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ABSTRACT

Water pollution due to organic dyes has been a global issue. Because dyes own stability and able
to soluble in aqueous media. As a result, dyes stay for prolonged time while water gets polluted
with such kinds of effluents. In order to minimize the amount of effluent in the polluted water,
enormous methods have been proposed. In typical, Fenton reaction has been used. However, the
sludge formation under iron based Fenton, dependent on light irradiation and the need of acidic
media limits its application. In this report, CuAl-layered double hydroxide/MgO, composite was
synthesized through in-situ growth of magnesium peroxide on the LDH sheet. Profoundly, it has
performed well over wide pH range as well under dark environment which in turn minimized the
requirement of light irradiation. In this case unlike the conventional Fenton process, there was
no difficulty in transporting and handling of peroxide since generating H,O, through in-situ way.
As-synthesized powders were characterized and performances were evaluated for methyl orange
(MO) dye degradation at room temperature. X-ray powder diffractometer (XRD), scanning
electron microscope (SEM), and Fourier-transform infrared spectroscopy (FTIR) were used for
characterization. The catalytic activity of CuAl-LDH, MgO;, CuAl-LDH/ MgO, -7, CuAl-LDH/
MgO, -10 and CuAl-LDH/ MgO, -13 were investigated for the degradation of methyl orange
(MO) under dark. Among them, CuAl-LDH/ MgO, -10 shows excellent Fenton like reaction
under neutral condition at which 97% of MO was degraded with in 100min. While 98% of MO
removal was achieved at acidic pH within 60 min. The higher degradation efficiency by this
particular composite is attributed to the presence of copper along with the generated hydrogen
peroxide to run Fenton process. Trapping experiment values also confirmed that both copper
and hydroxyl radical were an active species for the degradation of MO. Moreover, the catalyst
can also be able to use for several cycles with a minimum loss of activity. In general, the result
of this study suggests that CuAl-LDHMgO,-10 composite is an option for the conventional

Fenton based degradation of MO under dark environment.

Key words: Fenton reaction; layered double hydroxide; metal peroxide.
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1. INTRODUCTION

Now a days, organic pollutants such as phenols, pesticides, dyes, and other pollutants are
a great concern to the environment [1]. Since the development of industries takes several
chemicals as input, effects related to effluents gets worse. It is known that the human life
standard is directly affected by the quality of air, water, and soil. Particularly, chemicals released
from industries and population growths are also the main causes for water pollution and have led
an adverse issue on healthy life [2]. Therefore, the decontamination of polluted water resources
is now the main concern for the researchers in the globe. Although several usual water treatment
methods such as filtration [3], sedimentation [4], and distillation [5] were pointed out, those
methods mostly known by limitations for complete removal of pollutants besides consuming
time. Other methods such as adsorption, catalytic oxidation, and photocatalytic degradation [6]
have been also used for wastewater treatment. It is known that the adsorption and chemical
catalytic oxidation have been the basic approaches for pollutant removal [7]. Because such
methods allow to remove pollutants unselectively than the traditional counterparts do. It is also
reported that the photocatalysis is effective and efficient method for treatment of wastewater [8].
It involves the production of hydroxyl radical *OH as well other active oxygen species in the
photocatalysis, electrochemical oxidation, photo-Fenton, Fenton and Fenton-like processes.
Those methods are known by utilizing highly reactive oxidizing agent like hydroxyl radical [9].
The reactive oxygen species can unselectively decolorize wastewater through converting toxic
pollutants to non-toxic species like CO,and H,O [10]. For this purpose metal oxide catalysts can

be used due to economical, efficiency and stability.

Metal oxides such as TiO,, and ZnO are important class of materials for wastewater
treatment. However, they have their own limitations such as high recombination rate due to
large band gap, unable to be re-used, and high agglomeration and uncontrolled crystal size [8].
Therefore, the metal oxide nanoparticles should be grown onto supporting materials to minimize
agglomeration effects for improving catalytic activities. In this perspective, layered materials,
and clays like bentonite has been used as a support for metal oxides and the supporting materials
can help to immobilize metal oxides and reduces agglomeration thereby providing a site for
growth [11]. In addition to bentonite, the layered double hydroxide (LDHs) also named as
synthetic anionic clay-like layered materials have been studied to treat pollutants through both

1



adsorption and degradation process owing to their layered and special memorial property than
the usual known metal oxides [12]. Owing to their unique memory effect properties, LDHSs are
stable [13]. Moreover, LDHs can also provide a good dispersion for metal oxides upon reducing
agglomeration effect [14].

It is reported that the Fenton-like advanced oxidation process is a promising technology
for the prompting of strong oxidants even at dark environment [15]. Particularly, the iron has
advantages due to plentiful abundance, low cost, adaptable to the environment, and low-
poisonous. However, iron based Fenton reactions always requires extremely acidic environment,
difficulty in hydrogen peroxide transportation, and leads to lower life time during oxidation.
Moreover, the traditional Fenton-related operation is also limited to an acidic medium with pH
range of less than of 4.0. Thus, many researchers have been engaged in the modification so as to
overcome the challenges present in conventional Fenton processes. Among the findings, using
non-ferrous based catalysts, and in-situ generation of peroxide have been reported and showed an
intensified performance [16, 17]. Such findings not only broaden Fenton like activity to a wider
pH range but also minimize the loss of catalyst through precipitation. Particularly, the Cu-based
catalysts in Fenton-like reactions can provide great potential in Fenton reactions under neutral
pH which is not common in iron based Fenton [18]. This tells that the possibility of copper based
Fenton reaction to work over wide pH range. The reactive oxygen families are also formed after
the reaction between Cu ions and H,O, and it act as an active species for pollutant degradation.
Thus, it is better to find out non-iron based Fenton systems which can able to work over a broad
pH range. Among the various options, forming heterojunction is greatly recommended to fix

drawbacks presented in metal oxides.

In this work, a composite of CuAI-LDH and magnesium peroxide catalyst is reported for
methyl orange dye degradation under dark condition. As-synthesized CuAl-LDH/MgO,
composite provides a synergistic benefit from each individual for optimum performance upon
degrading methyl orange (MO). CuAl-LDH maintains a good stability for the growth of MgO,

particles.



1.1. Statement of Problem

In most extent, treatment of wastewater effluents has been a challenging issue. The
sludge formation in iron based Fenton like reactions is also a common challenge. As a result,
non-iron based Fenton reactions have got a greater appreciation owing to working over a broad
pH range besides lowering sludge formation. However, unstable nature and difficulty of storing
the liquid H,0;, leads lower efficiency in Fenton reaction system to generate oxygen radicals. For
example, CuAl-LDH was synthesized but owns lower recyclability due to unstable nature and in
adequate transportation of H,O, towards the active site of catalyst. Thus it is better to use other
potential oxidants like metal peroxides which can able to generate H,O, through in-situ way in
aqueous media. Hence, by realizing the synergistic benefits of forming a composite, coupling
metal peroxides with LDHSs can lead easier transportation of an oxidant, broader light response
range and sufficient hindering of charge recombination.

