gene delivery [49-51], etc. However, the use
of the Fe;O, MNPs has also a lot of concentration in the
field of catalysis [52], bio-sensing applications [53], targeted
drug delivery [54, 55], cancer therapy [56], proton exchange
membrane [57], sensor [58], and magnetic resonance imag-
ing [59, 60]. Choi and co-workers Fe;0, nanoparticles are
made of different shapes including solid nanospheres. Every
magnetite nanoparticle showed ferromagnetic behavior with
different values of coercivity (Hc) and saturation magneti-
zation (Ms) and these values are highly depended on the
shape owing to their shape, spin disorder, surface anisotropy
and grain size [61]. As shown in Fig. 1a coercivity (HC),
remanence magnetization (Mr), the saturation magnetization
(MS) can be obtained from the hysteresis loops. The back-
ward and forward magnetization curves overlap completely
[62, 63]. Many synthetic techniques have been developed to
prepare magnetic Fe;0, MNPs such as sol-gel [64], hydro
thermal/solvothermal [65], sonochemical [66], micro-emul-
sion [67] and co-precipitation methods [68, 69]. Except for
the above methods, other chemical or physical methods can
also be employed to synthesize magnetic iron oxide nano-
particles, such as the electrochemical methods [70-72] flow
injection synthesis [73] aerosol/vapor methods [74-76], etc.

Properties of LDHs

Layered double hydroxides (LDHs) and host—guest com-
plexes are two of the most techno logically promising inor-
ganic systems, because of the mesoscopic controllability of
their crystallite size and size distribution, the microscopic
controllability of nature and amount of interlayer anions and
the microscopic controllability of their layer chemical com-
position [77-80]. Layered double hydroxides (LDHs) are a
group of anion-intercalated inorganic functional materials,
which are also known as hydrotalcite-like compounds or ani-
onic clays due to some of their interesting properties, such
as high chemical and thermal stability, intercalated anions
with interlayer spaces, ease of synthesis, unique structure,
uniform distribution of different metal cations in the bru-
cite layer, surface hydroxyl groups, flexible tunability, oxo-
bridged linkage, swelling properties and ability to intercalate
different type of anions [81, 82]. The lamellar structure of
LDHs is based on positively charged brucite-like sheets with
anions and water molecules intercalated between the layers
(Fig. 1b) [83]. The specific surface area of LDHs is 20 to
120 m%g [84]. After calcination, LDHs can be changed into
layered double oxides (LDOs) with spines or mixed metal
oxides as the main component. An important property of
LDO is the “memory effect” which means that this calcined
product can reconstruct LDHs original layered structure via
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Fig. 1 a Schematic presentation
of the, typical hysteresis loops
of magnetic iron oxide nanopar-
ticles, b the structure of LDHs,
¢ the synthesis of novel Fe;0,/
MgAIl-LDH porous micro-
spheres (the figures are adopted
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rehydration and simultaneous incorporation of anions into
the interlayer from aqueous solution. LDOs that work as
good catalyst for various chemical reactions of metal cations
and high surface area [85]. LDHs also extensively catalyzed
by strong interactions between LDHs and the arranged met-
als [86]. In addition, LDHs have very attractive properties,
such as anion exchangeability, biocompatibility and compo-
sition flexibility [78, 87].

Properties of Fe;0,/LDHs nanocomposite

The preparation of Fe;0, MNPs and layered double hydrox-
ides nanocrystals by electrostatic interaction between the
two samples. Magnetic Fe;0, MNPs and LDHs have nega-
tively and positively charged surfaces, respectively. In addi-
tion, as nanomaterials, both LDHs and Fe;0, MNPs meet
the general problem of aggregation during their application.
But, Fe;0,/LDH nano composites, the drawback of aggre-
gation is successfully restricted. Their self-assembly, Fe;O,
and LDHs can be simply got by a direct mixing method.
As a result the nanocomposite sample produces constant
suspension in the aqueous solution and is instantly sepa-
rated to an external magnetic field. Nano hybrids species
developed include new class of magnetic Fe;0,/LDH nano
composites that may hold great potential for photo catalysis
and environmental remediation. Basically, the removal of
LDHs sorbents form aqueous solution was every time hard
because it has a platelet-like shape which tends to diffuse in
aqueous solution. Successfully hybrid of magnetic particles
with LDHs were prepared and examined for various appli-
cations such as degradation of dyes [88], protein separation

Interlayer anions
Water molecules
[{Am‘}qm nH,0J

External magnetic Neld

(b)

[89], humic acid [90], phosphate removal [91] and drug
delivery [92]. In Fig. lc, it hesitantly proposes a formation
mechanism of the present magnetic Fe;O0,/MgAl-LDHs,
which is relatively special from the reported LDHs vertically
and horizontally oriented nanohybrids Fe;O,/MgAl-LDHs
[93-95]. Furthermore, the SEM, TEM and EDX analyses
confirmed that the magnetic nanocomposite of LDHs and
Fe;0, was synthesized and stable in aqueous solution via
electronic interaction forces [96]. The electronic interaction
between the negatively charged magnetite nanoparticles and
positively charged LDHs was sufficient to induce stable self-
assembly of the two components. This interaction can form
a stable colloidal suspension of the composite in aqueous
solution [88].

Synthesis of magnetic Fe;0,/LDHs
nanocomposites

Many methods were employed to synthesize magnetic
Fe;0,/LDHs nanocomposites. Co-precipitation is a well-
known technique which is frequently used. Another well-
known synthesis method is the hydrothermal method.
Moreover, solvothermal reaction and exfoliation-reassem-
bly methods are also used to synthesize magnetic Fe;0,/
LDHs nanocomposites. The use of various preparation meth-
ods may control the shape and structure of the magnetic
Fe;O,/LDHs nanocomposites, thus influencing its catalysis
ability. To provide a complete understanding of magnetic
Fe;O,/LDHs nanocomposites, in this part, we briefly were

% @ Springer



396

Journal of Nanostructure in Chemistry (2018) 8:393-412

given the preparation methods of magnetic Fe;O,/LDHs
nanocomposites.

