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This workinvestigates the use of MgAl mixed oxides as base catalysts for the etherification of glycerol. Two
different experimental strategies have been employed for the synthesis of the hydrotalcite precursors:
coprecipitation and urea hydrolysis. The hydrotalcites and catalysts were characterized by X-ray diffrac-
tion, X-ray photoelectron spectroscopy, scanning electron microscopy, CO,-temperature programmed
desorption and N, adsorption. The MgAl mixed oxides exhibit excellent textural properties, with specific
surface areas higher than 200m? g~ and average pore diameters in the mesoporous range. This series

Key M,mrds'.. of catalysts have shown to be active in the formation of polyglycerols from glycerol without solvent, at
Hydrotalcite 7 . . o j

Polyglycerol 220°C, in a batch reactor. The highest conversion (50.7%) is found for the catalyst prepared by coprecip-
Glycerol itation using NaOH/Na,COs as precipitating agent, whereas full selectivity to diglycerols is only reached

for low conversion values (14.6% for sample prepared by urea hydrolysis). Only diglycerols (DGs) and
triglycerols (TGs) have been detected after 24 h of reaction, with a maximum DG yield of 43% with the
catalysts having the highest specific surface area. The formation of DG is favored at low conversion and

MgAl mixed oxides

in the presence of small pores.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Currently, biodiesel production is mainly based on the transes-
terification of the triglycerides of vegetable oils and animal fats with
methanol, in the presence of an acid or base catalyst. Each triglyc-
eride molecule gives rise to three molecules of fatty acid methyl
(ethyl) esters (FAME or FAEE) and a molecule of glycerol (1,2,3-
propanetriol). Due to biodiesel is industrially produced worldwide,
the production of glycerol has notably increased causing as conse-
quence a drop in its price. In this way, the glycerol has been turned
into an interesting starting raw material for other value-added
chemicals. Thus, the glycerol could be transformed into valuable
fine chemicals, thus improving the economic viability of a biodiesel
plant and therefore, transforming the current biodiesel industry
into a biorefinery based on the oleochemical platform. Up to the
growing biodiesel production, glycerol was mainly obtained in four
different processes: soap manufacture, fatty acid production, fatty
ester production and microbial fermentation as well as from propy-
lene oxide [1]. Glycerol itself has many applications such as in
pharmaceuticals, cosmetics, soaps and toothpastes, sweetener and
as a wetting agent in tobacco [2]. As glycerol is a highly functional-
ized molecule, large number of valuable chemicals can be obtained
by a variety of chemical reactions including, in all of them, the het-
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erogeneous catalysis as a key step [3]. Hence, intense research in
science and industry field has been made to valorise this surplus of
glycerol. In literature, several catalytic reactions have been inves-
tigated for conversion of glycerol such as hydrogenolysis to yield
propanediols [4-6], conversion to synthesis gas [7,8], etherification
with alkenes [9-11], polymerisation to oligoglycerols [12-14], oxi-
dation [15,16], dehydration to acrolein [17-20] and synthesis of
fatty esters [21].

As it has been stated above, the polymerisation of glycerol leads
to interesting products which are already utilised in cosmetics and
additives in nutrition or lubricants. The condensation of two glyc-
erol molecules yields the simplest polyglycerol, called diglycerol
and it can be linear, branched or cyclic depending on if the con-
densation takes place between primary or secondary hydroxyls
or an intramolecular condensation is involved [22]. On the other
hand, the condensation of glycerol can progress yielding tri-, tetra-
and higher polyglycerols. These polyglycerols can be produced
with basic homogeneous catalysis like alkali carbonates or hydrox-
ides, the carbonates being more active than hydroxides, in spite
of their lower basicity, due to the higher solubility in the glycerol.
Acidic catalysts are also active in the condensation of glycerol but
acrolein is formed as by-product. However, in the last years, the
catalytic studies are being directed toward heterogeneous cataly-
sis. Although heterogeneous catalysts are less active, they exhibit
some advantages (i) the catalysts can easily be separated from the
reaction mixture, (ii) they can be reused and (iii) theoretically the
reaction path can be conducted to a selected product of conden-
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sation. An extensive study has been conducted by the Barrault
group [12,23-25]. They studied the catalytic behaviour of zeolitic
and mesoporous catalysts exchanged or impregnated with alkaline
metals.

