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Chapter

LDH Ternary Nanocomposites:
g-C3N4 Intercalated ZnO\Mg-Al
for Superior Photocatalytic
Activity towards Dye Degradation
Kandasamy Bhuvaneswari,Thangavelu Pazhanivel,

Govindasamy Palanisamy and Ganapathi Bharathi

Abstract

Photocatalytic dye degradation has received more attention as an affordable and
effective way to treat the dye polluted water. In the present chapter, we are going to
discuss; (i) the preparation and photophysical characterization of g-C3N4 interca-
lated ZnO\Mg-Al LDH, a novel ternary nanocomposite, and (ii) its visible light
photocatalytic degradation activity against the methylene blue dye. LDHs are 2D
materials composed of “brucite-like” cationic layers where an inclusion of trivalent
cations presents an overall positive charge to the nanosheets. g-C3N4 is one of the
organic semiconductor photocatalyst which active for several types of reactions
such as CO2 reduction, water splitting, and degradation because of its stable, non-
toxic, and earth-abundant nature. Mainly, the development of numerous 2D g-C3N4

nanosheets has been extensively used in the field of photocatalyst. By the combina-
tion heterojunction with 2D/2D interface can effectively improve the photocatalytic
activity. The nitrogen-rich g-C3N4 intercalated ZnO\Mg-Al LDH ternary
nanocomposite formation could follow the direct dye degradation process and
results enhance the visible light absorption. The enhanced photocatalytic activity is
mainly due to the improved charge separation rate and high number of
photogenerated electrons. The large number of photogenerated electrons and high
charge separation efficiency are effectively influence the dye degradation
efficiency.

Keywords: layered double hydroxides, graphitic carbon nitride, photocatalytic
activity, methylene-blue, ternary nanocomposites, visible light, dye degradation

1. Introduction

1.1 Water pollution

The industrial revolution could not avoid its effects on increasing environmental
pollution, which pose a life threat to living beings. On the other hand, the increase
of population rises the corresponding needs, which in turn result in the increased
release of pollutants. The toxic substances from farmhouses, municipalities,
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pesticides, and factories are the major sources of water pollution. Organic dyes are
one of the major groups of pollutants which are released from textile industrial
wastewater. The dye effluent contaminates the surface and groundwater, thereby,
making it unfit for drinking and other daily usages. Polluted drinking water can
cause serious cariogenic effects on human and other living beings.

The effective handling of increasing environmental pollution is a major chal-
lenge for the sustainable progress of modern civilization. With a lack of waste
management measures, there is an urgent need in finding efficient ways to treat and
decompose the pollutants. Water is a “universal solvent,” it can dissolve more sub-
stances than any other liquid on earth. It is because of this substantial property,
water dissolves most of the pollutants and thus be polluted easily. Quality drinking
water is a fundamental right to every human being and most of the countries do not
provide drinking water in the WHO standards. Water pollution not only affects the
human being, but also every living organism, as there is nothing without water.

Organic dyes used in many industries such as textiles, furniture, chemical, paint,
food, and cosmetic industries are the major water pollutants. The organic dyes
possess color owing to the following reasons; (i) the dye molecules absorb light in
the visible region of the electromagnetic spectrum (400–700 nm), (ii) they have
a conjugated structure, i.e. a structure with alternating single and double bonds,
(iii) the molecule dye have at least one color bearing chromophore group, and (iv)
exhibit resonance of electrons, which is a stabilizing force in organic compounds
[1]. The removal of dye molecules is a challenging process because of the enormous
variety of functional groups in dissimilar dyes and their different properties. Many
techniques like electrochemical coagulation, reverse osmosis, nano-filtration,
photocatalytic degradation, adsorption using activated materials etc., are used for
the removal of dye from wastewater. Among the various types of approaches
adsorption and photocatalytic degradation of chemically stable organic pollutants
occupy a prominent place, due to some of the obvious advantages such as cost-
effectiveness, simplicity of operation besides great efficiency.

