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Novel rare earth element hydrotalcite-like compounds (REEHT) also referred as layered double hydroxideswere
produced by co-precipitation with ultrasound homogenization under low supersaturation condition. Thermal
treatment was performed at 500 °C and 650 °C. Samples were characterized by several methods: X-Ray Diffrac-
tion (XRD), Fourier Transformed Infrared Spectroscopy (FTIR), Raman Spectroscopy (RS), Scanning Electron
Microscopy (SEM) and ElectronMicroprobe (EMP). The assemblage data obtained, increasing on cell parameters
and the hexagonal symmetry confirmed the partial substitution of Al3+ by Ce3+ and La3+ in the HT structure. La
HT is an effective precursor forMgAlLaO solid solution ofMgO-typematerials, being very promising to be several
catalytic applications.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The structure of layered double hydroxide (LDH) or hydrotalcite
(HT), expressed by the general formula [M2+

1−xM
3+

x(OH)2]
x+

(An−
x/n)

x−mH2O, consists of layers with M2+ cations partially replaced
by M3+ cations. Excess positive charge is compensated by interlayer
anions (A n−=e.g., CO3

2−, NO3
−, Cl−, etc.) located in the hydrated inter-

layer region [1,2]. Awide range of possible cations and anions that could
be incorporated in the HT structure gives rise to several different
materials. Catalytic activities on these compounds are related to surface
and textural properties like particle size, surface area, size distributions,
and pore shapes. Basic HT properties are mainly determined by inter-
layer cations, M2+/M3+ ratio, compensation anions, and activation
parameters [3,4]. Several HT compounds have been synthesized with
different preparation methods. Co-precipitation, at constant or variable
pH, over a range of temperatures, is themost common procedure [5–7].
Thermal decomposition of HT at mild temperatures produces small
crystals sized, mixed oxides with high specific superficial areas, high
stability under thermal treatment, and a wide variability of active
sites. These oxides can be used as drug derivates, catalysts, supported
ionic catalyst changers and metal adsorbents [8,9]. These REE
mixed and simple oxides are related to basic sites [14]. Allied to their

distinctive electronic and magnetic properties, applications of the REE
in high-technology and environmental purposes have grown dramati-
cally in diversity and importance over the past four decades [10].

The main focus of this work is the partial incorporating (50%) of
Ce3+ and La3+ by Al3+ in the Mg/Al–CO3 structure system in order
to produce REE HT compounds to be used as convenient precursors
for mixed oxides.

2. Materials and methods

2.1. Starting materials

Two starting compositions [Mg6AlX(CO3)(OH)164H2O] (X=Ce or La)
for Cerium and Lanthanum were synthesized according to co-
precipitation procedures with a homogenization step performed in an
ultrasonic bath at 48 °C. Mg, Al, Ce, and La were introduced in form of
nitrates. Nitrate solutions were added to an aqueous solution of NaOH /
Na2CO3 while stirring was applied. Starting slurry was then aged for
24 h and washed several times with purified water at a constant pH
value of=10. Solutions were dried at 100 °C for 12 h and submitted to
a thermal treatment at two different temperatures (500 °C and 650 °C)
by over 2 h in a muffle furnace. The temperature conditions were chosen
based on previouswork calcinations at high temperature decomposes the
hydrotalcite and well-dispersed mixed Mg–Al,Ce,La oxides which
presents sites that are associated to structural hydroxyl groups [11–19].
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2.2. Characterization

In order to understand and correlate data ofmorphological, textural,
chemical and spectroscopic studies several techniques were employed
SEMwere performedwith a on a Zeiss - LEO 1430microscope, operated
at 25 kV and 40 mA current. XRD patterns were collected at room
temperature in an XPERT-PRO/PW3050 diffractometer, using Cu Kα
radiation (λ=1.54056 Å), with 40 kV, 40 mA, 2 deg/min from 2θ=5°
to 70°, and 20 s. Lattice parameters and lattice volume were calculated
from a least-squares method using the (0 0 3), (0 0 6), (1 1 0), and
(1 1 3) reflections for HT; and using the (2 0 0) and (2 2 0) reflections
for MgAlLaO mixed oxide type materials.

