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Abstract 

The adage of new generation of fine chemicals process is the best process applied in the absence of conventional 

methods. However, many methods use different reaction parameters, such as basic and acidic catalysts, for exam-

ple oxidation, reduction, bromination, water splitting, cyanohydrin, ethoxylation, syngas, aldol condensation, Mi-

chael addition, asymmetric ring opening of epoxides, epoxidation, Wittig and Heck reaction, asymmetric ester 

epoxidation of fatty acids, combustion of methane, NOx reduction, biodiesel synthesis, propylene oxide polymeriza-

tion. Layered Double Hydroxides (LDHs) have received considerable attention due their potential applications in 

flame retardant and has excellent medicinal property for reducing acidity. These catalysts are characterized using 

analytical techniques, such as: X-ray diffraction (XRD), Fourier-transform infrared (FT-IR), Raman spectroscopy, 

Thermogravimetric-Differential Thermal Analyzer (TG-DTA), Scanning electron microscope (SEM), Transmission 

electron microscopes (TEM), Brunauer-Emmett-Teller (BET) surface area, N2 Adsorption-desorption, Temperature 

programmed reduction (TPR), X-ray photoelectrons spectroscopy (XPS), which gives its overall picture of its struc-

ture, porosity, morphology, thermal stability, reusability, and activity of catalysts. LDHs catalysts have proven to 

be economic and environmentally friendly. The above discussed applications make these catalysts unique from 

Green Chemistry point of view since they are reusable, and eco-friendly catalysts.  
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1. Introduction 

Anionic clay materials are a class of LDHs 

and the general formula of LDHs is 

[MII
1−xMIII

x(OH)2]X+[(Am−)x/m.nH2O]X+, where 

M(II) and M(III) are the metal species being di- 

and tri- valents and A is an anion (Figure 1) [1]. 
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LDHs are the host-guest materials consisting of 

positively charged metal oxide/hydroxide sheets 

with intercalated anions and water molecules 

[2]. There are enormous applications of LDHs 

catalysts, with few examples used as support for 

different catalytic materials [3–5] and as cata-

lysts for organic transformations such as epoxi-

dation reaction of olefins (styrene, cyclohexene) 

Mg-Al hydrotalcite [6], Aldol and Knoevenagel 

condensation Ni-Al hydrotalcite [7], Heck-
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Suzuki reaction Mg Al-LDH-Pd° [8], hydroxyla-

tion of phenol, Michael reaction, transesterifi-

cation CoNiAl hydrotalcite, LDHs as oxidation 

catalysts [9–11] and CO2 absorbents [9], anion 

exchangers Ni-Al-LDH-Sn [10]. LDHs has vast 

applications in the area of environmental       

catalysis (Table 1), CuMgAl LDHs, which can 

be used in diesel engine soot [11–13], ion ex-

change/adsorption [14], drugs-Levodopa LDH 

nano composite shows minimal toxicity poten-

tial of a PC12 cell Parkinson’s disease model in 

a dose [15], anti-cancer nano medicine [16], Ly-

sozyme-LDH for antimicrobial activity [17], 

MgFe LDH-Mo can be used for degradation of 

methyl orange by photochemical method [18], 

Iron(III) Porphyrin MgAl LDHs [19,20], electro-

active and photoactive materials MgAlCu Hy-

drotalcite [12], electrochemistry [21,22], fuel 

cell, and water splitting [22–26], LDHs carbon 

nano composites Ni/Co supercapacitors [27], 

Mg Al LDHs nano flakes humic acid adsorption 

[28], Biochar-Fe LDH for phenol removal [29], 

waste water treatment [30], LDHs nano carri-

ers for drug delivery [31], LDHs based nano 

systems for cancer therapy [32], NiCo2S4@NiFe 

LDH hollow spheres as electrocatalysts [33]. 

Many reviews have been published focusing 

over particular examples, i.e. LDHs [34], LDHs 

hybrids [35], nanocarbons [36], Graphene 

LDHs nanocamposites [37], biomaterials-LDHs 

[38], LDHs preparation by continuous flow pro-

cess [39], LDHS [40], LDHs present and future 

[41], synthesis characterization and applica-

tions [42], synthesis of new hydrotalcite type 

catalysts [43], intercalation method of organic 

molecules into LDHs [44], microwave-assisted 

synthesis on the physico-chemical properties of 

pamoate-intercalated layered double hydroxide 

[45], microwave hydrothermal treatments on 

the crystallinity properties of hydrotalcite-like 

compounds [46], microwave effect during aging 

on the porosity and basic properties of hy-

drotalcites [47], effect of synthesis conditions 

on the formation of layered double hydroxides 

[48], hierarchical nanocomposites derived from 

nanocarbons and layered double hydroxides, 

carbon nanoforms [49], metal nanoparticles 

[50,51], organic guests [52,53], and oxometal-

lates [54,55] used for the preparation of inter-

esting LDH-based hybrids, corrosion protection 

[56], anti corrosion [57], metallurgical applica-

tion [58], Mg Al coatings on alloy [59], NiFeAl 

LDHs from electroplating sludge [60].  

The concept of green chemistry is quite no-

table hence the authors presents the difference 

between conventional and green chemistry of 

heterogeneous catalysts in this section. The 

two key factors from Green chemistry point of 

view are (a) E-factor and (b) Atom economy. (a) 

E factor is defined as the mass ratio of waste to 

desired product formed. The E factor is the ac-

tual amount of waste produced in the process, 

defined as everything but the desired product. 

It takes the chemical yield into account which 

includes reagents, solvents losses, all process 

aids and, in principle, even fuel (although it is 

often difficult to quantify). A higher E factor 

means more waste generated and creating, 

greater negative environmental impact. The 

ideal E factor is zero. A very simple calculated 

outcome is quite simply, it is kilograms (of raw 

materials) in, minus kilograms of desired prod-

uct formed, divided by kilograms of product 

out. (b) Atom economy is calculated by dividing 

the molecular weight of the desired product by 

the sum of the molecular weights of all sub-

stances produced in the stoichiometric equa-

tion. It is calculated by dividing the molecular 

Figure 1. Schematic representation of the entrapment of the aggressive chloride ions and the triggered 

release of anionic corrosion inhibitors from LDHs [28]. 
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No. Applications Reference 

1 Mg Al Hydrotalcite Epoxidation of olefins. [6] 

2 Aldol and Knoevenagel condensation Ni-Al hydrotalcite. [7] 

3 Heck-Suzuki reaction Mg Al-LDH-Pdo. [8] 

4 Hydroxylation of phenol, Michael reaction, transesterification CoNiAl hy-

drotalcite, LDHs as oxidation catalysts. 

[9–11] 

5 CO2 absorbents [9] 

6 Anion exchangers Ni-Al-LDH-Sn [10] 

7 Environmental catalysis Diesel Engine Soot. [11–13] 

8 Ion-exchange adsorption [14] 

9 Drugs-Levodopa LDH nano composite [15] 

10 Anticancer nano medicine [16] 

11 Lysozyme-LDHs for antimicrobial activity [17] 

12 Degradation of methyl orange with LDHs by photochemical reaction [18] 

13 Iron(III) Porphyrin MgAl LDHs. [19,20] 

14 Electroactive and photoactive materials MgAlCu Hydrotalcite [12] 

15 LDHs carbon nano composites Ni/Co supercapacitors. [27] 

16 Electrochemistry-Fuel cell and Water splitting. [27] 

17 Mg Al LDHs nano flakes humic acid adsorption [28] 

18 Biochar-Fe LDH for phenol removal [29] 

19 Waste water treatment [30] 

20 LDHs nano carriers for drug delivery [31] 

21 LDHs hybrids  [35] 

22 Nanocarbons,  [36] 

23 Graphene LDHs nanocomposites  [37] 

24 Biomaterials-LDHs [38] 

25 LDHs preparation by continuous flow process,  [39] 

26 LDHs present and future  [39-40] 

27 Synthesis characterization and applications and Synthesis of new hy-

drotalcite type catalysts,  

[42,43] 

28 Intercalation method of organic molecules into LDHs. [44] 

29 Microwave assisted synthesis of LDHs [45–49] 

30 Hierarchical nanocomposites derived from nanocarbons and layered double 

hydroxides, carbon nanoforms 

[50] 

31 Metal nanoparticles [50,51] 

32 Organic Guests [52,53] 

33 Oxometallates [54,55] 

34 Corrosion protection [56] 

35 Anti-corrosion  [57] 

36 Metallurgical application  [58] 

37 Mg Al coatings on alloy  [59] 

38 Ni Fe Al LDHs from electroplating sludge [60] 

39 Calcined hydrotalcites have been used for aldol  [61] 

40 Knoevenagel and Claisen-Schmidt condensations.  [62] 

41 Calcined hydrotalcites have been used for aldol,  Knoevenagel and Claisen-

Schmidt 

[62] 

42 Fe3O4/ZnCr LDHs nanohybrids Photo catalysts [63] 

43 SnO2 Zr2O4 Photo catalysts [64] 

44 MgZn LDHs Photo catalysts [65] 

Table 1. Applications of LDHs.  
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weight of the product by the sum total of the 

molecular weights of all substances formed in 

the stoichiometric equation for the reaction in-

volved. The conventional processes produce co-

pious amounts of inorganic salts can similarly 

be largely replaced with stoichiometric mineral 

acids, such as H2SO4, and Lewis acids and stoi-

chiometric bases, such as NaOH, KOH, and 

NaOMe with recyclable solid bases, in a variety 

of organic transformations it is a focus of recent 

attention [66] preferably in catalytic amounts. 

However, the technology has not changed for a 

century replacing the traditional processes 

with the heterogeneous catalysts, such as syn-

thetic hydrotalcite clays which are also known 

as layered double hydroxides (LDHs) are exam-

ples. Calcined hydrotalcites have been used for 

aldol [61], Knoevenagel [62], and Claisen-

Schmidt [62] condensations to name few (Table 

1). Hence due to the toxic waste produced het-

erogeneous catalysts can minimize toxic waste 

with concept of green chemistry.  

The LDHs has Green chemistry concept that 

promotes environmental and development of 

sustainable technologies. LDHs is one of the 

key technologies on which new approaches to 

green chemistry are based. Green catalysis re-

cently made significant progress in several are-

as such as the design of safer chemicals and en-

vironmentally benign solvents, and the devel-

opment of renewable feedstocks, such as bio-

mass. In a nut shell, it is necessary to design 

LDHs catalysts and catalytic processes with in 

order to follow the environmental regulations. 

