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Sucrose and cornstarch were used as organic templates in the synthesis of hydrotalcite-like layered dou-
ble hydroxides (LDHs) prepared by the coprecipitation with partial replacement of Mg by Zn, and Al by
Fe. Non-template materials were taken as references. All LDHs were used as precursors of mixed metal
oxides (MMOs) by calcination and applied as catalysts for ethyl biodiesel synthesis via transesterifica-
tion reactions of soybean oil and ethanol. The LDHs were characterized by XRD, TG, FTIR-ATR and the
respective MMOs by SEM, BET, basicity and acidity. Crystallographic data from templated LDHs showed
lower crystallinity compared to the reference homologous materials, and it was observed that corn-
starch decreases the average surface areas (from 173 to 94 m?2 g~!) and the size of the crystallites (from
147 to 92 A). FTIR spectra indicated carbohydrates were occluded inside the crystals. While this did not
influence the number of acidic sites on the MMOs, it enhances the alkaline sites. Under the catalytic con-
ditions of this experiment, cornstarch templated MMOs reach an average ethyl biodiesel conversion of
70% whereas those prepared with sucrose 45%, and the homologous reference materials only 36%. These
results demonstrated the great potential of using carbohydrates as biotemplates in the preparation of
heterogeneous catalysts for transesterification reactions.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The production of biodiesel has been increasing every year due
the demand for sustainable and cleaner fuels to replace fossil diesel
[1,2]. Biodiesel is produced by transesterification of short chain
alcohols with oils or fats. Triglyceride sources change from country
to country and, in Brazil, mainly soybean oil and methanol are used
due to the availability and low-cost of these raw-materials. How-
ever, methanol has high toxicity and, at present, originates mainly
from fossil oil [3]. The use of bioethanol instead of methanol would
take advantage of the existing agricultural industry and make this
process more sustainable.

The use of NaOH or KOH as homogeneous transesterification cat-
alysts generates large amounts of waste, mainly originating from
the washing step [4] and this can be minimized by using heteroge-
neous catalysts which are easily separated from the final product
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and can be reused [5]. With ethanol, the hygroscopicity of this sub-
strate is also a negative issue with homogeneous alkaline catalysis
leading to saponification.

Heterogeneous catalysts such as mixed metal oxides (MMOs)
with high surface area and Lewis acid-base sites can easily be pro-
duced from the calcination of layered double hydroxides (LDHs)
[6]. In addition, hydrotalcite-like materials have received signifi-
cant attention from the environmental and economic point of view
because they are made of Earth-abundant and non-toxic elements
such as magnesium and aluminum.

Hydrotalcite is a natural LDH with general formula
MgsAl,(CO3)(OH)16-4H,0 [7] and can be modified by chang-
ing the ratio of M2*/M3* from 1 to 8 [8], or by partial substitution of
Mg or Al for other metalions [9,10] keeping the same ratio M2*/M3*
and are good precursors of MMO catalysts after calcination.

Different strategies have been investigated to modulate the cat-
alytic activity of these oxides, such as the introduction of organic
molecules as templates during the LDH coprecipitation process
[11], aiming to enhance the specific surface area or to change the
ratio of Lewis acid/base sites. The interaction between organic tem-
plates and the lamellar materials can lead to significant changes
on the morphology and particles size, in order to develop the cat-
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alytic and adsorbent properties. Some templated materials have
already been studied for this purpose, such as bacterial cellulose
[12], cationic starch [13], egg protein [14], liquid crystals [15], chi-
tosan [16,17], pollen [18], rice starch [19,20], cyclodextrin [21] and
even viruses for biotechnological applications [22].

The aim of this work was to synthesize materials with high
transesterification catalytic activity by changing interatomic dis-
tances using two very inexpensive carbohydrates (cornstarch and
sucrose) as templates for hydrotalcite-like materials. These LDHs
were prepared by replacing 10% of the Mg2* with Zn?* and 10%
of the AI3* with Fe3* in the synthesis of 3:1 Mg2*:AlI3* hydro-
talcite precursors. The transesterification catalytic activities for
ethyl-soybean oil biodiesel production were evaluated for MMOs
prepared by calcining these materials and correlated with struc-
tural and chemical properties.

