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There are several purposes for investigating hydrotalcite clays and one of them is due to its 
importance as an anionic adsorbent and ion exchanger, which make them capable of 
removing various pollutants from water. The most common hydrotalcite structure is based 
on double lamellar hydroxide of magnesium and aluminum, containing carbonate anions in 
the interlayer space. However, it is common to investigate the co-substitution of aluminum 
with other trivalent cations, especially transition metal cations, due to their binding 
properties. In this work, it was investigating the co-substitution of chromium (III) and 
aluminum in a sample of magnesium-aluminum carbonated hydrotalcite, comparing it with 
the same composition without this co-substitution. Thermal stability, crystallinity and 
morphology were investigated, showing that chromium contributes to the adsorptive 
capacity at low temperature. 
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  R E S U M O  
 

 As pesquisas com argilas de hidrotalcita têm diversas finalidades e uma delas se deve à sua 
importância como adsorvente aniônico e trocador de íons, o que as tornam capazes de 
remover diversos poluentes da água. A estrutura de hidrotalcita mais comum é baseada em 
hidróxido duplo lamelar de magnésio e alumínio, contendo ânions carbonato no espaço 
interlamelar. No entanto, é comum investigar a cossubstituição do alumínio por outros 
cátions trivalentes, especialmente cátions de metais de transição, devido às suas 
propriedades ligantes. Neste trabalho, foi investigada a cossubstituição do alumínio com 
cromo (III) em uma amostra de hidrotalcita carbonatada de magnésio-alumínio, 
comparando-a com a mesma composição sem esta cossubstituição. Estabilidade térmica, 
cristalinidade e morfologia foram investigadas, mostrando que o cromo contribui para a 
capacidade adsortiva em baixa temperatura. 
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1. INTRODUCTION 

Hydrotalcite clay minerals are a class of anionic clays 
formed by Layered Double Hydroxide (LDH) with adsorbent 
properties and have compositions given by the general 
formula: M+2

(1-x)M+3
x(OH-)2(A-n)x/n.yH2O, where M+2 and M+3 

are metallic cations with reduced ionic rays and A-n are 
interlayer anions (Belloto et al., 1996). 

The three-dimensional structure formed in hydrotalcites 
comes from the perpendicular interposition of lamellae, 
anchored by divalent or trivalent interlayer anions. In natural 
hydrotalcites, the most common interlayer anion is carbonate 
CO3

-2, due to the greater affinity with cations of alkaline earth 
metals, such as the magnesium one. However, other inorganic 
and also organic anions can be inserted in the interlayer space, 
which makes the material versatile for several applications 
(Velu e Swamy, 1997; Yang et al., 2016). 

The hydrotalcite possesses structure similar to Mg(OH)2 
brucite, characterized by the Layered Double Hydroxide 
(LDH), but the magnesium can be partially replaced by other 
divalent cations, such as Zn+2, Ca+2, Ni+2, Cu+2, Mn+2, and 
Co+2. However, the more structurally stables compositions 
possesses partial substitution with trivalent cations, such as 
Sc+3, Al+3, Fe+3, and Cr+3 (Cavani et al., 1991, Crepaldi e 
Valim, 1998). 

Depending on the combination of divalent and trivalent 
cations, the structure can present different adsorptive properties 
and also great variation in thermal stability, in the face of 
interlayer space dehydration and lamellae dehydroxylation 
processes (Shekoohi, 2017; Timofeeva et al., 2016).  

When hydrotalcite compositions have part of the 
divalent cations substituted by other divalent cations, the 
crystalline structure is fundamentally altered, mainly the 
thermal stability and the adsorption energy, but without 
causing changes in the electric charge imbalance in the layers 
(lamellae). In general, the lamellae may even decompose, 
depending on the divalent cation type and its ionic radius 
(Carpentier et al., 2007; Mahjoubi et al., 2016; Shannon, 
1976). 

However, the change in the type of trivalent cation has a 
greater effect on the adsorption capacity of the material, 
especially due to the charge imbalance of lamella caused by the 
substitution, but also by differences in chemical affinity, 
generally due to variations in the binding properties of the 
transition metal cations (Bolognini et al., 2002; Obalová et al., 
2005; Rao et al., 1998; Rodilla et al., 2015; Zhou et al., 2016; 
Wu et al., 2008). 