 

2. Crystal Structure of Hydrotalcite  

LDHs structural role remains to reconstruct 

the lamellae to establish the electro-neutrality 

throughout the linkage; where water molecules 

are distributed. LDHs structures are usually 

derived from mineral brucite, Mg(OH)2. Mg 

ions are present in Mg(OH)2. In octahedral 

sites Mg ions are situated with six OH− groups 

pointing at the vertices, whereas they are 

pointing the H atoms in the path of the inter-

layer spacing. Hence, the octahedral sites are 

interconnected together by boundaries creating 

the planar and neutral extended layers inter-

connected with H bonds. The crystal structure 

can have rhombohedral of hexagonal sym-

metry. The bivalent cations are moderately ex-

changed with trivalent ones, and the positively 

charged sheets are formed. In brucite layers 

the electrostatic interactions takes place with 

hydrogen bonds, this controls the resulting ar-

rangement of the layers. The crystal structure 

arising from the stacking of sheets could be 

rhombohedra or hexagonal symmetry. Howev-

er, maximum number of synthetic LDHs exhib-

its rhombohedral R-3 unit cell. A very im-

portant criterion for the LDHs stability exhib-

its due to the cations situated in the octahedral 

sites and must possess similar ionic radii. 

However, the ratio of M2+/M3+ is between 1–3. 

Hence, in principle, there are no restrictions 

for the anionic species that balances the posi-

tive residual charges [65]. 

 

3. Methods for Preparation of LDHs 

The most common methods for the synthe-

sis of LDHs are discussed below. 

 

3.1 Mechanochemical Method 

This method has been effectively used for 

the intercalation purposes. A simple method is 

used by grinding with mortar and pestle and it 

is similar to anion exchange method. The pre-

pared NO3
− ion containing LDHs was used as a 

precursor material and anion is added with a 

very minute amount of NaOH and grounded 

manually. During grinding process, the NO3
− 

ions with desired molecules are in anionic form 

[67]. 

 

3.2 Liquid Assisted Grinding Method 

The MgAl-NO3 with the formula 

Mg0.63Al0.37(OH)2 Al(NO3)0.37.0.4H2O was pre-

pared using the urea method [67] which result-

ed in the formation of Mg Al carbonate hy-

drotalcite. Instantaneously, it was converted 

into its nitrate form by titration. It was then 

dispersed in a NaNO3 solution (mol/L) and ti-

trated by a HNO3 solution (0.1 mol/L) by 

means of an automatic titrator (I tralab VIT 90 

Video Titrator Radiometer, Copenhagen) oper-

ated at pH Stat mode at pH 5. 

 

3.3 LDHs Synthesis using Microwave 

The ageing process takes place in micro-

wave conditions, however the irradiation of the 

microwave is taken into consideration where 

very fast ageing process takes place, for about 

15–60 min [68]. The co-precipitation and urea 

techniques can be utilized as a part of a syn-

thesis using microwave [69] rather than a re-

flux aging process. Homogeneous sized parti-

cles are synthesized using microwave aging 

process, that are in smaller size than nano par-

ticles produced using reflux method [69]. The 

main advantage of shorter duration of aging 

process is to prevent the formation of impuri-

ties. However, with long duration of time for 

the aging process changes the formation of im-

purities which are quite high. Choudhary et al. 
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[70,71] reported that the Ni Al hydrotalcite is 

effective for oxidation and reduction reactions 

as NiO in association with oxide of aluminium 

from TPR studies. Kantam et al. [72] reported 

that the MgAlCO3 hydrotalcite hence the car-

bonate is favouring ring opening of epoxides. 

 

3.4 Co-precipitation Method 

This is a commonly and economic method 

used to prepare LDHs since it is usually pre-

pared in a solitary step with a good yield [72]. 

The M2+ and M3+ solutions of cations are stirred 

together with another solution of anion to be 

intercalated, under constant stirring at room 

temperature. Hence, the pH of the mixture is 

maintained at 9 by addition of basic solution of 

sodium hydroxide and sodium carbonate of 

known concentration to favour the precipitation 

of cation hydroxides. To support the intercala-

tion of the preferred anions, the ideal ions of 

cation salts are nitrates or chlorides that has 

low affinity on the brucite layers. Hence, the 

absence of CO2 in water is crucial for the prepa-

ration of intercalated LDHs. A vital measure is 

to be adopted with the use of de-ionized water 

in an inert atmosphere, this is to avoid the in-

teraction of the solution with air/moisture. The 

impurity phase formation is determined with 

the perfect choice of pH value, and depends on 

the cations ratio. The crystallinity of the result-

ing LDHs nano hybrids slowly increases for six 

hours at 80 °C. From literature it is evident 

that, there are many examples of this methods 

that are reported for the synthesis of nanocom-

posites which are used for drug delivery, inter-

calation of drugs, anticancer agents [73], pesti-

cides [74], amino acids [75], peptides, and anti-

biotics [76]. 

 

3.5 Hydrothermal Synthesis Method 

The hydrothermal synthesis usually begins 

with fast mixing of oxides/hydroxides of M2+ 

and M3+ cations. The solution of desired acid or 

salt is introduced into the suspension, then the 

obtained dispersed solution is stirred at high 

temperature in 3-neck round bottom flask or in 

hydrothermal reactor. The advantages of this 

method is to minimize the formation of unde-

sirable waste, which causes pollution to the en-

vironment. Additionally, since only metal hy-

droxides, shows very short affinity towards 

LDH interlayers that are existing. However, 

the hydrothermal method is very effective in 

intercalating the organic guest species between 

the LDH interlayers. This method is very im-

portant to control and achieve the desired par-

ticle size and morphology which usually de-

pends on parameters set. In many developmen-

tal processes, this method is utilized to im-

prove the crystalline structure of LDHs for ex-

hibiting excellent properties [76]. 

 

3.6 Synthesis of LDHs by Sol-gel Method 

LDHs are prepared by Sol-gel process, the 

mechanism shows the formation of sol during 

hydrolysis and the partial condensation of a 

metallic solution which is the first step, and 

the second step is followed by gel formation. 

Hence, metallic alkoxides, acetates, or acetyl 

acetonates, and inorganic salts are used as me-

tallic precursors. The interesting properties of 

the resulting solid LDHs depends on certain 

defined parameters, such as hydrolysis and 

slow condensation of metallic precursors, that 

are finely tuned by regulating different reac-

tion parameters adopted such as pH, concen-

tration of the metallic precursors, solvent and 

temperature. The materials synthesized by Sol-

gel method shows pore sizes that are well con-

trolled and has high specific surface area as re-

ported by Yang et al. [77]. 

 

3.7 Reconstruction Method 

This is the most important and interesting 

method which has advantages of the ‘memory 

effect’ of LDHs. In detail, these materials, once 

heated at elevated temperatures of about 650 

°C in inert conditions, results in the formation 

of mixture of metal oxides that are easy to re-

generate the hydroxide layers when exposed to 

water. These are highly applicable in base cat-

alysed reactions such as Aldol, Michael, and 

Wittig reactions [78]. The prepared LDH-CO3 

are thermally decomposed to a mixture of ox-

ides which is easily dispersed in the desired 

anion solution under inert conditions in de-

ionised water in order to avoid the CO3
2− con-

tamination. This is the common method used 

when larger anions have to be intercalated in 

LDHs. Hence, this method is the choice of 

method for intercalation, with different anions, 

such as Cl− or NO3
− [78]. The incorporation of 

competing anions is also restricted, depending 

on parameters such as pH value which increas-

es leading to favour the OH− formation. Vari-

ous examples have been reported in literature, 

such as pesticides, vitamins and antibiotics 

[79]. 

 

3.8 Ionic Exchange Method 

Ion exchange and co-precipitation are com-

plementary methods. In precise, the selected 

metal ions which are at high pH and/or when 

there is a robust prospect of interaction 
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amongst guest species and metal ions, they are 

typically seen as unstable [79]. With the anion-

exchange process, the LDHs structure usually 

contains Cl− or NO3
− as interlayer anions, that 

are added to the concentrated solution of the 

anions. The resulting solution is stirred over-

night at temperature range of 50–70 °C. The 

exchange efficiency differs usually depends on 

the capability of the exchanged anions to stabi-

lize the layered structure. However, the two 

steps discussed above are very important, but 

many examples are cited in literature in drugs 

[79], and pesticides [79] intercalations. 

 

3.9 LDH Synthesized in T-Mixer with Ultra-

sonic Process 

A mixture of 0.03 mol L1 Mg(NO3)2 and 0.01 

mol L1 Al(NO3)3 and solution NH3H2O (100 

mL) with certain concentration was simultane-

ously transported into a ‘T-type’ impinging-

stream reactor by means of metering pumps at 

the rate of 100 rpm to produce MgAl LDHs. Ul-

trasonic processing was also applied during 

this process and the frequency was kept at 20 

kHz. The pH of the whole solution was continu-

ously kept at 10 through regulating the concen-

tration of NH3H2O. The resulting mixture was 

washed with water several times until it re-

cached pH = 7 and then it was dried at 100 °C 

in an oven. The resulting material was denoted 

as “T-mixer”, TU-LDHs [80]. 

 

3.10 LDH Synthesized by Hybrid Two-step 

Method 

MgAl layered double hydroxides were pre-

pared using a hybrid two-step preparation ap-

proach. The hybrid two-step preparation com-

prises of the mother solution prepared in ‘T-

mixer’ accompanying with ultrasonic pro-

cessing (first step) and the following step of co-

precipitation (second step) process. The mother 

solution was synthesized according to the prep-

aration method of the Section 3.9. About 50 mL 

of the mother solution from Section 3.9 which 

was added into a beaker for continuous stir-

ring. Then, 150 mL of salt solution with a fixed 

concentration of 0.03 mol/L Mg(NO3)2, 0.01 

mol/L Al(NO3)3 and 1 mol/L of NH3H2O were 

simultaneously added to the mixture at the sec-

ond step. The addition rate of salt solution was 

controlled by regulating the speed of peristaltic 

pump, where the pH of the whole solution was 

continuously kept at 10. The final obtained ma-

terials were filtered and then washed with dis-

tilled water until pH = 7 was reached, then fol-

lowed by drying at 100 °C in an oven. The ob-

tained material was denoted as “T-Mixer 

“TUC-LDHs [80]. 

 

4. Characterization of LDHs Catalysts 

LDHs are usually characterized by X-ray 

diffraction (XRD), Differential Scanning Calo-

rimetry-Temperature Gravimetric Analysis 

(DSC-TGA), Fourier Transform Infra Red (FT-

IR), X-ray Photoelectron Spectroscopy (XPS), 

Raman, Temperature Programmed Reduction 

(TPR), and Scanning Electron Microscopy 

(SEM) spectroscopy.  

