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Abstract Hydrotalcite was synthesised by co-precipita-
tion method, calcined and characterized by XRD, BET, IR
and TG/DTA/DTG analyses and tested as solid base cata-
lyst in the transesterification of soybean oil with methanol,
achieving a methyl ester content of 99.5%. The thermal
decomposition of hydrotalcite calcined occurred in four
mass loss steps at 28, 105, 203 and 400 °C. The hydro-
talcite was recovered and through a simple evaluation by
TG/DTA/DTG techniques it was found that at 500 °C is
the temperature, where the organic matter should be
eliminated from the catalyst. This study shows the impor-
tance of thermal analysis in the evaluation of the recovery
temperature of hydrotalcite.

Keywords Hydrotalcite - Transesterification -
Thermogravimetry

Introduction

Hydrotalcites, MggAl,(OH);6CO3-4H,0, are layered dou-
ble hydroxides (LDHs) and are substantially anionic clays
[1-3]. The structure of hydrotalcite resembles that of
brucite, Mg(OH),, where the magnesium cations are
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octahedrally coordinated by hydroxyl ions, resulting in
stacks of edge-shared layers of the octahedral. In the hy-
drotalcite structure, part of the Mg ions are replaced by
AP’ ions forming positively charged layers. This substi-
tution is compensated by interlayer anions (usually CO5>7),
which are situated between the brucite-like layers [4-8].

Biodiesel can be produced by the transesterification of
triglycerides of vegetable oils using hydrotalcite as an
alkaline heterogeneous catalyst. The process presents sev-
eral advantages such as: facile separation of the final
products (biodiesel and glycerol) and the possible reutili-
zation of the catalyst, reducing environmental drawbacks
[9, 10]. Moreover, there are some economic advantages
from the use of solid catalysts because its can be potentially
used for long periods of time, improving the economics of
biodiesel production [11].

In the present work, hydrotalcite was synthesised by
co-precipitation method, calcined and characterized by TG/
DTA/DTG, XRD, BET and IR analyses. The catalytic
properties of the material were investigated in the meth-
anolysis of commercial soybean oil and the composition of
the obtained methyl ester phase was determined by gas
chromatography (GC). The thermal stability and the ther-
mal decomposition of the poisoned hydrotalcite were
investigated by TG/DTA/DTG. The physico-chemical
properties of regenerated hydrotalcite were studied by
XRD, BET and IR techniques.

Experimental
Materials

The chemicals were: Mg(NOs3),-6H,O, Al(NO;);-9H,0,
NaOH, Na,CO; and methanol (MeOH). All the reactants
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were purchased from Vetec. The soybean oil was pur-
chased from a local grocery store.

Synthesis

Hydrotalcite, with an Al/(Al + Mg) theoretical atomic rate
of ~0.25, was synthesized according to [12]. Solution A
90 mL distilled water) was added to solution B (21.8 g
NaOH, 3.5 g Na,CO;3 and 90 mL of distilled water) at a
rate of 1 mL min~". The mixture was vigorously stirred for
an hour at room temperature. Then, it was aged for 18 h, at
65 °C, without stirring. The material thus obtained (LDHs)
was filtered, washed to eliminate alkali metal and nitrate
ions, and dried at 65 °C for 18 h. Finally, the obtained
product was calcined at 200 °C in air for 18 h. This sample
was labeled as LDHc.

Catalytic reaction

The catalytic activity of LDHc was tested in the transeste-
rification of commercial soybean oil with methanol using in a
Parr 4843 reactor. LDHc (5 mass% of the oil mass) was
mixed with appropriated amounts of methanol and oil (molar
ratio oil:MeOH was 1-12). The reaction was carried out at
180 °C for 2 h and the obtained product was separated from
the poisoned catalyst (labelled LDHp) by filtration.

Characterization

The XRD measurements were performed on a PW 3710
BASED powder X-ray diffractometer using Cu K, over a 26
range of 5-80°. The phases were identified using the powder
diffraction file (pdf) database (JCPDS, International Centre
for Diffraction Date). Surface area and pore diameter were
obtained using N, adsorption—desorption (BET/BJH) in a
Quantachrome, model NOVA 1200. Prior to N, adsorption,
the samples were outgassed for 2 h at 200 °C. IR spectra of
samples were investigated in the range 4000450 cm™'.
Spectra were recorded on a Thermo Electron Corporation,
model IR 100. Thermal decomposition and thermal stability
of the hydrotalcites were evaluated by thermogravimetric
analysis (TG/DTG) and differential thermal analysis (DTA)
carried out on a Shimadzu instrument, model DTG-60H,
under a flow of air at a 10 °C min~' heating rate up to
1000 °C. The composition of the obtained methyl ester phase
was determined by gas chromatography (GC).