1.2 Photocatalysis

Photocatalysis is a process, which accelerates a photoreaction in the presence of
a photocatalyst. Photocatalysis, as a fresh, cheap, environmentally friendly “green”
process, offers great potential for environmental protection and energy exchange.
The organic pollutants can be effectively decomposed by the semiconductor-based
photocatalysts under light irradiation with the photon energies equal or higher to
the bandgaps of the photocatalysts. In recent years, the photocatalytic reaction has
received increasing attention for environmental applications such as air purifica-
tion, hazardous material remediation, water disinfection, and water purification.
The versatility of the photocatalytic process, for example, photocatalytic degrada-
tion of dyes and photoelectrocatalytic reduction of CO2 into hydrocarbon com-
pounds in aqueous semiconductor suspensions, greatly attracted the scientists to
work in the field of photocatalysis. The pioneering work of photo-electrochemical
water splitting on TiO2 electrode reported by Fujishima and Honda in 1972, has
been the initiative in the field of photocatalysis. In this way, the semiconductor
based photocatalysis has grown as an ideal green chemistry tool in dealing with the
globally concerned energy shortage and environmental pollution issues. In general,
a photocatalytic reaction consists of three simple steps; (i) The semiconductor
photocatalysts absorb incident photons whose energy (hν) is equal to or more than
its bandgap (Eg), resulting in the generation of electron-hole pairs, (ii) The
photogenerated charge electrons and holes are separated and transferred to the
surface of photocatalysts, and (iii) The photogenerated electrons and holes
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contribute in catalytic reactions by forming superoxide and hydroxide radicals
which react with dye molecules [2].

The detailed photocatalytic mechanism was shown in Figure 1. Several efforts
have been conveyed through a variety of materials and methods and it is true, that
each report put forward some scientific development to its ancestors. The
photodegradation is one of the cost-effective and easy-to-implement methods, and
the materials studied include TiO2, SnO2, ZnO, CuO, and WO3 along with their
heterostructures and organic/inorganic composites [3–7].

The photocatalytic decomposition of pollutants in the real-time application for
water sanitization requires the use of non-toxic, cheap as well as reproducible
resources. The conventionally used wide bandgap (SCs) with limited light
responding range, which can only absorb UV light (λ <380 nm), seriously confines
the photocatalytic efficiencies. Therefore, it has become a significant problem to
develop the photocatalytic SCs with a visible light response for practical applica-
tions. Besides, another major task in photocatalysis is the increase in the charge
separation efficiency of the photocatalyst and the corresponding photocatalytic
efficiency. The separation of the electron–hole pairs can increase the efficiency of
photocatalysts. Transition metal oxides (TiO2, ZnO2, SnO2, etc.) have lower
photocatalytic efficiency since its wide bandgap and high recombination rate of
photogenerated electron-hole pairs. To overcome this difficulty, the development
of hetero-nanostructures could offer an enhancement in the photocatalytic effi-
ciency and can act as a better photocatalyst which can degrade various kinds of
persistent organic pollutants.

Among the numerous photocatalytic materials, ZnO occupied the reasonable
research area owing to its whole beneficial characteristics over other materials
[8, 9]. Even though, when it comes to commercial developments, the robustness of
ZnO needs further developments [10]. Such as, the trapping state (including intersti-
tial and missing atoms/vacancy defect) bolstered loss of excitons, which is basic in
oxide-based semiconductors, should be tended to appropriately [11]. One plausibility
of accomplishing this is, utilize a better surfactant/capping molecule to passivate the
surface traps, which overwhelmingly trigger the charge carrier recombination. On the
other hand, such passivation has the opportunity to acting as a barrier for hinders the
association between the dye pollutant and active material, which will likewise bring
low efficiencies. The development of a ZnO based hybrid photocatalyst comprising of
a composite material with suitable band structure would be a better choice towards
the concealment of charge carrier recombination and consequent improvement in the
photocatalytic dye degradation process [12, 13].

Figure 1.
Schematic illustration of photocatalytic dye degradation.
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1.3 Graphitic carbon nitride (g-C3N4)

Graphitic carbon nitride (g-C3N4), is a two-dimensional metal-free conjugated
crystalline sheet material with a bandgap energy of 2.7 eV, which has concerned
exceptional research enthusiasm because of its environmental friendly nature,
attractive electronic structure, low-cost excellent thermal and chemical stabilities
[14–18]. The conduction and valence band boundaries of g-C3N4, exist at �1.12
and + 1.6 eV, making it active under visible light as an efficient photocatalyst
[19–22]. Even though, its implication has drawbacks such as faster recombination of
the electron-hole pairs, and agglomeration in most solvents caused by the strong van
der Waals attractions between sp2 carbon atoms [23]. 2D g-C3N4, nanosheets have
much attention because of their enlarged specific surface area, improved electron–
phonon interaction, and enhanced electronmobility along the in-plane direction [24].
Although some developments have been attained, the light-harvesting ability and
quantum efficiency of these modified g-C3N4 systems are still poor.

For these reasons, various protocols such as surface modification, doping with
metal or nonmetal elements and co-polymerization have been actively employed to
enhance the photocatalytic performance of g-C3N4. It has high nitrogen content
compared to other N-carbon materials, which is capable of creating more active
reaction sites that would increase the electron donor/acceptor characteristics. Even
after several decades and extensive investigations on several materials, a robust
combination of materials and method is still required to vanish away the environ-
ment threatening organic pollutants.