Calculation of apparent crystallite size (D) for HT and MgAlLaO
mixed oxide type powders has been performed by Debye-Scherrer
formula [β(2θ)=0.94λ/(Dcos θ0)], using (0 0 3) and (1 1 0) reflections
for HT and the (2 0 0) reflection for MgAlLaO mixed oxide type
materials, employing the FWHM procedure.

EMP were carried out with a Cameca SX-100, operated at 15 kV,
20 mA, and 1 μm. Raman spectroscopy were performed with a WITec
α-300Rusing a 532 nm laser. FTIRwere carried out on Thermal Electron
Corporation / IR 100 equipment, in a 4000 to 400 cm−1 range.

Along the text samples will be denoted: Ce HT and La HT for the
unheated samples; Ce HT 500 and La HT 500 for samples heated at
500 °C and Ce HT 650 and La HT 650 for samples heated at 650 °C.

3. Results and discussion

A set of SEM images is shown in Fig. 1, showed a Ce HT sample
presented crystal size and crystallinity higher than La HT(Fig. 1a). La
HT agglomerates are up to 50 times bigger (~100 μm) than the corre-
sponding single small sized crystallites (~2 μm) (Fig. 1b). The presence
of a cubic CeO2 phase has also been observed (Fig. 1c). Those samples
presented a small increase in crystal size (~ 3 μm) in comparison to
the Ce HT sample.

Powder X-ray diffraction patterns of rare earth HT materials are
showed in Fig. 2. Unheated samples presented a layered structure,

typical of materials type hydrotalcite. Oxide, hydroxide and carbonate
phases were also detected in these samples. For Ce HT sample, CeO2

and Ce2O(CO3)2H2O were recorded while for the La HT sample,
La(OH)3 and LaCO3OH were observed (Table 1). Strong anionic charac-
ter of Lanthanum favored formation of carbonate species in very early
stages of co-precipitation and in corroboration with its high ionic radius
[13] prevented intercalation of larger lanthanum species in HT galleries.

Major peaks of REEHT indexed [(0 0 3), (0 0 6), (0 1 2), (0 0 9), (0 1 5),
(0 1 8), (1 1 0), and (1 1 3)] presented a shift position toward left in com-
parison to positions observed on HT (Table 1). Crystallochemical param-
eters reported in literature for Mg/Al–CO3 HT [5–7,12] are lower than
these presented for our REE HT samples. Lattice parameters (a=b 3.09
and c=24.31 Å − Ce HT) (a=b 3.10 and c=24,40 Å) also led to an
enlargement of interlayer distances and a substitution on sheets as conse-
quence of large effective ionic radius of Ce (1,01 Å) and La (1,03 Å) in
comparison with Al (0,54 ) [13]. As reported in literature, HT modified
with REE in an amount of approximatelyamount of approximately 10%
(w/w) (Mg0.75Al0.23La0.02-HT) [14] presents lattice parameters close to
HT (Table 1), however this is only valid for very low REE insertion into
HT structure (but the insertion of REE into the HT structure is very low).

The few number of peaks was determined the lattice parameters
and the symmetry indexed as hexagonal. From those four peaks lattice
parameters were determined (Table 1). Crystallite size also presented
higher values than reported in literature for HT, evidencing a deforma-
tion of HT structure. Measurements of (0 0 3) reflections indicated
values for crystallite thickness of 79 Å (10.93°) and 91 Å (10.87°) for
Ce HT and La HT, respectively. Further (1 1 0) reflections indicated
values for Ce HT and La HT crystallite diameters of 124 Å (59.97°) and
280 Å (60.72°), respectively (Table 1).