1.2. Scope of the Study

In this work, CuAl-layered double hydroxide, magnesium peroxide (MgO,), and a composite of
them (CuAI-LDH/MgO,) were synthesized through co-precipitation route. After characterization,
performances of as-synthesized samples were evaluated in the absence of light irradiation for
methyl orange (MO) dye degradation followed by selection of the optimal catalyst. Later on, effect

of pH, kinetic study, trapping experiments, and stability test were studied.

1.3. General Objective

To synthesis and characterize CuAl-layered double hydroxides/MgO, based nanocomposite for

treating methyl orange.

1.4. Specific Objectives

e Synthesizing CuAl-layered double hydroxide (CuAl-LDH) and MgO;

e in-situ growth of magnesium peroxides on the CuAI-LDH sheet in a solution;

e Optimizing the composite by using different mass concentration;

e Characterization of each individual results for confirmation;

e Apply CuAI-LDH, MgO, and CuAl-LDH/MgO, methyl orange dye degradation.



2. LITERATURE REVIEW

2.1. Water Pollution

There is no any doubt at which water is important to sustain the continuity of life. But
globally there is a problem of water contamination due to the presence of organic and inorganic
impurities. Among the causes for water pollution are industrial effluents, detergents, bacteria,
Plant debris, and unsafe sewage disposals are commonly happened [19]. In addition to effects on
aquatic life, the pollution of water leads various effects on the atmosphere, social relation,
growth production level etc. About 1.7 million persons passed away every year due to water
contamination as word healthy organization demonstrated [20]. Thus, the availability of pure

water is a global issue that needs great consideration.

On account of wastewater composition and discharge volume of all industrial sectors,
textile industry is the most polluting [21]. Various adapted methods like filtration, evaporation,
and distillation were utilized to treat water as pure as possible. Apparently, nanomaterials are
surprisingly used for adsorption, and catalysis so as to make water more pure than traditional
counterparts. Although complete decolorization is challenging due to dyes complex structure and
stability, advanced oxidation process is crucial to enhance atmospheric air quality and to
decompose pollutants. Moreover, advanced oxidation process provides benefits like excellent
efficiency, fair cost, sustainable activity than the usual methods, and will lead complete
degradation. Despite such benefits, the toxicity and reusability of catalysts are still the limiting
factors upon application. To solve reusability issue, scientists have synthesized magnetic

catalysts so as to remove using external magnets.
2.2. Wastewater Treatment Techniques

Since water is very important for every walk of life, treating water was put in the eyes of
researchers’ world widely. They have tried to bring out new technologies with enough efficiency

in combined with fair cost [22].



2.2.1. Traditional techniques

The normal reception techniques such as sedimentation, coagulation, decantation, and
osmosis are inefficient to remove pollutants. For instance, coagulation is done by adding iron and
aluminum salts to the water [23]. It can only neutralize negatively charged species. In other
word, it is not sufficient to cure the wasted water. Therefore, advanced treatment is needed for

sufficient treatment.

2.2.2. Nanotechnology

Nanoparticles have gained a promising option to overcome issues associated with water
pollution. More importantly, nanomaterials brought unique properties owing to their higher
surface area, small size or high reactivity and well dispersability [24]. The higher specific surface
area and magnetic property allows them to adsorb excellently. Wasted water may contain heavy
metal such as Hg, Pb, Mo, besides organic and inorganic pollutants which all needs to be early
treated before worst effect happened. Adsorption is preferable due to effectiveness for a range of
pollutant, ease operation, flexibility, and minimum cost [25]. The Semiconductor metal oxides,
heterojunctions, and LDHs were applicable to make discharged water safe. In some instance,
metal oxides face a problem upon controlling their size in the desired range. It is common that as
sizes gets small and small, reactivity also enhanced. However, it needs other supporting materials
to minimize aggregation effect to insure the cyclic usage. Although the existence of drawbacks is
common, nanomaterials have high potential for water purification along with a very effective

approach [26].

2.2.2.1. Metal Oxides (MOs)

Various metal oxide semiconductors like WO3, TiO2, SnO,, and NbO, had been used for
water treatment under UV and visible light irradiation [27]. Despite the large band gap of metal
oxides like ZnO (3.2 eV) and MgO (7.83eV), both have got greatest consideration owing to low
cost, low toxicity, and possibility of mass production [28]. Magnesium oxide has its own
benefits like nontoxic, low cost and environmental friendly that was utilized in antibacterial
activity as well as heavy metal adsorbents [29]. Aqueous form of MgO forms magnesium

hydroxide which then dissociates into OH ™ that leads for adsorption of heavy metals.



Nanomaterials are also difficult to separate from a solution due to their small size.
Unsteady state also leads to aggregation outcome. One approach to overcome this problem is
work for further improvement on the synthesis process. Several reports proved that through
doping and co doping, it is possible to easier recoverability, and improve performance [30].
Nickel doped magnesium oxide through green synthesis route applying on the local accessible
plant named as Synadenium grantii was reported by Chen J et al.[31]. Nickel doped magnesium
oxide showed better methylene blue degradation than pure MgO. Moreover, crystalline size was
reduced from 29 nm to 20 nm upon using green mediated route. As a recent report stated that, the
antibacterial activity of silver doped MgO was better than both pure MgO and Ag [32]. Silver
enhances the production of ROS thereby promoting electron transfer.

Similarly, the large band gap of zinc oxide had been modified by doping with cadmium
for phenol degradation [33]. Doping is done to extend absorption band towards the visible
region. Co-catalyst has been also used to hinder recombination through providing additional
active site, interfacial charge transfer and acting as electron sink. Cu®* was utilized as a co-
catalyst to make zinc oxide active under visible light radiation. As stated in the report on
modification of zinc oxide, Cu**- ZnO showed an enhanced antibacterial activity than pure ZnO
and pure TiO, [34]. In addition to cation doping, anion doping into wide band gap
semiconductors can be used for the reduction of energy gap. Sulphur containing zinc oxide
nanoparticle (ZnO;.xSx) was synthesized using ZnO (3.37ev) and ZnS (3.5 eV) as a staring
material [35]. As doping is limited by the maximum dopability of the material, a new technique
was suggested to reduce band gap is through forming a composite of ZnO and ZnS which
resulted 2.07eV [36]. However, pristine metal oxides mostly encountered a challenge of
sufficient charge transportation besides unable to suppress recombination effect. Therefore, it is

better to combine metal oxides with other materials.