1.4 Layered double hydroxides

Layered double hydroxides (LDH), a new class of lamellar metal hydroxide
materials, consist of positively-charged hydrotalcite-like layers with carbonate
ions and water molecules in the interlayer galleries [25–27]. Due to the two
dimensional (2D) layered structure, LDH has a high explicit surface area, which
can help quick ion transfer [26, 28–30]. Dvininov et al. prepared the SnO2/Mg-Al
LDH coupling through the thermal treatment, which demonstrated good
photocatalytic activity for methylene blue degradation [31]. It was made conceiv-
able by the oxygen reduction and progressive creation of hydroxyl radicals, which
are accountable for the degradation. Seftel et al. synthesized Ti incorporated
Mg-Al LDH solid which shows better photocatalytic activity due to the isolation of
small TiO2 nanoparticles on the LDH surface [32]. Kingshuk Dutta et al. prepared
ZnO\Zn-Al LDH nanostructure by hydrothermal method using Al substrate as a
template for developing different compositions and morphologies and the author
demonstrated the degradation of Congo red dye [33]. Therefore, the LDH is a
better candidate to be hybridized with ZnO which will enhance the catalytic
activity of photocatalysts.

In any case, to build up a superior photocatalyst, hybridizing the LDH with a
material having high conductivity and surface area is one of the hopeful
approaches, which can further improve the charge transport proficiency of LDH-
composite. Xiaoya Yuan et al. prepared the g-C3N4\Zn-Al LDH composites through
a simple in situ crystallization technique and the as-prepared composite exhibited
improved photodecolorization of MB.

In the present work, we have prepared a ternary nanocomposite of g-C3N4

intercalated ZnO\Mg-Al LDH through a hydrothermal technique and studied its
photocatalytic activity against the MB dye degradation. The ZnO is attached on the
surface also interlayers of the LDHs, and ZnO\Mg-Al LDH are distributed over the
surface of g-C3N4 nanosheets. The nitrogen-rich ternary composite formation
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resulted in the enhancement of visible light absorption and improved charge
separation to result in the enhanced photocatalytic degradation activity towards the
MB dye.

2. Experimental section

2.1 Preparation of g-C3N4 nanosheets

The g-C3N4 was prepared by a thermal condensation method using melamine as
a precursor. 5 g of melamine was kept in an alumina crucible and thermally treated
at 550°C for 3 h in a furnace. The obtained agglomerate residues are ground into
fine powder and subjected to hydrochloric acid treatment for 12 h to obtain the g-
C3N4 nanosheets. The suspension was centrifuged to separate the residual of g-C3N4

nanosheets. The obtained precipitate product was heated at 60°C for overnight to
attain the light yellow colored powder of g-C3N4 nanosheets.

2.2 Preparation of Mg-Al LDH

In a typical synthesis procedure, Mg-Al LDH was prepared by a facile hydro-
thermal method. Firstly, 0.05 M of aluminum nitrate and 0.03 M of magnesium
chloride were dissolved into 20 ml DDW separately under vigorous magnetic stir-
ring for 10 min. Subsequently, 0.04 M of urea were dissolved into the 10 ml DDW
and stirred for 30 min. After that, the precursor and urea solutions were mixed and
0.2 M of NaOH was added to the above solution mixture until the pH of the
suspension was reached 12. The entire solution was transferred into a 100 ml Teflon
lined stainless-steel autoclave, followed by heating in an oven under 180°C for 24 h.
After the reaction was complete, the autoclave was cooled to room temperature.
Finally, the sample was centrifuged and washed with DDWwater and dried at 80°C
for overnight to obtain the final product.

2.3 Preparation of ZnO nanoparticles

ZnO nanoparticles were prepared by the hydrothermal method. In this process,
0.2 M of ZnCl2 were dissolved in 100 ml of DDW, and 0.2 M of NaOH were
dissolved in 20 ml of DDW separately under constant stirring. After 10 min stirring
the above-mentioned solutions were mixed together, and transferred into a 100 ml
Teflon liner stainless-steel autoclave, followed by heating in an oven under 180°C

Figure 2.
Pictorial representation for the formation of g-C3N4\ZnO\Mg-Al LDH2D/2DLDH tertiary nano-composite [34].
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for 24 h. Later, the autoclave was cooled down naturally. Finally, the obtained
solution was centrifuged and washed with DDW water and dried at 80°C for
overnight to obtain the final product.