Co-precipitation synthesis

Co-precipitation Fe;O,/LDHs nanocomposites provide
the conventional approach to the synthesis of nanohy-
brid. However, co-precipitation can generate wide parti-
cles size distributions with an average size ranging from
submicron to tens of microns if the essential safety is not
taken. Sometimes calcined powder sometimes needs to be
strapped to contribute to the reduced purity to achieve the
desired particle size. In the case of LDHs as photocatalyst
co-precipitation is the mostly used technique accepted by
researchers. Garcia et al. reported a common co-precip-
itation method for the synthesizing of Zn—Cr LDHs with
NaOH and urea solution as precipitators for photocatalytic
applications [97]. The co-precipitation technique is a method
that is employed widely for the preparation of a different of
LDHs and novel magnetic Fe;O, nanoparticles-based com-
posites such as Fe;O,/LDHs [95, 98]. The illustration of
the formation of Fe;O,/LDHs hybrid is shown in Fig. 2a.
Initially, megnisium and aluminium nitrates with a Mg/Al
molar ratio of 2:1 have been added in 100 mL of water.
The pH of the solution has been modified using the mixture
of 0.02 M NaNO; and 2 M NaOH with constant stirring
for 2 h. Consequently, about 20 mL of Fe,O, sample added
with the above solution. The prepared samples are referred
here as Fe;0,/Mg,AI-NO3-LDHs [99, 100]. One of the
common differences in the use of this method is to use a

Fig.2 a The co-precipitation
synthetic strategy of Fe;O0,@
Mg;Al-CO; LDHs, b hydro-
thermal synthetic strategy of
Fe;0,/LDHs nanocomposites
(the figures are adopted and
reproduced with permission
from Ref. [103, 104])
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variety of pH to precipitate hydroxides. The other distinc-
tion includes different concentrations of the precursor that
can vary from diluting to concentrated solutions. The two
factors, concentrations and pH, perhaps the effects are actu-
ally not literary but may influence the features. For example,
Fe;0,/Mg—Al-CO;-LDHs has been explored by Ran-ran
Shan, [101] at pH 9-10. Fe;0,/CuMgAl-LDHs was inves-
tigated by Zhang et al. [102] at pH 10. Core—shell Fe;O,/
Mg;Al-CO5;-LDHs were explored by Yan et al. [103] at pH
10. The synthesis of magnetic Fe;0,/LDHs nanocomposites
using various methods and application shown in Table 1.

Hydrothermal syntheses

Hydrothermal method is a typically important technique
to synthesize Fe;O,/LDHs nano composites. Hydrother-
mal synthesis is a solution reaction based approach. In a
broader sense, it can be defined as the method for mak-
ing materials from room temperature to high-temperature
solutions. To control the morphology of the materials to be
prepared, either low pressure or high-pressure conditions
may be used depending on the vapor pressure of the main
composition in the reaction. This is very easy and cred-
ible method for the preparation of Fe;O,/LDHs nanocom-
posites through hydrothermal process which high purity
Fe;0,/LDHs nanocomposites may be obtained. Herein,
the solution obtained through co-precipitation method
after the sample stirring is transferred to a Teflon-lined
autoclave at certain temperature and time for the pressure
maintained in the autoclave allows the boiling point of the

Magnetic separation Fe;0,@Mg,Al-COs LDH

Sonicated
for 2h

Magnetlc
Separation

Magnetlc
anohy
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Table 1 Synthesis and applications of magnetic Fe;O,/LDHs nanocomposites
Nanocomposite Synthesized method Size Applications References
Fe;0,/MgAl-LDH Co-precipitation synthesis 40-100 nm  Adsorption properties of dye from [95]
water
(Mg/Al+Fe)-CO5; LDHs Co-precipitation synthesis - Photo catalytic activity for H, genera- [98]
tion
Fe;0,/MgAIl-LDHs Co-precipitation synthesis - Adsorption of Cd(II) [101]
Core shell Fe;0,/CuMgAl-LDHs Co-precipitation synthesis 100-200 nm Hydroxylation of phenol [102]
Core—shell Fe;0,/Mg;Al-CO; LDH  Co-precipitation synthesis 300-350 nm  Anionic dye removal from waste- [103]
water
LDHs/Fe;O, magnetic nano hybrids ~ Mixed method (co-precipitation syn- 240 nm Thermo-chemotherapy [104]
thesis and hydrothermal method)
Mg/Al LDHs/Fe;0, nano composites Two-step wet chemistry route 10-20nm  Removal of humic acid [90]
Fe;0,/(Cu/Ni)-Al LDHs Co-precipitation synthesis 10 nm Degradation of methylene blue [96]
Fe;0,/sulfonated B-cyclodextrin Co-precipitation method 200 nm Methylene blue removal [137]
intercalated LDHs
Fe;0,@C@Ni-Al LDHs Two-step layer-by-layer route 10 nm Separation of uranium [120]
Fe;0,/ZnCr LDHs Two-step microwave hydrothermal 10 nm Organic dyes wastewater treatment [105]
method
Fe**doped Mg/Al/LDHs Solvothermal method 35-70nm UV lights hielding coatings [107]
Fe;0,/ZnAl-LDHs Co-precipitation method - Removal of Cr(VI) [123]
Fe;0,@DFUR-LDH Co-precipitation 10-20nm  Magnetically controlled drug delivery [94]
NiAl-LDH/Fe;0,-RGONanocom- Hydrothermal route 15 nm Degrade ciprofloxacin (CIP) [106]
posites
Fe;0,/Mg,Al-NO;-LDHs Co-precipitation method - Remediation of aqueous phosphate [100]
Fe;0,@MgAI-LDH@Ce;W g nano  Selective ion-exchange method 10-40nm  Degradation of methylene blue [138]
composite
Fe;0,@MgAl-LDH@Au Solvothermal method 100-200 nm Catalytic oxidation of alcohols [93]
Fe;0,/ZnCr LDHs Two-step microwave hydrothermal 20 nm Efficient removal of dyes and heavy ~ [139]
method metal wastewater
Fe;0,/MgAIl-LDH composite Co-precipitation method - Three red dyes (reactive red (RR), [140]
congo red (CR) and acid red)
Fe;0,@CuNiAl-LDH Co-precipitation method 100 nm - [141]
magnetite-graphene (MG) and Mg/ Hydrothermal process 1436.8 nm  Adsorption of arsenate [119]
Al LDHs
Fe;O0,/MTX-LDH/Au nanoparticles  Co-precipitation 255-270 nm For cancer therapy [135]
Fe;0,/Si0,/NiAl-LDH microspheres ~ Situ growth method 300 nm Magnetic separation of proteins [142]
Fe;0,/GO/LDHs composites Mechano hydrothermal route 200 nm For removing the heavy metal Pb(Il) [19]