In addition to doping, a junction between metal oxides has been advisable to extend the
light response range of the individual metal oxides. Limitation of most photocatalysts is basically
circled on the insufficient solar light conversion efficiency owing to wide band gap value and a
consequence of low cycle life [37]. Many works have been done to form a junction between
materials. Reda et al.[38] stated for RhB dye photo degradation using Co0304-ZnO p-n

heterojunction which effectively reduces recombination through forming internal electric field at
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the junction interface. Because electric field is formed at the depletion region once charge
carriers drift in between Co30,4 and ZnO. They confirmed that photocatalytic activity of Co304-
ZnO was five times enhanced than done by ZnO. It is due to higher surface area and inhibiting
recombination obtained by the composite.

Ternary Ag/ZnO/ZnFe,O4 also shows better photocatalytic activity than binary
counterpart of ZnO/ZnFe,O,4 towards organic dye degradation [39]. The study had showed that
recombination of photogenerated electron-hole pairs can be inhibited by the combination of Ag,
ZnO and ZnFe;O, through forming type Il-band alignment and schottky barrier. Although
ZnFe,0O4 can absorb visible light due to lower band gap value (1.9 eV), photo generated electron
hole pairs recombine rapidly. Consequently, ZnF,0, shows poor photocatalytic activity. Once
ZnO and ZnFe,O, combined, they can form ZnO/ZnFe,O, composite. Moreover, both the
conduction band and the valance band value of ZnFe,O, are less negative than ZnO, it can form
type-11 band alignment. Therefore, recombination can be suppressed sufficiently as electrons
move to the CB of ZnO while holes are remain in the VB of ZnFe,0,4. On account of schottky
barrier formation, some of photogenerated electrons transferred from CB of ZnO to the silver
surface. Another ternary nano composite material, ZnO/CuO/ZnFe,0,4, was synthesized by
calcining the co-precipitation of Zn(NO3),, Cu(NOg3), and Fe(NO3)3 solutions [40]. It was applied
for MO removal. Here, the presence of narrower band gap CuO facilitates the near-infrared
region (NIR) photo Fenton like activity of ZnO. Initially, ZnO can only absorb in the UV region
while incorporating ZnFe,O, it just extends the absorption range to the visible region. Further
introducing CuO, extends absorption to NIR region. The above justifications are already

simplified as shown in Figure 2.1 below.
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Figure 2.1. p-n-p heterojunction in ZnO/CuO/ZnFe,0, nanocomposite [40].
2.2.2.2. Layered Double Hydroxides (LDHS)

Beside metal oxides, layered double hydroxides are also effective in treating pollutants through
both adsorption and degradation process owing to their stability and owned a special property
[12]. The higher accessible surface area enables them to adsorb toxic substances from
wastewater. LDHs have a general formula [M*?1xM*,(OH)2]™ (Axn) ™.mH0, also called
hydrotalcite clay since they are derived from the natural available mineral,
MgsAl,(OH)16C03.4H,0. Where M2 and M** are cations valance number , x is molar fraction
of metal ions and A" is inter layer anions like COs*, NOs', and CI” which are charge balancing
anions [41]. Because of possessing some of clays properties, LDHs are also called anionic clay.
Swelling in water, wide composition due to isomorphically substitution of various metal cations,
reactive species, and colloidal property all makes LDHs as clay like [42]. LDHs itself can
perform as catalyst, as precursor for other catalysts and as catalyst support for various
applications [43]. LDHs own several unique properties such as, a special memory effect, good
stability, cheap, and easy to prepare. Figure 2.2 as shown below displays a general structural
feature of LDHSs. It shows a layered arrangement containing anions on its interior part. The

layered structure is preserved by an existed water and hydroxyl anions on the inter layer.



e M2* or M** cation OH- anion

Figure 2.2. LDH sheet [44]

There are many reports on LDH catalysts for different applications [45-48]. Here are
some of LDH-based works reported for different applications. Synthesis of biodiesel using
MgAI-LDHs was reported by Hsu et al.[49]. Jia et al.[50] also summarized the amine-
functionalized MgAIl LDH nanosheets for Knoevenagel condensation. Another highly crystalline
CuAl-LDH was reported by Li et al. for methyl orange degradation through Fenton reaction [51].
The trend for MO degradation was pointed out as CuAl-LDH > MgAICu-LDH > MgAI-LDH.
These sequences tell that the degradation of MO is dependent on the content of copper ion. But
their result showed lower re-usability because of hindering hydrogen peroxide in making contact
with the active sites in combined with adsorption of pollutant intermediates on the surface.
Having sheet like morphology, Cu/Zn/Al nanocatalysts derived from LDH/MOF composites was
also done for CO, hydrogenation to methanol as reported by Zhao et al.[46]. NiFe-layered
double hydroxide/ graphene oxide was also reported by Cao et al. [52]. It was applied for
oxygen reduction. Furthermore, Zhao et al.[53] also used Co/Ni LDHs for dye wastewater
treatment. NiAICe—LDH also pointed out for organic dye wastewater degradation by Tao et al.
[54]. However, the efficiencies of LDHSs alone are lower under visible light irradiation. Hence,
the low energy conversion efficiency in LDH can be suppressed by dispersing photoactive
species in the LDH. Due to this reason, it is important to make composite with other

semiconductor materials or metal nanoparticles for effective utilization of sunlight energy.


https://www.sciencedirect.com/science/article/pii/S1876107019303773#!

2.2.2.3. LDH-MO junctions
A composite of LDH and metal oxides were used for different applications. Primarily,

such blending helps to extend the light absorption range as well as suppressing recombination of
photogenerated carriers. Recently, a novel Ni-Fe LDH/ZnO composite was synthesized for the
degradation of Rhodamine B.dye under light [55]. On the other work, in addition to dye
degradation, Ni-Fe LDH/ZnO nanostructures was proved for water splitting by Mustafa et al.
[56]. It was found that the dissolution of ZnO under light irradiation has been reduced through
combining with LDH than shown in pristine ZnO. Seftel et al.[14] also synthesized a composite
of CeO, nanoparticles with ZnTi-LDHs for phenol degradation. Nanoparticles of CeO, were
grown through in-situ way on to the reconstructed calcined ZnTi LDH surface at room
temperature. The composite material showed better thermal stability than pristine CeO,. Because
very high temperature is needed to remove sulfate ions in the interlayer region. Zheng et al. also
synthesized NiAI-LDH/MnO;, and NiFe-LDH/MnO, composites for high-performance
asymmetric supercapacitors [57]. It has been synthesized by loading of MnO, on LDH
nanosheets with the aid of redox reaction. In the same way, CeO;, has been used to extend
absorption towards visible light (VI) region. Despite various CeO, used for Vl-active
photocatalysis, CeO, still needs a support for better stability and suppressing charge
recombination. Considering this idea, Nayak et al. showed a visible light induced CeO,/MgAl-
LDH for water reduction as shown schematically in Figure 2.3 [58]. Optimization had been done
through varying the dose of Ce(NO3)3.6H,0. Specifically they found that 5 wt% CeO, exhibits
higher photo catalytic activity. At 5 wt% CeO, CeO, nanorods size is narrower thus allows to
homogeneously distribute and leads high surface area. CeO; also plays a role by reducing
diffusion path for charge carriers and makes easy transfer of surface charge to the surface of
MgAI-LDH. Excessive CeO, may not bring enhanced activity due to shielding effect,
agglomeration of CeO, nanorods and reduction of interfacial area. Consequently active sites