2.4 Preparation of 2D\2D hybrid

A certain amount of g-C3N4 was dispersed into 20 ml of DDW and
ultrasonicated for 30 min. Subsequently, the ZnO\Mg-Al precursor solution was
prepared and mixed with ultrasonicated g-C3N4 nanosheets. Again, the mixture was
ultrasonicated for 30 min in a beaker to form a homogeneous suspension. After
that, the reaction mixture was transferred into a 100 ml Teflon liner stainless-steel
autoclave, followed by heating in an oven under 180°C for 24 h. After that, the
autoclave was cooled down naturally to ambient temperature. Finally, the sample
was centrifuged and washed with DDW water and dried at 80°C for overnight to
obtain the final product. Figure 2 shows the formation of g-C3N4\ZnO\Mg-Al LDH
2D\2D hybrid.

3. Characterization details

The photocatalytic activities mostly depend on the material nature, specific
surface area, and light energy utilization ratio [35] etc., and for these reasons the
crystallinity, functional group, surface area morphology and photophysical proper-
ties of the as-prepared samples were systematically investigated by various analyt-
ical techniques.

i. Structural investigation

ii. Morphology analysis

iii. Elemental analysis

iv. Photophysical investigation

v. Surface area investigation

3.1 Structural investigation

The crystalline phases have a significant influence on the photocatalytic activi-
ties [36]. So the phase purity and crystallite size of the synthesized samples were
evaluated by X-ray diffractometer using Riguku MiniFlux-II diffractometer using
Cu Kα radiation (λ = 1.540 46 Å). The crystalline nature of the prepared
samples were investigated through XRD analysis and Figure 3 displays the XRD
pattern of Mg-Al LDH, gC3N4, ZnO and g-C3N4\ZnO\Mg-Al LDH ternary
nanocomposite.

The XRD pattern of the Mg-Al LDH and g-C3N4, sample is in good agreement
with the JCPDS card no: 35-0965 [37] and 87-1526 [38], respectively. The diffraction
peaks indexed to (003), (006), (012), (015), (018), and (110) are the plane reflec-
tions of a typical hydrotalcite-like phase screening, sharp and symmetric basal
(00 l) reflection of LDH. The XRD pattern of ternary nanocomposite consists of
g-C3N4, ZnO and Mg-Al LDH diffraction peaks indicate the formation of the
composite.
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3.2 Morphological analysis

3.2.1 FE-SEM analysis

The surface morphology of the prepared samples was investigated by using
FESEM and HRTEM analyses, respectively. The FE-SEM images were obtained by
using Zeiss SUPRA-25 and the particle size and morphology of the prepared samples
were analyzed by using HR-TEM – Jeol/JEM 2100, with LaB6 source.

Figure 4 shows the FESEM images of (a) Mg-Al LDH, (b) g-C3N4, (c) ZnO and
(d) gC3N4\ZnO\Mg-Al LDH ternary nanocomposite samples. The Mg-Al LDH con-
sists of plenty of two-dimensionally structured hexagonal LDHs matrix with a layer
by layer assembly. The size of the hexagonal nanoflakes is approximately 200 nm,
which indicate the successful exfoliation of a 2D layer.

3.2.2 HRTEM analysis

Furthermore, the hexagonal formed hydrotalcite-like particles were seen from
the HRTEM analysis (Figure 4d and e) and it concurs well with the morphology

Figure 3.
XRD pattern of (a) Mg-Al LDH, (b) gC3N4, (c) ZnO and (d) g-C3N4\ZnO\Mg-Al LDH ternary
nanocomposite [34].
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acquired from FE-SEM investigation. Some dull spots showed up on the outside of
the LDH, demonstrating that the ZnO nanoparticles are well attached on the LDH
surfaces. Some dark spots appeared on the surface of the LDH, indicating that the
ZnO nanoparticles are well attached to the surface of the as-prepared LDH. The
2D\2D ternary nanocomposites assembly was successfully obtained, and by arrest-
ing the ZnO\Mg-Al LDH sheets with g-C3N4 sheets, the formation of the 2D\2D
ternary nanocomposite was possible. Surprisingly, after the formation of the
ternary nanocomposite, the LDH loose its horizontal stacking arrangements and
started aligning vertically on the surface of the g-C3N4 nanosheets. These types of
arrangements provide a more active surface for the prepared photocatalysts.

3.3 Chemical analysis

The surface chemical composition of the prepared samples was confirmed by the
FTIR, EDAX, Elemental mapping, and XPS analyses.