 

4.1 SEM Characterization of CoAl LDHs 

SEM analysis is a powerful investigative 

tool which used to characterize which produces  

high magnification images of a sample’s sur-

face. Basically in LDHs samples they are high-

ly crystalline. Intersected, nearly hexagonal-

shaped particles, interconnected with each oth-

er, enough uniform as sizes (average size equal 

to 100 nm) are formed in the case of the hy-

drotalcite-like clay Mg Al LDH. Bayu [81] re-

ported that Mg Al (2:1 and 3:1) prepared by co-

precipitation method showed morphology of 

thin crystals of nanoparticles of agglomerates 

of Mg-Al hydrotalcites [81]. Wu et al. [82] re-

ported the characteristic SEM morphologies of 

LDHs samples. The morphology of Co-Al LDHs 

synthesized at 80 °C is different from that of 

synthesized at 140 °C, and the crystallization 

temperature on the morphology of LDHs. The 

LDHs at low crystallinity were assembled to 

observe as a single layer. Wu et al. [82] report-

ed that the morphologies of LDHs were further 

confirmed with TEM as micro morphologies, 

and the LDHs were formed as hexagonal lay-

ered structures. In addition, the agglomeration 

of particles was observed in LDHs samples 

that resulted due to the physical entanglement 

of organic anions. Zhai et al. [83] reported the 

agglomerated layers of Co-Al LDHs samples 

through SEM analysis, the samples were pre-

pared at 80 °C. These SEM results revealed the 

morphology of Co-Al LDHs which shows inter-

esting properties such as high chemical and 

thermal stability, intercalated anions with in-

terlayer spaces, ease of synthesis, unique 

structure, uniform distribution of different 

metal cations in the brucite layer, surface hy-

droxyl groups, flexible tenability, Oxo bridged 

linkage, swelling properties and ability to in-

tercalate different type of anions, such as oxa-

late, t-K-But oxide, LDA-Lithium di-isopropyl 

amide [84]. 
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4.2 XPS Characterization of LDHs:   

X-ray photoelectron spectroscopy (XPS) is 

very important tool to detect the chemical com-

position and evaluate the chemical bonding 

states (or oxidation state) as well as the elec-

tronic structure of the surface. Nishesh [85] re-

ported the chemical composition determined by 

the full XPS spectrum of Zn–Fe LDH which 

showed the presence of C, O, N, Fe, and Zn. 

The presence of carbon is due to carbonated an-

ions in the LDH material. The high-resolution 

XPS (HRXPS) spectrum of O 1s deconvoluted 

into three peaks where binding energy at 

528.41 eV and 530.07 eV were ascribed due to 

the lattice oxygen (O2
2−) and surface hydroxyl 

groups of metal centers, respectively. The 

broad peak at 530.94 eV corresponds to the 

physisorbed/chemisorbed water molecules, car-

bonate, and nitrate ions [85]. The Fe 2p3/2 

peak at 710.74 eV and Fe 2p1/2 peak at 724.16 

eV along with satellite peaks at 717.82 eV 

(2p3/2) and 733.04 (2p1/2) related to the exist-

ence of Fe3+ oxidation state [85]. Two noticeable 

spin-orbit peaks observed at 1020.30 eV and 

1043.53 eV were due to Zn2+ [85]. Fe and Zn 

were distributed homogeneously in the materi-

al. Where the surface Zn/Fe ratio was 1.9. The 

XPS results together with the LDHs was re-

ported by Karolina [86]. However, in order to 

characterize the nature of interlayer anion and 

structural changes in the reference samples 

along with increasing molar ratio, the XPS 

analysis of C1s and Mg1s was performed for 

the reference samples, as well as their ana-

logues derived from minerals. The XPS analy-

sis penetration depth was approximately 9 nm. 

The C1s peaks exhibited two maxima which is 

ascribed due to the organic carbon contamina-

tion (~285 eV) and carbonates (~290 eV). The C 

content in all samples was equal to ~2.0 %wt. 

which is consistent with the results of ele-

mental analysis. Peaks fitting revealed compo-

nents assigned to: CC (284.8 eV); C−O−C (286 

eV); C=O (286.6 eV); O−C=O (287.5 eV); CO3
2− 

(289 eV) and HCO3
− (290 eV) [86]. 

 

4.3 FT-IR Characterization of CoAl LDHs 

FTIR Spectroscopy, is a vital analytical 

technique used to identify organic, polymeric, 

and, in some cases, inorganic materials ans 

study its functional group’s. The FTIR spectra 

of the LDHs reveals bands that are characteris-

tics of hydrotalcite-like compounds. The broad 

and strong band centred at 3400 cm−1 is as-

cribed due to the stretching of the OH bond of 

the hydroxyl groups and interlayer of H2O mol-

ecules in LDHs samples [87]. The shoulder 

around 3050 cm−1 is ascribed due to the 

H2O−CO3
2− interlayer bridging mode by hydro-

gen bonds [87]. The weak band at 1630 cm−1 is 

attributed due to the H2O bending deformation 

located in interlayer spacing on the LDHs. The 

sharp, intense vibration bands observed 

around 1370–1380 cm−1 were designated to the 

asymmetric stretching of CO3
2− anions. This 

band is broad, which is ascribed due to the 

presence of nitrate ions from the starting salts, 

principally due to the mode of vibration of 

NO3
− is generally overlapped by the mode of vi-

bration of CO3
2− [87]. The bands are recognized 

at 460, 550, and 790 cm−1 are credited to the 

Al−O condensed groups, the Zn/Al-OH transla-

tion and the Al−OH deformation, correspond-

ingly.  For example the Zn-Al-CO3 sample, the 

band around 1365 cm−1 is due to the anti-

symmetric stretching mode of carbonate, and 

bands observed around 870 and 680 cm−1 are 

ascribed due to the weak non-planar bending 

mode and the angular bending mode of car-

bonate present in the interlayer of LDH. The 

FTIR spectra of Zn-Al-NO3 reveals a strong 

peak around 1380 cm−1 and is endorsed due to 

the antisymmetric stretching mode of the ni-

trate anion present in the LDHs [87]. The 

bands recorded around 839 and 670 cm−1 are 

ascribed due to the weak out-of-plane symmet-

ric deformation mode and the anti-symmetric 

deformation mode of nitrate, correspondingly 

[87]. 

 

4.4 Raman Spectra Characterization of LDHs  

Raman spectroscopy is a spectroscopic 

method used to detect vibrational, rotational, 

and other states in a molecular system, capable 

of probing the chemical composition of materi-

als. Luiz [88] reported that the Raman spectra 

shows bands in the region of 470 cm−1 which is 

ascribed due to the vibration connections of 

Al−O−Al  present in the layers of Mg-Al-LDHs 

sample. Nishesh [85] reported the Raman spec-

tra of pristine, P-adsorbed (pH 8), P-adsorbed 

(pH 5), and P-desorbed Zn–Fe LDH. The Ra-

man analysis of phosphate adsorbed Zn–Fe 

LDH at pH 5 and at pH 8 revealed significant 

fluctuations in the peak position and intensity 

a compared with the pristine LDH [88]. At pH 

5, signal intensities for M−O−M vibration 

peaks were low compared to the pristine form 

and was due to the deterioration in the struc-

ture of LDH. At pH 8, the Raman spectrum 

was found like that of the pristine LDH. An in-

crease in the intensity of band centered at 1104 

cm−1 was attributed due to the peaks of ad-

sorbed PO4
3− which appears in the range of 



 

Bulletin of Chemical Reaction Engineering & Catalysis, 17 (1), 2022, 170 

Copyright © 2022, ISSN 1978-2993 

900–1200 cm−1 and thus broadened the band 

[88]. The Raman spectra shows a sharp band at 

1064 cm−1 which indicates the symmetric C−O 

s t r e t c h i n g  v i b r a t i o n s  o f  c a r -

bonates/bicarbonates in the interlayer space of 

LDH reference samples, followed by bands of 

low intensity at 986 and 688 cm−1 confirms the 

presence of bicarbonates in the Mg/Al LDH 

samples with high molar ratio [88]. However, 

the intensive, sharp bands at ~670 cm−1 were 

observed for the Mg/FeLDH samples. Broad-

bands at ~1600 cm−1 and 1330 cm−1 were as-

cribed due to the carbonates in the Mg/Al and 

Mg/Fe LDH samples, respectively. It is worth 

to mention that the bands related to carbonates 

in the Mg/Fe LDH samples had a high intensi-

ty and indicated a different nature of interlayer 

anions in comparison to the Mg/Al LDH sam-

ples. 

 

4.5 DTA-TGA Characterization of Zn-Al LDHs 

Catalysts 

The DTA-TGA Technique Characterizes ma-

terials by Measuring Changes in Mass as a 

function of Temperature. Thermogravimetric 

analysis (TGA) is widely used in materials sci-

ence stream together with DSC, TMA, and 

DMA. TGA measures the mass of a sample 

while the sample is heated or cooled in differ-

ent atmosphere.  The DTA-TGA analysis of Zn-

Al LDHs was characterized in order to evaluate 

the disappearance of H2O molecules, and other 

intercalated groups such CO3, NO3, SO4
2− an 

anionic groups when heated at high tempera-

tures [89]. It was observed that the weight loss 

was due to the incorporated molecule which 

had been burnt. The thermogravimetric analy-

sis of the synthesized LDHs shows that the 

TGA-DTA patterns were characterized by a 

weight loss between 10 and 14% due to the loss 

of the interlayer water in the temperature 

range of 50–250 °C. For Zn−Al−CO3 there are 

two steps that takes place during dehydration 

at 150 °C and 250 °C. These steps are due to 

the loss of adsorbed and interlayer water fol-

lowed by water loosely coordinated to the inter-

layer carbonate. However, the interlayer car-

bonate is released as CO2 at approximately 350 

°C. The total mass loss was 20.86%. For 

Zn−Al−NO3, there are mass losses at 150, 250, 

350 and 450 °C. The mass losses at 150 and 

250 are escorted by a change in the heat flow; it 

was resulted from the removal of the adsorbed 

surface water and the interlayer water [89]. 

The second distinct mass loss in the tempera-

ture range of 350–460 °C results from two 

steps, such as the dehydroxylation of the 

Zn−Al−LDH layers and the decomposition of 

the interlayer NO3
− anions. The total mass loss 

were around 21.5%. TGA-DTA analysis for 

Zn−Al−Cl LDHs shows similar dehydration be-

haviour compared with Zn−Al−NO3, but Cl was 

lost in the temperature range of 400–500 °C. 

The total mass loss at 700 °C was 18.84%. The 

decomposition of Zn−Al−SO4 occurred in the 

following steps: the first mass loss at 150 °C 

matched to the evaporation of surface-adsorbed 

water followed by evaporation of the interlayer 

water at 250 °C; a third loss of mass occurring 

at 350 °C was ascribed due to the dehydroxyla-

tion of the brucite-like octahedral layers. The 

fourth step at 600 °C was likely due to the 

elimination of the intercalated SO4
2− in the 

Zn−Al LDH interlayers [89]. DTA-TGA analy-

sis shows whether the anions are decomposed 

in the interlayer of LDHs. 