2. Experimental
2.1. Synthesis of the catalysts

Typical hydrotalcite preparation involved the coprecipitation at
pH ~10 of suitable amounts of metal nitrates (Mg(NO3),-6H,0 and
AI(NO3)3-9H,0) with a 3:1 Mg2*:Al3* molar ratio [8]. The precip-
itation was carried out by slow dropwise addition of an aqueous
metal nitrates solution containing 0.45 mol of Mg2* and 0.15 mol
of AIP* into a well-stirred beaker containing aqueous Na,CO3
(0.075molL-1). The resulting mixture was kept under agitation
at 60°C for 3 days in order for the crystals to grow and mature.
The precipitate was isolated by vacuum filtration and washed with
distilled water to remove soluble components until the washings
reached a neutral pH. The collected solid was then dried at 100°C
for 12h.

Hydrotalcite-like materials were made by replacing 10% of Mg2*
ions by Zn?* (MgZnAl) or 10% of Al3*ions by Fe3* (MgAlFe) or
by making both substitutions (MgZnAlFe) in the nitrates solution
before the precipitation process. In these cases, Zn(NO3),-6H,0
and Fe(NOs3)3-9H;,0 were used. Templated LDHs were prepared by
dissolving 20 g of sucrose or 5.0 g of cornstarch pregelatinized for
10min at 80°C (identified as SU and ST, respectively and RE refers
to non-templated reference solids) into the sodium carbonate solu-
tion and performing the same precipitation process as described
previously.

The MMO catalysts were obtained by calcination of the resulting
LDHs in air at 450 °C for 4 h, followed by trituration in a mortar and
sieving through 150 mesh.

2.2. Characterization of materials

Powder X-ray diffraction (XRD) patterns of LDHs were obtained
on a Model 300 MiniFlex Rigaku® diffractometer using CuKo radi-
ation (A=1.54A) in an angular range of 5-70° at 2  min~! and
25°C. The Miller indices of the planes (003) and (110) were used to
calculate the corresponding lattice parameters and the crystallite
sizes were calculated from the diffraction line at 26 =62.5°, using
the Scherrer Equation [23-25].

Thermal decomposition was studied using a thermogravimet-
ric balance TGA 4000—PerkinElmer” with approximately 10 mg
of LDH sample under N, atmosphere (20 mLmin~!). Basicity and
acidity were determined by gain of mass at 50°C inside the same
thermogravimetric balance with approximately 10 mg of MMO
samples. Basicity was determined by CO, adsorption [26,27] and
acidity by n-butylamine adsorption [28]. Both properties were
expressed as the number of moles per gram of MMO.

The specific surface area was achieved by using the conven-
tional BET nitrogen adsorption method in a Gemini model 2390

VIl analyzer (Micromeritics®) [29]. MMO samples of approximately
0.2 g were preheated at 110°C for 1h in a nitrogen atmosphere
to remove any traces of moisture that might interfere with the
results. The vibrational spectra in the range 4000-400 cm~! were
collected using an ATR-FTIR Spectrum Two spectrophotometer
(PerkinElmer® ).

To evaluate the catalyst leaching, metal analysis was performed
on the soybean oil and reaction products which were calcined at
650°C and the ash dissolved in 6 mL of nitric acid (20% v/v) by 12 h
and after diluted to 25 mL for analysis. The measurements were
recorded in a Varian AA240FS flame spectrophotometer by means
of atomic emission for Na and atomic absorption for Fe, Mg, Zn
and Al, following the procedures indicated for each element in the
instrument manual, adjusting wavelength, flame composition, slit
width, lamp current and concentration range.

2.3. Biodiesel production and quantification

Transesterifications of commercial soybean oil with anhydrous
ethyl alcohol were carried out in duplicate as batch reactions in
closed vessels at 120°C with self-generated pressure under con-
stant stirring (450 rpm for 12 h). The ethanol:oil molar ratio was
20:1 with 20% (m/m) of the MMO to oil. Excess ethanol was
removed by vacuum distillation and the catalyst separated from
the liquid by centrifugation (10 min at 10 Krpm).