3.3.1 FTIR analysis

The vibrational bands of the prepared samples were analyzed by FTIR analysis
(using a Bruker model Tensor 27 instrument) and the results are shown in
Figure 5a. All the spectra, exhibit a strong band at 3700 to 3000 cm�1 which could
be ascribed to the vibration of surface adsorbed water molecules and in the case of
LDH plates, it is due to the formation of interlayer water molecules. Furthermore,
several bands were observed in the 1200–1650 cm�1 region, which is assigned to the
characteristic stretching modes of CdN heterocycles [39]. The absorption bands at
1620 cm�1 are associated with the C]O of the carboxylate groups. The occurrence
of the feeble band at 1631 and 1643 cm�1 can be ascribed to the bending frequency
and OdH asymmetric stretching vibration of the water molecules, respectively
[40, 41]. The characteristic absorption band of ZnO samples was observed at
595 cm�1, which is related to the metal-oxygen stretching vibration. The absorption

Figure 4.
Morphology analysis: FE-SEM images of (a) Mg-Al LDH, (b) g-C3N4, (c) g-C3N4\ZnO\Mg-Al LDH ternary
nanocomposite and HRTEM images of (d) Mg-Al LDH, (e) g-C3N4\ZnO\Mg-Al LDH ternary
nanocomposite, (f) SAED pattern of ternary nanocomposite [34].
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bands at 653 cm�1 could be owed to the MdOdM lattice vibrations of the hexag-
onal sheets [42]. The successful intercalation of g-C3N4 and ZnO with Mg-Al LDH
were observed from the presence of their corresponding bonds, in the FTIR results.

3.3.2 EDX analysis

Figure 5b shows the observed elemental composition of the ternary
nanocomposite by EDX analysis (carried out using a JEOL Model JED 2300). From
the EDX results, it could be able to observe the high percentages of O, Mg and Al
elements, present in the as-prepared samples and no other impurities were
observed. The elemental mapping of Mg-Al LDH and g-C3N4\ZnO\Mg-Al LDH
ternary nanocomposite were presented in Figure 5c, which indicates the even
distribution of the observed elements across the sample.

3.3.3 XPS analysis

XPS analysis was used to investigate the surface chemical composition of the
prepared ternary nanocomposite and the obtained results were shown in Figure 6.
The survey spectra show that the prepared sample is contain Mg, Al, Zn, O, C and N
elements which creating peaks corresponding to Mg 1s, Al 2p, Zn 2p, O 1s, C 1s, and
N 1s positions, respectively (Figure 6A). The high-resolution spectra of individual
elements are presented in Figure 6B. The Mg2+ species are observed by the presence
of Mg 2p, Mg 2s, Mg KLL, and Mg 1s state corresponding to the binding energies of
52.8, 90.8, 306.8, 351.8 and 1302.8 eV, respectively [43]. The high-resolution spec-
tra of Mg 1s are fitted with three segments associating to the binding energies of
1307, 1308 and 1308.8 eV, which are ascribed to Mg, Mg-CO3 and MgO [44, 45].
The Al attributed to the two states such as Al 2p and Al 1s and the characteristic

Figure 5.
(a) FTIR spectra for as prepared samples (b) EDX spectra of MgAl LDH and g-C3N4\ZnO\Mg-Al LDH
ternary nanocomposite and (c) mapping analysis of g-C3N4\ZnO\Mg-Al LDH ternary nanocomposite [34].
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peak were observed at 76.8 and 120.8 eV. The occurrence of Zn is seen from the two
Zn 2p states as Zn 2P3\2 and Zn 2P1\2 corresponding to 1020.8 and 1043.8 eV
respectively. It additionally uncovers that the Zn is available just in 2+ oxidation
state which affirms the conceivable bonding between Zn and O [10]. The oxygen O
1s is deconvoluted into three peaks corresponding to the O2� at 532.2 eV, OH�

species at 533 eV and CdOdO at 536 eV, respectively [46]. In over-all, the inferior
binding vitality of O 1s peaks emerges from the bond between O2� and Zn2+ metal
ions. The C 1s spectra can be deconvoluted into dual contributions such as 284.4 and
289 eV, assigned to the occurrence of sp2 hybridized carbon atoms and C]NdC
bonding [47], respectively. The N 1s spectra can be tailored into three basic peaks
with the binding energies of 402, 404.1 and 405 eV, which are attributable to the
binding of CdN, CdNdC, and NdN respectively [20]. Henceforth, the above
observations affirm the formation of g-C3N4\ZnO\Mg-Al LDH ternary
nanocomposite and the XPS results are in good agreement with FTIR, EDX and
mapping analyses.