Concerning the catalytic process of etherification of glycerol,
shape-selectivity to di- and tri-glycerol (DG and TG, respectively)
has previously been observed at 260 °C when mesoporous MCM-
41 silica was used as support of alkaline or alkaline-earth metals,
whereas in the case of exchanged and impregnated zeolites the
reaction mainly occurred at the external surface due to the reduced
pore size of this microporous support, with a low selectivity to
DG [24]. By comparing different catalysts, Clacens et al. [25] have
found that an increase of the glycerol conversion leads to a loss
of selectivity, lowering the selectivity to DG and increasing that
of TG. The best results were obtained with caesium-based meso-
porous catalysts, although significant leaching of the active species
was detected. Moreover, lanthanum- and magnesium-containing
mesoporous catalysts favored the glycerol dehydration to acrolein.

On the other hand, Ruppert et al. [26] studied alkaline-earth
metal oxides in this reaction at a lower temperature (220°C) and
compared the catalytic results with homogeneous Na,COs. It was
found that glycerol conversion increased with increasing catalyst
basicity: MgO < CaO < SrO <BaO. The best selectivity values for (di-
+tri-) glycerol (>90% at 60% conversion) were obtained over CaO,
SrO, and BaO, with no substantial acrolein formation. However,
alkaline earth oxides suffer from instability toward ambient water
and carbon dioxide, giving rise to less basic species and requiring
very high activation temperatures.

Basic metal oxides derived from layered double hydroxides
(LDHs) have been extensively studied due to their tunable prop-
erties that have allowed them to find potential applications in
different catalytic fields [26-29]. Most LDHs adhere to the general
chemical formula: [M!;_M!',(OH), " ~(A"~),/,-3H,0, where M!!
represents any divalent metal cation, M'" any trivalent metal cation,
and A" an anion (inorganic or organic). The thermal decomposi-
tion of MgAl-hydrotalcites leads to a high-surface-area Mg(Al)Oy
mixed oxide with strong 02~ Lewis basic sites [30]. These structural
modifications are accompanied by an increase in specific surface
area. The acid-base properties and, as a consequence, the catalytic
activity and selectivity of these MgAl-mixed oxides depend on
chemical composition and on the conditions of the thermal treat-
ment used to decompose the hydrotalcite precursor. With respect
to the chemical composition, the optimum Mg/Al ratio will depend
on the basic site density and strength required to activate the par-
ticular reactant. In this sense, calcined hydrotalcites exhibit enough
strength to be used in the transesterification of triglycerides under
heterogeneous conditions [31-34].

The goal of the present work was to evaluate the catalytic
behaviour in etherification of glycerol to obtain polyglycerols with-
out solvents of MgAl mixed oxides derived from hydrotalcite.
Different synthetic routes have been used in order to study the
influence on the structural and textural properties. Hydrotalcite
precursors and catalysts have been characterized by X-ray diffrac-
tion, XPS, SEM, N,-adsorption-desorption and CO,-TPD, with the
objective of looking for structure-activity relationships which help
us to explain the catalytic behaviour of this family of solids.

2. Experimental
2.1. Catalyst synthesis

The coprecipitation at pH constant and the urea hydrolysis
methods have been chosen to synthesize Mg/Al hydrotalcites. The

Mg/Al molar ratio was 3 and the total concentration of cations
was 1M. In the coprecipitation method, the synthesis was car-

ried out at room temperature by using the corresponding metal
nitrates and the resulting solution was aged during 42h under
vigorous stirring. The pH of the solution was maintained at 10,
and it was achieved by using three different precipitant solutions:
NaOH/Na,C03, KOH/K,CO3 and NH3 aqueous solution/(NHg4),CO3
with a molar ratio of 16. In the case of the urea method, the hydrol-
ysis of urea took place at 100°C in a three round necked-flask
equipped with reflux and thermometer. The reaction was allowed
to progress during 42 h, being the pH=7.7 at the end of the syn-
thesis. In all cases, solids were filtered, deeply rinsed with distilled
water and dried at 65 °C. The materials were labelled as MgAl_Na,
MgAl K, MgAI_N and MgAI_U. The hydrotalcites were activated in
a tubular furnace at 450°C during 15h to transform them in the
corresponding MgAl mixed oxide.

2.2. Catalyst characterization

Elemental analysis was performed on a PERKIN-ELMER 2400
CHN with a LECO VTF900 pyrolysis oven. Mg, Al, Na and K con-
tents have been determined by ICP-AES by using a Perkin Elmer
(model ELAN DRC-e) spectrometer.

