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Abstract 

Magnesium-Aluminium Carbonate Hydrotalcite-like Compound 

(Mg-Al-CO3-HTlc) and Zinc-Aluminium Carbonate Hydrotalcite-like 

Compound (Zn-Al-CO3-HTlc) with Mg/Al and Zn/Al atomic ratio 2:1 was 

synthesized by co-precipitation and urea hydrolysis methods. Their 

physicochemical properties were studied using powder X-ray diffraction 

(PXRD), X-ray fluorescence spectrophotometry (XRF), Fourier transform 

infrared (FTIR) and Thermogravimetry (TG) and Differential Thermal 

Analysis (DTA) involving evolved gas analysis (EGA). The PXRD of the 

synthesized material showed that the crystallinity is influenced by the type of 

synthetic method and can affect the properties of the hydrotalcite-like 

compounds. The TG, DTA and EGA results showed that three steps of mass 

loss occurred corresponding to the release of gallery water, structural water 

and carbon dioxide (from carbonate decomposition) respectively. Thermal 

treatment up to about 500oC and beyond transforms them into non-

stoichiometric metal stable oxides (MgO and ZnO) whose crystallinity is 

lower than that of the precursor and then into stable spinel with no further 

mass loss following the transformation. Derivatives of urea hydrolysis 

method gave better ordered and more crystalline Mg2AlCO3-HTlc but with 

smaller unit cell. Variation in synthesis route can influence the mode of 

stacking of the layers, order of the interlayer anions and water molecules in 

the gallery space and attraction between the interlayer anions and the 

hydroxyl ions of the metal hydroxide layers. 

http://dx.doi.org/10.19044/esj.2019.v15n12p52
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Introduction 

Hydrotalcites (HTs) are a class of anionic clays also described as 

layered double hydroxides (LDHs). They are anionic-intercalated inorganic 

compounds that can be regarded as an antitype of the cationic clays like the 

Montmorillonite or Smectites (Geetanjali et al., 2018).  Unlike the 

Montmorillonite or Smectites, where octahedral sheet is intruded between 

two tetrahedral sheets, hydrotalcites are made up of octahedral sheet 

introduced between two octahedral sheets. The structure is made up of 

different layers of two metal hydroxides joined together to form an octahedral 

sheet. Several of these sheets combine to form the hydrotalcite clay mineral. 

The octahedral metal hydroxide sheets contain two metals in different 

oxidation states with hydroxyl groups so arranged to form the vertices of the 

octahedral and metal cations at the centre (Cavani et al., 1991). The crystal 

structure consists of brucite-like Mg(OH)2 layers (Figure 1A) with Mg2+ ions 

coordinated octahedrally by hydroxide ions sharing edges to form charged 

neutral sheets which are piled on each other and connected by hydrogen 

bonding. 

Figure 1: Structure of Brucite and Hydrotalcite 

 

 Isomorphic substitution of some of the Mg2+ ions in the brucite-like 

layers by trivalent cations like Al3+, Cr3+, Fe3+, Co3+, Mn3+ and Ga3+, results in 

positive charge imbalance (El Hassani et al. 2017) which then allows for the 

existence of gallery charge balancing anions between the layers for electrical 
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neutrality. The remaining space in the interlayer is occupied by molecules of 