wrapped in response to excessive CeO; so that H, production level gets minimum.
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Figure 2.3. Graphical abstract of CeO,/MgAI- LDH composite [58]

With a similar manner, the light response of TiO, was improved by combining TiO, with MgAl
LDH as reported by Lu et al.[59]. The LDH functioned as a support to well disperse TiO,
nanoparticles. Another LDH supported metal oxide, ZnO-MgAl LDH composite was also
reported by Zhi et al.[60]. The composite material showed good dispersion of ZnO nanoparticles
on the LDH surface without aggregation so that better accessible area and adsorption capacity

maintained.

Furthermore, many research works have been done on exchanging foreign anionic species in the
interlayer of LDH. Using this method, MgAI-LDH intercalated with EDTA which acts as a
chelator was synthesized to take up heavy metal ions like Cu®*, Cd**, and Pb** from water [61].
But citrate, tartrate, and malate intercalated LDH are more suitable than EDTA-LDH. It is due to
the availability and huge commercial usage. Carboxylate ions such as citrate, oxalate, tartrate,
and malate were also intercalated with MgAI-LDH [62]. Principally they aimed to produce
carboxylic acid intercalated LDH through reconstruction method from calcined LDH (LDO)
other than using the usual co-precipitation method. But, this new way of synthesizing route helps
to reduce the presence of other un-wanted anions like chloride, nitrate, and carbonates besides
able to work under free of nitrogen-atmosphere. Also, an ionic surfactant named Sodium
dodecylsulfonate (SDS) is intercalated into Mg-Fe-LDH and acts as a structure directing agent
through changing the inter layer distance besides modifying cluster state of crystals [63]. Figure
2.4 shows that LDHs can act as a precursor for synthesizing metal oxides as well owns a memory
11



effect behavior. In other word, if necessary, it can maintain its originality upon reconstructing

metal oxides in a solution.
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Figure 2.4.Representation of methods of preparation and modification of LDH.
https://ars.elscdn.com

The following tabulated works are LDH based reports for different activity with improved result
than the pristine materials brought.

Table 2.1. Summary of LDH based studies

LDHs Working Activity Pollutant type or | Ref.
Mechanism chemicals
CeO,-ZnTi LDH Photodegradation | 90% of phenol is completely | Phenol [14]
removed
ZnO-MgAI LDH Adsorption BET surface area of MMO | Acid red G [60]

(257 mP/g) is much larger
than LDH (87 m%/g)

Cu,0/ZnAl-LDO | Photodegradation | 90.18% under visible light Methyl orange (MO) | [64]

12
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CeO,-MgAI-LDH | Photodegradtion | Degrade~96% of 100ppm of | Phenol [65]
4-cp in 5hr.
CeO,-MgAI-LDH | Oxidation H, evolution rate is 990w/c | Water splitting [58]
is 1.98 times than pure CeO;
WOs/Fe;03/NiFe- | Oxidation Photocurrent  density  of | Water splitting [66]
LDH 3mAcm 2, which are 5 times
and 7 times of WO; and a-
Fezog.
ZnS-ZnO/ZnAl- Photocatalysis H, production of 1599 | Water splitting [67]
LDH umolh™g™
WO3-x/Ag/ZnCr Visible Light- | H, evolution (29375 umol | Tetracycline [68]
LDH Induced g'h)&TC degradation and H
Photocatalyst Evolution
removal (92% in 90 min)
AgsPOs-ZnAl- Photodegradation | 49.3 times as high as that of | Tetracycline [69]
LDO pure AgsPO4
Nb,Os-ZnAl-LDH | Photodegradation | 85% degrade under visible | Congo red [70]
light
CuAl-LDH Photodegradation | 99.1% in 10 min Methyl orange (MO) | [51]
Starch —NiFe-LDH | Adsorption Maximum removal of 99 and | Anionic methyl | [71]
90% orange
CoAl- Photoelectro- 2-fold enhancement in Water oxidation [72]
LDH@BIiVO, chemical
the oxidation efficiency and
IPCE value
Ti0,/GR/NiFe- Photo- Photo-conversion efficiency | water splitting [73]

LDH

electrochemical

(0.58% at 0.13 V) and

13




photocurrent  density(1.74
mA cm? at 0.6 V)

LDH-based Fenton-like 87-97% decolorization of | Adsorption and
_ Adsorption and | Eriochrome black T dye | catalysis coexist
CoO-NiFe;04 catalysis coexist | (EB) within 120 min

[74]

2.3 Fenton Reaction

Relative to the other AOPs, Fenton process is easy to run, does not need other energy,
and able to degrade many pollutants non-selectively. Fenton process is based on iron and its
compounds as a catalyst. During Fenton process, hydrogen peroxide just reacts with iron to
bring out reactive species. Although it is crucial, the liquid nature of hydrogen peroxide is
unstable, and will easily decompose [75]. In spite of the easier working mechanism, the classical
Fenton process always works on acidic range. It cannot work at a pH range out of acidic media.
As the pH gets above 4, iron sludge forms which eliminates the cycle of reactive oxygen species
generation. Generally, an optimal pH range is required. In some instance, low pH does not
always lead enhanced pollutant degradation. Owing to the acidic environment, part of catalysts
will leach out, unable to recycle, and need of more filtration before discharge the solution. In
addition to losing the active species, the sludge formation at high pH will also lead secondary
waste on the environment [76]. All those drawbacks put a black hole on the most unique benefits
obtained by Fenton process. Therefore, optimization is required for overcoming the drawbacks of

the conventional Fenton process.