For the biodiesel chromatographic quantification, a one micro-
liter aliquot of each product was appropriately diluted in
hexane and injected into a gas chromatograph model Clarus 480
PerkinElmer® with a flame ionization detector (FID) coupled to
a capillary column Agilent® J&W Biodiesel EN 14103 Analysis GC
Column (30 m length, 0.32 mm diameter, 0.25 wm film thickness)
using nitrogen as the carrier gas (1.0 mLmin~!). The temperature
of the column oven was programed from 60 to 200°C (10°Cmin~1)
with a subsequent increase to 240°C (5°Cmin~1). The injector
and detector blocks were kept at 250 °C. Quantification was based
on calibration curves using the ethyl esters (linoleate, linolenate,
oleate, palmitate and stearate) as analytical standards and methyl
heptadecanoate was used as an internal standard, all from Sigma-
Aldrich®. Synthesis yield was defined as the total mass of esters
obtained in relation to the expected theoretical mass [30].

3. Results and discussion
3.1. Characterization of materials

The powder XRD patterns exhibit a typical single phase struc-
ture for all the prepared LDHs, indicating the incorporation of iron
and zinc ions into the lattice (Fig. 1) with characteristic basal peaks
classified as a hexagonal crystal system with rhombohedral sym-
metry (3R) [31]. Reflections for the Miller planes (003), (006),(110)
and (113), and broad and asymmetric peaks for (012), (015) and
(018) can be seen. The diffraction lines appearing at 26 =30°, iden-
tified with an asterisk in the LDHs templated with sucrose and
cornstarch, correspond to imperfect nitrate elimination from these
materials. This fact indicates that the incorporation of saccharides
affects the ion diffusion outside the crystal structure, since these
peaks are not observed in homologous non-templated materials.
In general, diffraction peaks of the ST-LDHs are less intense and
narrow, revealing lower crystallinity than the others.

Lattice parameters are shownin Table 1 and, interestingly, it was
observed that the size of the unit cell (parameter a) has not changed
with the replacement of metals separately, and their changes are a
few thousandths of an Angstrom, whereas for the combined inclu-
sion of Zn and Fe there was an increase of 0.061 A. This result could
indicate that there is a synergistic effect of the substituent ions and
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Fig. 1. Powder XRD pattern diffractions of LDHs. (A) non-templated references -RE;
(B) sucrose templated -SU and (C) cornstarch templated- ST.

not only an effect of the substituents ionic radius in brucite lamellae
[32].

SU- and ST-LDHs showed an increase in the size of the unit cell
compared to their respective homologous reference materials and
the greatest variation was observed between MgAl and SU-MgAl,
ranging from 3.00 to 3.06 A.

The interlayer distance depends mainly on the size of the inter-
calated anion, degree of hydration and electrostatic forces [31]. The
interlayer distance of RE-MgZnAlFe was reduced in its homolo-
gous cornstarch templated ST-MgZnAlFe from 22.9 to 22.0 A. It was

Table 1
LDHs lattice parameters.

Material Crystallographic parameters

a(A) c(A) D(A)
RE-MgAl 3.00 229 102.5
RE-MgAlFe 3.00 22.9 181.3
RE-MgZnAl 3.00 229 159.7
RE-MgZnAlFe 3.06 229 145.7
SU-MgAl 3.06 22.8 76.87
SU-MgAlFe 3.04 224 103.9
SU-MgZnAl 3.05 22.7 102.7
SU-MgZnAlFe 3.05 22.5 103.9
ST-MgAl 3.04 221 86.33
ST-MgAlFe 3.04 22.0 96.00
ST-MgZnAl 3.04 22.0 94.50
ST-MgZnAlFe 3.04 22.0 90.40
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Fig. 2. General LDH decomposition thermogram pointing out the onset and endset
events.

expected that this parameter would have higher values for tem-
plated materials when compared to the reference materials but in
this study, the opposite was observed. In a further bibliographic
search, it was found that Sommer et al. [14] have found similar
results by using protein as a biotemplate for the preparation of
LDHs. It is not yet clear how these saccharides interfere in the for-
mation process of the LDHs crystalline structures but it is certainly
not by intercalation in the interlayer space.