 

4.6 XRD Characterization of LDHs 

XRD is an instrument is used to character-

ize the nature of the LDHs such as crystalline 

or amorphous. The XRD analysis is done with 

an X-ray source of Cu-K radiation (λ = 1.5406 

Å). It will analyze and identify the unknown 

crystalline compounds by Brag Brentano meth-

od.  The diffractogram of the precursor materi-

al (Mg2AlCO3-LDH) shows both sharp and 

symmetrical peaks and some high angle asym-

metrical peaks; this provides proof of well crys-

tallized and ordered layered structure of 

Mg2AlCO3-LDH. The characteristic pattern of 

hydrotalcite is present, to be precise a set of 

four reflection lines at 2θ = 10, 20.00, 38.56 

and 61.00° were due to the reflections of the 

sharp and basal planes corresponding to the 

(003), (006), and (009). With broad reflections 

for (015) and broad reflections for (110) are de-

fined due to the crystalline patterns respective-

ly. The XRD reflections for LDH samples are 

usually indexed using a hexagonal cell with 

rhombohedral symmetry R −3 m.  Said et al. 

[90] reported that the for Mg-Al CO3 HT cal-

cined samples at 450 °C, the X-ray patterns of 

the calcined materials, observed two new in-

tensive diffractions lines at around 43.1 and 

62.5°, which correspond to the (200) and (220) 

reflections of the MgO periclase-type structure 

[90]. Diffraction peaks of brucite matched with 

a standard pattern (JPCDS No. 98-003-4961) 

[91]. The (003) sharp intense strong peak were 

attributed due to the crystallinity of LDHs 

formed, and the remaining peaks were not in-

tense this could be due to the PH parameter 

during the synthesis of LDH. The Mg2AlCO3-

LDH spacing (that is, the thickness of a layer 
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plus the interlayer space) is 8.77 Å, value 

greater than that of a hydrotalcite of this type 

which is normally 7. 65 Å [91]. XRD of 

MMgAlO reported by Marcu et al. [92] that the 

MMgAlO samples calcined at 550 °C displayed, 

in all the cases, the same peaks at 2θ 43.5 and 

63° than the MgAlO mixed oxide which corre-

sponded to the (200) and (220) reflections of the 

periclase-like structure (JCPDSICDD 4-0829). 

However, weak reflections that can correspond 

to both Fe2O3 (JCPDS 39-1346) and FeAl2O4 

(JCPDS 34-0192) phases whose peaks are su-

perimposed, were observed for FeMgAlO cata-

lyst. No segregated phases were observed in 

the other samples suggesting that the mixed 

oxides were solid solutions containing the tran-

sition metal cations [92]. 

 

4.7 BET Surface Area of LDHs 

Brunauer–Emmett–Teller (BET) theory 

aims to explain the physical adsorption of gas 

molecules on a solid surface and serves as the 

basis for an important analysis technique for 

the measurement of the specific surface area of 

materials. The observations are very often re-

ferred to as physical adsorption or physisorp-

tion.  The surface area (SBET) of the samples 

were determined using BET (Brunauer, Em-

mett and Teller) model. The total volumes were 

calculated according to the amount of nitrogen 

(N2) absorbed at a relative pressure (P/PO) of 

0.99. The pore volumes were calculated from 

the desorption branch of the isotherms using 

the Barrett-Joyner-Halenda (BJH) method, for 

the pores between 1.7 and 300.0 nm. It was 

clearly observed that the SBET of (TUC-LDHs) 

is the highest of 235.3 m2/g compared to 198.7 

m2/g for “T-mixer” (TU-LDHs) and 148.1 m2/g 

for CC-LDHs as well as the pore sizes (90.83 Å) 

and highest pore volume (0.48 cm3/g). Both of 

“T-mixer” Pretreatment followed by conven-

tional co-precipitation (TUC-LDHs) and Con-

ventional coprecipitation (CC-LDHs) facilitates 

the macrostructure of pores. However, the TU-

LDHs has the second largest SBET, its pore siz-

es (24.4 Å) and pore volume (0.08 cm3/g) are the 

lowest in comparison with other two materials. 

This indicates that the TU method contributes 

to the formation of mesoporous structure.  

The increase in surface area of TU-LDHs is 

likely caused by the enhanced micromixing in 

the ‘T-mixer’, where the use of ultrasonication 

can intensify the turbulent eddies and those 

microbubble bursting that erode the surface ar-

ea of layered structure through removal of the 

interlayer anions [93]. Said et al. [94] reported 

that the Mg Al Ht carbonate shows BET sur-

face area of Mg2Al–CO3 HT-75 Mg2.5Al–CO3 

HT-93, Mg3.0Al–CO3 HT-105, Mg3.5Al–CO3-101 

HT, Mg4.0Al–CO3 HT-56, from these surface it 

is evident that on calcination, the disappear-

ance of water and carbonates leads to a consid-

erable increase in the surface area and volume 

of the pores ranging from 0.33-0.61 [94]. 

 

4.8 N2-Adsorption-desorption of MgAl LDHs 

A plot of relative pressure vs volume ad-

sorbed obtained by measuring the amount of 

N2 gas that adsorbs onto the surface of cata-

lysts i.e. sorbate, and the subsequent amount 

that desorbs at a constant temperature. N2 ad-

sorption-desorption isotherm of MgAl LDHs for 

all the adsorbents show a Type IV isotherm ac-

cording to the IUPAC classification, which is 

connected with mesoporous materials [95]. 

TUC-LDHs and CC-LDHs shows a H3 type 

hysteresis loop, signifying that the pores are 

produced by ‘slit-shaped’ of plate-like particles 

[95]. This type of isotherm is generally ob-

served in the mesoporous stacking structure of 

sheet-like 2D crystallites [95]. In the case of 

TU-LDHs, it shows a H2 type hysteresis loop 

corresponding to a complex and interconnected 

pore structure, indicating that the pores are 

produced by rapid nucleation process.  

The surface area (SBET) of the samples were 

determined using BET (Brunauer, Emmett and 

Teller) model. The total volumes (V Total) were 

calculated according to the amount of nitrogen 

(N2) absorbed at a relative pressure (P/PO) of 

0.99. The pore volumes were calculated from 

the desorption branch of the isotherms using 

the Barrett-Joyner-Halenda (BJH) method, for 

the pores between 1.7 and 300.0 nm. It was ob-

served clearly that the SBET of “T-mixer Pre-

treatment followed by conventional co-

precpitation (TUC-LDHs) is the highest of 

235.3 m2/g compared to 198.7 m2/g for TU-

LDHs and 148.1 m2/g for conventional co-

precipitation (CC-LDHs) as well as the pore 

sizes (90.83 Å) and highest pore volume (0.48 

cm3/g). Both of TUC-LDHs and CC-LDHs facil-

itate the macrostructure of pores. However, “T-

mixer” TU-LDHs has the second largest SBET, 

its pore sizes (24.4 Å) and pore volume (0.08 

cm3/g) are the lowest in contrast with other two 

materials. This attributes that the TU method 

contributes to the formation of mesoporous 

structure. The increased micromixing in the ‘T-

mixer’ could possibly cause the increased sur-

face area of TU-LDHs. Here, ultrasonication 

can multiply the turbulent eddies and mi-

crobubble bursting erodes the surface area of 

hydrotalcites of layered structure while the in-
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terlayer anions are removed [95]. However, 

during the calcination, the departure of water 

and carbonates leads to a considerable increase 

in the surface and volume of the pores [96]. 

 

4.9 TPR Characterization of Mg Al LDHs 

Temperature Programmed Reduction (TPR) 

is a characterization of materials generally 

used in catalysis studies to characterize the 

surface chemistry of metals and metal oxides 

under varying thermal conditions. TPR-enabled 

mass spectrometry equipment can acquire 

quantitative and qualitative data relating to 

the reducing gas mixtures that are made to 

flow over metallic samples. Ibrahim [97] report-

ed the TPR characterization of MgAl LDHs cat-

alysts of three samples. The peaks shifted to-

wards lower time when the Mg content is high-

er. Although, the amounts of consumed 

H2 decreased with the increase in Mg content 

which are 3175.91765, 1395.65979, and 

277.55466 mol/g, respectively. The amount of 

gas uptake were very little as MgO is difficult 

to be reduced. Hence, for calcined Mg-Al HTlcs 

or MgO, no reduction peaks were detected until 

900 °C. Saikia [98] reported that the metal-

support interaction is another factor affecting 

the catalytic performance, of Ru-Mg Al LDHs 

catalysts which was analysed by H2-TPR. How-

ever, for the control experiment using the com-

mercial RuO2 catalyst, only one reduction peak 

at 213 °C was observed, corresponding to the 

reduction of Ru4+ to Ru°. However, the 2.5% 

Ru/MgAl catalysts, TPR results indicated that, 

in general, the metal-support interaction be-

comes stronger with an increase in the reduc-

tion temperature.  

In the case of the as prepared RuCl3/MgAl 

LDH, the peak at 126 °C can be assigned for 

the reduction of RuCl3 adsorbed on the surface 

of MgAl LDH [98]. For the reduced 2.5% 

Ru/MgAl catalysts, three reduction peaks cen-

tred at 120−180 °C (peak I), 185−220 °C (peak 

II), and 320−340 °C (peak III), which was as-

cribed due to the weakly supported RuOx spe-

cies on the support, strongly supported RuOx 

species and the surface or subsurface oxygens, 

respectively [98]. With 2.5% Ru/MgAl catalysts 

was reduced at 160−300 °C, the peak gradually 

shifted to higher values from 135 °C to 175 °C, 

suggesting that the improved metal-support in-

teraction promoted with the increase in reduc-

tion temperature (< 300 °C). Interestingly, 

when the Ru/MgAl catalysts were reduced at 

high temperatures, namely >400 °C, the peak I 

shifted back to 120 °C with a shoulder peak 

was observed at 132 °C, suggesting the reduced 

metal-LDO support interaction compared with 

that of metal-LDH. It was observed that the 

strong interaction between Ru species and sup-

port favours the catalysis [98]. Ateeq et al. 

[100] reported that the TPR for nickel contain-

ing hydrotalcite was characterized for Mg-Ni 

samples of varying ratios, showed two peaks of 

H2 consumption. The first peak observed was 

at 570 K corresponds to the discharge of 

NO3 anions as NO2 and the subsequent reduc-

tion of NO and N2O. The second peak was ob-

served at 705, 920 and 1000 K for respective 

samples for the reduction of NiO particles. 