water of crystallisation (Figure 1. B). This group of materials were first 

discovered in Sweden in 1842. Manasse was the first to publish the exact 

formula of the hydrotalcite, [Mg6Al2(OH)16]CO3.4H2O in 1915 and between 

1930-1942, Feitknecht published a series of papers on double sheet structures 

which he termed doppelschichtstrukturen (Feitknecht and Gerber, 1942). This 

sprang up an increased interest in the hydrotalcite or layered double hydroxide 

Chemistry. Allmann and Taylor, from their single crystal x-ray diffraction 

results, disproved the structure that was assigned to these minerals and 

proposed that, these group of minerals have layers of mixed metal hydroxides 

intercalated with anions and water molecules (Allman, 1968 and Taylor, 

1969), rather than been composed of layers of one metal hydroxide 

intercalated with a layer of another metal hydroxide. An extended area of 

compositions exist based on the general formula [M2+
1-xM

3+
x (OH)2][A

n-

x/n)].mH2O, where M2+ and M3+ are di- and trivalent metals in the  hydroxyl 

sheets with x between 0.17 and 0.33 (Cavani et al., 1991; Elgiddawy et al., 

2017; Tran et al., 2018). The possibility of a number of varying types of both 

cationic and anionic compositions allows for tailored-made materials for 

diversified applications such as catalysts, adsorbents, fillers, thermal and UV 

radiation stabilizers etc. (Newman and Jones, 1998; Cavani et al., 1991; de 

Roy et al., 1992; Kuthati et al., 2015). HTs crystallise in two polymorphs 

(Figure 2); Rhombohedral symmetry (where the lattice parameters are a and c 

and c = 3c’), and Hexagonal symmetry (where the lattice parameters are a and 

c and c=2c’). For natural hydrotalcites, a and c are reported to be 3.054 and 

22.81Å respectively (Drits et al., 1987), with the value of c’ being 7.60Å 

calculated from d(003) reflection (Miyata, 1983). The unit cell parameter a is 

the average intermetallic distance within the octahedral (cationic) layer and 

the unit cell c is the interlayer separation accounting for the total thickness of 

the metal hydroxide layer and the interlayer distance (Vaysse et al., 2002; 

Thomas et al., 2004; These unit cell parameters define the length of the edges 

of a unit cell and the angles between them.  
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Figure 2: Showing the different stacking patterns of hydrotalcite 

 

Several authors have adopted different methods to synthesise 

hydrotalcite-like compounds (HTlcs) such as Sol-gel method, Microwave 

Irradiation, Steam Activation, Solvothermal method, Co-precipitation, Urea 

method and Combustion Synthesis (Ross et al 1938; Costantino et al., 1998; 

Ogawa and Kaiho, 2002; Carreto, 2002; Carreto et al., 2006; Lvov et al., 

2008), etc. The choice of method is a function of composition required and 

properties of the compounds desired. A commonly utilised method is the co-

precipitation and the urea hydrolysis method.  

The co-precipitation method is highly reliable and reproducible and it 

involves precipitating all cations in a controlled ratio or set by the starting 

solution and it includes adding steadily a solution containing the metal cations 

and another base usually NaOH, with a solution of the guest anion together at 

the same time, to a reactor with stirring and regulated flow rate.  

Urea hydrolysis method involves treating the precipitated samples at 

moderate temperatures below and above 100◦C for a few hours. It employs 

urea as the precipitating agent and the process proceeds slowly leading to low 

super saturation during the precipitation process thus giving hydrotalcite like 

compound with value of x of about 0.33 and good crystallinity of product. 

Urea is well known in gravimetric analysis where it is often used as a 

precipitating agent for a number of metal ions as hydroxides or as insoluble 

(a) Hexagonal (b) Rhombohedral 
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salts from homogeneous solution in the presence of suitable anions 

(Mendham, 2006). 

This study aims at investigating the effect of synthesis of Mg2-Al-CO3 

and Zn2-Al-CO3-hydrotalcite-like compounds through co-precipitation and  

urea hydrolysis routes and to study the effect of these routes on the 

physicochemical properties of the synthesised Mg2-Al-CO3 and Zn2-Al-CO3-

hydrotalcite-like compounds having the approximate stoichiometric formula 

of Mg4Al2(OH)8A
n-.mH2O  and Zn4Al2(OH)8A

n-.mH2O where An- is CO3
2-. 

 

Experimental 

Material 

Mg(NO3)2.6H2O, 99% purity (Sigma-Aldrich, Japan), 

Zn(NO3)2.6H2O from Sigma-Aldrich, Germany, 98% purity, Al(NO3)3.9H2O 

(98% purity), Na2CO3, (98% purity) got from Sigma-Aldrich, Germany, 

NaOH supplied by Fisher Scientific, UK and Urea (Sigma-Aldrich, Germany, 

99% purity) were utilised in this study. 
 