Several synthetic hydrotalcite compositions are used in 
medicine as biocompatible matrices for drug delivery. In 
contrast to natural clays, the synthetic ones have higher purity 
and tunable composition in order to avoid no toxic 
components. Thus, the hydrotalcites are often used as 
medicines for the treatment of severe ulcers, since it is a double 
hydroxide very similar to its individual hydroxide suspensions 
available in pharmacies (Konturek et al., 2007; Holtmeier et 
al., 2007). 

In addition to this versatility of applications, 
hydrotalcites appear to be the most effective for ion 
exchanging, being able to incorporate several anions, such as 
carbonate CO3–2, fluoride F–, sulfate SO4–2, nitrate NO3

–, 
phosphate PO4–3, amines RNH2, and ammonia NH3. This 
feature gives the material a high performance for water 
purification (Brindley e Kikkawa, 1979; Ma et al., 2011; Deng 
et al., 2014). 

The most common hydrotalcites are composed of 
magnesium partially replaced by aluminum, due to the 
similarity with natural clays and because they are also more 
structurally stable, especially when the partial replacement of 
aluminum is between 20 and 33%. However, the most stable 
and crystalline compositions are observed for maximum 
aluminum contents, although these parameters can also vary 
significantly with the age of the precipitate aging in the mother 
solution and other experimental parameters (Carpani et al., 
2006; Del Arco et al., 1999; Niu et al., 2016; Shen et al., 1994). 

Synthetic hydrotalcites can be obtained with high purity 
without major complications from experimental procedures. 
There are several different synthesis methods for obtaining this 
material, such as Hydrothermal, Sol-Gel, Microwave 
Synthesis, Urea Hydrolysis, Electrochemical Synthesis, Salt-
Oxide Synthesis and Hydroxide Coprecipitation, which the last 
cited method was used in this work (Fahami e Beall, 2016; 
Reichle et al., 1986; Wiyantoko et al., 2015). 

In a broad and general way, it can be said that any 
carbonated hydrotalcite structure has thermal stability superior 
to others, but undergoes thermal decomposition in three stages. 
First, a process of superficial dehydration occurs followed by 
interlayer dehydration, which can sometimes occur in an 
overlapping manner up to a temperature of 250 °C. Then, at 
immediately higher temperatures, the lamellae dehydroxylation 
begins to occur, which largely depends on the individual 
thermal stability of the metal hydroxides present in the material 
(Puttaswamy e Kamath, 1997) 

This stage can extend up to over 400 ºC, depending on 
the composition, and can accelerate the last stage of 
decomposition, which is interlayer decarbonation. Depending 
on the composition, hydrotalcite structures not yet 
decarbonated can be regenerated by hot rehydration, since the 
anchoring of the carbonate anion gives structural memory to 
hydrotalcite (Basag et al., 2017; Rhee e Kang, 2002). 

In this work, it was proposed to study the thermal and 
morphological behaviors of a composition of carbonated 
hydrotalcite of magnesium-aluminum when there is co-
substitution between aluminum and chromium (III) trivalent 
cations and to compare these behaviors to those presented for a 
common composition of carbonated hydrotalcite of 
magnesium-aluminum. 

2. MATERIAL AND METHODS 

Two hydrotalcite compositions were synthesized by the 
hydroxide precipitation process, with the molar ratio of the 
divalent magnesium cation set at 0.7 and the trivalent cations at 
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0.3. In the reference sample, the trivalent cation includes only 
aluminum, represented by the general formula of the 
anhydrous composition given by Mg0,7Al 0,3(OH)2(CO3)0,15, 
which was called the HTM7A3 sample. In the other sample, 
0.2 mol of aluminum was substituted by chromium III, which 
anhydrous composition is Mg0,7Al 0,1Cr0,2(OH)2(CO3)0,15 and 
was named HTM7AC2. 

The synthesis process of the two samples occurred with 
all the experimental parameters set, except for the variation in 
composition. Thus, for the HTM7A3 sample, a cation mix 
aqueous solution was obtained by dissolving the stoichiometric 
amounts of magnesium nitrate II hexahydrate Mg(NO3)2.6H2O 
(Vetec) and aluminum nitrate III nonahydrate Al(NO3)3.9H2O 
(Dynamic). For the HTM7AC2 sample, co-substituted with 
chromium (III), a new cation mix aqueous solution was 
obtained by dissolving stoichiometric amounts of chromium 
nitrate III nonahydrate Cr(NO3)3.9H2O (Vetec) in partial 
substitution of aluminum nitrate reagent. 