3.4 Photophysical investigation

3.4.1 UV-Vis absorption spectra

Optical properties possess a prominent role in the photocatalytic materials and
therefore the photophysical properties of the prepared materials were investigated
by UV-Vis and PL analyses. The optical absorption analysis was done using a
SHIMADZU 3600 UV-Vis-NIR spectrophotometer and Emission spectrum of the
as-prepared samples was recorded by using Horiba Jobin Yvon Spectro Fluromax 4.
Figure 7A shows the UV-Vis. absorption spectra of the prepared samples. The
absorption maxima were observed in the range between 320 and 450 nm. And the
absorption of ternary nanocomposite was extended to the visible region and show
an obvious red shift compared with the other samples, which may because of the
interaction between the ZnO, LDH, and g-C3N4. The 2D\2D formation demon-
strates a reality that the as-prepared ternary nanocomposite noticeable light vitality
which can thusly create more charge transporters offered to contribution in the
photocatalytic efficiency. Tauc’s plot was used to determine the energy bandgap of
the samples and the obtained values are 2.6, 3.5, 2.57 and 2.81 eV for LDH, ZnO,

Figure 6.
XPS spectra of C3N4\ZnO\Mg-Al LDH ternary nanocomposite: (A) survey spectra and (B) high resolution
XPS spectra of (a) Mg 1s (b) Al 2p (c) Zn 2p (d) O 1s (e) C 1s (f)N 1s [34].
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g-C3N4, g-C3N4\ZnO\Mg-Al LDH ternary nanocomposite, respectively. The
UV-Vis absorption results show the considerable enhancement in the visible light
absorption and it is because of this reason, an enhancement in the photocatalytic
performance of the as-prepared photocatalyst is observed (discussed in the
latter part).

3.4.2 PL spectra

The emission spectrum is produced because of recombination of the charge
carriers and it provides hints about the proficiency of charge carrier transformation,
trapping, and separation of the photo generated electrons-holes pairs. The strong PL
emission profile usually indicates the quick recombination of electron-hole pairs
which provides low photocatalytic activity.

Figure 7C shows the PL emission spectra of (a) MgAl LDH, (b) g-C3N4, (c) ZnO
and (d) g-C3N4\ZnO\Mg-Al LDH ternary nanocomposite, which were recorded
using 320 nm as excitation wavelength. The LDH and ZnO nanoparticles exhibit a
strong PL emission in the range from 350 to 450 nm. The pure g-C3N4 shows a
strong emission about �420 nm, which can be attributed to the fast electron-hole
recombination process. It can be seen that, after the formation of ternary
nanocomposite the emission was intensity was decreased which may due to the
delocalization of electrons. In general, a decrease in the recombination rate gives
rise to a low PL intensity, which results in the maximum photocatalytic activity.

Figure 7.
(A) UV-Vis absorption spectra (B) Tauc’s plots and (C) PL spectra of the prepared samples ((a) Mg-Al LDH
and (b) ZnO (c) g-C3N4 (d) g-C3N4\ZnO\Mg-Al LDH ternary nanocomposite) [34].
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3.5 Surface area investigation

The specific surface area of the photocatalyst was determined by Brunauer-
Emmett-Teller (BET) analysis through N2 adsorption/desorption measurements at
25°C (Figure 8). The measured surface area of the ternary nanocomposite was
�37 m2 g�1. The high surface area support more active species and reactants to be
absorbed on its surface, which might proficiently help the kinetics of photo catalytic
reaction.

4. Photocatalytic activity

4.1 Dye removal procedure

The photocatalytic activity of the as-prepared samples was investigated under
UV-Vis light irradiation. The aqueous MB solution (20 mg L�1) was prepared and
kept in dark for 60 min to attain equilibrium. Later, 10 mg of the as-prepared
photocatalyst was added to 10 ml MB solution and it was placed in a water jacketed
photocatalytic reactor for the photocatalytic degradation process. A 250 W Hg lamp
was used as the illumination source to excite the photocatalysts. In the whole
reaction, the photocatalytic container was maintained at room temperature by
circulating water. At 15 min time interval, 3 ml of solution was taken and
centrifuged to remove the photocatalyst particles. The supernatant was examined
by a Shimadzu UV3000 UV-Vis spectrophotometer and the dye absorption band
maximum was observed at �664 nm. The percentage of degradation was calculated
using the Beer-Lambert relation [48]:

A λð Þ ¼ log I λð Þ=I0 λð Þð Þ ¼ �εl BM½ � (1)

where
A – absorbance at a given wavelength λ,
I0 (λ) – incident light intensity,
I (λ) – light intensity transmitted through the MB solution,
ε – Molar attenuation coefficient of MB.
l – Path length of the beam of light.

The degradation efficiency was calculated by

Figure 8.
BET surface area analysis of g-C3N4\ZnO\Mg-Al LDH ternary nanocomposite [34].
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Degradation %ð Þ ¼ C0 � Cð ÞnC0 ∗ 100 (2)

where,

C0 is the initial dye concentration and
C is the dye concentration at time t from the start of the photocatalytic reaction.

For the reusability purpose, the as-prepared photocatalyst collected after the
photocatalytic reaction by centrifuging, washed with DDW and then dried at 60°C.

