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a b s t r a c t

To improve the physicochemical properties and the catalytic activities of hydrotalcitematerials
toward the total oxidation of volatile organic compounds,microwave irradiationswere used as
a nonconventional treatment. Several Mg-Co/Al-Fe layered double hydroxides with a molar
ratio M2þ/M3þ ¼ 2 were synthesized and evaluated as catalyst precursors toward propene
oxidation. In this study, very efficient catalysts were prepared using low microwave power
during short irradiation time (40 W, 1 min) as compared with usual microwave parameters.
©2018Académiedes sciences. Publishedby ElsevierMasson SAS. This is anopenaccess article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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r é s u m é

Afin d'am�eliorer les propri�et�es physicochimiques et les activit�es catalytiques des mat�eriaux
hydrotalcite vis-�a-vis de l'oxydation totale des compos�es organiques volatils (COV), des
irradiations micro-ondes ont �et�e utilis�ees comme traitement non conventionnel lors de la
synth�ese de ces mat�eriaux. Une s�erie d'oxydes mixtes Mg-Co/Al-Fe d�eriv�ee des compos�es
hydrotalcites avec un rapport molaire M2þ/M3þ ¼ 2 a �et�e synth�etis�ee et �evalu�ee en tant
que pr�ecurseurs de catalyseurs vis-�a-vis de l'oxydation du prop�ene. Dans ce travail, des
catalyseurs tr�es efficaces ont �et�e pr�epar�es en utilisant des rayonnements micro-ondes avec
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une faible puissance pendant un temps d'irradiation court (40 W, 1 min) compar�e aux
param�etres micro-ondes normalement utilis�es.
© 2018Académie des sciences. Publishedby ElsevierMasson SAS. This is anopen access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The catalytic oxidation of volatile organic compounds
(VOCs) into less toxic byproducts is one of the most effi-
cient methods to eliminate the emissions of these harmful
pollutants. The catalysts used in our study are prepared by
hydrotalcite route. Hydrotalcite-like compound with the
general formula [M(II)1-xM(III)x(OH)2]xþ(An�)x/n$yH2O
consists of brucite-like layers Mg(OH)2, in which a part of
the divalent cations M(II) is substituted by trivalent cations
M(III). The nature of the cations can be changed in a broad
range. Divalent and trivalent metals having an ionic radius
between 65 and 80 pm (Ni2þ, Co2þ, Zn2þ, etc.) and 50 and
69 pm (Al3þ, Fe3þ, etc.), respectively, can lead to the for-
mation of hydrotalcite-like compounds. Each cation is
located in the center of an octahedron and surrounded by
six hydroxyl groups (OH�). The positive charge (xþ)
resulting from this replacement is balanced by anions (An�)
(most commonly carbonate) and water molecules, located
in interlayer domains [1].

Usually, hydrotalcite-like compounds are obtained by
the traditional coprecipitation method requiring a long
maturation phase [2e4]. Several new synthesis methods
have been developed in the aim to improve hydrotalcites
textural and structural properties [5] especially microwave
irradiation. In fact, this method is mainly used for acceler-
ating organic reactions and synthesizing inorganic solids
[5,6]. Interestingly, Benito et al. [8] showed that microwave
treatment at 125 �C leads to a significant improvement in
hydrotalcite synthesis method not only by reducing the
crystallization time but also by enhancing their physico-
chemical properties such as particle size. At the same time,
they also demonstrated the full reconstruction of hydro-
talcite catalyst by using microwave irradiation at various
temperatures and reaction times (from 100 to 175 �C and
10e300 min, respectively) [9]. Moreover, catalysts aged
under microwave give better catalytic performances to-
ward styrene oxide hydrogenation to obtain 2-
phenylethanol [9] driven by a better metal dispersion, as
compared with conventional heating. In addition, the in-
crease in aging time, temperature, and power (600 W) fa-
vors the crystallinity and the homogeneity of prepared
materials [10,11].

Previously, we have reported that oxides prepared via
the hydrotalcite route using microwave irradiations at
80 �C for 1 h (300 W) exhibited an interesting catalytic
performance for the oxidation of toluene [12].