In parallel, two other similar solutions, called 
precipitant solutions, were prepared by dissolving 
stoichiometric amounts of sodium hydroxide NaOH (Dynamic) 
and sodium carbonate Na2CO3 (Vetec). Each sample was 
precipitated in a reaction beaker already containing an aqueous 
solution of NaOH in pH 11, which is kept under vigorous 
stirring while simultaneously adding the precipitant and cation 
mix solutions of each sample, in a slow and continuous way 
until total precipitation. 

Then, the samples were heated to 80ºC and kept under 
moderate agitation for 6 hours for the ageing process, 
remaining at rest at room temperature for 18 hours for 
sedimentation (Figure 1). Each sample was then filtered under 
vacuum and washed with distilled water with purification 
control through the multi-parameter of Hanna Company, model 
HI9828 - pH/ORP/EC/DO. The purified samples were dried at 
100 ºC during 24 hours in a drying oven with forced air 
circulation and characterized by Thermal Analysis in an 
equipment of TA Instruments, with TGA-Q50 and DSC-Q20 
modules, platinum crucibles, heating rate of 10 °C min-1 and 
synthetic air flow of 60 mL min-1.  

a)  b)  

Figure 1. Precipitate suspensions during the ageing process at 
80 ºC: a) HTM7A3 and b) HTM7AC2. 

The samples were also characterized by X-ray 
diffractometry in Siemens equipment model D5005, operating 
with iron-filtered CuKα radiation and the diffraction patterns 
were analyzed through the JCPDS diffraction database, version 
2003. The samples were also characterized by Raman 
spectroscopy in an equipment of B&W TekInc Company, 
model BWN-532-50E, operating with laser of 532 nm. 

As amostras também foram caracterizadas por 
Difratometria de Raios-X, usando um equipamento da Siemens 
D5005, operando com radiação K-α de Cu filtrada com ferro. 
Os padrões de difração obtidos foram então analisados por 
comparação com o banco de dados de difração JCPDS, versão 
2003. Também foram caracterizadas por espectroscopia 
Raman, com um equipamento da B&W Tek Inc., modelo 
BWN-532-50E, operando em 532 nm. 

Finally, the morphology of the samples was 
investigated through nitrogen adsorption-desorption isotherms 
at 77 K using an equipment of Micromeritics company, model 
ASAP2010. The calculation of the specific area was made 
through the BET method (Marsh & Rand, 1970) and the pore 
size distribution calculated through the BJH method (Landers 
et al., 2013). 

3. RESULTS AND DISCUSSION 

As can be seen in Figure 1, during the ageing process, it 
was possible to observe that the HTM7AC2 precipitate sample 
in suspension acquired purple like color, which is coherent 
with trihydroxidetriaquochromiun [Cr(H2O)3(OH)3] 
precipitate. This color is quite different from the blue color of 
the hexaquochromium (III) [Cr(H2O)6]+3 complex, which is the 
common specie for chromium (III) cation at low pH values. On 
the other hand, the hexahydroxidechromium (III) [Cr(OH)6]-3 
green color complex, which is only predominant at very high 
pH values (Mendham et al., 1981; Lide, 2007). 

In order to incorporate chromium hydroxide into LDH 
structure, the [Cr(H2O)3(OH)3] precipitate needs to replace 
three water molecules by other three hydroxide groups through 
the dissolution-precipitation mechanism enhanced by higher 
temperature of ageing (80ºC) and constant stirring. This 
reordering toward the homogenous LDH structure only is 
possible because all of the cations in the lamellae is 
hexacoordinated with vicinal shared hydroxides, making the 
chromium substitution possible (Labajos & Rives, 1996; 
Prakash et al., 2000). 

The monitoring of byproducts removal through the 
washing process was carried out through multi parameter 
measurements for filtered solutions, as shown in Figure 2. It is 
possible to observe sharp variations on pH until the sixth 
washing act for both samples (Fig. 2.a), which is associated 
with the removal of the sodium hydroxide residue. From the 
seventh washing act, the pH value only oscillates around the 
pH 8. On the other hand, the conductivity presents an 
exponential decay variation for the HTM7A3 from 11 to 0.002 
mS cm-1, which value was used to define the precipitate as 
purified (Fig. 2.b). 