Powder XRD patterns were obtained by using a Siemens D5000
automated diffractometer, over a 26 range with Bragg-Brentano
geometry using the Cu Ka radiation and a graphite monochromator.

Scanning electron micrographs (SEMs) were obtained by using
a JEOL SM 840. Samples were placed over an aluminium drum and
covered with a gold film using a JEOL Ion Sputter JFC 1100.

X-ray photoelectron spectroscopy (XPS) studies were per-
formed with a Physical Electronics PHI 5700 spectrometer
equipped with a hemispherical electron analyzer (model 80-365B)
and a MgKa (1253.6 eV) X-ray source. High-resolution spectra were
recorded at 45° take-off-angle by a concentric hemispherical ana-
lyzer operating in the constant pass energy mode at 29.35 eV, using
a 720mm diameter analysis area. Charge referencing was done
against adventitious carbon (C 1s at 284.8 eV). The pressure in the
analysis chamber was kept lower than 5 x 10~6 Pa. PHI ACCESS
ESCA-V6.0 F software package was used for data acquisition and
analysis. A Shirley-type background was subtracted from the sig-
nals. Recorded spectra were always fitted using Gauss-Lorentz
curves in order to determine more accurately the binding energy
of the different element core levels.

N, adsorption-desorption isotherm at —196°C was obtained
using an ASAP 2020 model of gas adsorption analyzer from
Micromeritics, Inc. Prior to N, adsorption, the sample was evac-
uated at 450°C (heating rate 10°Cmin~') for 18h. Pore size
distributions and pore volume were calculated with the BJH
method.

The basicity was studied by temperature-programmed desorp-
tion of CO,. Samples (100 mg) were pretreated under a helium
stream at 450°C for 15h (2°Cmin~!, 100 mLmin~!). Then, tem-
perature was decreased until 100°C, and a flow of pure CO,
(50mLmin~1) was subsequently introduced into the reactor dur-
ing 1 h. The CO,-TPD was carried out between 100 and 800 °C under
a helium flow (10°Cmin~!, 30mLmin~1), and evolved CO, was
analyzed by an on-line gas chromatograph (Shimadzu GC-14A) pro-
vided with a TCD, after passing an ice-NaCl trap to eliminate any
trace of water.

2.3. Catalytic reaction

The catalytic activity of this series of catalysts was evaluated in
the etherification of glycerol (Aldrich) at 220°C in a glass batch
reactor, equipped with a water-cooled condenser and a ther-
mometer, under inert atmosphere (N, ) and vigorous stirring. The
formed water was eliminated by a Dean-Stark system. Before the
reaction, catalysts were activated at different temperatures for
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Fig. 1. Powder X-ray diffraction patterns of MgAl_K and MgAI_U hydrotalcites.

15h (heating rate, 2°Cmin—!) under a helium flow. The reaction
was stopped at 24h and catalysts were separated by filtration.
Reaction products were analyzed in a gas chromatograph (Shi-
madzu GC model 14A) equipped with FID and a capillary silica
fused TBR-14 column (Tecknochroma) after silylation with N,O-
bis(trimethylsilyl)trifluoroacetamide (Aldrich).

3. Results and discussion

The X-ray diffraction patterns of the as-synthesized hydrotal-
cites show the presence of the typical diffraction signals associated
to the stacked layer ordering of this family of layered double
hydroxides (Fig. 1). The lattice parameters ¢ and a have been cal-
culated from the strongest lines associated to (003) and (110)
planes, respectively, and the found values (c=22.6-23.3A and
a=3.0-3.1A) are very close to those reported by other authors
[35,36] for hydrotalcites with carbonates in the interlayer space.
The calcination of hydrotalcites at 450°C leads to the destruction
of the layered structure and the formation of a MgAIl(O)y mixed
oxide phase with periclase structure (PDF file 087-0653), not evi-
dencing the XRD patterns the presence of remaining hydrotalcite
phase (Fig. 2). Moreover, this temperature is in the range in which
the corresponding hydroxycarbonates decompose without forming
crystalline MgAl,04 spinel.