It is very clear that carbohydrates affect the crystal growth
but there is no evidence that the saccharide chain size is a key-
factor for that. From all LDHs studied in this work, RE-MgAlFe
showed the biggest crystallite (181.3 A), and SU-MgAl the smallest
one (76.9A). For homologous materials, the largest variation was
observed between RE-MgAlFe (181.3 A) and ST-MgAlFe (96.0A), a
reduction of about 52%.

Fig. 2 shows the thermal decomposition events for typical LDHs
and the onset and end set values change for each material. The first
event occurs in the range 100-250 °C with an average mass loss of
12% due to the physically adsorbed water removal [33]. The sec-
ond event occurs in the range 250-550°C with an average mass
loss of 28% due to the decarbonation followed by the dehydroxy-
lation of the lamellae [34]. Above 450°C, masses were measured
at about 60% of the initial mass, the result of the collapse of the
lamellar structure and formation of mixed oxides of the spinel type
(MgAl;04) as residue [35]. The organic fraction was converted to
CO2 and H20 and the minerals remained in the catalyst in very
small quantities. The FTIR spectra indicated no residual carbon in
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the oxides and XRD data showed no difference between the tem-
plated and non-templated materials (Figs. S1and S2).

In Table 2, the loss of mass of the LDHs during calcination and
the respective MMOs surface areas, basicity and acidity is sum-
marized. According to Shumaker et al. [36], MMOs should have
a higher specific surface area than LDHs due to the formation of
micro and mesopores by the elimination of steam and CO, [23,37].
In general, the MMO derivatives from both templated saccharide
HDLs showed smaller surface areas than their respective homolo-
gous references, except for SU-MgAlIFe. The smallest surface area
determined was for the MMO-ST-MgAl (62 m2 g~1), and the largest
one for MMO-RE-MgZnAl (208 m2 g~ 1).

In fact, there is no proven relationship between the increase in
surface area of the oxide and the catalytic activity. Nowicki et al.
[38] in their study of LDH with added Zr achieved the best catalytic
activity with an oxide containing Zr and a surface area four times
less than that of the reference. Cross et al. [39] investigated differ-
ent forms of LDH calcination and got higher catalytic activity with
oxides with smaller surface areas. Wang et al. [40] found that the
increase of concentration of Mg in LDHs reduced the surface area
due to the formation of Mg2*-02- and AI3*-02~ pairs and increased
the catalytic activity.

There is a correlation between the average crystallite size and
the mass loss during the second thermal degradation event. The
average mass loss of the reference LDHs was 23%, around 5-9%
lower than the respective homologous SU-MMO (27.5%) and ST-
MMOs (32.5%), indicating that, during the washing process, these
saccharides were not entirely removed, as pointed out by Rami-
moghadam et al. [19]. Since the crystallographic data did not
indicate the carbohydrates were in the interlayer lamellae, it sug-
gests that they are occluded inside the crystals.

Regarding the acid-base properties, the SU-MMOs showed the
highest average basicity (0.53 mmol of CO, adsorbed per gram of
oxide) followed by the ST-MMOs (0.47 mmol CO, g~!) and third
was the RE-MMOs (0.43 mmol CO, g~!). By templating LDHs with
sucrose and cornstarch, the basicity of the MMOs was enhanced
except for the MgAl homologous series, in which MMO-SU-MgAl
decreased by 0.11 mmol CO, g~! and MMO-ST-MgAl decreased by
0.26 mmol CO, g~! when compared to MMO-RE-MgAl.

The data on XRD of the synthesized oxides showed that part of
the magnesium was converted into periclase (Mg0), a very alka-
line material, and the basicity of the catalysts is proportional to the
amount of magnesium Wang et al. [48], and so the replacement
of Mg by Zn reduced the basicity, as expected. In the same way,
the partial replacement of AI3* by Fe3* which is a weaker Lewis
acid, reduces the M3*-02- dipole moment, leading to changes in
the acid-basic catalytic properties of the materials which was part
of this study.