Synthesis procedure 

Preparation of Zn/Al and Mg/Al Hydrotalcites (HTs) 

Two synthesis methods were utilised to prepare hydrotalcite-like 

compounds (HTlcs) containing magnesium or zinc as the divalent cation, 

aluminium as the trivalent cation and carbonate as the interlayer anion.  
Mg2-Al-CO3 and Zn2-Al-CO3 hydrotlcites were prepared by co-

precipitation method adopted from literature (Reichle et al., 1986 and 

Omonmhenle and Shannon, 2016). Typically, a mixture of solutions 

containing aluminium and magnesium, or aluminium and zinc with Mg/Al or 

Zn/Al ratio of 2 having Al3+ ions of 0.33M and Mg2+ or Zn2+ ions of 0.67M 

were made. Another mixed solution of NaOH [OH-] = 2M and Na2CO3 [CO3
2-

] ≈ 1M, were prepared by dissolving the compounds in de-ionised water in 

separate beakers. The two solutions were brought together drop wise at the 

same time, at constant flow rate, under vigorous stirring, maintaining the pH 

of the solution, 12 for Mg2-Al-CO3HTlc and 10 for Zn2-Al-CO3HTlc. When 

the addition was completed, the mixtures were allowed to stir for a further 1h 

at the same pH. The gels obtained were aged for 18h at 110°C in an autoclave. 

After the thermal treatment, the hydrothermal samples were filtered, washed 

with de-ionised water and dried at 60°C in an oven for 24 h. The solids 

obtained were stored in air tight containers for further analysis. The pH of the 

suspension was 13±0.0002 and 10.0±0.04 for Mg2-Al-CO3 and Zn2-Al-CO3 

hydrotalcites respectively. The resulting hydrotalcite-like compounds were 

referred to as Mg2-Al-CO3-copptn or Zn2-Al-CO3-copptn. 
Hydrotalcites like compounds of (Mg-Al and Zn-Al) were also 

prepared using the urea hydrolysis method following Costantino method 
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(Costantino et al., 1998). In a typical experiment, solid urea (1.65M) was 

dissolved in a solution containing the appropriate mixed metal nitrates of total 

concentration of 0.5M with x value of 0.33 to reach a urea/metal ion molar 

ratio of 3.3. The resulting clear solution was refluxed at 90°C, with constant 

stirring (600 rpm), for 48 h. Then the resultant gelatinous precipitates were 

filtered, washed and dried at 60°C for 24 h. The resulting hydrotalcite-like 

compounds were referred as Zn2-Al-CO3-urea or Mg2-Al-CO3-urea. 
 

Characterization 

Powder x-ray diffraction data of as-prepared Mg2-Al-CO3 

hydrotalcites (by co-precipitation and urea methods) and Zn2-Al-CO3 

hydrotalcites (by co-precipitation and urea methods) were obtained using a 

Bruker D8 ADVANCE X-ray diffractometer with a Lynx-Eye PSD detector.2 

Theta transmission geometry was employed with Cu Kα₁ radiation (λCuKα₁ = 

1.54056 Å), collecting data at room temperature and at a step size of 0.02° 2θ 

and step time of 8s/step for routine characterization and identification of 

materials. The scan was carried out at diffraction angles in the 2θ range from 

5° to 70°. 

Thermal analysis (TG and DTA) of the samples were performed 

simultaneously from room temperature to 900˚C in oxygen atmosphere with a 

Netzsch STA 449 FI Jupiter®, connected to a quadrupole mass spectrometer 

(Netzsch QMS 403 Aëolus®) at a heating rate of 5°C/min. The preferred 

products of interest that were continuously observed, were for selected mass 

numbers m/z (18) for H2O and (44) for CO2). About 50 - 60 mg of sample was 

heated in closed crucible (platinum), and repeated analyses were recorded for 

each measurement. 

