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Abstract The effect of time on the reconstruction of an

Mg4Al2(OH)12CO3Æ3H2O LDH compound in a 0.1 M

Na2CO3 solution have been investigated. It seems that the

reconstruction phenomena of the Mg4Al2(OH)12CO3Æ3H2O

LDH after a moderate thermal treatment is a very fast

process, as it is already completed after 5 min of soaking in

a 0.1 M Na2CO3 solution. Indeed, the weight of the

reconstructed samples after the centrifuging-washing-dry-

ing cycle, as well as the carbon content of the reconstructed

samples, remains constant whatever the time of contact

between the solution and the mixed oxides issued from

LDH. Powder XRD patterns are also similar for all the

reconstructed samples without significant FWHM varia-

tions. SEM and TEM observations coupled with granulo-

metric and BET measurements show that all the samples,

both mixed oxides and reconstructed LDHs, are composed

by aggregates of small plate-like particles (less than

100 nm) with a sub-hexagonal morphology but with dif-

ferent porosities.

Introduction

The Mg4Al2(OH)12CO3Æ3H2O compound belongs to the

wide family of compounds known as layered double

hydroxydes (LDHs), anionic clays or hydrotalcite-like

compounds. The general formula of the family is [M(II)1–x

M(III)x(OH)2] [An–]x/n Æ mH2O where M(II) and M(III) are

metal cations and An– are anions. M(II) is a divalent cation

that can be Mg2+, Mn2+, Zn2+, Co2+, Cd2+, Cu2+, Ni2+, ...

and M(III) is a trivalent cation that can be Al3+, Fe3+, Cr3+,

Ga3+, ... [1]. The anion An– can be as simple as inorganic

anions such as Cl–, F–, Br–, OH–, SO4
2– or CO3

2–, to complex

as DNA [2, 3]. These possibilities of substitutions lead to a

wide family of compounds. Their structure consists of

brucite-like layers (Mg(OH)2) with a partial substitution of

the divalent cation by a trivalent cation resulting in a net

positive charge balanced by interlayer anions associated

with variable amounts of water [4].

These compounds have received a great attention since

the 1970’s due to their potential technological applications.

These applications are numerous. They can be used as

catalysts or catalyst precursors [5, 6]. Indeed, it has been

shown that the calcination of LDHs at temperatures

depending on the particular cations in the layers and anions

in the interlayers, leads to mixed oxides, characterised by

structural homogeneity and absence of chemical segrega-

tion, that present basic sites for catalysis [7–9]. LDHs can

also be used as support for catalysts [10]. As anions in the

interlayer space are necessary to counterbalance the posi-

tive charge of the brucite-like layers, LDHs are widely

used as ion exchangers [2, 11, 12], for depollution [13–16]

or in separation science [17]. LDHs can act as flame

retardant by generation of non-combustible gases (water

and CO2) when heated [1]. They are also used as precursors
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for the synthesis of spinel compounds [18]. More recently,

LDHs have been involved in the synthesis of new hetero-

structured nanohybrids such as inorganic/inorganic,

organic/inorganic or bio/inorganic materials [3, 19–21].

One of the most interesting and useful property of LDHs

is their regeneration ability after moderate heating, some-

times called ‘‘memory effect’’. Indeed, a moderate heating

(near 300–500 �C, depending on composition) leads to the

formation of mixed oxides often considered as amorphous,

which are able to recover the layered structure when in

contact with solutions containing anions [1]. First studies

on reconstruction were dealing with the possibility for

reconstruction to take place related to the composition of

the LDHs and the temperature of the thermal treatment

[22–24]. More recent papers have investigated the mech-

anisms that lead to reconstruction [25–28]. These authors

claim that reconstruction occurs by a mechanism of dis-

solution-recrystallisation. This property of reconstruction

has allowed to synthesise new compositions of LDHs [29,

30] but is very important for all processes that require

recyclability. Avoiding the reconstruction can also be very

important for some reactions catalysed by mixed oxides

issued from LDHs, where LDHs show a drastically reduced

catalytic activity compared to their mixed oxides. Thus, it

appears important to know the effect of time on the

reconstruction and whether it is a fast or slow process. So

the aim of this paper, is to study the effect of time on the

reconstruction of an LDH compound.