Heterogeneous Fenton process is one of the optimization processes for the conventional
Fenton process. The loss of iron species has been resolved by using heterogeneous Fenton
process. In doing so iron species immobilized on the supports like clay [77], and graphene [78].
Such supporters prevent iron species from immersing in the solution as it gives a site for long
term persistence [79]. Realizing the synergistic benefits, iron-copper bimetallic was synthesized
to enhance catalysis at neutral environment [80]. In addition to the higher rate of cycling

Cu*/Cu?®* than Fe?/Fe**, copper can react with H,O, and able to work on broad pH range .
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Heterogeneous electro-Fenton process has better stability, large pH range workability and
reusability than conventional Fenton process [81].

Unlike Heterogeneous Fenton process, the other Fenton optimizations require extra energy.
Photo-Fenton is one of the energy based optimization method which uses ultraviolet or visible
light to facilitate the reduction of Fe** to Fe?*. Under photo Fenton reaction, H,O, is decomposed
to hydroxyl radical with the aid of Fe ions. Besides maintain the cycle of iron species, the light
will lead to direct decomposition of H,O, into hydroxyl radical [82]. Maezono et al. reported that
Photo Fenton is effective for discoloration of Orange Il [83]. They had proved that UV light
caused not only the generation of «OH radicals but also facilitates the iron cycle.

The other optimization for conventional Fenton process is electro-Fenton process. The name
electro-Fenton stands from the combination of conventional Fenton process with
electrochemistry. The basic target in this method is to reduce handling, transportation and
storage difficulty of H,O; as well as maintain the cycle of iron species. During the process, H,0,
is in situ way generated through the reduction of O, on the cathode [84]. Additionally iron sludge
production is reduced and the oxidized iron also reduced to Fe?*on the cathode. Even though the
way electro-Fenton process works is interesting, the low yield of H,O,, low current density and
low conductivity are the common drawbacks. As reported by Ganiyu et al. electro-Fenton
process works over a broad pH range [85]. They proved that 66% of organic pollutants were
removed with in the pH range between 2 and 7.1. Generally, not only optimal pH range but also
the concentration of hydrogen peroxide concentration should be limited. Under Fenton process, it
is common that removal efficiency increases with the increasing of H,O, concentration. But,
excess H,O, will reduce the available *OH thereby scavenging effect [86]. All the above listed
optimizations haven’t brought cost beneficial. Therefore, it is preferable to find out other
alternative materials which can overcome these problems. In other words, instead of externally
add hydrogen peroxide, focusing on in-situ way of generating H,O; is advisable. Previously, the
difficulty of transportation and storing the liquid hydrogen peroxide was common. The direct
synthesis of H,O, using precious metals like gold, silver, and platinum to catalyze the reaction
between H, and O, were adapted. But, this approach has limitations like cost due to precious

metals, and the minimum solubility of O, and H, in water [87].
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As a result, this time, in-situ generation of H,O, has attracted much attention. For
instance, Yang et al. observed magnesium—carbon nanotube composites for the in situ generation of
H,0, [88]. Recently, CNTs-Fe-Cu composite was also produced by a liquid phase reduction
method and able to work even at neutral condition besides generating H,O, for the degradation
of sulfamerazine [89]. Similarly, Zn-Fe-CNTs was synthesized for sulfamethoxazole degradation
[90]. But, it results low productivity of H,O, than copper based Fenton performs. As it can able
to perform at neutral condition, there is no need of treatment for the discharged solution at the
end of reaction. The in-situ generated H,O, immediately converted into the reactive oxygen
species radicals by CNTs-Fe-Cu. This leads not only the reduction of risks upon transportations
of H,O, but also accelerated the efficient utilization H,O,.

Profoundly, metal peroxides like CaO,, NaO,, and MgO, have been also considered as an
alternative source of hydrogen peroxide and confirmed to be a technically feasible to run Fenton
process. Recently, MgO, were used as a best alternative oxidant [91]. Although the
decomposition of H,0, is catalyzed by Fe**, it is common that iron will precipitate as iron
sludge. Consequently, the recyclability of Fe**/ Fe** becomes a challenge issue as it is common

in iron based Fenton reaction [92]. The sludge starts to form at a pH value of 4.

Table 2.2 includes different metal peroxides with the corresponding active oxygen content

generated in aqueous media.

Table 2.2. Comparison of active oxygen content and purity of different oxidants

Oxidant Molecular formula Purity (wt%) Active oxygen | References
content wt %

Magnesium peroxide | MgO, 94.26 26.93 [93]

Calcium peroxide CaO; 70 15.6 [94]
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Zinc Peroxide Zn0; 73-80 12-13 [95]
Barium peroxide BaO; 95 9 [96]
Hydrogen peroxide H»0, 30 14.1 [97]

Herein, a heterojunction of magnesium peroxide with CuAI-LDH was produced. It was

synthesized through in-situ growth of magnesium peroxide nanoparticles on the surface of CuAl

LDH using a reference as reported by Seftel et al.[14]. It works by taking the synergistic benefit

of the LDH and metal peroxides. Initially the LDH adsorbs pollutants through electrostatic

attraction followed by an ion exchanging capability. Then, magnesium peroxide generates

hydrogen peroxide and then adsorbed pollutants are degraded through Fenton reaction

mechanism.
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3. MATERIALS AND METHODS

3.1. Chemicals and Reagents

All materials and reagents were used without further purifications. Cu(NOs3)..3H;0,
AlI(NO3)3.9H,0, NaOH, Na,CO3; (99%), 99.5% of isopropanol (CH;CHOHCH3), ammonium
hydroxide (NH,OH), MgCl,.6H,0, H2SO4, H,0; (30%),10ppm of MO stock solution, 99.5%
purity of ethylene diamine tetraacetic acid disodium salt or Na;EDTA (CioH14N2Na,Og-2H,0),
and ethanol (C,HsOH, 99.9% ) were used in this experimental work.

3.2. Apparatus and Instruments

Shimadzu XRD -7000 x - ray diffractometer determined with Cu Ka (A=1.54056 A) at a
scanning rate of 4%min over 26 of 10° to 80° magnetic stirrer, centrifuge, ultrasonicator,
Fourier transform infrared spectroscopy with model of FTIR-6600 type A, scanning electron
microscope (SEM, COXIEM-30), UV-Vis spectrometer of type UV-3600PIus Series. Silica glass
beaker, test tube, pipettes, glove, pH meter, and volumetric flask were also used in this

experimental work.
3.3. Synthesis of CuAl-LDH Catalysts

CuAl LDHs was synthesized through the co-precipitation method [98]. Typically, 15 mmol of
Cu (NO3),.3H,0 and 7.5 mmol of Al (NO3),.3H,0 were dissolved in 100 mL distilled water. It
was stirred for 2h with a molar ratio Cu to Al of 2:1. Under stirring, an aqueous solution of 1.2M
Na,CO3 and 0.6M NaOH were dropped to the salt solution until pH becomes 9. Keeping the pH
value 9, it was stirred at room temperature for another 10 h. Finally, precipitate was separated
through filtration and washed with distilled water and ethanol. At the end, the as synthesized

precipitate was dried at 70 °C for 20 h and CuAl-LDH powder was obtained.
3.4. Synthesis of MgO,

Using in-situ growth method as reported on the literatures [99, 100], 10 mL of H,O, was added
to 2g MgCl,.6H,0 solution of 20 mL distilled water and stirred for 2h at room temperature.
Then, 2M of NaOH was dropped until white foam formed and further stirred for 3h until the

foam broken down. The milky white colored precipitate was aged for 18 h. Before it was dried at
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100°C with in 2h, the precipitate was washed with distilled water, ethanol, and finally with

ammonia solution until pH reaches neutral.