and the hydrophobic organic pesti-
cide 2,4-dichlorophenoxyacetic acid

aqueous solution to increase, thereby preventing evapo-
ration and allowing nucleation to occur. Optimization of
the sizes and structures of the Fe;O,/LDHs nanocompos-
ites may be achieved through changes in the experimen-
tal parameters such as mixing time, pH, heating duration
and heating temperature. In this method, Prasadarao et al.
has been investigated Fe;O,/ZnCr LDHs composites for
study the themo-chemotherapy [104]. An illustration of
this method is presented in Fig. 2b. Another study also
addressed synthesis of Fe;0,/LDHs nanocomposite. Dan
Chen and his co-workers have successfully synthesized the
magnetic Fe;0,/ZnCr LDHs composites for the removal
of heavy metal ions and organic dyes degradation [105].

The hydrothermal synthesis is more advantage than co-
precipitation method due to the well crystallized sample
with uniform morphology [106].

Solvothermal reaction

Solvothermal route is one of the most frequent and efficient
preparation methods to make the Fe;O,/LDHs nanocom-
posites with different of morphologies. In this method, the
autoclave is filled with water or organic compounds to take
reaction in high temperature and pressure conditions [107].
If the nonaqueous solution is used as medium reaction, it is
called a solvothermal method. This route can help and speed
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up the reaction among the reactants, promote hydrolysis, fol-
lowed by crystal growth resulting in self-assembly of Fe;0,/
LDHs nano composites in the solution. Furthermore, the
characteristics, morphology, size and structures of Fe;O,/
LDHs nanocomposites can be adapted easily by varying the
different reaction parameters, such as reaction medium, reac-
tion time, pressure, pH and concentration of the reactants
and filled volume of autoclave. This method can be suit-
able for the preparation of Fe;0,/LDHs nano composites
with a variety of shapes as compared to other methodolo-
gies. For example, 0.104 g Fe;0, nanoparticles have been
dissolved into a 100 mL nonaqueous solution under ultra
sonication. To maintain the pH (10), they have been added
the mixture of alkaline solution containing Na,CO; and
NaOH. Furthermore, another 100 mL nonsolution contain-
ing 2.310 g Mg(NO;),-6H,0 and 1.125 g AI(NO;);-9H,0
has been mixed drop wise into the above suspension. The
obtained sample has been kept at 60 °C for 24 h. The pre-
pared sample was separated using a magnet, washed by
deionized water for five times and then dried at 60 °C for
24 h giving the product Fe;O,/MgAl-LDHs [93].

Applications

At present, most scientific attraction of magnetic Fe;O,/
LDHs nanocomposites. These composites have been
explored for their applications in environmental remedia-
tion and photo catalysis. This segment focuses on the concert
of different magnetic Fe;0,/LDHs nano composites used in
different applications. Moreover, adsorption of containments
in wastewater equivalent to air pollution, water pollution
is another world wide environmental anxiety. The effective
approaches of water purification can be categorized into
pollutants conversion and adsorption. For the pollutants
mainly organic dyes and heavy metal ions in wastewater
that strongly threaten animals, human and plants, magnetic
Fe;O,/LDHs nanocomposites typically show strong binding
with these pollutant species.

Photoreduction of organic dyes

Photocatalytic degradation has given an aqueous solution
to organic pollutants by completely changing molecular to
mineral acids, H,O and CO, [108, 109]. Nevertheless, tak-
ing into account economic cost and the large band gap they
are inappropriate for amazing huge amounts of wastewater.
The hybrid of Fe;O, MNPs and LDHs nanocomposite is
favorable approach for environmental remediation. A few
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Fig.3 a Magnetization characteristic curve of Fe;0,/ZnCr-LDH, the
inset of figure is the photographs of the magnetic composite in aque-
ous solution. b The photodegradation of MB by Fe;0,/ZnCr-LDH
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and ZnCr-LDH photocatalysts as a function of UV light irradiation
time (the figures are adopted and reproduced with permission from
Ref. [105])
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published studies are available for the preparation of Fe;0,/
LDHs nanocomposites and their photocatalysis application.
Chen et al. photocatalytic Fe;O,/ZnCr LDHs composites
was effectively explored through the two step micro hydro-
thermal technique [105]. The magnetic separation of such
a Fe;O,/LDHs material has been investigated in aqueous
solution by putting the magnet near the glass, evidently
showing the magnetic characteristics of materials Fig. 3a.
For that reason, separating the magnetic Fe;0,/ZnCr LDHs
nanohybrids quickly changes in the environmental remedia-
tion. Methylene blue (MB) is widely used for photocatalytic
studies as a model dye. The MB stability increases against
photo catalysis when the pH reduced, but the amendment
of the pH to lower values than 5.4 will lead to the dissolu-
tion of hydrotalcite [110]. After 3 h at room temperatures
in the presence of Fe;0,/ZnCr LDHs nanocomposite could
remove ~95% of total MB in aqueous solutions Fig. 3b. This
is much being better than the ZnCr LDHs samples (degrade
only 58.1% under UV-light in 3 h.) due to Fe;0,/ZnCr LDHs
nanocomposites demonstrated essentially higher catalytic
activity, this could be attributed to the effect of the increased
surface area and the unique advantage of easy separation
under external magnetic fields. These results proved that the