When Mg content is increased the reduction of 

the nickel oxide decreases it can be compared 

with the decrease of the NiO crystal size. This 

behaviour is ascribed due to the formation of 

Ni aluminate band of nickel spinel type and de-

creasing the size the crystallite and hence it 

hinders their reducibility [100]. 

 

5. Applications of LDH Catalysts 

5.1 CO2 Methanation 

Among the catalytic reactions, the reduction 

of CO and CO2 with transition metal catalysts 

to form methane, (methanation reaction) is a 

favourable method for the removal of carbon 

oxides resulted in the manufacturing of various 

energy carrier products [101]. Few decades ago, 

methanation reactions have received substan-

tial attention as an effective method to produce 

natural gas substitute, where coal is oxidized 

to CO and H2 followed by accumulation to the 

formation of methane. Generally, methanation 

Figure 2. CO2, CO methanation reactions [99]. 
Figure 3. C2 oxygenates by Fischer-Tropsch 

synthesis of carbene [101]. 
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reaction is applied in ammonia plants at the fi-

nal stages of purification for the synthesis gas 

insitu with the formation of low concentrations 

of CO and CO2 at 0.1–0.5% are catalytically re-

moved in the presence of hydrogen (Figure 2). 

The reaction is very important due to the poi-

sonous or synergistic outcome of carbon oxides 

for ammonia synthesis reported by Xavier et al. 

[102]. Further, Xavier et al. [102] reported that 

the CO2 methanation reaction with M2+ and 

M3+ cations, with their proportion, with wide 

range of LDH compositions are obtained, which 

addresses methanation reaction as potential 

process to produce fine chemicals. 

Santos et al. [103] reported synthesis of Co-

Al LDHs nano sheets produces selective oxy-

genates, of C2 oxygenates, for Fischer-Tropsch 

synthesis of carbene insertion (Figure 3). Fig-

ure 3 represents the Fischer-Tropsch synthesis 

of carbene for the formation of oxygenates 

[103]. 

 

5.2 Cyanoethylation Reaction 

Octavian et al. [104] reported cyanoethyla-

tion with LDHs MMgAlO catalysts (M = Mn, 

Fe, Co, Ni, Cu or Zn). The results of the catalyt-

ic cyanoethylation reaction of methanol with 

LDH catalysts exhibited high selectivity of 99–

1 0 0 %  i n  β - m e t o x y p r o p i o n i t r i l e 

(CH3−O−CH2−CH2−CN), while the conversions 

were very low. The latter remained in all cases 

lower than 5% after 5 h of reaction and ranked 

as follows: MgAl-LDH > CoMgAlLDH ≈ CuM-

gAl-LDH ≈ MnMgAl-LDH > FeMgAl-LDH ≈ 

ZnMgAl.LDH > NiMgAl-LDH. The cyanoethyl-

ation reaction with MgAl LDH conversions 

were lower i.e ~20% at 5 h with ethanol. This is 

attributed due to the proton abstraction which 

is easier on methanol with higher acidic char-

acter than ethanol which was not the rate lim-

iting step [104]. However, with the lower con-

versions values observed for MMgAl-LDHs 

compared to the MgAl-LDH sample must be re-

lated to the lower intrinsic basic character of 

the former samples which decreased their abil-

ity to abstract a proton from the hydroxyl 

group of methanol. That was ascribed due to 

the higher electronegativity of the transition 

metal cations than Mg2+ which decreased the 

electron density on the hydroxyl groups of the 

MMgAl-LDH layers. Assuming that the latter 

are the catalytic sites, due to which their activ-

ity decreased. 

 

5.3 Cyanosilylation of Aldehydes 

Fahimeh et al. [105] reported that the cya-

nosilylation of aromatic aldehydes with MgAl-

Cu LDHs catalysts (Figure 4). These catalysts 

have been tested in different organic transfor-

mations in recent years reported by Choudhary 

et al. [71]. Fahimeh et al. [105] reported the 

catalytic activity in different parameters such 

as percentage of catalysts employed, catalyst 

loading and effect of solvent for cyanosilylation 

at room temperature were evaluated. 20 mol% 

of LDHs catalyst were effective for cyanosilyla-

tion in dichloromethane solvent with quantita-

tive yield in 30 minutes duration of time 

(Figure 4). 

 

5.4 Oxidation of Alcohols with Ni-Al 

Rahman et al. [106] reported for the first 

time reported a shortest route for molecular ox-

ygen activation by Ni-Al hydrotalcite for selec-

tive oxidation of various substituted α-ketols, 

benzylic and allylic alcohols to carbonyl com-

pounds. They studied the comparison of Cat A, 

Cat B and Cat C with Ni-Al ratios of 2:1, 2.5:1 

and 3:1 and found that the best results with 

Ni-Al 2:1 ratio. Cat B with Ni-Al ratio of 2.5:1 

was synthesized by co-precipitation method 

with ammonia as base. All these catalysts were 

subjected to longer duration of time for the re-

action compared to Cat A with 2:1 Ni-Al ratio 

which took 6 h for the completion of reaction. 

Other ratios 2.5:1 and 3:1 Ni-Al took 10 to 20 h 

for the completion of reaction. This is ascribed 

due to the formation of more Ni ions during the 

preparation of catalysts. One of the notable 

achievements of this methodology was Cin-

namyl alcohol was oxidized to Cinnamaldehyde 

without disturbing the double bond [106]. 

 

5.5 Reduction of Aldehydes to Alcohols with Ni-

Al 

Choudhary et al. [71] have reported with 

different ratios of Ni-Al hydrotalcites were 

used in the reduction of aromatic, heterocyclic 

aldehydes to alcohols. Different moieties of aro-

Figure 4. MgAlCu LDHs is used for cyanosi-

lylation of carbonyl compounds [91]. 

 

H

O

TMSCN

Catalyst

Solvent, 25 oC

H

OTMS

CN
(3) (4) 

Figure 5. Ni-Al hydrotalcite calcined catalyst 

for reduction of aldehydes to alcohols [71]. 



 

Bulletin of Chemical Reaction Engineering & Catalysis, 17 (1), 2022, 174 

Copyright © 2022, ISSN 1978-2993 

matic and conjugated aldehydes, and heterocy-

clic aldehydes were subjected for the reduction 

of aldehydes to alcohols selectively in the pres-

ence of other susceptible functional groups. Fig-

ure 5 equation (4) shows the reported Cin-

namaldehyde that was reduced to Cinnamyl al-

cohol without affecting the double bond. Hence, 

it is well known that Ni catalyst reduces the 

double bond in aliphatic and aromatic com-

pounds.  

Rahman et al. [107] reported the reduction 

of aromatics to alicyclic molecules with super 

active 2:1 Ni-Al hydrotalcite catalysts to alicy-

clic without loss of activity of the catalysts. Os-

mate intercalated hydrotalcite aimed at selec-

tive oxidative bromination of bisphenol-A for 

asymmetric dihydroxylation of olefins [108] 

with NMO (N-Methylmorpholine N-oxide) used 

as co-oxidant in company of molecular oxygen 

was reported by Choudhary et al. [108]. 

 

5.6 Reductive Amination of Benzaldehyde with 

Ni-Al LDHs 

Rahman et al. [106] reported the reductive 

amination of benzaldehyde with ratios of 2:1, 

2.5 and 3:1 Ni-hydrotalcite catalysts which ex-

hibited good catalytic activity for synthesis of 

amines. Ni-hydrotalcite catalysts for reductive 

amination of benzaldehyde with NaBH4, acts as 

reducing agent to form in situ-Ni-boride which 

is generated swiftly in the formation of desired 

product at room temperature. The activity of 

Ni-Al hydrotalcites for organic transformation 

discussed above is attributed due to the even 

distribution of Ni ions for 2:1 ratio of Ni-Al hy-

drotalcite catalysts and inactivity of 2.5:1, and 

3:1 ratio catalyst is due to higher content of Ni 

in Ni-Al hydrotalcite [107]. 

 

5.7 NOx Reduction 

Cu/Co/M (where M = Al, Fe, Cr, Ni and Fe) 

mixed oxides and Mn-LDHs have been studied 

for NOx reduction to evaluate the catalytic ac-

tivity of mixed metal oxides. Polmeres et al. 

[109] reported selective reduction with mixed 

oxides at high temperatures resulting from 

LDHs. Numerous methods have been used for 

the reduction of NOx emission. Primarily the 

conventional procedures for NOx reduction with 

NH3 (ammonia-SCR) [109]. SCR of NOx is an 

extremely efficient method to reduce NOx emis-

sions in oxygen-rich exhausts. In the area of 

NOx reduction, mixed metal oxides based cata-

lysts have been extensively studied due to high 

hydrothermal stability of LDHs catalysts [109]. 

Nonetheless, the ammonia-SCR is non-

environment friendly process. Hydrocarbon 

acts as excellent reductant for NOx (HC-SCR) 

that entices more interests due to its short 

price [109]. The emergence of LDHs, catalysts 

generated potential interests as catalysts for 

removal of NOx from diesel exhaust gases 

[109]. LDHs have exhibited excellent catalytic 

activities on SCR of NOx in the presence of SO2 

and H2O at low temperature.  Palomares et al. 

[109] have reported that the behavior of soot 

combustion with NOx/O2 with potassium-

supported Mg-Al hydrotalcite with in situ FT-

IR spectroscopic studies confirmed the pres-

ence of NOx in O2 favors the combustion of soot 

at lower temperatures (<573 K) [110]. Adamski 

et al. [110] reported that the nFeOx@TiO2 cata-

lysts possessing the core-shell structure 

demonstrates that the excellent catalytic activ-

ity on SCR of NOx with NH3 which acts as re-

ductant [110].  

 

5.8 Polymerization of Propylene Oxide with 

LDHs Catalysts 

Olena et al. [111] reported for the first time 

that LDHs as heterogeneous catalysts for 

polymerization of propylene oxide. Does not re-

quire complex post-reaction separation of the 

catalyst. Laycock et al. [112] reported polymeri-

zation of Propylene oxide with thermally acti-

vated synthetic MgAl LDHs. Meanwhile, in 

similar conditions, yields an optically active 

crystalline fraction and a liquid fraction of con-

siderably reduced optical activity. Both liquid 

fractions exhibit a high degree of region-

irregularity in the polymer chain [112]. 

 

5.9 Ring Opening Reaction of Styrene Oxide 

with LDHs Catalysts 

Kantam et al. [72] reported the ring opening 

of styrene oxide with nucleophiles TMeSiN3, 

TMeSiCN, and MgAlCO3 hydrotalcite catalysts 

which resulted in ring opening products with 

high conversion and selectivity. MgAlCO3 hy-

drotalcites displayed reusability up to 3 cycles 

with high reproducibility, which exhibits the 

good catalytic activity of MgAlCO3 hydrotalcite 

for ring opening of epoxides. 