Experimental

Raw powder of commercial heat treated Mg4Al2(OH)12

CO3Æ3H2O was used (Süd Chemie). First, a 0.1 M Na2CO3

aqueous solution has been prepared from solid Na2CO3

(Prolabo, 99.5% purity) in deionised water under vigorous

stirring. Then 10 g of powdered heat treated Mg4Al2
(OH)12CO3Æ3H2O was added to the 500 ml of the 0.1 M

Na2CO3 aqueous solution. Reactors have been closed to

avoid evaporation during the experiment. The samples

have been let in the solution at room temperature under

vigorous stirring for duration times varying from 5 min to

28 days (5 min, 1 h, 24 h, 5 days and 28 days). At the end

of each experiment, the slurry was centrifuged at 4000 rpm

during 7 min (Jouan CR412) The supernatant was elimi-

nated and the sample was washed three times with room

temperature deionised water. Then, it was dried in a fur-

nace at 43 �C for 24 h.

pH values have been recorded by a pH-meter Heitolab

P310. CO2 measurements have been performed with a

Horiba carbon/sulfur analayzer EMIA-820 V. Powder

X-ray diffraction (XRD) patterns have been performed on a

Siemens D 500 diffractometer using Co-Ka radiation and

operating at 40 kV and 30 mA at room temperature. The

scans have been recorded from 4 to 84� (2h) with a step of

0.02� and a counting time of 1 s per step. The specific

surface areas of the samples were determined from the

nitrogen adsorption isotherm at 77 K treated according to

the BET method. Prior to the measurements, the samples

were outgassed at 110 �C for 72 h. At the end of the

outgassing process, the residual pressure was below

0.05 mbar. The measurements have been realised in a

multipoint adsorptometer Micromeritics Tristar 3000. The

size distributions of the particles composing the samples

have been measured using a laser light scattering

(k = 632.8 nm) particle size analyser Malvern Mastersizer

S. Prior to the measurements, 0.13 g l–1 of samples were

dispersed in water containing 0.5 wt % of sodium hexa-

metaphosphate and 0.5 wt % of sodium polyacrylate Di-

spex N40 (Allied Colloids). The solutions were then

homogenised by mechanical stirring (1800 rpm) and an

ultrasonic treatment of 5 min at 40 kHz. The results ob-

tained are diameters of equivalent spheres expressed in

volume. The scanning electron microscopy (SEM) obser-

vations have been realised on samples previously sputter-

coated with a thin layer of carbon, using a Jeol 6100

coupled with an Energy Dispersive Spectrometer (Kevex

Quantum) for chemical analysis, at 25 kV. The transmis-

sion electron microscopy (TEM) observations have been

realised at 200 kV (Philips CM20 with a CCD Gatan

camera). The TEM samples were prepared by dispersing

the powder products in alcohol by ultrasonic treatment,

dropping them onto a porous carbon film supported on a

copper grid, and then drying them in air.

Results and discussion

First of all, the structure of the heat treated Mg4Al2
(OH)12CO3Æ3H2O compound has been checked by XRD.

The thermal treated LDH exhibits an XRD pattern of a

poorly crystalline compound (Fig. 1). This compound has a
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Fig. 1 XRD pattern of the oxides issued from the thermal treatment

of Mg4Al2(OH)12CO3Æ3H2O (dotted lines indicate the position of the

strong lines of MgO)
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structure similar to that of MgO, but with the strong lines

of MgO shifted to higher 2h. This indicates smaller lattice

parameters due to the partial substitution of Mg by Al,

0.72 Å and 0.535 Å respectively [31]. This result is in

agreement with the mixed oxides usually obtained after a

moderate heat treatment of MgAl LDHs compounds [1].

The only parameter recorded during the reconstruction

experiments is pH value of the solutions. Figure 2 exhibits

the pH values measured for duration times varying from 0

to 15 h. It shows an increase of the pH value when

increasing the duration time in solution, from 11.7 for the

initial 0.1 M aqueous Na2CO3 solution (t = 0) up to a value

near 13.1 reached after 12 h in solution. After 12 h, and up

to 28 days, this pH value remains constant.

This seems to indicate that a phenomenon occurs as

soon as the mixed oxides issued from the moderate heat

treatment of the LDH are put in the aqueous Na2CO3

solution. An equilibrium seems to be reached circa 12 h,

i.e. when the pH becomes constant.

After the centrifuging-washing-drying cycle, the weight

of samples obtained has been checked. Figure 3 shows that

whatever the time of contact between the solution and the

oxides, the weight of samples obtained is constant between

16.02 and 16.22 g. The observed increase of mass is con-

sistent with the restructuration process, i.e. the transfor-

mation of mixed oxides in a LDH phase, i.e. an uptake of

protons, hydroxides and carbonates species. Indeed, this

mass increase is consistent with the weight loss measured

in thermogravimetric studies: a mass loss of 35–46% is

usually observed for carbonate LDHs depending on the

water content and the Mg/Al ratio [32]. The mass increase

recorded during the reconstruction experiments (10 g of

mixed oxides to circa 16.1 g of LDH) would correspond to

a weight loss of 38%. This mass increase is consistent with

a fully reconstructed LDH.