(a)
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modification of Fe;O, nanoparticles on the LDHs surface
added to the superior photocatalytic power of ZnCr LDHs.

Hamid et al. reported that the Cu/Ni—Al LDHs/Fe;0,
nanocomposite has been synthesized by co-precipitation
method [96]. As shown in Fig. 4a, magnetic Fe;O, as a
core was synthesized by co-precipitation of Fe’* and Fe**
in aqueous solution. The nanocomposite was then prepared
by coprecipitation of Cu’*, Ni**, and AI** metal ions on
the Fe;0, core nanoparticles in the alkaline medium. The
composition of the (Cu/Ni)-Al LDHs/Fe;0, composite was
investigated by EDX (Fig. 4b). Clearly, Ni, Cu, Al, and O
elements were all present in the (Cu/Ni)-Al LDHs/Fe;0,
composite. However, the (Cu/Ni)-Al LDHs/Fe;0, compos-
ite contained all of these elements as well as Fe, providing
the best evidence for the formation of the magnetic nano-
composite. The results of these analyses, therefore, confirm
that the magnetic nanocomposite of LDHs and Fe;0, was
synthesized and stable in aqueous solution via electronic
interaction forces. The electronic interaction between the
negatively charged magnetite nanoparticles and positively
charged LDHs was sufficient to induce stable self-assembly
of the two components. This interaction can form a stable
colloidal suspension of the composite in aqueous solution.
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Fig.4 a Synthesis route for (Cu/Ni)-Al LDHs/Fe;0, magnetic nanocomposite. b EDX data of (Cu/Ni)-Al LDHs/Fe;O, nanoparticles. ¢, d SEM
images of Fe;0, and (Cu/Ni)-Al LDHs/Fe;0, powder (the figures are adopted and reproduced with permission from Ref. [96])
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Furthermore, SEM images of Fe;O, and (Cu/Ni)-Al LDHs/
Fe;0, are shown in Fig. 4c, d. The morphology of all the
compounds was sub-micro-spheres with diameter of about
4-10 nm, but the surface of the (Cu/Ni)-Al LDHs/Fe;0,
nanocomposite showed rougher sheet-like morphology than
the surface of Fe;O,. Photodegradation of Methylene blue
as an organic pollutant by this nanocomposite via oxidation
under visible-light irradiation has been studied in compari-
son with Fe;0, and (Cu/Ni)-Al LDHs. The results dem-
onstrated that the degradation by the nanocomposite was
more efficient compared with Fe;0, or (Cu/Ni)-Al LDHs
alone. After four runs of use as photo catalyst, the composite
remained powerful and effective in the degradation reaction.

Ni and coworkers also decorated NiAl-LDHs and Fe;O,
NPs on the surface of graphene oxide through a simple
hydrothermal route [106]. The results demonstrated that
Fe;0, nanoparticles and NiAl-LDH nanoplatelets size
about 15 nm were homogeneously tailored on the surface
of graphene oxide. The as prepared Fe;0,-RGO/NiAl-
LDHs nanocomposites were studied to adsorption cipro-
floxacin (CIP) in water under visible light irradiation. As
shown in Fig. 5a, the NiAl-LDH/Fe;0,-RGO composite
displayed much better photocatalytic activities than that of
NiAl-LDH/RGO, Fe;0,/RGO, NiAl-LDHs samples. They
were in the order of NiAl-LDH/Fe;0,-RGO > NiAl-LDH/
RGO, > Fe;0,/RGO > NiAl-LDHs. However, as depicted in
Fig. 5b, the reaction rates of NiAl-LDH/Fe;O,/RGO, NiAl-
LDH/RGO, Fe;0,/RGO and NiAl-LDHs to be 0.235 min~,
0.01579 min~', 0.00183 min~' and 0.0087 min~",

Fig.5 a Photodegradation of (a)

respectively. It revealed superior photo catalytic activity
compared to pure NiAl-LDHs which degradation rate of
the synthesized NiAl-LDH/Fe;0,-RGO was 1.5 and even
3 times faster than that of NiAI-LDH/RGO and pure NiAl-
LDHs, respectively. The electron transfer and photocatalytic
mechanism of NiAl-LDHs/Fe;0,-RGO are schematically
demonstrated in Fig. 5c. Electrons (e”) in the valence band
(VB) of NiAI-LDHs are rapidly elevated to the conduction
band (CB) with concurrent formation of holes (A") in the
valence band once irradiate by visible light. The work func-
tion of graphene, Fe;O, and the conduction band (CB) of
NiAl-LDHs are 4.42, 1.0 and — 1.1 eV, respectively. Owed
to the CB of NiAl-LDHs is smaller than the work func-
tion of graphene, the photo generated electrons in the CB of
NiAl-LDHs would competently migrate into the unoccupied
electron level of graphene sheets, which are very well and
successfully decorated by NiAl-LDHs nanoplatelets. Moreo-
ver, the NiAl-LDH/Fe;0,-RGO nanocomposites exhibited
magnetically separable ability and stable catalytic activity,
which is beneficial to its practical application. The pollut-
ants would not only be adsorbed on the surface of Fe;0,/
LDHs, but also be degraded, and this can greatly increase
the wastewater treatment capacity.