3.4. Synthesis of CuAl-LDH/MgO, Composites

In a particular method, 0.35 g CuAl-LDH, 0.5 g CuAl-LDH and 0.65 g CuAl-LDH were added
on different beakers containing 50mL distilled water. The measured amounts were dispersed at
room temperature for 30 min to produce homogeneous suspension of (7, 10 and 13 mgmL™),
respectively. Then, 2.36 g, 1.81g and 1.26 of MgCl,.6H,0 were added into the above suspension,
respectively. The suspensions were further stirred for 1 h at room temperature. pH was adjusted
to 12 using 25 mL of 2M NaOH for each suspensions. Keeping pH constant, 10 mL of H,O, was
dropped to each beaker and further stirred for another 4 h. The resulted mixtures were aged at
room temperature for 16 h for better crystallinity. The obtained precipitates were washed with
water and ethanol. At the end it was dried at 100 °C for 2h. Based on the mass concentration of
CuAl-LDH (7, 10 and 13 mgmL™), the composite was labeled as CuAl-LDH/MgO,-7, CuAl-
LDH/MgO,-10 and CuAI-LDH/MgO,-13, respectively.

3.5. Characterization of the Catalyst

X-ray diffraction analysis was done using Shimadzu XRD -7000 diffractometer. Diffraction
patterns was determined with Cu Ko (A=1.54056 A) at a scanning rate of 4°/min over 26 of 10°
to 80°. The measurement condition also runs with a voltage of 40kv, and 30mA. Scanning
electron microscopy (SEM), COXIEM-30, was used to observe the surface structure of catalysts
with the corresponding energy-dispersive X-ray spectroscopy (EDX) measurement for elemental
analysis. XRD-7000, SEM, and UV-3600 Plus machines were South Korean made. Fourier
transform infrared (FTIR-6600type A) analysis was conducted on different samples to
investigate the composition and bonding status of functional groups. It was on the range of

399.19 to 4000 wavenumber (cm™) with a scanning speed of 2mm/sec.
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3.6. Catalytic Degradation

The degradation of MO was determined by using Shimadzu-3600 Plus UV-Vis
spectrophotometer in wavelength range of 200-800 nm. First 10ppm of 1000mL methyl orange
stock solution was prepared. Then, 50 mL of 10ppm methyl orange (MO) solution was placed in
a beaker. Subsequently, 20 mg of as-synthesized catalysts were added under neutral condition at
room temperature. Under stirring, 5SmL of the reaction solution was taken by plastic syringe at
every 20min interval for measurement of residual concentration of MO. The concentration of

MO was determined using UV-vis spectrometer.
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4. RESULTS AND DISCUSSIONS
4.1. XRD Result Analysis

Figure 4.1, shows the XRD pattern of as-synthesized CuAl- LDH, MgO- and CuAl-LDH/MgO,
composites. In detail, Figure 4.1a-e shows the pattern of MgO,, CuAl- LDH, CuAl-LDH/MgO,-
7, CuAI-LDH/MgO,-10 and CuAl-LDH/MgO,-13 respectively. As evidenced by peaks on the
XRD result, the amorphous nature of MgO; leads that MgO, rarely lay out on the diffraction
peaks of CuAl-LDH/MgO; composite in a similar manner to article pointed out recently [57].
Consequently, the diffraction patterns of CuAl-LDH/MgO, resemble that of the CuAl-LDH
patterns. The diffraction peaks of CuAl-LDH/MgO,-7 gets minimum which is due to the lower
content of LDH and the dominant phases of MgO; presented in that particular catalyst. The
decrease in crystallinity is also an indicator of the non-regular arrangement of magnesium
peroxide on the LDH. The typical diffraction peaks at 26 value of 11.73°, 23.59°, 32.74°, 35.47°,
40.22°, 47.97°, and 60.3° corresponds to (300), (006), (009), (012), (015), (018), and (110)
planes of hydrotalcite-like materials, respectively, (JCPDS card 37-630) [101]. The presence of
several planes is a straightforward verification of higher crystallinity. It is a good justification of
the inherited periodic interlayer of LDHs. The XRD patterns show the formation of the layered
double hydroxide which is shortened as CusAl,(OH)15C03.4H,0. Moreover, the peaks at 11.73°
is corresponds to carbonate (COs%) intercalated in the LDH. It is resulted from Na,COs as a
precipitant in addition to CO; intercalation from the atmosphere. In Figure 4e, three broad peaks
were also obtained at 37.2° 53.4° and 63.4° corresponding to (200), (220) and (311) planes of
MgO., respectively, (JCPDS No0.76-1363) [91]. The as-synthesized MgO, was pure at which
there is no extra peaks corresponding to MgO and Mg(OH), similar to a recent report [93]. The
thickness of each peak is broader and shows smaller crystalline size. The crystalline size of the
MgO, was calculated to 2.9nm, using Scherrer equation [14]. The lower crystalline size of
magnesium peroxide leads to better dispersion upon forming a composite with the layered

double hydroxide.