However in templated materials containing Zn and Fe the oppo-
site was seen, i.e., there was an increase in the number of basic
catalytic sites. There are several possible factors which may be
related to this effect, such as the structural modifications seenin the
precursor (i) increase in the size of the unit cell and (ii) decrease in
the interlayer distance, that influence the surface area of the MMO.

By comparing the average specific surface areas of the refer-
ence materials (173 m2 g~1) to those of sucrose templated oxides
(125m2g-1) and cornstarch templated MMOs (94m2g-1) with
their CO, adsorption capacities, one can see there is not a good
correlation between these characteristics and no differences were
found in the acidity values for the n-butylamine adsorbed. Accord-
ing to Yavuzet al. [26], the CO, adsorption capacity is more related
to the chemical characteristics of the material than its specific
surface area or the volume of its pores. The following variables
(temperature, pH of the solution during precipitation, and the mat-
uration period of the precipitate) can have a strong influence on the
MMO basicity [41], but these were not investigated in this study.
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Fig. 3. ATR-FTIR spectra of the synthesized LDHs. (A) non-templated (reference);
(B) sucrose templated, and (C) cornstarch templated.

In addition, according to Gabriéls et al. [42], there are 0%~ ions in
the oxides with low structural coordination, which are Bregnsted-
Lowry strong base forming alkoxides during the reaction, helping
the nucleophilic attack of the carbonyl carbon of the glyceride to
form the tetrahedral intermediate adduct in the transesterification
reaction.
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Table 2
LDH and MMO physical-chemical characterization: TGA mass loss, BET specific surface area, basicity and acidity.
Composition LDH mass loss MMO MMO Basicity? MMO Acidity”
1st event (%) 2nd event (%) Total (%) Sper (M2 g~1)
RE-MgAl 11.9 23.4 35.3 178 +2 0.57 0.09
RE-MgAlFe 122 21.8 34.0 153£1 0.41 0.06
RE-MgZnAl 143 24.8 39.1 208+3 0.45 0.09
RE-MgZnAlFe 11.1 216 32.7 15141 0.29 0.07
SU-MgAl 12.8 24.6 37.4 146 +£1 0.46 0.10
SU-MgAlFe 14.0 29.2 43.2 156+ 1 0.59 0.1
SU-MgZnAl 13.6 28.0 41.6 113+1 0.59 0.12
SU-MgZnAlFe 115 28.3 39.8 85+1 0.48 0.08
ST-MgAl 11.2 33.9 45.1 62+1 0.31 0.09
ST-MgAlFe 12.8 31.6 444 102+1 0.60 0.06
ST-MgZnAl 10.7 33.7 44.4 85+1 0.58 0.09
ST-MgZnAlFe 12.8 30.8 43.6 127+1 0.40 0.10
2 mmol of CO, adsorbed per gram of MMO.
b mmol of n-butylamine adsorbed per gram of MMO.
Vibrational spectra for all LDHS are shown in Fig. 3, and they Table3 ) o
are similar to those presented in previous studies [35]. The strong ~ Ethvl biodiesel yields with different MMOs as catalysts.
and broad absorption band between 3500 and 3400 cm~! is due to Material Yield (%)
the stretching mode of structural —OH groups (voy) in the metal RE SU ST
hydroxide layer and the interlayer water molecules [32,43]. The
weak absorption around 1630cm™! is attributed to the angular MgAl 438 2842 73%5
defi ti f the OH groups of water molecules (o). The inten- MgAlFe 172 0=4 63
ctormation of the Ot groups or w OoH)- IN€1 MgZnAl 2241 51+4 5945
sity of these two bands depends on the type of anion and amount MgZnAlFe 61+5 50+3 85+3

of interlayer water. In general, for the materials prepared in this
work, it was observed that the non-templated LDHs exhibit more
intense hydroxyl bands than ST-LDHs but less intense than those
of SU-LDHs.