Tengfei Li et al. [113] reported the catalytic 

activity of Zn3Al-CoW12 for aminolysis of epox-

ides. They further reported that the aminolysis 

of styrene oxide with aniline did not proceed in 

the absence of a catalyst while a small amount 

of aminolysis product (＜ 8%) is obtained in the 

presence of Zn3/Mg3Al-NO3 as a catalyst. The 

K5CoW12O40 cluster demonstrated the higher 

catalytic activity, in comparison to Na3PW12O40 

and K4SiW12O40 with similar structure. These 

results reveal the superior performance of the 
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CoW12 anions for the catalytic aminolysis of 

epoxides with aniline and subsequent for-

mation of β-amino alcohol-based products. Par-

ticularly, the utilization of the Zn3AlCoW12 as 

heterogeneous catalyst, demonstrated good cat-

alytic activity although seems that the diffu-

sion and mass transfer have an influence on 

the activity of the heterogeneous reaction to 

some extent. This may be ascribed due to the 

regular porous structure of the intercalation 

material which induces enhanced accessibility 

and shorter diffusion pathways during the 

course of the catalytic reaction [113]. 

 

5.10 Ester Epoxidation with LDHs Catalysts 

Ester epoxidation has been reported in liter-

ature with solid catalysts intercalated with 

metalloporphyrins, methyl rhenium trioxide, 

zeolites and aluminium-based catalysts [114–

115] were active catalysts for epoxidation of 

FAMEs. Li et al. [116] reported the use of phos-

photungstic acid (HPW)/Mg-Al LDHs, Zn-TiO2 

LDHs as active catalysts for epoxidation of 

FAMEs in Table 2 [116]. 

 

5.11 Suzuki Coupling Reaction with LDHs Cat-

alysts 

Several LDHs modified photo catalysts have 

been developed in the past for various reac-

tions [117,118]. On contrary, a novel active 

LDHs photo catalysts which meets the current 

technical requirements by doping/deposition of 

various noble metals on LDHs. From the above 

considerations LDHs photocatalysts meets the 

criteria for the better investigation in the area 

of solar energy. AuPd alloy loaded on ZnCr-

LDHs have been prepared for reduction reac-

tion. ZnCr-LDHs has emerged as superior cata-

lysts and has developed as a super active cata-

lyst for Suzuki coupling reaction [118]. Parida 

et al. [117,118] reported that the synthesis of 

LDH@AuPd and LDH@Pd: Zn-Cr LDHs by co-

precipitation method with a molar ratio of 3:1 

at pH 11. Sahoo et al. [119] however, reported 

the synthesis of APTES functionalized LDHs. 

Parida et al. [117,118] reported that the 

photo catalytic reaction of Suzuki coupling 

with LDH@AuPd catalyst. The biphenyl yield 

increases frequently with the effect of time af-

ter 2 h of irradiation. Hence, biphenyl product 

No Catalyst Conversion (%) Selectivity (%) 

1 HPW-Zn-Ti LDH 85.4 82.2 

2 HPW-Zn-Ti-3 LDH 90.6 86 

3 HPW-Zn-Ti-4 LDH 87.1 79.5 

4 HPW-Zn-Al-3 LDH 63.4 20.2 

5 Zn-Ti-2 LDH 52.2 8.1 

6 Zn-Ti-3 LDH 55.1 9.2 

7 Zn-Ti-4 LDH 56.3 8.4 

8 Zn(OH)2 4.8 16.5 

9 Ti(OH)2 2.9 23.4 

10 Na3[PW12O40] 17.8 8.2 

* Reaction temperature - 70 °C ; reaction time - 7 h; n(H2O2)/n (double bond), 1.5:1; m-catalyst/m (reactants), 0.07:1. 

Table 2. Epoxidation of FAMES with H2O2 conversion and selectivity [116]. 

Entry Catalysts Conditions (h, °C) Conversion (%) 

1 XLPd 115 86 

2 0.01 mol% Pd-CD 24 h, 60 100 

3 PdTNs 1 day, 20 100 

4 Pd/MCM-41 5 h, 78 93 

5 LDH-DS-Pd 5 h, 80 93 

6 Silica-APTS-Pd 2 h, 100 °C 99 

7 Pd@LDH in the present 10 h, 80 °C 96 

8 AuPd bimetallic alloy NPs 2 h, Room temp, 98 

Table 3. A comparison of heterogeneous Pd based catalysts reported in the previous reports with our 

study towards Suzuki cross-coupling reactions [117-119]. 
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is formed with a maximum of 98% yield. To op-

timize the quantity of catalysts, a series of 

LDH@AuPd photo catalysts were executed and 

was observed that the catalytic activity with 

0.1 g was excellent (Table 3). 

 

5.12 Esterification with LDHs Catalysts 

2-Ethylhexanol is converted on acidic and 

basic sites of LDHs catalysts to desired prod-

ucts. For example, the oxidation of 2-

ethylhexanol to 2-ethylhexanal [120] usually 

takes place on acid-base sites of catalysts [121] 

with a minimum content of Al [121]. Succes-

sively, 2-ethylhexanoic acid to 3-heptanone 

[121] is achieved via Ketonization on active 

sites of LDHs catalysts [122]. Moreover, 3-

heptanol is formed by the reduction of 3-

heptanone over basic sites of LDHs [121,122]. 

It could be observed that all the reactions are 

directed by the properties of acidic and basic 

sites of catalysts. Hence, mixed oxide catalysts 

that are derived from LDHs are more favorable 

catalysts for many reactions that is easily mod-

ified and tuned by changing their elemental 

compositions. 

 

5.13 Electrodeposition Reaction with LDHs 

Catalysts 

The electrodeposition process is frequently 

used to formulate a self-supported LDHs films 

on conductive substrates in a two- or three-

electrode alignment. The substrate is active as 

working electrode, whereas an aqueous solu-

tion comprising of metal salts performs as an 

electrolyte in this method. Hence, the reduction 

reaction between the metal and OH− ions leads 

to the creation of a self-supported LDHs nano 

catalysts on the substrate. This method is sim-

ple, and eco-friendly process which is completed 

within few minutes [123,124]. 

 

5.14 Oxygen Evolution Reaction (OER) 

Recently research has been focused on sup-

ported LDHs for OERs [123,124]. Hence, hydro-

gen production by electrochemical water split-

ting is very effective and provides a greener 

method compared with traditional process of 

steam-reforming method which produces hy-

drogen from the natural gas [125,126]. Gener-

ally, the OER reaction is divided into three suc-

cessive stages: adsorption of water molecules 

on surface of catalyst, water splitting reaction 

into molecular oxygen by intricate process, and 

finally the release of molecular oxygen [127]. 

Subsequently, LDHs material can dissolve in 

acidic conditions, they are carried out in KOH 

solution. The general reaction of OER process 

in alkaline media are shown in Scheme 1 [128]. 

Scheme 1 signifies the adsorption site on 

the electro catalyst and O∗ and OH∗ denotes as 

adsorbed intermediates. Each step presented 

above in Scheme 1 creates one electron, hence, 

the OER process works in alkaline media by 

four-electron transfer. The catalytic progress of 

specific OER method is initially assessed by cy-

clic voltammetry (CV) and linear sweep volt-

ammetry (LSV) testing method. Though, to 

judge the OER performance of a particular cat-

alyst, very crucial parameters include over po-

tential (η), Tafel plot (b), exchange current den-

sity (j0), and turnover frequency (TOF), are vi-

tal for this reaction [128,129]. Furthermore, 

OER plays a vital role in energy-conversion 

systems such as CO2 reduction, fuel cells, and 

metal–air batteries and energy-storage 

[130,131]. The electro catalyst, that reduces 

the overall potential which is essential for wa-

ter splitting as a result of lowering the activa-

tion energy, which is broadly engaged to main-

tain the OER kinetics [131]. The conventional 

precious-metal-based electro catalysts such as 

IrO2 and RuO2 displays excellent OER reaction 

[131]. Rahman and co-workers [132] recently 

reported OER reaction review with Ni LDHs 

nano platelets. Recently there have been many 

articles reported on water splitting which facil-

itates the production of hydrogen by direct 

route for water splitting into hydrogen and ox-

ygen [132]. Though, the energy necessary to 

cleave H and O−H bonds is provided by diverse 

power sources such as i) Electrical (current), ii) 

Thermal (heat), or iii) Light (electromagnetic 

radiation). Despite the enormous industrial ap-

plications of hydrogen, there are further possi-

bilities for research expanding in area of water 

splitting with use of LDH catalysts. Among the 

various renewable energy technologies for hy-

drogen production from water splitting, photo-

catalytic and photo electro-chemical (PEC) 

methodologies has been broadly reflected as 

energy technologies devoid of environmental 

pollution [132,133]. 

 
Scheme 1. Reaction of OER process in alkaline 

media [123,124]. 
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5.15 Nickel Based Layered Double Hydroxides 

for Water Splitting 

Rahman and co-workers [132] reported vari-

ous NiFe-based catalysts for water splitting re-

action and developed the active phase and pro-

vided a detailed mechanism of NiFe based com-

pounds. However, there is no article till date on 

categorizing the structure and the pathway, 

both theoretically and experimentally, during 

OER electro catalysis [133,134]. The earliest in-

terrelated mechanistic studies reported that 

the active phase of Ni(OH)2 or nickel oxide 

(NiOx) catalyzing OER. Hence, the phase trans-

formations of Ni(OH)2-based electrode tracks 

the Bode’s diagram with β-Ni(OH)2 and -

Ni(OH)2 altering into β-nickel oxyhydroxide (β-

NiOOH) and -NiOOH correspondingly during 

charging and discharging -NiOOH which is de-

rived from overcharging β-NiOOH, whereas -

Ni(OH)2 converts into β-Ni(OH)2 [134]. Various 

studies on the influence of Fe deposition on Ni-

based OER electro-catalysts was additionally 

evaluated by few methods, such as density 

functional theory (DFT) calculation and in situ 

spectroscopy [132–134]. 

 

5.16 Advantages of LDHs for OER Reaction 

LDHs materials, principally Cobalt, and 

Nickel containing LDHs, are the most favoura-

ble materials, that shows innovative method 

for OER electro-catalytic performance outper-

forming additional non-precious metal based 

OER electro-catalysts. LDHs have numerous 

advantages in contrast to 0D and 1D materials 

such as bulk surface-to-bulk ratios, surface ar-

ea, particle size distribution, morphology and 

efficient exposure of catalytic active sites. 

These properties derive the catalysts as excel-

lent LDH materials for OER reactions [134]. 