Heat treatment, at 500 °C and 650 °C, provided an improvement on
intensity and resolution of XRD data from calcinated HT samples
(Fig. 2). Layered structure collapses of Ce HT 500 and Ce HT 650 sam-
ples, leading to an assemblage of simple oxides: CeO2 and MgO
(Table 1). Despite heating temperature, for as La HT samples, structure
of HT-like minerals was preserved. Characteristic diffraction peaks
(0 0 3), (0 0 6), (1 1 0) and (1 1 3) were registered at both heating

Fig. 1. SEM micrographs of Ce HT and La HT samples.
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temperature mineral assemblages observed for La HT were, La2O2CO3

and MgAlLaO mixed oxide non- type materials. MgO-type MgAlLaO
solid solution has already been reported in literature [14,15].

Previously lattice parameters and crystallite size are quite similar
to the values obtained in this work (Table 1). Presence of La2O2CO3

was attributed to contamination by air during sample manipulation.
XRD data of Ce and La HT samples are characteristic of hydrotalcite-
like structural phase. Low supersaturation conditions (pH=10)
seem to lead to a more disordered HT structure as appropriate to ac-
commodate REE species

EMP data showed that large ions could be introduced in HT struc-
ture. Metal chemical composition of samples Ce HT and La HT indicat-
ed a nominal metal ratio M2+/M3+ slightly below the expected value
of 3 (Table 1). Heat treatment affected atomic proportions of all metal
cations on HT structure; heated samples (La HT 500 and La HT 650)
exhibited a M2+/M3+ ratio slightly above 3.

Assignment of peaks in Raman spectra of REEHT samples exhibited a
behavior similar to HT structures described in literature [5,7,20,21]
(Fig. 3). Ce HT presented a broad vibration centered at 3460 cm−1 and
a peak at 3695 cm−1, that are vibrations due to OH stretching of sorbed
water. Stretching modes at 1357 cm−1, 1046/ 1084 cm−1 and 604/
720 cm−1 attributed respectively to a υ3 CO3

2− , υ1 CO3
2− and υ4 CO3

2−.
Mg/Al–OH translation modes were observed at 461/546 cm−1.

La HT vibrations due to OH stretching of sorbed water result in a
broad vibration centered at 3500 cm−1 and a peak at 3700 cm−1. For

La HT 500 samevibrationswere firstly observed at 2940 cm−1, followed
by a broad vibration centered at 3500 cm−1 and a peak at 3713 cm−1.
Background of signal changed for La HT 650, beginning at 2900 cm−1,
followed by a broad vibration centered at 3460 cm−1 and a peak at
3605 cm−1. υ3 CO3

2− stretching modes were recorded at 1430/
1470 cm−1 for La HT, at 1352/1421 cm−1 for La HT 500 and at 1350/
1421/1460 cm−1 for La HT 650. υ1 CO3

2− stretchingmodewas recorded

Fig. 2. XRD patterns of REE HT samples a) Ce HT (* Ce2O(CO3)2H2O, + CeO2) ; b) La HT
(● LaCO3OH, ♦ La(OH)3); c) La HT 500; d) La HT 650 (✚Mg (AL+/La3+)O,▼ La2O2CO3 ,- La2(CO3)38H2O).

Table 1

Metal chemical compositions (in atomic proportions), nominal metal ratio (M2+/M3+) and lattice parameters of material (change name table).

Samples Lattice parameters c (Ǻ) Lattice parameters V (A3) D (Ǻ) 2θ −hkl M2+/M3+ ratio

a=b (Ǻ) a=b=c (Ǻ)

Mg7.28Al1.52Ce1.19 at% 3.0399±0.0024 24.3715±0.0528 – 195±0.254 79 10.93 (003) 2.70
Mg7.46Al1.68La0.86 at% 3.1027±0.0011 24.3754±0.0233 – 203.2±0.234 98 10.86 (003) 2.94
La HT500 3.0798±0.0007 23.7598±0.0135 – 195.2±0.140 – – 3.18
La HT650 3.0304±0.0034 23.4167±0.0683 – 186.2±0.687 – – 3.12
Mg0.75Al0.23La0.02HT [14] 3.07 23.68 – – – –