The elemental analysis of the as-synthesised hydrotalcites, pre-
pared by the co-precipitation method (Table 1), shows a good
agreement between the composition of metals in the synthesis
solution and the Mg/Al molar ratio in the resulting solids, indicating
that cations have been successfully incorporated in the hydrotalcite
structure. However, the hydrotalcite prepared by the urea method
has a Mg/Al molar ratio in the solid lower than that of the initial

Table 1
Lattice parameters and chemical analyses of the LDH precursors.
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Fig. 2. Powder X-ray diffraction patterns of MgAl_K and MgAI_U samples after acti-
vation at 450°C.

solution (Table 1). This fact could be related with the lower pH (7.7)
of the solution reached after the aging time, lowering the content
of magnesium in the structure. The comparison between the bulk
and surface Mg/Al molar ratios obtained by ICP-AAS and XPS tech-
niques, respectively, reveals a superficial enrichment of aluminium.
The coprecipitation method leads to bulk Mg/Al molar ratios very
close to 3, whereas the use of urea as precipitating agent gives
rise to a solid with a higher percentage of aluminium (Table 1).
This aluminium species could be forming amorphous aluminium
hydroxides precipitates, and its presence has been already justified
by Adachi-Pagano et al. [37]. This amorphous Al(OH); precipitate
could be formed under the acid conditions during the earlier step
of the synthesis. Similarly, the carbonate content of the MgAl .U
hydrotalcite is also lower than the expected value, probably due
to the insufficient presence of carbonate ions in the urea solution.
Thus, the excess of positive charge of the brucite layer must be
compensated by hydroxyl ions. This fact is also confirmed by XRD
analysis (Fig. 1) since the XRD pattern of MgAl_U shows the diffrac-
tion lines (260 =53.3° and 56.7°) characteristics for a sample with
hydroxyl ions (OH™) in the interlayer [37]. It has been previously
observed that Al(III) molar fraction in the synthesized hydrotalcite
is higher than that in solution, but always lower than 0.44, which is
the maximum Al/(Al + Mg) molar ratio for a pure hydrotalcite [38].
The content of alkaline metal (Na, K) was always lower than 0.1 wt%.

Thermal decomposition of hydrotalcite precursors leads to the
formation of the corresponding MgAl mixed oxides, whose tex-
tural properties depend on the experimental procedure. Thus, a
large range of BET surface area and pore volume values can be
found in literature. In our case, the calcination at 450 °C gives rise
to solids with large specific surface areas, ranging between 240

Sample doos (A) c(A) a(A) %C? (CHN) Bulk Mg/Al molar ratio® Surface Mg/Al molar ratio®
MgAIl_Na 7.73 23.2 3.1 2.09 3.02 1.23
MgAl K 7.55 22.6 3.0 2.14 2.86 137
MgAIN 7.68 23.1 3.1 2.05 2.69 1.09
MgAl .U 7.76 233 3.0 1.70 1.68 0.97

2 CHN analysis.
b [CP-AAS analysis.
¢ XPS analysis.
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Table 2
Textural properties and desorbed CO, for the calcined hydrotalcites.

Sample Sger (m?g~1) Pore volume (cm3 g—1) Average pore diameter (nm) CO,-TPD? (nmol CO, g~ 1)
MgAl_Na 322 0.975 10.2 68.1
MgAl K 312 1.088 119 54.0
MgAIN 264 0.687 8.0 52.7
MgAl.U 240 0.265 3.1 56.5

2 Evolved CO; calculated from the first desorption peak.

and 322 m?2 g1 (Table 2). The best textural properties are obtained
when the coprecipitation method is used in the presence of alkaline
cations. However, the differences are more important regarding
the pore volume values, with values higher than 0.9cm3g-! for
those two samples exhibiting the largest BET surface areas. The
smaller values for these textural parameters are observed for the
calcined MgAl_U, leading to an average pore diameter close to 3 nm,
whereas the mesoporous character of the rest of solids is more
pronounced. The N, adsorption-desorption isotherms of the MgAl
mixed oxides (Fig. 3) are of Type IIb according to the IUPAC classi-
fication. The hydrotalcites prepared by the coprecipitation method
display a hysteresis loop (Fig. 3), which desorption branch starts
immediately after adsorption (H3 hysteresis). This hysteresis loop
is characteristic of solids consisting of aggregates of plate-like par-
ticles with slit-shaped pores [39,40].

The scanning electron micrographs of hydrotalcite precursors
were recorded to study the morphology of the different samples.
The SEM images reveal the existence of particles of irregular shapes
and without a well-defined shape, being much larger when the
urea method is used (Fig. 4). The morphology of the hydrotalcite
precursors was maintained after thermal treatment.
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Fig. 3. Nitrogen adsorption-desorption isotherms at —196°C of MgAl.Na and
MgAIl_U samples after activation a 450°C.