 

6. Other Applications of LDHs 

6.1 LDHs Catalysts as Filler in Concrete 

The carbon foot mark of concrete production 

industry is rapidly emerging as larger economy 

in South-Asian regions that are concentrating 

on swiftly development of infrastructure. Addi-

tionally, the conventional methods have con-

tributed to environmental related issues for ce-

ment production [135,136]. Hence, to decrease 

the environmental impact of cement produc-

tion, it is necessary to develop concrete infra-

structure to reduce environmental related is-

sues with longer shelf life. LDHs are used as 

cement additive that emerged towards the end 

of the 20th century. Nevertheless, with various 

degradation phenomena related with the rein-

forced concrete models, such as steel corrosion 

[137,138], freeze thaw cycles [139], ice abrasion 

[140,141] and acid attack [142]. The LDH final-

ly formed was applied as a chloride entrapping 

additive with 8.5 wt% dosage in cement pastes 

and there were enhanced chloride uptake capa-

bilities. Hence, Yoon et al. [143] reported the 

positive impact of LDHs in increasing the ser-

vice life of concrete structures. Yoon et al. [143] 

have reported the use of commercially availa-

ble Mg-Al LDH and calcined at 450 °C. It has 

been well documented that the interlayer ani-

ons in LDHs galleries could be exchanged easi-

ly with an anion molecule.  

Owing to the above stated ion exchange 

property [144], this exclusive property portrays 

LDHs as a flexible material however, they can 

sequestration anions from the environment 

LDHs   Cement   Dosage   
Concrete Properties 

Age   Year   
CS FS 

Ca-Al LDHs Cem 42.5 1–5% +6% (2%LDH) - 28d 2009 

MgAl CO3   1–2% inconclusive - 28, 48d 2013 

MgAl LDH 8.5%   ∼ –2% - 28d 2014 

MgAl pAB Cem I 42.5N 5–10% –17.2% (10%LDH) –21.38% (10%LDH) 28d 2015 

MgAl NO2 Cem I 42.5N 5–10% –14.2% –19.1% (10%LDH) 28d 2015 

MgAl LDH   1% –25% (28d) - 8-178d 2015 

LiAl LDH   1–3% +25% - 7d 2017 

CaAl NO3 Cem I 52.5R 0.5–2 Vol. +17% (1% LDH) +55% 28d 2018 

MgAl CO3 Cem I 52.5 1–3% ∼+3.5% (3% LDH) - 28d 2018 

MgAl LDH   1–2% +8.2% (1% LDH) - 56d 2018 

LiAl LDH   0.5–1.5% +46.2% (1%LDH) - 28d 2019 

Table 4. Effect of addition of LDH on the mechanical properties of concrete for compressive strength 

(CS) [145]. 

*CS = compressive strength, FS = Flexural strength 
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with an option of discharging a tailored anion. 

LDHs are consequently used as potential addi-

tive for the imprisonment of corrosion causing 

types of materials and discharging of corrosion 

preventing anions in cementitious environ-

ments. In concrete research technology, LDHs 

are nanoparticles which have been reported to 

polish the microstructure of concrete without 

increase in porosity [145]. Although, LDHs is 

regularly added in its powdered form to be dis-

tributed in the matrix. However, these LDHs 

nanoparticles are homogenously distributed 

during cement hydration process. Hence, LDHs 

can deliver extra nucleation sites during ce-

ment hydration. This further promotes growth 

of CSHs gels into the cavities, thus refining the 

microstructure. Furthermore, these particles 

perform as micro-fillers inside the cementitious 

matrix. It is provisional on the type of LDHs 

used, which will require a positive effect on the 

mechanical properties, such as compressive 

strength (CS) of concrete (Table 4). The LDHs 

usually have hexagonal platelet structures. Alt-

hough they are capable of retaining their struc-

ture in concrete, the resulting concrete exhibits 

a superior flexural strength (FS) as LDHs pos-

sess thin platelets that acts as micro-beam ele-

ments flanked by cementitious materials and 

as a result it helps in effective transfer of bend-

ing stresses [145]. Table 4 presents a compre-

hensive data on flexural strength enhancement 

of concrete with different types of LDHs and 

doses used by different authors. 

 

6.2 LDHs as Filler for Polymer 

There are many literature reports pertain-

ing to montmorillonites and cationic clays, sug-

gested on the application of organic modified 

hydrotalcites are efficient fillers of polymers, 

for example polyethylene, polystyrene and 

polymethylmetacrylate [146] which gave excel-

lent results for mechanical strength [146]. Jiao 

[146] reported that the MgAl-CO3 showed as an 

efficient halogen-free flame retardant additive, 

which performs as Heat Release Rate (HRR) re-

ducer and as a remarkable smoke suppressant 

[147]. It has been reported that the MgAl-CO3 

has a better flame retardant efficacy than ei-

ther MH (Magnesium hydroxide) or AH 

(Aluminium hydroxide) as flame retardation of 

EVA [147,148]. Costache et al. [149] reported 

that the phosphorus compounds act as efficient 

halogen free flame retardants and are often 

used alone or in combination with MH or AH, 

that increases the conversion of organic matter 

to charred sheets during combustion. Hence, 

these charred sheets will lower the amount of 

flammable volatile gases that reaches the 

flame zone and reduces the heat transfers from 

the flame to the polymer.  

Prasad et al. [150] reported that magnetic 

Fe3O4 based LDHs nanocomposites 

(Fe3O4/LDHs) on the synthesis, properties and 

applications. Generally, the properties of opti-

mal magnetic Fe3O4/LDHs photocatalytic as-

sembly aim to come across the following re-

quirements. (i) The preparation and manufac-

turing process of (Fe3O4/LDHs) are very simple 

with good yield. (ii) Magnetic Fe3O4-LDHs com-

posites exhibits greater photocatalytic perfor-

mance of Fe3O4 and pure LDHs sample. (iii) 

Magnetic Fe3O4/LDHs photo catalysts should 

be reprocessed through exterior magnetic field 

which can be easily regenerated and recycled. 

Finally, the Fe3O4/LDHs photo catalyst pos-

sesses an outstanding photo corrosion re-

sistance capacity and should be very stable at 

room temperature. Daud et al. [151] have re-

ported that the graphene/LDHs nanocompo-

sites have emerged as new advances in the ar-

ea of material science. Here, the methods uti-

lized for the synthesis of magnetic Fe3O4/LDHs 

nanocomposites and their key applications in 

the classical area of photo catalysis and envi-

ronmental remediation were studied [151]. 

 

6.3 LDHs Acts as Host for Drugs 

The author’s in this section present drugs as 

excellent materials to intercalate in LDHs due 

to negative charges species. Nalawade et al. 

[152] reported that the LDHs are excellent 

hosts for negatively charged species which pro-

vides better methods of drugs and genetic ma-

terials that are introduced into cells. Conse-

quently, if it is consumed, biomolecules-LDH 

nano-hybrid can transfer across the mucous 

membrane of the intestine. However, neutral 

hybrid may enter the cells by moving diagonal-

ly, where negative charged cell membranes 

without being repulsive electrostatic interac-

tions that could be experienced alone by guest 

anion species. When inside the cell, the LDHs 

are broken down by lysosomes the resulting in-

tercalate anion is released [152].  

Biomolecules are stable in LDHs lattice. If 

required, de-intercalated by ion-exchange 

method with atmospheric CO2 or other anions. 

These exceptional characteristics will permit 

LDHs to be utilized as new drug or gene carri-

ers if transmission is effective of bio hybrids to 

cells are proved. Hence, to evaluate the trans-

fer efficiency, isotope-labeled [32P] ATP–LDHs 

hybrid was synthesized by ion exchange meth-

od and application of such hybrids by eukaryot-
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ic cells was examined for incubation time tak-

en. Exogenously introduced ATP–LDHs hybrid 

enters into HL-60 cells efficiently in shorter du-

ration of time. However, transfer effectiveness 

was found to be greater up to 25-fold in 2 h du-

ration of incubation, for ATP only. However, af-

ter 4 h of incubation, the uptake level of hy-

brids becomes lesser to 12-fold. In comparison, 

the hybridization between ATP and LDHs it 

neutralizes surface charge of anionic phosphate 

groups in ATP, which is attributed to the cati-

onic charge of LDHs, which results into favora-

ble endocytosis of cells, and finally results into 

better transmission efficiency [152,153]. 

Adding LDHs to a solution of desired drugs 

in water at room temperature results in inter-

calation of these molecules in LDHs. LDHs 

swells up to 20 Å and can occupy the size of 

guest molecules. LDHs have excellent property 

of possessing antacid and antipepsin proper-

ties. Branded antacids products (TALCIDTM 

and ALTACITETM) contain  LDH 

Mg6Al2(OH)16CO3. Drugs such as Diclofenac 

(DIC), Ibuprofen, Naproxen, Gemfibrozil, 2-

Propylpentonoic acids, 4-Biphenylacetic acid, 

Tolfenamic acid, indomethacin, ketoprofen, 

tiaprofenic acid and flurbiprofen can be interca-

lated into LDHs [154]. Numerous cardiovascu-

lar, anti-inflammatory agents such as carbox-

ylic acids or carboxylic acid derivatives, can be 

intercalated in LDHs by ion exchange method. 

However, intercalating into LDHs modifies Di-

clofenac (DIC) discharge, the interlayer region 

of this matrix is considered as micro vessel, in 

which the drug is stored and released by de-

intercalation method due to the ions present in 

small intestine [154]. The release of Diclofenac 

(DIC) usually depends on diffusion through 

particle size and not on concentration of drug. 

In vitro studies it shows that the drug is free by 

a de-intercalation procedure due to interchange 

of drug with ions present in dissolution medi-

um [154]. Hence, it is observed that the drug is 

released from LDHs at pH 7.5. Hence, the drug 

is discharged from LDHs DIC is much slower 

than that from mixing, which is completed in 9 

hours. Kinetic analysis results have observed 

that there is diffusion through particle in con-

trolling drug discharged. Therefore, it is very 

important that the reversible intercalation of 

wide variety of active cardiovascular and anti-

inflammatory agents into LDHs that can result 

into new tunable drug delivery system [153]. 

Umberto et al. [154] (Table 5) reported that in 

order to examine the catalytic aptitude of MgAl 

hydrotalcites to intercalate the L-DOPA (L-3,4-

dihydroxyphenylalanine) that is structurally 

identical to amino acids which are used as drug 

in the Parkinson’s disease. Umberto et al. [154] 

reported that at pH 9 intercalation is accom-

plished, with hydrazine as an antioxidant. Ta-

ble 4 reports the interlayer distance of interca-

lated compounds with amino acids bearing two 

carboxylic groups as glutamic (Glu) and aspar-

tic acid (Asp) and composition of LDHs. 