The atomic ratios (MII: MIII) of the as-synthesised hydrotalcite like 

compounds were measured using a Bruker S8 TIGER x-ray fluorescence 

spectrometer with high intensity rhodium x-ray tube. The fused beads 

technique was adopted for the major oxides which involved dissolving usually 

1g of sample in 10g of flux, lithium tetraborate using a platinum/gold alloy 

crucible at 1250°C.  

The FT-IR data were collected using the ATR smart accessory on a 

Varian 660 Fourier transform infrared spectrometer. 36 scans were obtained 

for each measurement in a wavelength range of 700–4000 cm-1 using 4 cm-1 

resolution. 

 

Results and Discussion 

Composition, structural and thermal analysis 

The mole ratios of Mg/Al and Zn/Al in the derivatives of hydrotalcite-

like compounds (HTlcs) prepared from co-precipitation and urea hydrolysis 

methods are shown in Table 1. The XRF results showed that mole ratio 



European Scientific Journal April 2019 edition Vol.15, No.12 ISSN: 1857 – 7881 (Print) e - ISSN 1857- 7431 

58 

M2+/M3+ of the synthesised samples are consistent with stoichiometry in the 

synthesis mixtures because the Mg2+/Al3+ and Zn2+/Al3+conform well to the 

expected ratios in the synthesised sample, showing that the metals precipitated 

well. 

The powder XRD patterns for Mg2-Al-CO3 and Zn2-Al-CO3 

hydrotalcites prepared by co-precipitation and urea methods are illustrated in 

Figures 4 a-d. The patterns showed the characteristic lamellar structure of 

hydrotalcite with no other phases detected indicating that, the materials 

synthesised consisted of one crystallised phase (Cavani et al., 1991; Trifirò 

and Vaccari, 1996). The lattice parameters for these samples were calculated 

with a hexagonal cell with rhombohedral system (Cavani et. al., 1991), and all 

samples show 3R symmetry, unit cell ‘a’ and ‘c’; α = β = 90° and ϒ = 120°. 

The unit cell parameters are shown in Table 1.  It was observed that 

Mg2AlCO3–co-pttn showed peak broadening around 2θ, 35-50°, and relatively 

more intense peak with slightly bigger unit cell. While, Mg2-Al-CO3-urea gave 

slightly sharper peaks with relatively smaller unit cell. This demonstrates that 

the sample synthesised by the urea method showed better crystallinity, better 

structural order with less stacking faults and bigger particles, but denser 

sample from the co-precipitation method. The key difference between these 

preparation methods may be explained thus: in the co-precipitation method 

(involving hydrothermal treatment); the system is under high pressure, while 

often at high pressure one would expect a denser phase with small unit cell to 

be produced, but in this case, a denser phase with larger unit cell was observed, 

which may be ascribed to more water in the interlayer region of Mg2-Al-CO3-

co-pptn. This result agrees with the TGA results, where 33.38% overall weight 

loss for urea sample, and greater overall weight loss of 42.38% was indeed 

observed for the co-precipitation samples (Figure 6). The relative better 

crystallinity noticed with the sample prepared by urea hydrolysis method 

(Mg2-Al-CO3-urea) may account for the differences in relative intensity and 

d- spacing observed (Figure 4 a). 
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Figure 4: (a) Powder XRD patterns of Mg2-Al-CO3HTlc synthesised by co-precipitation 

and urea method, (b) Zn2-Al-CO3HTlc synthesised by urea and co-precipitation, (c) Zn2-Al-

CO3HTlc and Mg2-Al-CO3HTlcs synthesised by urea method and (d) Mg2-Al-CO3HTlc and 

Zn2-Al-CO3HTlc synthesised by co-precipitation method. 