4.2 Radical trapping experiment

To elucidate the reaction mechanism of the photocatalytic MB dye degradation,
the radical trapping investigation was performed. In the scavenging activity, h+, OH
and O2

� radicals are trapped by EDTA, 2-propanol and benzoquinone, respectively.
The trapping experiments were carried out with the accumulation of different
scavengers into the catalytic reaction. The reaction samples were taken from the
photocatalytic reactor to record their UV-Vis absorption spectra.

4.3 Reaction mechanism of dye degradation

The photocatalytic activities of the Mg-Al LDH, g-C3N4, and g-C3N4\ZnO\Mg-
Al LDH ternary nanocomposite were assessed under UV-Vis light illumination. In
this work, MB dye was utilized as an objective contamination so as to decide the
photocatalytic action of the impetuses under obvious light illumination. The MB
dye solutions were prepared and the photocatalytic reactions were performed by
adding the as-prepared samples to the MB dye solutions. The pure MB dye fragment
shows a strong visible light absorption around 664 nm. The MB dye with prepared
photocatalyst is subjecting under the visible light irradiation, corresponding
absorption peak intensity was decreased, and the decreasing MB dye intensity is
attributed to the degradation of MB dye through the photocatalytic activity. When
increases the irradiation time, absorption intensity of MB dye molecules was
decreased (i.e.) once increase the irradiation/reaction time, the large number of dye
molecules can be degraded. In this process, a photocatalyst is irradiated by light
with energy equal to or higher than the bandgap energy of the photocatalyst. This
results in the excitation of an electron (e�) from the valence band to the conduction
band, leaving a hole (h+) in the valence band. Before the recombination takes place,
the photogenerated electrons (e�) and holes (h+) should be transferred to the
surface of the photocatalyst in order to take part in the redox reactions with the
adsorbed species. The redox reactions of electrons (e�) and holes (h+) with
adsorbed oxygen and water molecules lead to the formation of superoxide radical
anion (∙O2

�) and hydroxyl radical (∙OH), respectively.
Among all the as-prepared photocatalyst samples, g-C3N4\ZnO\Mg-Al LDH

ternary nanocomposite sample exhibit better photocatalytic activity. This could be
attributed to a large number of electrons and holes generated by the as-prepared
photocatalyst system, caused by the favorable visible light absorption. On the other
hand, ZnO, a wide bandgap material, provides intermediate states to delay the
electron–hole recombination, which could also contribute to the high photocatalytic
activity. The morphological arrangements of the nanocomposite and its resultant
electronic structure, (i.e.) the even distribution of ZnO intercalated LDH over the
surface of g-C3N4 [49], collectively contribute to the effective separation of the
photogenerated charge carriers. The observed photocatalytic degradation efficien-
cies of the as-prepared photocatalysts are 32%, 30%, 49% and 96.5% for ZnO, LDH,
g-C3N4, and g-C3N4\ZnO\Mg-Al LDH ternary nanocomposite, respectively.
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It has to be noted that the photocatalytic efficiency reported in the present
study, betters our previous research work, in which ZnS QDs-LDH [49] exhibited a
photocatalytic degradation efficiency of 95%. The enhanced photocatalytic effi-
ciency is originated from the photocatalytic activity of N-rich g-C3N4, (i.e.,) the
improved photocatalytic mechanism could be ascribed to the synergetic effect of
graphitic N rich surface which offers more reactive sites for photocatalytic reaction.
This in turn increases the utilization of the photo-separated charges towards the
radical formation and corresponding degradation. Parallelly, the N-carbon acted as
a co-catalyst to improve surface reaction kinetics and the nitrogen species directly
contributed to the outstanding photocatalytic activity under visible light irradiation.
Especially the nitrogen rich surface can achieve essential optical absorbance under
visible light due to the mixing of O 2p states with p states. And also the nitrogen rich
surface 2D/2D offers more active surface for the e� transfer. The reaction kinetics
of the MB dye degradation of the prepared photocatalysts is investigated by fitting
the pseudo-first-order kinetic curve [50].

The plots of ln (C0\C) against illumination time are appeared in Figure 9. From
the kinetic graph, the ternary nanocomposite fits well and the outcome is in con-
currence with the pseudo-first-order model. The impact of different scavengers on
the photodegradation of MB dye solution was studied in order to recognize the role
of receptive oxidative species in the photodegradation process. The role of H+, OH
and O2 radicals were done individually, utilizing EDTA, 2-propanol, and BQ
respectively. During the addition of EDTA and BQ, there were conspicuous varia-
tions in the photocatalytic process, which shows that H+ and O2 radicals are influ-
ences in MB dye degradation. But after the addition of 2-Proponal (scavenger for
the OH radical), the degradation of MB is highly suppressed than other reactions,
indicating the major of *OH in MB dye degradation. From this result, it is clear that
the photocatalytic degradation process is led by the contribution of hydroxyl radical
(*OH). After the addition of the as-prepared photocatalyst into the reaction and
irradiating with visible light, the electrons were photoexcited from the valence band
(VB) to the conduction band (CB). Once electrons are excited, the hole act as an
oxidizing agent and oxidize the aquatic or the dye directly to form *OH radicals.