Figure 4 exhibits the carbon content measured in the

samples for duration times varying from 0 to 28 days. This

figure shows that the carbon content of the oxides is lower

than the carbon content of the samples after contact with the

Na2CO3 solution, 0.64 and 2.29% respectively. Moreover, it

shows that the carbon content of the samples after contact

with the Na2CO3 solution is constant irrespective to the

duration time spent in solution. This value is consistent with

the theoretical carbon content value of 2.56% calculated for

the Mg4Al2(OH)12CO3Æ3H2O formula. This means that the

LDH is mainly reconstructed with CO3
2– anion, even for the

shortest contact times with the Na2CO3 solution. Indeed, for

the shortest contact time with the solution (5 min), a pos-

sible reconstruction with OH– could have been feared dur-

ing the centrifuging-washing process as the sample stays 3·
longer in deionised water (3 · 5 min) than in the Na2CO3

solution (5 min). The carbon content measurements show

that reconstruction with OH– does not occur for the sample

staying 5 min in contact with the Na2CO3 solution, as this

sample presents the same carbon content than the samples

reconstructed during longer periods.

Powder XRD patterns of the resulting solids after 5 min,

1 h, 24 h, 5 days and 28 days in the Na2CO3 solution are

presented in Fig. 5. This figure confirms that the patterns of

all the samples are similar whatever the time spent in the

solution. All the samples are single-phased and this phase

correspond to the Mg4Al2(OH)12CO3Æ3H2O LDH. The

XRD patterns of the different samples are exhibiting peak

areas (from 152 to 166 counts · degrees for the (110) peak

of the samples soaked in the Na2CO3 solution 24 h and 1 h

respectively) and full-width half-maximum (FWHM) very

similar (from 1.44 to 1.66� for the (110) peak of the

11.4

11.6

11.8

12

12.2

12.4

12.6

12.8

13

13.2

0 5 10 15

Time (h)

p
H
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Fig. 3 Weight of solid samples obtained after centrifuging-washing

cycle, after 5 min, 1 h, 24 h, 5 days and 28 days in the Na2CO3

solution
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Fig. 4 Carbon content of the solid samples after 5 min, 1 h, 24 h,

5 days and 28 days in the Na2CO3 solution
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samples soaked in the Na2CO3 solution 5 days and 5 min

respectively). This means that the crystallite size of the

samples does not evolve significantly when increasing the

time spent in the solution. This result is in disagreement

with those found by Millange et al. [25]. Indeed, from

time-resolved in-situ Energy Dispersive XRD experiments,

these authors have observed a decrease of the FWHM of

the (003) peak and have concluded to an increasing particle

size as the reconstruction proceeds.

In order to check this point, a granulometric study has

been performed. Figure 6 shows the size distribution of the

particles of all the samples from the untreated mixed oxides

to the sample soaked 28 days in the Na2CO3 solution.

Roughly, Fig. 6 shows that for all the samples, 90% of the

particles are smaller than 9 lm. Moreover, it seems that 3

different populations exist in the different samples: the first

population has an average size of 0.36 lm, the second one

has an average size of 1.7 lm, and the last one presents an

average size of 4.9 lm. The particle size distributions are

similar for the untreated mixed oxides and the samples

soaked 5 min, 1 h, 24 h, and 5 days in the Na2CO3 solu-

tion. The sample soaked 28 days in the Na2CO3 solution

presents a slightly different particle size distribution as the

second population is more important than in other samples

and as the third population is nearly absent. Figure 7

exhibits the corresponding specific surface areas obtained

with the BET method. It shows that the untreated mixed

oxides present an important specific surface area of

191 m2 g–1, whereas the reconstructed LDHs have much

lower specific surface areas (between 67.9 and 84.3 m2 g–1

for the samples soaked in the Na2CO3 solution 5 min and

24 h respectively). There is an apparent discrepancy

between granulometric and BET results. Indeed, the

untreated mixed oxides present a particle size distribution

similar to the LDH soaked 5 min in the Na2CO3 solution,

but a specific surface area nearly three times larger.

Moreover, while the samples soaked 1 h and 28 days in the

Na2CO3 solution present similar specific surface area (77

and 76 m2 g–1 respectively), the sample soaked 28 days in

the solution exhibits a lower average particle size (near

1.5·) compared to the sample soaked 1 h in the solution.

SEM observations of the untreated mixed oxides

(Fig. 8) show that the solid is mainly composed of grains

from a few tenth of micron to several microns, consistent
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solid samples after 5 min, 1 h,
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with the granulometric data. However, Fig. 8 also shows

that these grains are in fact aggregates of smaller plate-like

particles. A TEM study confirms that the grains are

effectively constituted from small plate-like particles.