The purpose of this article is to successfully synthesize
hydrotalcite-like materials using microwave irradiation for
a short time. The challenge of this study is also to avoid the
high temperature and power and to enhance the efficiency
of the calcined catalysts toward VOC oxidation.
2. Experimental section

2.1. Catalyst synthesis

Several hydrotalcite-like samples with a molar ratio
M2þ/M3þ ¼ 2 were synthesized by coprecipitation method.
A nitrate aqueous solution containing the appropriate dis-
solved amount of Mg(NO3)2$3H2O (Acros Organics, 99%),
Co(NO3)2$3H2O (Chem-Lab, 97%), Al(NO3)3$9H2O (Chem-
Lab, 98.5%), and Fe(NO3)3$9H2O (Chem-Lab, 98%) was
added dropwise at room temperature into a stirred 1 M
sodium carbonate (Acros, 99.5%) solution. The pH was fixed
and maintained at 10 using 2 M sodium hydroxide (Pan-
reac, 98%) solution. After complete precipitation of the
mixture, a part of the slurry was kept 24 h under vigorous
stirring to obtain the hydrotalcite structure. Another part of
the precipitate was submitted to a microwave treatment
where power and duration were maintained fixed at 40 W
and 1 min, respectively, using a Biotage cavity microwave
oven. The maximum heating temperature reached during
this treatment was only a room temperature of 33 �C.

Finally, all samples were filtered, washed with hot
deionized water until neutralization, and dried for 48 h.
The obtained precipitates were ground and calcined under
an air flow (2 L h�1,1 �Cmin�1) at 500 �C for 4 h. Uncalcined
samples will be denoted by M(II)4M(III)2-CT and
M(II)4M(III)2-MW, where CT and MW represent the con-
ventional and microwave treatment, respectively, whereas
M(II) andM(III) represent the divalent and trivalent cations.
The subscripts represent the molar ratio of each metal. The
samples calcined at 500 �C will be designated as
M(II)4M(III)2-CT500 and M(II)4M(III)2-MW500.

For catalytic comparison purposes, Co4Fe2 samples were
also prepared using microwave irradiations at a fixed
power of 40 W for 45 and 10 s. The as-prepared samples
will be denoted by Co4Fe2-MW500-45sec and Co4Fe2-
MW500-10sec, respectively. In addition, a commercial
0.5 wt% Pd/Al2O3 (Acros Organics) was also used for com-
parison purpose.
2.2. Characterization techniques

The elemental composition of the samples was analyzed
using an inductively coupled plasma (ICP) optical emission
spectrometer (Thermo ICAP 6300 DUO). Structural analysis
of the different catalysts was carried out at room tempera-
ture byX-Ray diffraction (XRD) technique using a Bruker D8
Advance diffractometer, with a copper anode Cu Ka radia-
tion. A count time of 2 s per step with a resolution of 0.02�

was used. Identification of the crystalline phases was made
with the Joint Committee on Powder Diffraction Standards
(JCPDS) files, using EVA software from Bruker. The specific
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surface area was calculated by the BrunauereEmmette-
Teller (BET) method, by nitrogen adsorption at low tem-
perature (�196 �C), using an Ankersmit Quanta Sorb Junior
apparatus. Before the adsorption, the uncalcined samples
were degassed at 60 �C for 45min and the calcined samples
at 130 �C for 30min. Pore diameters and pore volumeswere
determined by BarretteJoynereHalenda method, using a
Sorptomatic 1990 sorption analyzer. Before the measure-
ments, each calcined samplewas degassed at 400 �C for 5 h.
H2-temperature programmed reduction (H2-TPR) was also
carried out on the calcined samples. Hydrogen consumption
was detected by a thermal conductivity detector using an
Altamira AMI 200 apparatus. Sample (12 mg) was heated
from room temperature to 950 �C (5 �Cmin�1) in a 5 vol % of
H2/Ar, with a total gas flow of 30 mL min�1. Field-emission
scanning electron microscopy (SEM) was obtained using
JSM-711F equipment, with an accelerating voltage of 15 kV.
Powder catalysts were adhered on carbon adhesive and
coated with a 10-nm chrome film.

2.3. Catalytic test

Catalytic performance of each sample was evaluated
toward the total oxidation of propene, at atmospheric
pressure. Each catalyst (100 mg) was loaded into a fixed
bed reactor and pretreated under an airflow at 150 �C for
30 min. The oxidation test was carried out from 150 to
500 �C (1 �C min�1) under a total flow rate of 100 mLmin�1

containing 6000 ppm of propene in air balance. The re-
actants and the oxidation products were then analyzed
using a Varian CP-4900 MicroeGas Chromatograph.