These OH reactive species are responsible for the efficient degradation of organic
pollutants in water. The following equation represent the possible photocatalytic
reaction mechanism of MB dye degradation under visible light irradiation.

g� C3N4=ZnO=MgAl LDHð Þ þ hν ! g� C3N4=MgAlLDH hþ þ e�
� �

ZnO

g� C3N4=MgAl LDHð Þ þ hþ
� �

! e�ð Þ free� electronsð Þ

e� þ O2 ! O•

2

hþ þOH� ! OH
hþ þH2O ! OHþHþ

O•

2 þMB ! CO2 þH2O By� product
� �

OH• þMB ! CO2 þH2O By� product
� �

hþ þMB ! CO2 þH2O By� product
� �

(3)

The Figure 10 shows the schematic illustration of possible photocatalytic degra-
dation of MB dye under visible light irradiation. The reusability of the prepared
photocatalyst was studied by performing continual tests under same reaction con-
ditions (shown in Figure 11b). The fresh MB solution was utilized for resulting
cycles. Subsequently in each cycle, the prepared catalyst was isolated from the
photocatalytic reactor through centrifugation. After 4 cycles, the degradation abil-
ity of the prepared catalyst was slightly reduced and it might be because of the loss
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of catalyst during the recycling process. The photocatalytic dye degradation activity
of the prepared sample was compared to the previously reported nanomaterials,
which is given in Table 1.

Figure 10.
Schematic illustration of proposed photocatalytic reaction mechanism.

Figure 11.
(a) Radical trapping experiments of active species over g-C3N4\ZnO\Mg-Al LDH ternary nanocomposite and
(b) reusability of g-C3N4\ZnO\Mg-Al LDH ternary nanocomposite in the photodegradation of MB [34].

Figure 9.
(A) Photocatalytic degradation and (B) pseudo-first-order kinetics for the degradation of MB over (a) ZnO
(b) LDH(c) g-C3N4 (d) g-C3N4\ZnO\Mg-Al LDH ternary nanocomposite [34].
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Form the experimental results, it was confirmed that the as-prepared ternary
nanocomposite exhibits remarkable photocatalytic activity and reusability under
visible light to photo-degrade MB dye.

5. Conclusion

In summary, the hydrothermally prepared 2D\2D ternary nanocomposite was
used as an efficient photocatalyst for the photodegradation of MB dye. The nitrogen-
rich 2D\2D (g-C3N4 and Mg-Al LDH) surface significantly enhanced the
photocatalytic efficiency under the visible light irradiation due to the improved photo
active surfaces. Especially, in ternary nanocomposite Mg-Al LDH 2D nanoplates are
vertically well aligned on the surface of the g-C3N4 2D nanosheets. This 2D/2D
arrangement results effectively enhances the photocatlytic activity due to the effi-
cient separation of photo-induced charge carriers and transfer by the incorporation of
ZnO into LDH brucite layers. In addition, the g-C3N4 surface contributed to the
efficient charge injection in the photocatalytic reaction. The novel g-C3N4\ZnO\Mg-
Al LDH ternary nanocomposite can be used as a proficient material for the
photocatalytic degradation of MB dyes under visible light irradiation.

6. Future aspects/prospective

1.The as prepared ternary nanocomposite show large specific surface area and
efficiently active in the visible light region so this material can used as a good
photocatalytic for other organic dye degradation

2.The LDH have large number of interlayer galleries which can capable to adsorb
the pollutants such as heavy metals synthetic or organic dyes.

S. No Catalyst Dosage of

dye (mg)

Dye Light

source

Catalyst

efficiency (%)

Reaction

time (min)

References

1. PANI-ZnO 100 MB 250 W 98.3 180 [51]

2. Nitrogen doped
dual phase titanate

10 MB 450 W �97 310 [52]

3. Zirconia 50 MB 500 W �78 300 [53]

4. CA-CNT/TiO2-NH2 2 cm� 13 cm
(CNT)

MB 40 W 80 300 [54]

5. TiO2 100 MB 6 W 97 180 [55]

6. g-C3N4\ZnO\Mg-Al
LDH

10 MB 250 W 96.5 120 Present
work

Table 1.
Comparison table of MB dye degradation using different photocatalyst with degradation (%) of previously
reported nanomaterials.
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