The unexpected result was observed for the 
conductivity variation in filtered solution of HTM7AC2 
sample. By considering that the filtered solution for both 
samples were colorless and no significant pH differences was 
observe between the samples, the higher conductivity value for 
HTM7AC2 sample (~ 0,02 mS cm-1) can only be attributed to 
ionic product of this sample. The probable cause for this 
behavior can be a leaching effect of magnesium hydroxide 
component as function of its higher Ksp combined with some 
morphological aspects. 

 



 

 

 

Figure 2. Variations of pH, conductivity and total suspended 
solids for filtered solutions during washing acts for HTM7A3 

and HTM7AC2 samples. 

Figure 3 shows the pictures with purified powder 
samples after drying at 100 ºC for 24 hours in crunching in 
porcelain mortar. The visual aspects of these samples are 
similar to observed for the respective precipitates during 
ageing process. Thus, the chromium seems to be inserted in 
LDH structure because the possible segregated phases based on 
chromium hydroxide, such as [Cr(H2O)3(OH)3] or Cr(OH)3, are 
unstable under drying conditions, decomposing into CrOOH, 
which has light green color (Barbosa et al, 2017; Lide, 2007). 

The Figure 4 shows the Thermal Analysis curves 
(TGA/DTG/DDSC) for both purified and dried samples. It was 
possible to identify the following thermal events: dehydration, 
dehydroxylation, and decarbonation. DTG curves aims to show 
the interdependence between weight loss and calorimetric 
behavior (Ionashiro e Giolito, 1980). 

a)  b)  

Figure 3. Visual aspect of dried samples at 100 ºC after 
crunching: a) HTM7A3 and b) HTM7AC2. 

The weight losses of the three thermal events do not 
differ much from each other (Table 1), but the calorimetric 
behavior (DSC curves) of each one is very particular. While 
the HTM7A3 sample (Fig. 4.a), the first weight loss 
(dehydration) occurs as a sharp endothermic peak at 200 ºC, 
the HTM7AC2 sample (Fig. 4.b) presents a widened 
endothermic DSC peak between 30 and 200 ºC. These results 
demonstrate that chromium insertion in LDH structure causes 
early dehydration of structure, maybe due the same 
morphological causes affecting the washing process. 

a)  

b)  

Figure 4. TGA-DTG-DSC curves of HTM7A3 and HTM7AC2 
dried samples at 100 °C. 

For the second thermal event, associated to lamellae 
dehydroxylation, the DSC curves shows the inverse behavior 
observed for the first thermal event. Thus, even with similar 
weight losses, the HTM7A3 sample (Fig. 4.a) presents a 
widened endothermic DSC peak between 250 and 420 ºC while 
the HTM7AC2 sample (Fig. 4.b) presents a sharper peak 
localized at 390 °C. 
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Now, the chromium insertion seems to make the 
lamellae of LDH structure more homogenous, avoiding the 
early dihydroxylation process at lower temperatures. This 
result can be attributed to more stability of hexacoordinated 
chromium hydroxide, making the sharing of hydroxide groups 
on the lamellae stronger. 

The third and stage of decomposition is the 
decarbonation of interlayer space, which occurs from 450 °C to 
900 °C, in slightly exponential decay form. It is possible to 
observe no DTG or DSC peaks for this process, which 
indicates a kinetic dependent weight loss (Giolito & Ionashiro, 
1988). Even though the molar ratio of carbonate ion is 
invariant between samples, the respective weight percentages 
are not the same because chromium is heavier than aluminum. 
Thus, the carbonate weight percentage is lower in HTM7AC2 
sample. In addition, the morphological aspects plays an 
important rule on the decarbonation process, because it can be 
started during dehydroxylation one, if LDH powder material to 
possess high fragmented particles (Rhee e Kang, 2002), which 
is consistent with some results already discussed earlier. 

 
Table 1. Weight losses and event temperatures 

collected form Thermal Analysis of HTM7A3 and 
HTM7AC2 dried samples at 100 °C. 