Magnetic Fe;0,/LDHs nanocomposites for organic
dyes adsorption

The organic dyes are widely utilized in industries including
food, cosmetics, leather and textile. Nevertheless, various

CIP as a function of absorp- 1.0
tion and irradiation time over

different photocatalysts: without 0.8+
catalyst, NiAl-LDHs, Fe;0,/
RGO, NiAl-LDHs/RGO, and
NiAl-LDHs/Fe;0,/RGO. b
The pseudo-first-order dynamic 0.4+
curve of In (CO/C) with time

for the photodegradation of CIP 0.24
over different photocatalysts:
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dyes are toxic to microorganisms and harmful to human
being, therefore, the exclusion of dyes has been increased
more attention over the past few years [111]. A variety of
chemical and physical methods such as coagulating sedi-
mentation [112], adsorption [113] chemical oxidation, were
studied to degrade the organic dyes from contaminating
water. Among these methods, adsorption is extensively uti-
lized techniques for the degrade of organic dyes in a water
solution [114-116].

Lu et al. has been explored the spectral and organic dyes
degradations by integrating magnetic Fe;O, nanoparticles
with layered double hydroxides via co-precipitation syn-
thesis [95]. The synthesized Fe;O0,/MgAl-LDHs nano-
comoposite exhibits a novel morphology with LDHs to the
surfaces of Fe;0, nanoparticles. The prepared Fe;0,/MgAl-
LDHs nanocomposites show excellent degradation efficiency
for eliminating the Congo red dye from aqueous solution.
The shape and structure of synthesized nanocomposite were
determined by TEM analysis. Figure 6a shows the TEM
images of the Fe;0,/MgAl-LDHs nanocomoposite, which
obviously represents core shell structure. The resulting
sample average particles size is in the range of 40-100 nm.
Commonly, the magnetic property of the resulting sample is
dependent on particles size, structure and morphology which
are influenced by the manufacturing process. Figure 6b
shows the magnetic hysteresis loops of the Fe;O,/MgAl-
LDHs and Fe;0, nanoparticles. The experiential saturation
magnetization (M,) of both Fe,O,/MgAl-LDHs and Fe;0,
nanoparticles are 38 and 79 emu/g. The schematic diagram
of adsorption mechanism of Fe;0,/MgAl-LDHs were pro-
posed and showed in Fig. 6¢. Adsorption takes place at
the surface of Fe;O,/MgAl-LDHs magnetic microspheres

Fig.6 TEM images of Fe;0,/
MgAI-LDHs (a), Magnetiza-
tion curves of Fe;0, and Fe;0,/ \
MgAI-LDHs (b) and adsorp-
tion mechanism of Fe;0,/
MgAIl-LDHs (c) (the figures are
adopted and reproduced with
permission from Ref. [95])
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through electrostatic forces of attraction for CR, pursued
by intercalation of CO5>~ anion, which were consequently
changed by SO;™ anion of CR via anion exchange.

To extend the research on magnetic Fe;O,/MgAl-LDHs
nanocomposite, Moaser et al. synthesized cauliflower-like
Fe;0,/MgAl-LDH/Ce;W 3 nanocomposite through the
selective ion-exchange technique [93]. The as prepared
Fe;0, nanoparticles were spherical shape with an average
size of 130 nm. Moreover, Fe;O, nanoparticles were homo-
geneously dispersed on LDHs. The vibrating sample mag-
neto meter analysis of the nanocomposite explains that the
magnetic saturation (Ms) values of the Fe;O,/MgAl-LDH
and Fe;0,/MgAl-LDH/Ce;W 4 are lower than bare Fe;O,
due to the non-magnetic LDHs layer coated on the magnetic
Fe;0, surface. The catalytic properties of Fe;O,/MgAl-
LDH/Ce;W 4 have been explored by degradation reaction
of Rhodamine B, Methylene Blue and Methyl Orange dyes
with the help of H,0, at room temperature.

Furthermore, various authors conducted similar studies
to examine the absorbance of Fe;O,/LDHs nanocomposites
and visible light activity. Chen et al. found that the efficient
and easy technique for the preparation of colloidal nanocom-
posites containing of Fe;O,/MgAl-LDHs nanocrystals [88].
The TEM images of LDHs and LDHs/Fe;O, NPs shown in
Fig. 7. As it can be observed from Fig. 7a, LDHs consists of
well-dispersed LDH nanocrystals with their sizes in a range
of 50-80 nm. The image of the sample LDHs/Fe;O, NPs
(1:0.3) (Fig. 7b) shows that the surface of LDH nanocrys-
tals is decorated with Fe;O, NPs (in darker colors). The
sizes of the Fe;0, nanoparticles based on the TEM analysis
are around 10 nm. The positively charged LDH nanocrys-
tals acted as an attractive substrate for the attachment of the
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Fig.7 TEM images of a LDHs, b LDHs/Fe;0, NPs (mass ratio
1:0.3), ¢ LDHs/Fe;0, NPs (mass ratio 1:1), and d LDHs/Fe;O, NPs
(mass ratio 1:4). The insets in ¢ and d show the corresponding photos

negatively charged Fe;O, NPs by electrostatic interaction.
When the nanohybrid samples were prepared with higher
proportions of Fe;0, NPs (the ratio of LDHs: Fe;O, NPs
at 1:1 and 1:4), all Fe;O, nanoparticles remain attached to
the surface of LDHs. Nevertheless, they are aggregated,
and the extent of aggregation increases with the increase
of the nanoparticle population, as shown in Fig. 7c, d. Cor-
respondingly, the exposed surface area of LDHs is reduced.
As a result, their suspensions were not stable and the par-
ticles quickly settled as shown by the photos of Fig. 7c, d
inset. However, they have been selected Congo red dye as an
organic dye in this experiment. It is notable that the whole

* @ Springer

of the suspensions after 24 h (the figures are adopted and reproduced
with permission from Ref. [88])

process can be concluded within 15 min due to the oxidative
regeneration processes and quick adsorption.