 

6.4 LDHs as Guest Species for Antimicrobial 

and Antioxidant Activity 

However, the intercalation of the biological-

ly active class into hydrotalcites that exhibits 

antimicrobial activity for benzoate (Bz), 2,4-

dichlorobenzoate (BzDC) and para- and ortho- 

hydroxybenzoate (p-BzOH, o-BzOH) [154]. The 

composition of the materials is presented in 

Table 5 [155] directs that the benzoate, and 

benzoate derivatives of anions easily replaces 

the nitrate counter-anions finally, whereas the 

Fer and the Asc exchange for 53% and 31% to 

nitrate or chloride anions. 

 

6.5 LDHs Composite Materials 

Usually, Fe Magnetic LDHs are prepared by 

co-precipitation, hydrothermal, and solvother-

mal methods [156,157]. The hybrid materials 

of LDHs nanocomposite and Fe3O4 MNPs is 

highly recommended for environmental pollu-

tion control. There are few published articles 

studied on the synthesis of Fe3O4/LDHs nano-

composites and for their photocatalytic applica-

tions [157] (see Table 6). The magnetic separa-

tion of Fe3O4/LDHs materials have been exam-

  Acronyms Composition d (Å) 

Antimicrobial Zn-Al-Bz [ZnAl]0.35Bz0.35. 1H2O 15.5 

  Zn-Al-O-BzOH [ZnAl]0.35o- BzOH0.27(NO3)0.08.1 H2O 15.5 

  Zn-Al-P-BzOH [ZnAl]0.32 p-BzOH0.33(NO3)0.02.1 H2O 15.3 

  Zn-Al-BzDC [ZnAl]0.32 BzOH0.32(NO3)0.03.1 H2O 16.8 

Anti-oxidant Mg-Al-Fer [MgAl]0.36(Fer)0.19(NO3)0.17.0.89 H2O 17.3 

  Mg-Al-Asc [MgAl]0.36(Asc)0.11Cl0.25.0.29H2O 12.8 

Table 5. Composition and basal spacing (d) of the indicated intercalation compounds dried at 75% of 

relative humidity [155].   
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ined in aqueous solution by placing the magnet 

near the glass, and it displays the magnetic 

properties of materials [157]. As a result, sepa-

rating the magnetic Fe3O4/ZnCr LDHs nanohy-

brids swift variations are observed in the envi-

ronmental remediation. Methylene blue (MB) is 

extensively utilized for photocatalytic studies 

as classical dye. The MB stability rises against 

photo catalysis when the pH is less, but the ad-

justment of pH to 5.4 will lead to suspension of 

hydrotalcite [157]. Further, Prasad et al. [150] 

reported that MB for 3 h at room temperature 

with Fe3O4/ZnCr LDHs nanocomposite removes 

~95% of MB in aqueous solution. This result is 

much better when compared to ZnCr LDHs 

samples, hence degrades only 58.1% under UV-

light in 3 h, this is due to Fe3O4/ZnCr LDHs 

nanocomposites confirms better catalytic activi-

ty, this is ascribed due to the increased surface 

area and its exceptional advantage being easy 

separation under external magnetic fields. 

These results are attributed due to the modifi-

cation of Fe3O4 NPs on LDHs surface exhibits 

superior photocatalytic activity of ZnCr LDHs. 

Mardani et al. [156] reported that the Cu/Ni–Al 

LDHs/Fe3O4 nanocomposite were prepared by 

co-precipitation method. However, magnetic 

Fe3O4 (core) were prepared by co-precipitation 

for Fe2+ and Fe3+ in aqueous solution. Then fur-

ther nanocomposite was synthesized by co-

precipitation of Cu2+, Ni2+, and Al3+ metal ions 

on the Fe3O4 core nanoparticles in the alkaline 

medium. Prasad et al. [150] reported that the 

results of these analyses confirms that the 

magnetic nanocomposite of LDHs and Fe3O4 

synthesized were stable in aqueous solution via 

electronic interaction forces. 

 

6.6 Degradation of Dyes with LDHs 

LDHs are widely utilized for catalytic reac-

tions and as catalyst supports [181] and it is 

further used for treatment of printing and dye-

ing wastewater. LDHs have been well known 

as adsorbents and photocatalysts [182,183]. 

Due to the dual properties as surface adsorp-

tion and interlayer adsorption of anions, LDHs 

can effectively adsorb anionic contaminants in 

dyeing, printing, and wastewater [184-188]. 

 

6.7 Adsorption of Heavy Metals on LDHs 

However, it is well known that the surface 

water pollution and groundwater contamina-

tion are environmental problems. The main 

sources of environmental pollution owing to 

heavy metal contaminants, such as copper, 

lead, cadmium, chromium, arsenic, and zinc, 

this is ascribed due to the mining industries 

which are toxic at lower concentrations posing 

environmental challenges. Based on the nature 

of mining, and the level of concentrations of 

metal ions are huge and varies. It is already 

known that heavy metal ions having high tox-

icity and reduced biodegradability for plants 

and animals at greater concentrations 

[189,190]. Kano et al. [191] reported that the 

adsorption of heavy metals on LDHs intercalat-

ed with chelating agents. Perez et al. [192] re-

ported recently that the LDHs modified with 

chelating agents are crucial adsorbents of 

heavy metals. However, Perez et al. [192] re-

ported that the ZnAl-NO3, ZnAl-EDTA, MgAl-

NO3, MgAl-EDTA, and MgAl-EDDS are active 

catalysts for removal of contaminants from wa-

ter. Kano et al. [191] reported the adsorption 

capacities of Cu(II) or Pb(II) onto L1, L2, L3, 

and L0. The adsorption effectiveness of Cu2+ 

was superior compared to Pb2+ for the similar 

absorbent, this is ascribed due to their stability 

constant (EDTA-Cu, EDDS-Cu, EDTA-Pb, 

EDDS-Pb. Gasser et al. [193–197] reported 

that due to the larger adsorption the capacity 

is obtained as the chelate-metal has high sta-

bility constant. Finally, it is concluded that the 

higher adsorption efficiency of L0 than L1 is 

attributed due to high specific surface area of 

LDHs [197–202] (see Table 1). 

 

6.8 Intercalating of Chelating Agents on Met-

als with LDHs Catalysts 

Kano et al. [191] reported that remarkable 

results were obtained for the LDHs intercala-

tion with chelating agents on the adsorption of 

metals [198]. The adsorption of Cd(II), Cu(II), 

and Pb(II) onto these LDHs studied in optimal 

conditions were obtained as reported by Liang 

et al. [203]. LDHs were found to adsorb Cd(II), 

Cu(II), and Pb(II) from solutions, which in-

creases with time during the uptake was ob-

served. It was evident from the results that the 

adsorption capacity of both LDHs for Cd(II), 

Cu(II), and Pb(II) improved swiftly through all 

the stages, and subsequently increased regu-

larly. However, the adsorption capacity of 

Cu(II) and Pb(II) was observed to be greater 

than that of Cd(II). It was reported that the 

heavy metals were adsorbed by LDHs consist-

ing of two mechanisms: chemical precipitation 

and chelation [203]. In the initial case, the hy-

droxyl anions participate with chelating agents 

for the precipitation of metal hydroxides at a 

greater pH. In the second case, the adsorption 

affinity is usually evaluated by the stability 

constant of the analogous complex [165,166]. 
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7. Future Outlook and Current Opinions 

on LDHs Catalysts 

The key tenants on the future outlook and 

current opinion are highlighted as choice of 

metals, ions for development of reusable, repro-

ducing of green catalysts by economic process. 

For the developed of value added products. 

Waste materials can have converted to LDHs 

catalysts, i.e. incorporating different metals to 

evaluate the potential use of waste materials 

into active LDHs green catalysts, that can be 

applied in different areas, such as environmen-

tal, engineering, medicine, renewable energy, 

and catalysis. A tunable catalyst with active 

metal center or sites, to be focused on for devel-

opment of green process on the concept of green 

chemistry / green catalysts. Further future rec-

ommendations can be evaluated for fine tuning 

of LDHs under different parameters.  

The key general areas investigated in the 

literature can be categorized as: The variables 

important to catalyst synthesis, characteriza-

tion, and applications for different reactions. 

The commercial utilization of LDHs is very es-

sential for the advancement of LDHs catalysts 

and requires a scalable continuous production 

technique to get high yield and high crystallini-

ty. Hence, an integrated method could be em-

ploying microfluidic technology and tubular re-

actors needs to be explored in detail, towards 

the sustainable mass-scale production. Alt-

hough LDHs effective work’s for various organ-

ic transformations, medicine, environmental, 

flame retardants and many of areas of science 

and engineering. However, for the effective in-

dustrial applications, it is highly recommended 

to assess the performance of these LDHs at in-

dustrial level in order to replace the conven-

tional catalysts. 

 

8. Concluding Remarks 

The aim of this review is to study new tech-

niques developed for the preparation, charac-

terization and applications of LDHs catalysts. 

LDHs acts as green catalysts that can be ap-

plied in the absence of conventional catalysts 

used. Green chemistry focusses on the environ-

mental aspects of both chemical products and 

the technology by which they are produced. 

LDHs catalysts are green catalysts that elimi-

nates wastes and avoids the use of toxic and or 

hazardous reagents and solvents in the manu-

facture of fine chemicals. The surface area of 

LDH is measure by N2 Physisorption which 

varies between 230 cm2/g and 102 m2/g depend-

ing, mainly on the active sites of LDHs cata-

lysts. A typically crystalline structure of LDH 

is Rhombohedral and this can be verified by 

XRD analysis. SEM evaluates the surface mor-

phology of LDH. Through XPS one can deter-

mine the chemical and pattern of the electronic 

structure of the surface of LDH. The surface 

area of LDH and adsorption-desorption process 

can be characterized by BET surface area.  FT-

IR spectroscopy is vital to determine the func-

tional group such as OH, Carbonate, and poly-

mer intercalated in LDH. The vibration, rota-

tional and molecular aspects are evaluated by 

Raman Spectroscopy.  The DTA-TGA method is 

applied for Measuring the variations in Mass 

at different temperature. The surface chemis-

try of metals and metal oxides are character-

ized by Temperature Programmed Reduction 

(TPR) under various thermal conditions in or-

der to evaluate the application of reducing gas 

mixture that are adsorbed on the metal or met-

al oxide surface. However, modified LDHs cata-

lysts can be developed for studying new appli-

cations due its tunable nature of LDHs, and ex-

cellent properties it exhibits due its active 

sites, memory effect, reusability, stability for 

longer reactions, regardless of reactions pa-

rameters applied, simple method of synthesis, 

economic and eco-friendly process can be devel-

oped. However, the authors evaluated that the 

most important and recent achievements have 

been reviewed  on LDHs catalysts, and future 

recommendations have been evaluated with 

the ultimate goal to offer a panoramic vision of 

the importance and potential of this branch of 

material science. 
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