 

Zn2-Al-CO3 hydrotalcite prepared by co-precipitation gave higher 

intensity and sharper peaks than Zn2-Al-CO3 prepared by the urea method 

(Figure 4 b). Zn2-Al-CO3-co-pptn gave a denser phase with smaller unit cell 

(Table 1) as is expected, unlike the case of Mg2-Al-CO3-urea and Mg2-Al-

CO3-co-pptn, where the opposite trend was observed (Figure 4a). The powder 

XRD patterns of Zn2-Al-CO3 HTlc and Mg2-Al-CO3 prepared by urea 

hydrolysis method are shown in Figure 4 c. The powder XRD patterns are 

similar and both demonstrate that their layered structures are very similar. The 

d(003) reflection of Zn2-Al-CO3-urea is observed at approximately ca.7.58Å, 

corresponding to a unit cell parameter c of ca.22.73Å while for Mg2-Al-CO3-

urea, it is observed at ~7.51Å corresponding to a unit cell parameter c of 

ca.22.53Å. Mg2-Al-CO3-urea also showed sharper peaks indicating relatively 

better crystallinity, which may be an indication of better order. Comparing 

both samples, powder XRD patterns of Zn2-Al-CO3-co-pptn and Mg2-Al-CO3-
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co-pptn are shown in Figure 4 d. Zn2-Al-CO3-co-pptn showed relatively 

sharper peaks with smaller unit cell, and the peak broadening observed around 

2θ, 35-50° in Mg2-Al-CO3-co-pptn is not present. This suggests better 

crystallinity, better structural order with less stacking faults with ZnAlCO3-

co-pptn.  
Table 1: Unit cell parameters and mole ratios of the various as-synthesised hydrotalcites 

Hydrotalcite 

Sample 

Cations  

mole ratio 

a (Å) c (Å) d (003) (Å) d(006)(Å) aM2+/M3+ ratio 

(Experimental) 

Mg2-Al-CO3 by 

co-pptn method 

Mg/Al 2:1 3.0438(71) 23.2675(40) 7.7554 3.8777 2.36:1 

Mg2-Al-CO3 by 

urea hydrolysis  

method          

Mg/Al 2:1 3.0269(11) 22.5340(14) 7.5113 3.7557 2.04:1 

Zn2-Al-CO3 by 

co-pptn method 

Zn/Al 2:1 3.0679(11) 22.6419(4) 7.5474 3.7737 2.18:1 

Zn2-Al-CO3 by 

urea method 

Zn/Al 2:1 3.0708(13) 22.7261(6) 7.5754 3.7877 2.07:1 

Unit cell parameters calculated with celref software using hexagonal crystal system; a M2+/M3+ 

ratios in the synthesised hydrotalcites by x-ray fluorescent analysis;  co-pptn = co-

precipitation method. 

 
Figure 5: FT-IR spectra of (a) Mg2-Al-CO3 hydrotalcite-like compounds synthesised by co-

precipitation and by urea hydrolysis method and (b) Zn2-Al-CO3 hydrotalcite-like 

compounds synthesised by co-precipitation and by urea 

 

The FT-IR spectra in the region between 700 – 4000 cm-1 for Mg2-Al-

CO3 and Zn2-Al-CO3 hydrotalcite-like compounds synthesised by co-

precipitation and by urea method are shown in Figure 5. The broad peaks 

around 3400cm-1 - 3600cm-1 for each of the samples are ascribed to the water 

hydroxyl stretching vibrations of the hydroxide layers and interlayer water 
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molecules. The bands between 1620 and 1656cm-1 corresponding to bending 

vibration of interlayer water. Mg2-Al-CO3HTlc by urea route shows splitting 

of this OH bending band (Figure 5 a, lower spectrum), which may suggest 

stronger hydrogen bonding and better ordering of cations within the hydroxide 

octahedral layers and the interlayer region. Furthermore, there is relative 

shifting of this band to lower frequency which may be due to greater order of 

the CO3
2- anions and water molecules in the interlayer space. These results 

agree with the XRD result. 

The sharp bands around 1340-1365cm-1 are ascribed to gallery 

carbonate anions for both samples. Relatively, the absorption band due to the 

carbonate anion in the Mg2-Al-CO3HTlc by co-precipitation method (Figure 

5a upper spectrum) shows sharper and more intense band and this is consistent 

with the pXRD results, showing this sample as having denser overall packing. 