Results and discussion

The XRD patterns of all the studied hydrotalcites are
shown in Fig. 1. The corresponding X-ray diffractograms
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Fig. 1 XRD patterns of hydrotalcites samples

are consistent with those expected for hydrotalcite. The
XRD revealed that hydrotalcite is monophase. However,
during calcination of LDHp at 500 °C for 18 h occurred
formation of mixed Mg—Al oxides phases. This fact was
confirmed by the XRD patterns of the regenerated hydro-
talcite (LDHr).

The surface areas of LDHs and LDHc, calculated
according to Brunauer—-Emmett-Teller (BET) method were
134 and 102 m?g™", respectively. The pore diameter, cal-
culated by BJH method, increase from 33.9 A for LDHs to
34.1 A for LDHc. These results suggest that LDHc could
have a high catalytic activity.

The IR spectra of the hydrotalcites are presented in
Fig. 2. All the samples exhibited a band at approximately
3455 cm ™! that was ascribed to the vOH stretching vibra-
tion of the hydroxyl groups attached to Al and Mg and to
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Fig. 2 IR absorption spectra of hydrotalcites samples
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the O-H stretching vibration of surface and interlayer
water molecules. The LDHc showed absorption bands at
around 1463 cm™" and 1345 cm™! corresponds to the co-
intercalation of CO327 [13]. The absorption bands below
1000 cm ™' are generally assigned to the metal-oxygen
skeletal stretching and bending vibrations of the hydrotal-
cite. The band centered at 734 cm ™" is attributed to M—O
(M-0O-M or O-M-0) bending deformation vibrations in
the brucite-like sheets [14, 15].

IR results showed that LDHp (Fig. 2) has absorption
bands at around 2923 cmfl, 2853 cm~! and 1742 cm™!
that were assigned to organic matter adsorbed in the cata-
lyst. The increasing in the intensity of vOH stretching was
also assigned the organic matter adsorbed in LDHp. The
absence these bands in the IR spectra of LDHr indicated
that the organic matter was eliminated by calcination at
500 °C. Furthermore, the absorption band at approximately
1369 cm™', indicated that carbonates groups were still
present after calcination [13].

The thermal behaviour of LDHc is shown in Fig. 3. Four
mass loss steps were observed. The first one (between 28—
105 °C) was attributed to the loss of adsorbed water. The
second mass loss, between 105 and 203 °C, corresponded
to the elimination of interlayer water, without collapse of
the hydrotalcite structure. The third (at 203 °C) and
the fourth (at 400 °C) mass losses were attributed to the
decomposition of interlayer carbonate anion present in the
brucite-like layers and the dehydroxilation of OH groups in
the hydrotalcite [16, 17].

The thermal analysis of the LDHp (Fig. 4) showed the
same LDHc’s mass losses and more three consecutive mass
losses (from 265 to 430 °C), noticed by the DTG curves,
which are related to the decomposition of organic matter.
Through thermal analyses it was found that the temperature
of recovery of the LDHp was 500 °C.
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Fig. 3 TG, DTA and DTG of calcined hydrotalcite at 200 °C
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Fig. 4 TG, DTA and DTG of poisoned hydrotalcite

LDHc showed high activity for base-catalized transe-
sterification of soybean oil, achieving a methyl ester con-
tent of 99.5%. The activity of the LDHr was checked in an
experiment carried out at the same conditions of LDHc.
The reaction also exhibited a good catalyst performance,
yielding about 71% of methyl ester.

Conclusions

In the base-catalized transesterification of soybean with
methanol, high activity was achieved using hydrotalcite.
Thermal analysis was successfully used to study the ther-
mal decomposition and to determine the appropriate
recovery temperature of hydrotalcite. The catalyst showed
four steps of thermal transformation that were related to
evaporation of adsorbed water (28 °C), elimination of
the interlayer structural water (105 °C), decarbonation
(203 °C) and dehydroxylation (400 °C). It was found that
the poisoned hydrotalcite could be recovered by calcination
at 500 °C and that it could be reused as catalyst in the
transesterification of soybean oil. This study showed as
thermal analysis has proven most useful for characteriza-
tion of solid catalysts.
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