Mg0.76Al0.185Ce0.055HDT [15] 3.08 24.02 – – – –

OxidoHT5* – – 4.20 74.09 34 46.06 (200)
OxidoHT65 – – 4.16 73.56 32 43.13 (200)
Mg(Al)LaO [14] – – 4.18 73.03 30.5 43 (200)

Fig. 3. Raman spectra and FTIR spectra of REE LDH samples: a) Ce HT; b) La HT; c) La HT
500; d) La HT 650.
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at 1046/1084 cm−1 for La HT, at 1062/1070/1084 cm−1 for La HT 500
and at 1063/1088 cm−1 for La HT 650. Al−OH translation mode was
observed at 935 cm−1 for both La HT 500 and La HT 650. La HT did
not reveal a peak related to this mode. υ4 CO3

2− stretching mode was
recorded at 697/723 cm−1 for La HT, at 715 cm−1 for La HT 500 and
at 745 cm−1 for La HT 650. υ2 CO3

2− stretching mode was recorded at
546 cm−1, 555 cm−1, 559 cm−1, for La HT, La HT 500, and La HT 650,
respectively. Mg/Al–OH translation modes were observed at
470/483 cm−1 for La HT, at 461/480 cm−1 for La HT 500 and at
447/461 cm−1 for La HT 650.

All REEHT samples exhibited similar FTIR spectra andwere also very
similar to hydrotalcite [20–22] and hydrotalcite-like compounds con-
taining cerium [15] (Fig. 3). Ce HT presented a broad vibration centered
at 3407 cm-1 due to OH stretching of adsorbed water. Bending mode of
waterwas recorded at 1640 cm−1. Vibration at 1355 cm−1 is attributed
to υ3 CO3

2− stretchingmode, at 1049 cm−1 to υ1 CO3
2− stretchingmode,

830 cm−1 to υ2 CO3
2− stretching mode. Mg/Al–OH translation modes

were observed at 549 cm−1.
For LaHT, OH stretching of sorbedwaterwas observed as a broad peak

centered at 3374 cm−1. This peak was shifted to 3492 cm−1 and
3600 cm−1 for La HT 500 and La HT 650, respectively. υ3 CO3

2− stretching
mode were recorded at 1359/1477 cm−1 for La HT, at 1365/1452 cm−1

for La HT 500 and at 1367/1490 cm−1 for La HT 650. υ1 CO3
2− stretching

mode was recorded at 1060 cm−1 for La HT, while it was shifted to
1070 cm−1 for La HT 500 and in La HT 650. υ2 CO3

2− stretching mode
was recorded at 850 cm−1 for La HT, La HT 500, and La HT 650 samples.
Mg/Al−OH translation modes were observed at 651 cm−1 for La HT,
522 cm−1 for La HT 500 and 518 cm−1 for La HT 650.

4. Conclusions

The thermal decomposition of REEHT based on a ratioM2+/M3+=3
(Mg/Al+X, X=Ce or La) with carbonate in interlayer region synthe-
sized by co-precipitation with ultrasonic homogenization was studied
and characterized by several complementary techniques: XRD, FTIR,
Raman, SEM and EMP.

The crystallization of the REE HTwas confirmed by hydroxyl groups,
interlayer anions and the octahedral lattice. The products of thermal
decomposition are quite different on REE HT samples. La HT (Mg7.46-
Al1.68La0.86 at%) was an effective precursor to MgAlLaO mixed oxide
type materials, but Ce HT (Mg7.28Al1.52Ce1.19 at%) submitted to the
same thermal conditions produced single oxides (MgO and CeO2). The
mixed oxide formed by thermal decomposition of La HT is a non
stoichiometric mixture and exhibited a very small crystal size (~30 Å).
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