The basicity of this family of mixed MgAl oxides has been eval-
uated by temperature programmed desorption of CO, (Fig. 5). This
technique affords information about the strength and amount of
basic sites from the desorption temperature and the peak area,
respectively. In all cases, the graphs exhibit two broad desorp-
tion peaks, between 100 and 450 °C and from 500 until 725 °C. The
broadening of the low temperature band reflects the presence of
basic sites of very different strengths on the surface of these solids,
and in all cases two maxima can be observed at values close to 200
and 300 °C. However, the second desorption peak can be attributed
to the presence of remaining carbonates due to a residual amor-
phous MgCO3 phase which is not decomposed at 450 °C, instead of
the CO, adsorbed on the surface of catalysts during the CO,-TPD
experiment. Moreover, owing to the negligible value of Na and K
detected on the pristine hydrotalcites, the evolved CO, data dis-
played in Table 2 can be only associated to the MgAl mixed oxides.
The existence of these residual carbonates was confirmed by both
FTIR analysis and a CO,-TPD blank test without adsorbing CO, of
samples treated at 450 °C, pointing out that carbonates were not
totally decomposed at this temperature (results not shown). Thus,
the data displayed in Table 2 correspond to the first desorption
peak, and indicate that the MgAl_Na catalyst exhibits the highest
basicity among this family of catalysts.

Bearing in mind the drawbacks of the etherification of glyc-
erol, such as those associated to the formation of acrolein at high
reaction temperature and the leaching of the active phase in the
reaction medium, we have decided to employ MgAl mixed oxides
derived from hydrotalcites. This family of metal oxides has already
demonstrated to have potential applications in many base catal-
ysed organic reactions [41-43].

The etherification reaction of glycerol has been carried out with-
out solvent, by using a batch reactor at 220°C, at atmospheric
pressure under N, atmosphere. These catalysts have shown to be
active in the etherification of glycerol, showing a different con-
version and selectivity depending on the synthesis method of the
hydrotalcite precursor. MgAl mixed oxides prepared by using the
coprecipitation method gives rise to conversion ranging between
24 and 51%, whereas the use of urea as precipitating agent leads
to a lower active mixed oxide, with a conversion of 14.6%. Under
these experimental conditions, only DG and TG are observed, as
reveals the corresponding chromatograms (Fig. 6). Moreover, the
formation of acrolein is not detected.

The highest yield of DG is reached when the calcined MgAl_Na
is used, with a percentage of TG close to 15% (Fig. 7). MgAI_U gives
rise to a lower glycerol conversion, which could be attributed to the
presence of boehmite in this catalyst, as detected by XRD. This low
conversion and its smaller pore size lead to a full selectivity to DG.

The etherification of glycerol to yield polyglycerols is shape-
selective, as Barrault and co-workers have shown in their
experiments with mesoporous solids [12,24,25]. This shape-
selectivity is also observed with this MgAl mixed oxides (see
Fig. 7). Thus, the most selective catalysts toward the formation of
triglycerides were MgAI_K and MgAIl_Na, which have the largest
pore diameters. On the other hand, the highest selectivity toward
diglycerides was found for MgAI_N and MgAl_U, in which the pore
diameter size was lower. In this sense, a catalyst could be design
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Fig. 4. SEM micrographs of (a) MgAI.Na, (b) MgAl K, (¢) MgAIN and (d) MgAl_U hydrotalcites.

to yield a determined product by controlling the size of the porous
network. However, the catalytic activity is related to the basicity
of the catalyst, as measured by CO,-TPD. As shown in Table 2, a
correlation between glycerol conversion and basicity can be also
observed, since among the tested catalysts, the MgAl_Na catalyst
exhibited the higher catalytic conversion of glycerol besides being
the most basic one. However, if a comparison between basicity and
activity is made for MgAl_K, MgAI_N and MgAl_U catalysts, the cat-

——MgAl-Na
——MgAlK
——MgAlN

——MgALU

TCD Intensity (a.u.)

0 100 200 300 400 500 600 700 800

Temperature (°C)

Fig. 5. CO, temperature programmed desorption of the MgAl mixed oxides.

alytic activity cannot be only explained using the basicity data of
the catalysts since the difference of the desorbed CO, are minimal.
Therefore, for designing a suitable catalyst for the etherification of
glycerol, two parameters have to be tuned: the porous network
to direct the selectivity to di- or triglycerides and the basicity to
achieve an adequate catalytic performance.