Process 
Event 

temperature 

Weight loss (%) 

HTM7A3 HTM7AC2 

Dehydration 
From 30 to 

240 ºC 
16.2 16.3 

Dehydroxylation 
From 240 to 

450 ºC 
21.8 22.5 

Decarbonation 
From 450 to 

900 ºC 
6.3 4.9 

Residue 900 ºC 55.7 56.3 

 

Figure 5 shows the XRD patterns for these samples. It 
was observed that both samples patterns correspond to the R-
3m rhombohedral phase characteristic of carbonated 
magnesium-aluminum hydrotalcite, according the card number 
89-5434 of the JCPDS data bank. However, the samples differ 
greatly in crystallinity, with the HTM7AC2 sample presenting 
with very lower crystallinity if compared to the HTM7A3 one. 

Raman spectra for these same samples are shown in 
Figure 6 and the results indicate the HTM7AC2 sample is less 
hydrated than the HTM7A3 one, due to less Raman scattering 
for smaller wavenumbers. The excessively wide band at 
referred wavenumber region is consequence of SERS effect 
caused by hydrogen bonds between water molecules in 
interlayer space and the hydroxide groups on lamella surface 
(Socrates, 2004; Zhang et al., 2019). 

On the other hand, the HTM7AC2 sample has sharper 
band located at higher wavenumber, which is associated with 
hydroxyl groups of the lamellae. Considering that both the 
amount of hydration water and the amount of hydroxides are 
similar between samples, as observed in thermal analysis, it is 
possible to conclude the water molecules are probably more 
loosely linked to hydroxide groups of the lamellae for 
HTM7AC2 sample, what justifies the earlier dehydration form 
this sample. 

 

Figure 5. XRD patterns of HTM7A3 and HTM7AC2 dried 
samples at 100 °C. 

 

 

Figure 6. Raman spectra (532 nm excitation wavelength) of 
HTM7A3 and HTM7AC2 dried samples at 100 °C. 

To evaluate how these results are affected by the 
morphology of the materials, these samples were characterized 
in terms of their adsorptive capacity through nitrogen 
adsorption-desorption isotherms at 77 K. From the Isotherms 
presented in Figure 7.a, the B.E.T. specific areas were 
calculated and are shown following the sample legends in this 
figure. From desorption isotherm data, the BJH pore size 
distribution were obtained, as shown in Figure 7.b. 

The samples showed different types of isotherms, 
according to the IUPAC classification (1985). The HTM7A3 
sample presents a type II isotherm, which is marked by high 
adsorption at high relative pressures. On the other hand, the 
HTM7AC2 sample showed a type IV isotherm, marked by an 
increasing of volume adsorbed at medium relative pressures. 
As the adsorbed volume for the HTM7AC2 sample is higher 
over the entire range of relative pressure, what means this 
sample has greater adsorptive capacity than HTM7A3 one. 

There is also hysteresis between adsorption and 
desorption at intermediate pressures for the HTM7AC2 
sample, which means the presence of a gradient of pore sizes 
in the region of mesopores (between 2 and 50 nm) and 
macropores (greater than 50 nm). 

Macropores contribute to the largest specific area in this 
sample (Gregg & Sing, 1982; Lowell et al., 2004). Thus, the 
specific surface area of the HTM7AC2 sample is almost four 
times greater than that of the HTM7A3 sample, as can be seen 
in the pore size distribution curves (Figure 7.b). 

 



 

a)  

b)  

Figure 7. Nitrogen adsorption/desorption isotherms at 77 K (a) 
and BJH pore-size distribution (b) of HTM7A3 and 
HTM7AC2 dried samples at 100 °C. 

 

4. CONCLUSION 

The hydroxide precipitation method at pH 11 followed 
by ageing process at 80 °C has proved to be suitable for 
obtaining LDH structure of carbonated magnesium-aluminum 
hydrotalcite samples even when co-substituted with chromium 
(III). Both samples presented weight losses characteristic of the 
thermal events, but the DSC profile of these events indicated to 
have a different interaction between water molecules in 
interlayer space and hydroxide groups in lamellae. Through the 
Raman spectra for theses samples, it was possible to discover 
the causes for this behavior. In addition, the results of XRD 
and pore size distribution showed that chromium causes a 
turbostratic effect in LDH structure, which was evidenced by 
the lower crystallinity and more opened structure, respectively. 
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