Where, D is crystalline size, k is shape factor, A is x-ray wavelength,

B is broadening at half maxima intensity (FWHM) and 6 is Bragg’s angle.
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In general, the result reveals that LDHs allow other particles to grow with better dispersion.
LDHs provide a site to grow magnesium peroxide along with inhibiting the irregular growth of
Mg02

10 20 30 40 50 60 70 80

20 (d
20(degree) {degree)

Figure 4.1. XRD patterns of (a) MgO,; (b) CuAl-LDH; (c) CuAI-LDH/MgO,-7; (d) CuAl-
LDH/MgO,-10 and (e) CuAI-LDH/MgO,-13

4.2. SEM Analysis

Figure 4.2a—d also shows the scanning electron microscope (SEM) images of CuAI-LDH,
MgO, and LDH/MgO,-10 respectively and the corresponding SEM-energy-dispersive X-ray
spectroscopy (SEM-EDX) of LDH/Mg0,-10 is also included. As shown in Figure 4.2a, flake like
morphology was found for CuAl-LDH catalyst. While MgO, nanoparticles exhibit a cluster of
particles as shown in Figure 4.2b. The presence of clustered particles is because of irregular
growth implies that the as-synthesized MgO, nanoparticles have a large surface energy as
common in small size nanoparticles. In response to its smaller crystalline size, pristine MgO,
cannot bring well dispersion. However, based on Figure 4.2c, hardly detected any clustered
particles when magnesium peroxide grows on the LDH. This could be due to magnesium
peroxide particles are immobilized by the presence of LDH support. Hence, consistency of
platelets in both CuAI-LDH and CuAIl-LDH/MgO. is shown on the SEM micrographs. The very
small crystalline size of MgO, particles may lead it to hardly saw on the SEM display unless

backscattered SEM used. This is an indicator for the better correlation in between SEM analysis
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and XRD justifications. SEM-EDX was used to evidence the presence of elements like Cu, Al,
O, Mg, and C in CuAI-LDH/MgO- -10 as shown in Figure 4.2d. This study is well matched to
other LDH based works [102]. Overall, SEM analysis has been well matched with the XRD
conclusions saying that MgO, nanoparticles seldom displayed on the LDH sheet as well
imposing negligible alteration on the LDH morphology despite non-precise structural analysis.
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Figure 4.2. SEM images of (a) CuAI-LDH; (b) MgO; (c) CuAl-LDH/MgO,-10; (d) EDX
measurement of CUAI-LDH/MgO,-10
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4.3. FTIR Analysis

The composition and bonding status of functional groups are also examined by Fourier

transform infrared spectroscopy (FTIR) analysis as shown below.
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Figure 4.3. FTIR spectra of (a) CuAI-LDH; (b) CuAI-LDH/MgO,-10

Figure 4.3 indicates the FTIR spectrum of CuAl- LDH and CuAl-LDH/MgO,-10. The broad
adsorption peak at 3340cm™ attributed to the OH-stretching modes of interlayer water and
hydroxyls together with bending modes at 1640cm™. The absorption peak at 1330cm™ was
associated to the v vibration mode of COs*. The two weak absorbance bands at 1066 and 873
cm-* indicate v; and v, modes of carbonate anions [51]. The weak absorption band at 619 and
453 wavenumbers were appeared due to the lattice vibration of metal oxygen (M-O, M-O-M
and O—M-O groups). In the composite (curve b) OH stretching is relatively week while CO5*
vibrations are stronger than its vibration in the LDH. Generally, the presences of such vibrations
demonstrate the intercalation of water molecules and carbonate ions into the interlayer spaces of

CuAl-LDH.
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4.4. Catalytic Activity

All the experiments were run at room temperature under dark condition. The catalytic
performance of CuAl-LDH, MgO; and CuAl- LDH/MgO; composites were measured using UV-
visible spectroscopy at a range of 200-800 nm wavelengths. Besides adsorption, there is no
degradation shown by CuAl-LDH as shown in Figure 4.4b. In other word, once it reaches its
maximum adsorption capacity for the incoming MO pollutant, it doesn’t show any degradation
[103]. Although the time has been prolonged to100min, no more difference on activity after
20min. Based on Figure 4.4a, MgO; by itself cannot perform well in the degradation of MO.
Because without other reagents, peroxides hardly give rise to the formation of active species
[100]. Rather it converts into harmless products like water. On the other hand, the composite
form of MgO, and CuAIl-LDH lead to both adsorption and degradation outcome as shown in
Figure 4.4c-e. Among the composites, CuAI-LDH/MgO,-7 shows minimum performance as
shown in Figure 4.4c. It is because of poor dispersion of magnesium peroxide in addition to the
minimum available copper to produce hydroxyl radicals. This can also be further confirmed by
looking up the lower crystallinity of the LDH presented in that particular composition. The effect
of different dosage of CuAl-LDH and MgO, on the composite was investigated upon
decomposing methyl orange. Among the composites, maximum activity was obtained by CuAl-
LDH/MgO,-10 as shown in Figure 4.4d. This composition is attributed to the existence of both

optimal copper and oxidant with a consequence of best catalytic activity.
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Figure 4.4. Absorbance versus wavelength patterns of (a) MgO.; (b) CuAl-LDH; (C) CuAl-
LDH/MgO,-7; (d) CuAI-LDH/MgO,-10 and () CuAl-LDH/Mg0,-13
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The degradation efficiency of MO by CuAl-LDH/MgO,-10 composite is highest after

100 min. This particular composition suggests that both copper and H,O, are main components

for the generation of optimal active oxygen species. On the other hand, CuAl-LDH/MgO,-13

composite shows good performance next to CuAl- LDH/MgO,-10 composite. It can be due to

the higher copper content. Initially CuAl-LDH/MgO,-13 performs well, but as time goes on it
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doesn’t work as CuAl- LDH/MgO,-10. One reason may be the lowest peroxide generation due to
the lower amount of MgO; in the LDH/MgO,-13 composition. The degradation efficiency of
MO is calculated by applying equation (2). As a result, 97% of MO initial concentration was

degraded.
% degradation = (1-Ci/Co) X100 .......oimiiiiieieeiee e (2

Where C, is initial pollutant concentration & C; is the concentration of pollutant at some time‘t’
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Figure 4.5. Percentage removal versus time graph.

Generally, by realizing the composition of synthesized samples and the above performance
graphs, it is possible to deduce as follow. In addition to obtaining enough H,O, from MgO in
aqueous media, it is the higher content of copper that can able to generate more ROS thereby

degrading peroxides.

4.5. Effect of pH

pH effect is an essential parameter for the oxidation potential of *OH radicals [104]. Experiments
were done for acid and neutral condition to realize initial pH effect. The pH was adjusted by
using 0.01 M of H,SO,4 and 0.01M NaOH. As shown in Figure 4.6, the degradation of MO was
higher at pH value of 3.6 than in neutral state. At lower pH, adsorption of negatively charged
MO gets intensified due to positively charged catalyst surface of the LDH. Besides that, it is

because of hydroxide radicals which have higher power to oxidize pollutants in acidic media.
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Thus, more hydroxyl radicals form at low pH along with enhancing degradation efficiency [105].
While at higher pH, there is a competition between OH ion and methyl orange for the same site
of positively charged LDH layer. As a result, performance gets lower and lower relative to the
acidic media as there will be less adsorbed MO to be degraded by radicals.
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Figure 4.6. Effect of initial pH on MO degradation using CuAl-LDH/Mg0O,-10