In addition, Wang et al. has been investigated the removal
of humic acid (HA) from aqueous phase using the Fe;O,/
LDHs nanocomposites [90]. The results demonstrated
that HA removal on Fe;O,/LDHs is weakly dependent on
ionic strength and strongly dependent on pH. The removal
of humic acid onto Fe;O0,/LDHs occurs by ion exchange
with both the surface anions of the LDHs and intercalated.
Moreover, the equilibrium data of HA on Fe;0,/LDHs fitted
to the Freundlich isotherm model and the maximum adsorp-
tion capacity of humic acid onto Fe;0,/LDHs composite
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reaches 353.82 mg/g, exhibiting superior activity for humic
acid removal.

Magnetic Fe;0,/LDHs nanocomposites for heavy
metal ion adsorption

The Fe;O,/LDHs nanocomposites used for adsorption
should have the maximum number of active sites, high
surface area and high porosity. The magnetic Fe;O,/LDHs
nanocomposites satisfy all the mandatory features of
removal of toxic metal ions. The nanocatalyst is explored
mainly for the exclusion of contaminated metal ions from
aqueous solution and also from the atmosphere by adsorp-
tion [117-119]. Furthermore, Fe;O,/LDHs nanocompos-
ites were efficiently studied in the adsorption of heavy
metals, such as chromium, Pb**, As**, Ni?*, Hg?* and
Cd** in aqueous treatment and radioactive uranium (VI)
was utilized for the adsorption of other toxic metals ions
[120].

A novel magnetic Fe;O,/C/LDHs composite was inves-
tigated by a two-step layer-by-layer method by Zhang et al.
[120]. The saturation magnetization of Fe;0,/C/NiAl-
LDHs and Fe;0,/C are 2.20 and 8.25 emu/g, respectively.
The magnetic Fe;0,/C/NiAl-LDHs has lower magnetic
saturation than that of Fe;0, nanoparticles due to the non
magnetic nature of C and LDHs are anchored on Fe;O,
nanoparticles. The Fe;O,/C/NiAl-LDHs nanocatalyst was
studied their efficiency for the removal of U(VI). When the
pH value increases up to 2-5 removal efficiency increases,
whereas, adsorption efficiency decreases upon the pH 5-9.
At lower pH, UO,* is the predominate species of U (VI).
As the solution pH is increased, the hydrolysis products such
as (UO,);(OH)’* (UO,),(OH)3*, and UO,OH, are formed

Fig.8 a SEM and b TEM
images of Fe;O,/GO/LDHs
composite (the figures are
adopted and reproduced with
permission from Ref. [19])

[121, 122]. Moreover, the effect of Fe;0,/C/Ni—Al LDHs
dosage on the removal of U (VI) through Fe;0,/C/Ni—-Al
LDHs, where they can observed that increasing the amount
of adsorbent range improved the U(VI) removal efficiency.
The results show that adsorption was followed the pseudo-
second-order kinetic model. The adsorption isotherm data
fitted well with Freundlich model and Langmuir isotherm,
adsorption capacity was found to be 174.1 £ 0.2 mg/g. The
results show that the synthesized Fe;0,/C/Ni—Al LDHs act
as efficient adsorbent sample for removal of U(VI) from
aqueous solutions. As well, the Fe;O,/C/Ni—Al LDHs nano-
catalyst simply removed from the solution through a magnet
after the adsorption process.

Number of magnetic Fe;O,/LDHs composite has been
conducted by various researchers to study the adsorption
of toxic metal in aqueous media. Yan et al. was reported
ZnAl LDHs and Fe;0,/ZnAl LDHs for capable adsorption
of Cr(VI) from pollute water [123]. The removal ratio of
Cr(VI) is apt to reduce with the increase of solution pH.
The removal of Cr(VI) on Fe;O,/LDHs was explored by
varying pH in the range of 3.00-12.00. The pH effect on
Cr(VI) adsorption can be explained by the surface proper-
ties of the adsorbents and evaluation of the solute. At lower
pH, 3-6.8, HCrO," is the predominate ion of Cr(VI), and at
higher pH 6.8-10, only CrO,*" is stable [124]. The adsorp-
tion kinetic data explained well with a pseudo second order
kinetic model and equilibrium data fitted well to the both
Langmuir and freundlich equation. Adsorption thermody-
namic showed that the removal of hexavalent chromium was
endothermic and spontaneous in nature. The Fe;0,/ZnAl
LDHs composite has a large surface area and mesoporous
properties it displays superior adsorption of toxic metals
from water.
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Zhang et al. has been reported magnetic Fe;0,/GO/LDHs
composite for the adsorption of Pb(II) and 2,4-dichloro phe-
noxy acetic acid from water phase [19]. Figure 8 demon-
strates the SEM and TEM images of the Fe;O,/GO/LDHs
composite. The Fe;0,/GO/LDHs composite featured
irregular flaky particles (Fig. 8a). The Fe;O, sample was
composed of spherical particles with a diameter of approxi-
mately 20 nm, and the GO sample was composed of wrin-
kled sheets each could be distinguished in the Fe;0,/GO/
LDHs composite (Fig. 8b). As well, hexagonal crystals,
typical of LDHs, were observed, and the lateral size of the
LDH crystals was ~200 nm. In addition, both the Fe;O,
nanospheres and LDH crystals appeared to be anchored to
the surface of GO (Fig. 8b). The BET sorption isotherms of
the magnetic Fe;O,/GO/LDHs samples which characterize
“type IV” isotherms with H3 hysteresis loops. The Fe;O,
and magnetic Fe;O,/GO/LDHs sample specific saturation
magnetizations (Ms) of were 27.3 and 3.5 emu/g, respec-
tively. The percentage removal of Pb(Il) increased with an
increase in pH from 2 to 5 and decreased with an increased
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pH 6-9. Decrease in Pb(II) removal at higher pH is due
to the formation of Pb(II) as Pb(OH)", and Pb(OH)g and
Pb(OH); at different pH values. The adsorption of Pb(II)
happened mainly from the adsorption and absorption con-
tribution of the LDHs material by surface induced precipita-
tion of Pb;(CO;),(OH),.