Indeed, Fig. 9a clearly shows the small particles (less than

100 nm) exhibiting a sub-hexagonal morphology, consti-

tuting the grains observed by SEM. Figure 9b shows that

the sample soaked 28 days in the Na2CO3 solution exhibits

the same kind of small particles. The morphology and size

of these particles are similar to those constituting the

untreated mixed oxides (Fig. 9a). This result is consistent

with the X-ray diffraction data described above that do not

show significant change of the crystallite size. Figure 10

exhibits a SEM micrograph of the grains constituting the

sample soaked 28 days in the Na2CO3 solution. The size of

these grains is similar to the size of the grains observed in

Fig. 8 for the untreated mixed oxides. They are also

composed of small plate-like particles as shown in Fig. 9b.

However, the grains seem more dense than the grains ob-

served in the untreated sample. This means that the

porosity of the grains of the sample soaked 28 days in the

Na2CO3 solution is surely less important than the porosity

of the grains of the untreated mixed oxides. This can

explain the apparent discrepancy between granulometric

and BET results.

Indeed, for all the samples, from the untreated mixed

oxides to the reconstructed LDH after 28 days in the

Na2CO3 solution, small plate-like particles (less than

100 nm) with a sub-hexagonal morphology are constituting

aggregates. Granulometric measurements are giving indi-

cations of the size distribution of these aggregates whereas

BET is related to their porosity. This model is consistent

with all the data presented above.

So it seems that the reconstruction phenomena of LDH

after a moderate thermal treatment is a very fast process, as

it is already completed after 5 min of soaking in a Na2CO3

solution. Moreover, during the reconstruction process, the

size of the constituting plate-like particles (mixed oxides or

LDH) does not seem to change significantly, and the

crystallinity of the reconstructed LDH phase does not seem

to evolve with the time of contact with the solution. The

main change occurring during the reconstruction process is

the specific surface area decrease from the mixed oxide to
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Fig. 8 SEM micrograph (secondary electrons) of the untreated mixed

oxides

Fig. 9 TEM micrograph of (a)

the untreated mixed oxides, (b)

the reconstructed LDH after

28 days in the Na2CO3 solution
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the LDH phase, correlated to the porosity of the aggregates

formed by the small plate-like particles.

The kinetics of the reconstruction process observed in

this study is faster than the one observed by Stanimirova

and Kirov [28], who consider that the reconstruction pro-

cess is very slow and completed after 24–48 h at room

temperature, faster than the one observed by Rajamathi

et al. [26], who found a complete reconstruction in less

than 5 h at 65 �C, and faster than the observations of

Millange et al. [25], who have observed a complete

reconstruction in 3 h at room temperature.

All these elements (no morphological changes of the

particles, no change of the XRD patterns, ...), seem more in

agreement with the conclusions of Sato et al. [33] who

have suggested that the reconstruction of hydrotalcite

proceeds topotactically without dissolution of the sample,

than with the dissolution-recrystallisation process

described by Millange et al. [25], Rajamathi et al. [26],

Stanimirova et al. [27], Stanimirova and Kirov [28].

However, simple comparisons are difficult to make,

because of the huge differences in experimental conditions

presented in the different papers devoted to reconstruction

of LDHs (pure water, Na2CO3 solutions, temperature, pH,

concentrations, solid/liquid ratio...). Further investigations

with in-situ characterisation techniques are in progress to

study the first steps of the reconstruction process.

Conclusion

The kinetics of the reconstruction of an Mg4Al2(OH)12

CO3Æ3H2O LDH compound in a 0.1 M Na2CO3 solution

have been investigated. The pH measurements of the

solutions have shown an increase of the pH up to a value

near 13.1 reached after 12 h in solution. After 12 h, and up

to 28 days, this pH value remains constant. The weight of

the reconstructed samples, after the centrifuging-washing-

drying cycle, remains constant whatever the time of contact

between the solution and the oxides, as well as the carbon

content of the reconstructed samples. Powder XRD pat-

terns are also similar for all the reconstructed samples

without significant FWHM variations. There is an apparent

discrepancy between granulometric and BET results as

samples with similar specific surface area can present dif-

ferent particle size distributions and samples with similar

particle size distributions can present specific surface area

from simple to triple. However, SEM and TEM observa-

tions show that all the samples, both mixed oxides and

reconstructed LDHs, are composed by aggregates of small

plate-like particles (less than 100 nm) with a sub-hexago-

nal morphology but with different porosities. So, granulo-

metric measurements are giving indications of the size

distribution of the aggregates whereas BET measurements

are related to their porosity. So it seems that the recon-

struction phenomena of LDH after a moderate thermal

treatment is a very fast process, as it is already completed

after 5 min of soaking in a 0.1 M Na2CO3 solution. It

occurs without affecting the size of the constituting plate-

like particles. Moreover, the crystallinity of the recon-

structed LDH phase does not seem to evolve with the time

of contact with the solution. The main change occurring

during the reconstruction process is the specific surface

area decrease from the mixed oxide to the LDH phase,

correlated to the porosity of the aggregates formed by the

small plate-like particles.
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