4.6. Trapping Experiments

To investigate the need of active oxygen species, Na,EDTA was used as transition metal
chelator , and isopropanol as hydroxyl radical quencher [106]. Typically, 10mM Na,EDTA and
0.2 mL of isopropanol (10mM) were separately added to 200 mL of 10 ppm of MO solution
followed by adding 0.0895g of LDH/MgO, -10 catalyst. As depicted in Figure 4.7, the presence
of Na;EDTA grabs or chelates copper so that adsorption gets minimized. In turn, it has
antioxidant property and free radical quenching activity. Besides grabbing copper, Na,EDTA can
also indirectly act as scavenger of ROS thereby reducing the available copper and decreasing the
formation of *OH obtained by Fenton reaction system [107]. The residual concentration of MO is
close to zero without scavengers within 100min. When scavengers exist, concentration versus
time values exhibit a little change. This result suggests that both copper and *OH play basic role

for the degradation of methyl orange.
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Figure 4.7. Radical quenching effect on MO degradation using CuAl-LDH/MgO,-10

4.7. Kinetics of MO dye degradation

Figure 4.8 a shows the degradation kinetics of MO by different catalysts with time. The first
order rate constant for an optimal MO degradation is 3.14 x 102 min™* (Table 4.1). The rate
constant of CuAl-LDH/MgO,-10 is 4.4 and 44.8 times larger than CuAl-LDH and MgO,
respectively. The regression coefficient values corresponding to each catalyst is also listed in
Table 4.1. It tells how good each data’s correlate one another. First order reaction is conveyed by
equation (3) and the resulting values are tabulated as listed in Table 4.1.

IN(C/Co) = =Kt (3)

Where, C, is initial concentration and C; concentration of MO at a reaction time t

K; is Pseudo-first kinetics rate constant
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Table 4.1. First order rate constant for MO

Composition Ky(min™)x1o7 R?, for first order R?, for second order
CuAl-LDH 0.72 0.98 0.99

MgO; 0.07 0.83 0.83

LDH/MgO,-7 0.32 0.92 0.92

LDH/MgO,-10 3.14 0.84 0.78
LDH/MgO,-13 1.08 0.99 0.97

ln(Ct/CO)

Other authors also reported that the degradation of dyes under Fenton reaction follows pseudo-
first-order [104, 108].
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Figure 4.8. (a) degradation kinetics of MO by different catalysts and (b) bar diagram plot of rate
constant values for different catalysts

4.8. Re-usability Test

The stability of the catalyst is an important factor for practical usage. In this work, the

stability was evaluated by running four cycles. Typically 200 mg of CuAl-LDH/MgO,-10

catalyst was added into 500 mL of 10 ppm methyl orange solution. After 100 min, the first run

was ended up and followed by allowing catalyst to settle for 2h. Then, the catalyst was filtered
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and re-used for the next remain runs. The difficulty in transporting hydrogen peroxide upon
conducting Fenton reaction has been remained as a common challenge. In earlier work, Li et al.
stated that CuAl-LDH for MO degradation doesn’t show persistent activity for multiple run
[51]. In this work, the recyclability of as synthesized catalyst is very high relative to earlier
studies on degradation of MO by LDH despite consuming time. As H,O, generated in-situ way,
it shows consistent activity for multiple runs. Furthermore, the XRD diffiracton patterns after
proceeding cylic runs resembles the pattern of the composite before a reaction. This further

pinpoints the better stability owned by the as-synthesised composite.
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Figure 4.9. (a) Re-usability and (b) XRD of CuAl-LDH/MgO, -10 before and after cyclic test.

4.9. Degradation Mechanism

Initially MO pollutants adsorbed by the catalyst through electrostatic attraction. Under aqueous
media magnesium peroxide starts to generate hydrogen peroxide while copper from the
hydrotalcite layer converts the generated peroxide into active oxygen species. Once those active
species formed, MO starts to decompose into non-toxic products like CO,, and H,O. The
generation of *OH through Fenton reaction is dependent on the content of available reagent and

peroxide.
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Hydrogen peroxide generation mechanism and degradation process can be described by the
following equations.

MgO, + H,0 —=—= MgO + H,0, (4.4)
H,0; + Cu®*  ———= +OH+ OH + Cu* (4.5)
Cu”*+H,0, ———> Cu"++HO,+H" (4.6)
«OH+H,0, — >  +HO;+ H,0 (4.7)

Figure 4.10. Schematic diagram of catalysis to degrade MO
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5. CONCLUSION

In summary, a new catalyst is fabricated through in-situ growth of magnesium peroxide on the
LDH sheet. Basically, a modified pathway of the conventional Fenton reaction process is used.
Under aqueous media and dark environment, the as synthesized catalyst itself able to produce an
oxidant. Consequently, it is less economical in comparison to photo Fenton process which
always needs a light irradiation. The as-synthesized catalyst was analyzed with different
characterization tools with a result of good correlation. For instance the amorphous nature of
magnesium peroxide shows poor crystallinity as depicted in the XRD graphs. Likewise, owing to
the smaller size of magnesium peroxide, it barely alters XRD peaks and the morphology of the
composite isn’t precisely determined using SEM. Furthermore, FTIR confirms the formation of
hydrotalcite. Hence the presence of CO;*, and “OH indicates the intercalation of water
molecules and carbonate ions into the interlayer spaces of LDH. Besides that, as cross checked
by EDX analysis of LDH/MgO,-10 catalyst and trapping experiments, it is the higher content of
copper that plays the major role for the degradation of MO. The essentiality of both copper and
hydroxyl radical are just well confirmed by running trapping experiments. In doing so activity is
suppressed in response to the existence of both scavengers. Both LDH and MgO, catalysts alone
don’t show continuous improvement even though reaction time increases as seen in
concentration versus time plot. While their composite forms leads enhanced activity which is a
good implication to the synergistic outcome from each individual. The composite catalysts bring
persistent improvement thereby adsorbing and also through degradation in response to the
generated hydroxyl radical. On the other hand when pH decreased to acidic range (3.6), the
removal efficiency of MO is increased from 32% to 83% within 20min. This is attributed to an
optimum adsorption of negatively charged MO by LDHs when reaction proceeds at acidic range.
But, acidic media leads to secondary disposal treatment and leaching of catalyst parts as a result
reusability will become difficult. Generally, a new insight for overcoming external chemical

supply together with eliminating the requirement of a short pH range was obtained.
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6. RECOMMENDATIONS

Realizing the unique properties of LDHSs, it is better to further work on dealing with synthesizing

LDH based composites.

% Rather than magnesium peroxide, it is better to find out other metal peroxides which can
able to worth a dual function, meaning generating peroxide as well producing hydroxyl
radicals.

% For optimal performance, not only peroxides but also enough content of a reagent that

converts peroxide into hydroxyl radical is required.
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