The SU-MMOs had an average specific surface areaof 125 m2 g1
and the ST-MMOs had 94m?2 g~!, while the RE-MMOs had an area
of 173 m?2 g~1. The discrepancy in the surface areas in the sucrose
and cornstarch templated MMOs can be explained by the pres-
ence of carbonate ions and organic materials. The intense band
at 1370cm™! is related to the C=0 asymmetric stretch mode (v3)
of the interleaved carbonate ions, and the shoulder at 1380 cm™!
to the asymmetrical stretching of the nitrate ions [33,44]. In the
low wavenumber region, the absorption around 540-570cm™!
can be attributed to the vibration of the carbonate-water units or
attributed to network vibration modes O-M-0, M-0O-M and M-OH
[45,46] or both.

InFig. 3C, the absorption at 1020 cm~! corresponding to the C—0
bond stretching vibration of the C—O—C group in the anhydroglu-
cose ring of cornstarch [13,47] and the absorption at 2930 cm™!
corresponding to the C—H bond stretching indicating that the corn-
starch is in fact occluded in the LDH crystal.

The morphological characteristics of all templated MgZnAlFe
homologous LDHs and their respective MMOs are shown in Fig. 4.
In general, the solids have irregular sizes on which are deposited
spherical, plate-like and needle-like nanoparticles.

Typical rosette morphology is seen in Fig. 4(A) and (B) and a pos-
sible explanation for that is based on the isoelectric point of 3Mg/Al
LDH being at pH 10 and initially the formation of nanoparticles of
Al(OH)3 and Mg(OH), occurs, which are immediately converted
into hydrotalcites. Because the primary surface of Mgs-Al-CO3 is
electrically neutral, its growth is relatively slow and occurs in the
direction of the crystallographic plane [001], which has the low-
est charge density on the surface, favoring the growth with rosette
morphology [44].

In the templated materials, the morphological characteristics
are not so evident, although they can be seen with lesser inten-
sity in Fig. 4(E) (ST-LDH). So, logically, the carbohydrates present
in the precipitation probably interfere with the growth of crystal-

(RE) non-templated reference materials; (SU) Sucrose templated materials; (ST)
cornstarch templated materials.

lographic planes and, thus, the catalytic properties of the materials
as shown by the structural alterations seen using XRD.

3.2. Catalytic biodiesel production

Table 3 shows the ethyl biodiesel yield for the different MMO
materials described above. The conditions are described in the
Experimental Section, but briefly these were batch reactions in
closed vessels at 120°C with self-generated pressure under con-
stant stirring. Products were analyzed in duplicate by GC-FID.

The ST-MMOs promoted an average general conversion of ethyl
biodiesel about 100% higher than the reference materials (70%
versus 36%), while the average of the SU-MMOs was 45%, which is
25% more than the RE-MMOs over the 12 h course of the catalysis
runs.

The best biodiesel conversion (85%) was obtained with MMO-
ST-MgZnAlFe and the worst one (17%) with MMO-RE-MgAlFe. But
this latter homologous material showed the greatest variations in
catalytic activity when templated to sucrose (290%) and to corn-
starch (376%) revealing the strong capacity of these carbohydrates
to promote structural changes and enhance the transesterification
activity. However, with MMO-SU-MgAl and MMO-SU-MgZnAlFe,
the catalytic activity was reduced from 42 to 28% and from 61 to
50%, respectively.

The chemical and structural characteristics observed in the
oxides and their respective LDH precursors discussed above are
important factors to understanding the catalytic power for ethyl
biodiesel conversion. It is known that basic/acid site density and
specific surface area are important factors for the catalytic transes-
terification yield; however our data did not show any correlation.
Among the different characteristics of the materials studied, an
inverse correlation was found between the catalytic power of the
oxides and the interlamellar distances of their respective LDH
precursors as shown in Fig. 5. Probably smaller interlamellar dis-
tances contribute to generate ethyl alkoxide closer to the glyceride