Gwak et al. has been studied nanocomposites containing
magnetic Fe;O, nanoparticles and LDHs nanosheets were
prepared by two different methods, exfoliation-reassembly
and coprecipitation, for aqueous chromate adsorbent [125].
The surface morphology of exfoliation-reassembly method
was smooth compared with that of co-precipitation method
which showed agglomeration of small particles. Such
smooth surface of nanoparticles has been reported in the
nanocomposite between nanoparticles and nanosheets, sug-
gesting house of card structure developed by reassembled
nano sheets [119, 126]. Exfoliation-reassembly method
and co-precipitation method showed maximum adsorption
amount of 54.68 and 50.65 mg Cr(VI)/g nanocomposite after
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24 h, suggesting slightly enhanced adsorption efficacy of
exfoliation nano composite.

Shan et al. has been reported that the removal of Cd(II)
using Fe;0,/MgAl-LDHs composite [101]. The Cd(II)
removal efficiency using Fe;0,/MgAl-LDHs nanocom-
posites increases with increasing below pH 4 followed by a
decrease in efficiency as pH increases beyond 6. At low pH,
removal efficiency is low because the high concentration of
protons (H*) in solution competes with the Cd(II) ions for
the adsorption sites of the adsorbents. Furthermore, Cd(II)
ions are prone to the formation of Cd(OH)* and Cd(OH),
Fig. 9a. The Cd(II) removal efficiency was increased by
the increase in the adsorbent dosage Fig. 9b. The removal
mechanisms of contaminating metal ions by layered dou-
ble hydroxides participated, isomorphic substitution, sur-
face complexation, chelation and precipitation as reported
by Liang et al. [127]. Komarneni et al. were proposed that
the mechanism of transition metal ion uptake by MgAl-
LDHs was diadochy [128]. Park et al. showed that LDHs
eliminated cupper (II) and lead (II) ions from water phase
mostly by the precipitation and surface adsorption [129].
The magnetic Fe;0,/MgAl-LDHs can be rapidly and simply

Fig. 10 Transmission electron micrographs along with high reso-
lution micrographs of a, b Fe;O, nanoparticles, ¢, d LDH and e, f
Fe;O,/MgAl-LDHs magnetic nanohybrids (insets depict the cor-

alienated utilizing a magnet before and after the removal of
heavy metals from aqueous solution in adsorption process.
There are many hydroxyl groups bonded to octahedral metal
atoms on the surface of LDHs and many excess hydroxide
ions around the LDHs due to its high buffering capacity.
Consequently, the preferred adsorption mechanisms between
Mg-Al-CO; or Fe;0,/Mg—-Al-CO; LDHs and Cd(II) many
include (i) surface adsorption due to the nature of cations
(ii) formation of CdCOj; precipitation by anion exchange (iii)
formation of outer sphere surface complexes with oppositely
charged surface hydroxyl groups. The schematic illustration
of the adsorption mechanisms is exposed Fig. 9c.

Drug delivery applications

Fe;O,/LDHs nanocomposites is always in the focus of many
researchers as of their potential applications in the biomedi-
cal field. Between nanomaterials, the iron nanoparticles and
two-dimensional layered double hydroxides have great inter-
est in biomedical applications due to their layered structure
and unique properties. However, composites of the layered
double hydroxide are now budding as potential new drug

Fe O
0.29 nni=
{220)

responding SAED patterns) (the figures are adopted and reproduced
with permission from Ref. [104])
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delivery system due to its low toxicity and advanced bio-
compatibility [130]. Some studies have shown that the LDHs
to have the same or lesser toxicity than the corresponding
pure drug it carries when tested on normal cell lines [131].
Application of LDHs for the delivery of non steroidal anti-
inflammatory drugs was studied [132]. Many other drugs,
such as amino acids, antidiabetic, antioxidants, antibiotics,
cardiovascular, and peptides were intercalated into the inor-
ganic nanolayers, which have been widely reviewed recently
[133].