The influence of temperature treatment of pristine hydrotalcite
was studied with the MgAl_Na sample. In function of DTA-TG analy-
sis (Fig. 8), the hydrotalcite was treated at 200 °C, 450 °C and 650°C
as well as a non-activated. The routine of activation is the same as
described in Section 2, heating rate of 2°Cmin~! and 15h at the
selected temperature. For the temperatures at 450°C and 650°C,
the MgAl mixed oxide shows almost full selectivity to DG (Table 3)
and at 450°Cis reached the highest glycerol conversion (51%). This

FID Intensity (a.u.)

T T

T T
0 5 10 15 20 25 30 35
Time (min)
Fig. 6. Typical chromatogram after the etherification process: t<10min: pyri-

dine +silylation agent, t=17.1min: glycerol, t=21-24min: diglycerols and
t=30-32 min: triglycerols.
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Fig. 7. Glycerol conversion and selectivities to DG and TG in the etherification
reaction over the MgAl mixed oxides (reaction conditions: glycerol=15g, catalyst
weight: 300 mg; temperature: 220°C, reaction time: 24 h).
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Fig. 8. Thermogravimetric and differential thermal analyses (TG-DTA) of the
MgAl_Na hydrotalcite.

fact can be explained by taking into account that at temperatures
lower than 450°C the hydrotalcite undergoes the elimination of
the interlayer water and the dehydroxylation process, without the
collapse of the lamellar structure, but with a decreasing in the
long-range ordering [30]. This process leads to a diminution of the
basal spacing without generating the mesostructure of the MgAl
mixed oxide. On the other hand, at temperatures higher than 450 °C
the formation of MgAl,04 spinel is favored. It has been already
reported that the MgAl, 04 synthesised by means of coprecipitation
method displays a lower Sger and pore volume than the counter-
part MgAl(O), mixed oxide with periclase structure [44]. Moreover,
it is observed a weight loss at temperatures higher than 450°C
which could be related to a decarbonation process of an amorphous
MgCO3; phase not detected by XRD, although its presence could be
inferred from CO,-TPD and FTIR techniques. Therefore, the pore
structure of the mixed oxide generated from the thermal activa-
tion of hydrotalcite probably plays a fundamental role in both the
glycerol conversion and the selectivity to DG.

The evolution of conversion and selectivity of the glycerol ether-
ification with the reaction time (Fig. 9) reveals that, after an

Table 3
Influence of thermal treatment on the catalytic behaviour of MgAl_Na sample.

Temperature (°C)  Conversion (%)  Selectivity DG (%)  Selectivity TG (%)

n.a.? 328 100.0 0.0
200 31.6 100.0 0.0
450 50.7 84.8 15.2
650 314 94.8 5.2

2 Non-activated sample.
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Fig.9. Glycerol conversion and selectivities to DG and TG in the etherification reac-
tion over the MgAl_Na catalyst versus time (same reactions conditions as Fig. 7).

induction period, the glycerol conversion is increased up to 47%
after 24 h. However, within the first 3 h, 2.2% glycerol conversion
is achieved. The only product detected at this low glycerol conver-
sion was diglycerol. The presence of triglycerol is already detected
for glycerol conversion higher than 27%, being the selectivity to
triglycerol of 10% at 24 h. Although this catalyst is less active than
homogeneous (Nay;CO3) catalyst [24], the porous framework of
MgAl mixed oxides clearly favours the formation of diglycerols.

Another key point in the use of solid catalysts in processes
accomplished in liquid medium is the leaching of the active phase.
It has been previously reported that catalysts based on La, Mg and Cs
incorporated to mesoporous solids loss the active phase by leach-
ing. In our case, the concentration of Mg and Al in the liquid phase is
negligible, thus confirming the stability of these MgAl mixed oxides
in the reaction medium.

4. Conclusions

A series of MgAl mixed oxides, obtained by calcination at 450°C
of hydrotalcites which have been synthesized by using two differ-
ent precipitation methods (coprecipitation and urea hydrolysis),
has been employed in the etherification of glycerol at 220 °C with-
out solvent. These solids exhibit basic properties and excellent
textural properties, making them suitable for base catalysed reac-
tion, such as the etherification of glycerol. The highest conversion
(50.7%) is found for the catalyst prepared by coprecipitation using
NaOH/Na,COs3 as precipitating agent, with a maximum DG yield of
43%. However, full selectivity to diglycerols is only reached for low
conversion values (14.6% for sample prepared by urea hydrolysis).
Only DG and TG oligomers have been detected after 24 h of reac-
tion. The formation of DG is favored at low conversion and in the
presence of small pores.
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