A. Coelho et al. / Applied Catalysis A: General 532 (2017) 32-39 37

"~ Date :26 Jan 2016
Time :10:51:42

Signal A = SE1
Photo No. = 4124

FEIS - UNESP

WD = 8.0mm Mag = 30.00K X

e 52
Date :26 Jan 201
Time :11:49:51

EHT =20.00 kv
WD = 9.0mm

Signal A = SE1
Photo No. = 4145

FEIS - UNESP
Mag = 30.00K X

Date :26 Jan 2016
Time :15:02:44

FEIS-UNESP
Mag = 30.00K X

EHT =20.00kV
WD = 9.0mm

Signal A= SE1
Photo No. = 4182

EHT = 20.00 kV Signal A

WD= 85mm Ti

-

Signal A = SE1 EEIS-UNESP

EHT = 20.00 kV

WD= 85mm Mag = 30.00K X

Fig. 4. SEM micrographs of MgZnAlFe LDHs and their respective oxides. (A) Non-templated; (B) Sucrose templated; (C) Starch templated.

carbonyl group making the nucleophilic attack to form the tetrahe-
dral intermediate adduct easier. In this way, it is clear that starch
biotemplating significantly improves the catalytic capacity of the
oxides and this procedure cannot be ignored in the development of
new catalysts.

3.3. Catalysts regeneration

To know the reuse capacity and, also, the stability of the cata-
lysts, two materials (MMO-RE-MgAl and MMO-ST-MgZnAlFe) were

submitted to three reaction cycles. In the end of each cycle, the cat-
alysts were separated from the reaction products by centrifugation
at 6000 rpm for 10 min, washed with acetone, dried, recalcinated
at 450°C to be reused in the same conditions and the results are
shown in Fig. 6.

Both materials had catalytic ability reduced by about 13% in
the 2st reaction cycle. In the 3rd cycle, the yield of the MMO-ST-
MgZnAlFe material was reduced by 5% compared to the previous
cycle, but with overlap between the experimental errors, while the
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Fig. 5. The correlation between the catalytic potential of mixed oxides and the
interlamellar distance of the LDHs precursors (the crystallographic parameter c).
The shaded area shows the 95% confidence interval. (RE) non-templated reference
materials; (SU) Sucrose templated materials; (ST) cornstarch templated materials;

(a) MgZnAlFe;(m) MgAl; (®) MgAlFe; (* ) MgZnAl.

100
90+

Ethyl biodiesel yield (%)
& 8 8 3 8

w
(=]
PR

204 A MMO-ST-MgZnAlFe
| = MMO-RE-MgAl
10 T T T
e N N
& Cﬂo o Cﬂo o CSG
A v )

Fig. 6. Ethyl biodiesel yield after successive cycles of reaction.

MMO-RE-MgAl reference material essentially had no further loss
of catalytic activity.

Oxide catalysts are bulk type materials and the composition
of the interior oxides is the same as on the surface. In this way,
a small part of its atoms effectively participates in the catalytic
action. The sodium content measured in soybean oil before the
reaction was 23.4+0.3mgkg!. After the 1st reaction cycle, the
sodium content in the product of transesterification reaction was
23.8+0.5mgkg!, this data shown that leaching of Na* from the
catalyst does not occur under the reaction conditions and hence it
does not contribute to the catalytic activity.

4. Conclusions

Hydrotalcite-like LDHs were successfully synthesized using the
coprecipitation method, using sucrose and cornstarch as biotem-
plates and replacing 10% of Mg and Al by Zn and Fe, respectively, as
precursors for the respective oxides. XRD data revealed crystalline
diffraction peak characteristics for a single phase LDH. The use of
carbohydrates as biotemplates resulted in a reduction in the aver-

age surface area as well as a significant decrease in the crystallite
size in comparison to the homologous non-templated materials.

In the catalytic transesterification tests with soybean oil and
ethanol, MMOs derived from cornstarch templated LDHs showed
good catalytic capacity with an average increase of about 100% com-
pared to the average for the reference materials. The best catalytic
conversion (85%) was obtained with MMO-ST-MgZnAlFe.

The inclusion of zinc and iron and the biotemplating procedure
increased the basicity of the catalysts, without altering the acidic
properties, which can be attributed to better exposure to oxygen
atoms on the surface of these materials favoring the formation of
ethoxides and consequently intensifying nucleophilic attack on the
carbonyl glyceride.
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