Eswara et al. has been studied layered double hydrox-
ide—Fe;0, magnetic nanohybrids for thermo-chemotherapy
[104]. Figure 10 shows the electron micrographs of Fe;0,
nanoparticles, pure LDH and Fe;O,/MgAl-LDHs magnetic
nanohybrids with their corresponding selected area electron
diffraction (SAED) patterns (inset). Figure 10a demonstrates
the Fe;O, nanoparticles with essentially a spherical mor-
phology and narrow size distribution. The particle size was
in the range of 10—15 nm. Pure LDHs (Fig. 10c) illustrate a
hexagonal morphology with nearly circular edges that have
a particle size of 80—100 nm. The SAED patterns that cor-
respond to the diffraction planes of (003), (006) and (009)
were indexed. Figure 10e shows Fe;O0,/MgAl-LDHs mag-
netic nanohybrids that have Fe;O, nanoparticles that are
well decorated and evenly distributed on the LDH surface.
The SAED pattern of Fe;O,/MgAIl-LDHs magnetic nano-
hybrids demonstrates Fe;O, as the primary phase and the
(003) pattern of the LDH phase, which is in agreement with
the XRD results. However, the prepared magnetic Fe;0,/

Fig. 11 Schematic procedure (
for the preparation of Fe;0,@ " (
MTX-LDH/Au NPs (the figure )
is adopted and reproduced with
permission from Ref. [135])
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Fe;O4@MTX-LDH

MgAIl-LDHs composite with to extend the horizons of their
applications in cancer therapy. These Fe;O,/MgAl-LDHs
have been investigated as possible heating platforms for
magnetic hyperthermia as well as drug-delivery vectors to
cancer cells.

In addition, shang et al. [134] fabricated that the study
of poly-(3-thiopheneacetic acid) coated Fe;O,@LDHs mag-
netic nanospheres as a photocatalyst for the photocatalytic
disinfection of pathogenic bacteria under solar light irradia-
tion and showed that poly-(3-thiopheneacetic acid) plays a
key role in the disinfection process. The OH radicals those
are responsible for photocatalytic disinfection can be pro-
duced easily from singlet oxygen (102) or superoxide radi-
cals (O3') on the surface of poly-(3-thiopheneacetic acid).
So, it was assumed that the photo catalytic disinfection
mechanism of this study was owing to the creation of OH,
which is created from the surface of Fe;0,@PTh-Ac-LDHs.
The produced OH could cause significant disorder in the
permeability of bacterial cells, DNA damage and decom-
position of the cell walls. Furthermore, the outer membrane
of the cell was damaged, and the cell was no longer intact
leading to leakage of the interior component. This highlights
the substantial disorder in membrane permeability by OH in
the disinfection process followed by the free efflux of intra-
cellular constituents, which leads to cell death.

More recently, Zhao et al. was utilized core—shell struc-
ture of Fe;0,@MTX-LDH/Au NPs for cancer therapy [135].
Nearly monodispersed magnetic Fe;0,/MTX/LDHs/Au nan-
oparticles containing the anticancer agent of methotrexate
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Fe;0,@MTXLDH/Au NPs at various concentrations after 48 h of
incubation. b Comparison of cell viabilities for Fe;0,@MTX-LDH/

(MTX) were prepared through co- precipitation electrostatic
interaction strategy Fig. 11. Herein, LDHs was used to carry
and deliver the anticancer drug of MTX. In this, MTX was
used both as the agent for surface modification and the anti-
cancer drug for chemotherapy. Figure 12a exhibited the cell
proliferation of MTX, Fe;0, NPs and Fe;0,@MTX-LDH/
Au NPs calculated at various concentrations after 48 h of
incubation. When the concentration increased, the cell via-
bility histogram of MTX and Fe;0, NPs decreased slowly,
while that of Fe;0,@MTX-LDH/Au NPs demonstrated
a fast decrease, particularly after long duration. So that
confirm the photo thermal therapy ability of Au element,
Fe;0,@MTX-LDH/Au NPs at the concentration of 100 pg/
mL were treated with irradiation for 1 h after 47 h of incuba-
tion (see Fig. 12b), and the anticancer effect increased exten-
sively after the treatment of irradiation. On the contrary the
cell viability was also calculated for the untreated cells but
irradiation (named as control sample) and the cell capabil-
ity was calculated to be 91%. Compared with chemotherapy
or photothermal treatment alone, the combined treatment
proved a specific synergistic effect, resulting in higher thera-
peutic efficacy.

Au NPs treated without and with irradiation at the concentration of
100 pg/mL (the figures are adopted and reproduced with permission
from Ref. [135])

Conclusion and perspectives

In summary of recent important articles in the field of mag-
netic Fe;O,/LDHs nanocomposites, particularly from the
viewpoint of the preparation and applications of Fe;0,/
LDHs nano composites for photocatalytic treatment and
environmental remediation also discussed. The review
highlighted the different preparation methods such solvo-
thermal route, hydrothermal method and co-precipitation
method were applied to synthesize the Fe;0,/LDHs nano
composites. LDHs correspond to one of the most scientifi-
cally promising sample as a result of their lowcost, relative
simple synthesis. Magnetic Fe;0,/LDHs nanocomposites
are an attractive valuable addition to the field of nanotech-
nology and are unique materials because of the magnetic
nature and more catalytic property compared to the LDHs.
The prepared a nano hybrid of Fe;O, MNPs and layered
double hydroxides nano crystals by electrostatic interaction
between the two components.

Moreover, magnetic Fe;O,/LDHs nanocomposites are
the new promising parts of research particularly in waste
water treatment and photocatalysis. The Magnetic Fe;O0,/
LDHs nano composites have more surface areas, distin-
guished adsorption capacity and stability than LDHs.
Therefore, these magnetic Fe;O0,/LDHs nanocomposites
were marked as suitable for water decontamination and
photo catalysis purpose; this estimation is only from an
academic point of view. In addition, the hazard evaluation
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of magnetic Fe;O,/LDHs nanocomposites should be
explored and their effect on the environmental remedia-
tion and photo catalysis studied in a wider context. Up
to now magnetic Fe;O,/LDHs nanocomposites only were
investigated for single pollutant systems. It is extremely
suggested to test the presentation of magnetic Fe;O,/LDHs
nanocomposites in the multi-pollutant polluted water
such as organic dyes and toxic metals combined, which
will take the research a step additional towards suitable
applications.
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