The sharp intense vibration bands observed  around 1367cm-1 (Mg2-Al-CO3–

co-pptn) and 1365 cm-1  (Mg2-Al-CO3-urea) indicate CO3
2- from ν3(CO3

2-) and 

is a confirmation of the intercalation of carbonate in the interlayer spaces of 

these samples. Mg2-Al-CO3 prepared by both co-precipitation and urea 

method respectively, each possess a shoulder around higher frequency region. 

This may have been caused by increased interaction involving hydrogen 

bonding between the OH- on the layers, CO3
2- anions and H2O molecules 

situated in the interlayer space. This hydrogen bonding effect is stronger in the 

Mg2-Al-CO3 HTlc synthesised by the urea method typified by the degenerates 

observed around 3300-3500cm-1 suggesting stronger Mg-Al hydroxide layer 

and interlayer interactions, and long range order. This is supported by XRD 

results (Figure 4). However, the contamination of this sample by a little 

amount of urea during synthesis cannot be ruled out because of the following 

observations; splitting observed around 3250-3500cm-1, and the appearance of 

the band observed around 1580cm-1, which may be as a result of vibration 

bands due to NH2 from urea. The weak broad band’s presented around 1640-

1660cm-1 are ascribed to the water bending vibration. The significant 

variations in the band positions of the spectra of these samples may be due to 

a possibility of differences in order/disorder existing in the orderly pile of the 

layers. 

The FT-IR spectra of Zn2-Al-CO3 hydrotalcite-like compounds through urea 

and co-precipitation routs are showed in Figure 5b. The absorption peaks at 

754cm-1 for Zn2-Al-CO3 by urea and 779cm-1 for Zn2-AlCO3 by co-

precipitation method are related to the metal–oxygen v(M–O–M) thus 

confirming the structure of a layered double hydroxide. The peaks located at 

about 1358 cm-1 (Zn2-Al-CO3 by urea) and 1360 cm-1 (Zn2-Al-CO3 by co-pptn) 

is attributed to O-C-O stretching vibrations of the carbonate anions which 

confirm the presence of CO3
2- as the intercalated anion in the interlayer 

regions. There are also significant variations in the band positions of the 
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spectra of these samples which may be attributed to a possibility of differences 

in order/disorder existing in the stack up of the layers, and hydrogen bonding 

between the carbonate ions in the interlayer region and the hydroxyl ions of 

the metal hydroxide layers. 

Figure 6: TG, DTA and gas evolution ion current curves of (Left) Mg2-Al-CO3HTlc by co-
precipitation and (right) Mg2-Al-CO3HTlc by urea. TGA% (Black); DTA/(μV/mg) (Red); 

ion current curve for H2O m18 100% (Blue line ); ion current curve for CO2 m44  94.7% 

(blue broken line). TGA (left vertical axis) and its derivative (right vertical axis) 

Figure 7: TG, DTA and gas evolution ion current curves of (a) Zn2-Al-CO3HTlc by co-

precipitation (b) Zn2-Al-CO3HTlc by urea. TGA% (Black); DTA/(μV/mg) (Red); ion 

current curve for H2O m18 100% (Blue ); ion current curve for CO2 m 44  94. 71% (blue 

broken line). TGA (left vertical axis) and its derivative (right vertical axis) 

 

Thermogravimetric analysis measurements were carried out to 

investigate the phase changes during the thermal analysis of the derivatives of 

the two route products, Mg2-Al-CO3 and Zn2-Al-CO3 hydrotalcite. The first 

wt. loss occurred at lower temperature below 280oC (precisely between 40-
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280oC) and can be attributed to the removal of water from the interior of the 

gallery surfaces and also water physiosorbed on the external sample surfaces. 

The ion current curve showed that water was removed from Mg2-Al-CO3-co-

pptn (Figure 6b) at ca. 266oC accounting for 16% weight loss. The second 

weight loss step occurred at higher temperature as a result of withdrawal of 

water from the metal hydroxide layers (loss of hydroxyl group) as well as 

breakdown of the carbonate anion present in the interlayer space to release 

CO2. The ion current curve shows that Mg2-Al-CO3-co-pptn lost water at 

422oC and CO2 gas at 424oC. This process accounts for a wt loss of 23.5%. 

The total weight loss at 900oC is thus 43.4%.  

Thermal analysis of Mg2-Al-CO3-urea is shown in Figure 6a. The 

thermal analysis of this sample basically followed the same trend as in Mg2-

Al-CO3-co-pptn. It shows a total mass loss of 33.4%. The first wt. loss was 

observed to occur between 40-240oC. The DTA shows a broad endothermic 

peak centered at 105oC and another, a little less broad peak at 233oC. The ion 

current curves showed that water was lost in two steps, first at ca. 146oC and 

secondly at 234oC. The other wt. loss involving the simultaneous removal of 

interlayer carbonate, water and abstraction of hydroxyl groups from the 

brucite-like layers occurred at ca. 432oC. 

The DTA curve for Zn2-Al-CO3-co-pptn clearly shows three 

endothermic peaks (Figure 7a). The first change that occurs during thermal 

analysis of this sample is associated with the removal of water physiosorbed 

on the surfaces of the hydrotalcite and from the interior surfaces of the gallery 

and this happened around 90-140oC, followed by the second step involving 

simultaneous abstraction of water from the layers and carbonate from the 

internal galleries leading to collapse of the structure. This step and the former 

may have overlapped and is represented on the DTA by the endothermic peak 

centered at 235oC (Figure 7a). The mass spectrometry analysis showed the 

evolution of H2O in a single step at 231oC and CO2 at 225oC. Total weight 

losses of 32% were observed.  

For the Zn2-Al-CO3-urea sample, the weight losses observed in the TG 

curve are slightly better resolved, due to improved order, though the same 

trend of thermal behaviour was observed. Here the first process is represented 

by two endothermic peaks on the DTA centered at ca. 101oC and 216oC. This 

accounts for 12% wt. loss. The mass spectrometry analysis shows that water 

was released at ca. 211oC. The other wt. loss step is centered at ca.278oC and 

it represents the process in which the sample starts to crumble due to loss of 

carbonate (at ca.271oC) from within the galleries, and abstraction of water (at 

ca. 274oC) from the layers. This step accounts for 19% wt. loss, with a total 

wt. loss of 31%. 

The point at which this material loses water from the layers and 

interlayer’s and, at the same time losing the intercalated carbonate anions and 
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then collapsing, can be taken as an indication for thermal stability. A delay in 

dehydroxylation of the layers demonstrates a more stable hydrotalcite-like 

compound. Therefore, thermal stability is follows thus: Zn2-Al-CO3-

urea<Zn2-Al-CO3-co-pptn<Mg2-Al-CO3-urea<Mg2-Al-CO3-co-pptn. The 

stability of derivatives of co-precipitation is more stable than the derivatives 

of urea method and Zn2-Al-CO3 is less stable than its Mg-Al-CO3 counterparts. 

 

Conclusion 

Mg2-Al-CO3 and Zn2-Al-CO3 hydrotalcite-like compounds have been 

synthesised via co-precipitation and urea routes. The synthesised samples 

conform to M3+/M3+M2+ value of approximately 0.33 consistent with 

stoichiometric in the synthesis solutions. Variation in synthesis route can lead 

to possibility of differences in order/disorder present in the stacking of the 

layers, order of the carbonate anions and water molecules in the interlayer 

space and hydrogen bonding between the carbonate ions and the hydroxyl ions 

of the metal hydroxide layers. The urea hydrolysis yielded Mg2-Al-CO3 

hydrotalcite with better crystallinity and structural order than its co-

precipitation counterpart which showed denser particles and bigger unit cell. 

On the other hand, Zn2-Al-CO3 hydrotalcite showed the reverse trend that’s 

naturally expected. The derivatives of co-precipitation method are more stable 

than the derivatives of urea method. And Zn2-Al-CO3 is less stable than its 

Mg-Al-CO3 counterparts.  
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