Catalytic activities were evaluated at 20 % of propene
conversion:

A ¼ Q � 273:15� ½C3H6�0 � X
VM � T20 � 106 �m

where A is the catalytic activity (mol h�1 g�1), Q is the vol-
ume flow (L h�1), VM is themolar volume (Lmol�1), T20 is the
catalysts temperature for 20 % propene conversion (K),
[C3H6]0 is the propene initial concentration (ppm), and X is
the propene conversion (%); and M is the catalyst mass (g).

3. Results and discussion

3.1. Characterization

The ICP results presented in Table 1 show that experi-
mental molar ratio M2þ/M3þ is in a good agreement with
Table 1
Chemical analysis, cell parameters, and specific surface areas of the uncalcined s

Samples Chemical analysis c (Å) a

Theoretical Experimental

Mg4Al2-CT 2 1.95 23.3 3
Mg4Al2-MW 2 1.5 22.8 3
Mg4Fe2-CT 2 1.96 23.6 3
Mg4Fe2-MW 2 1.92 23 3
Co4Al2-CT 2 2.12 22.5 3
Co4Al2-MW 2 2.24 22.4 3
Co4Fe2-CT 2 2.05 22.7 3
Co4Fe2-MW 2 2.04 22.4 3
the theoretical value. For Co4Fe2 and Co4Al2 samples, the
experimental molar ratio is slightly greater than 2, whereas
for Mg4Fe2 and Mg4Al2 samples it is slightly lower.

X-ray diffractograms of the uncalcined samples pre-
pared by the conventional and microwave irradiations
are presented in Fig. 1. The patterns obtained correspond
to the rhombohedral hydrotalcite phase. It should be
noted that the intensities of the diffraction peaks differ
with the substitution of the divalent magnesium cation
with cobalt and the trivalent aluminum cation by iron.
Thus, the introduction of cobalt or iron decreases the
crystallinity of the synthesized hydrotalcite material.
However, for the Mg4Al2-MW sample, a second crystal-
line compound was identified and corresponds to the
Al(OH)3 gibbsite phase. The formation of the Al(OH)3
gibbsite could be explained by the lowest molar Mg/Al
ratio obtained for Mg4Al2-MW sample in ICP. Moreover,
for the cobalt-containing samples, a small shoulder was
detected at approximately 22q ¼ 33.5�, assigned to the
minor phase of cobalt hydroxide a-Co(OH)2. This
appearance is not related to microwave irradiation
treatment, because it is also detected on the samples
prepared by the conventional synthesis. This phase was
also detected by Gennequin et al. [13] for hydrotalcite-
like compound with high cobalt content.

Table 1 summarizes the values of the crystallographic
parameters of the dried solids, determined by XRD mea-
surements, using Miller indices. In fact, parameter a in-
dicates the average cationecation distance located in the
layers, whereas the c parameter is related to the thickness
of the interlayer domain [14]. Thereby, the cell parameter a
increases proportionally to the ionic radius of the cations
located in the octahedron center, for example, when Al3þ is
substituted by Fe3þ. It should be noted that, microwave
irradiation has no effect on a values, indicating that brucite-
like layers are not modified with the microwave exposure
[8].

There is a decrease in the c parameter after microwave
irradiation treatment, especially for the magnesium-
containing samples suggesting a decrease in the molar
ratio M2þ/M3þ ¼ 2, leading to a higher aluminum content
[3,15]. Indeed, the presence of gibbsite phase detected by
XRD can be attributed to the excess of aluminum that has
not been incorporated in the hydrotalcite network. This
result highlights the correlation between c parameter and
the basal spacing, indicating stronger electrostatic in-
teractions [8,16]. A significant reduction in crystallite sizes
was obtained for Mg4Al2-MW and for Co4Fe2-MW, both of
amples.

(Å) Crystallite size (nm) Specific surface area (m2 g�1)

.04 13.1 99

.04 5.9 128

.12 12.8 90

.10 12.7 100

.06 16.6 52

.06 16.5 63

.12 17 68

.12 11.9 91



Fig. 1. XRD patterns of the uncalcined samples: (a) Mg4Al2 and Mg4Fe2 and
(b) Co4Al2 and Co4Fe2. H, hydrotalcite phase (JCPDS No. 22-0700); �, Al(OH)3
gibbsite phase (JCPDS No. 33-0018); h, cobalt hydroxide a-Co(OH)2 (JCPDS
No. 46-0605).

Fig. 2. XRD patterns of the calcined samples treated under microwave. #,
MgO (JCPDS No. 45-0946); ~, Fe3O4 (JCPDS No. 89-0691); @, g-Fe2O3 (JCPDS
No. 04-0755); and &, MgFe2O4 (JCPDS No. 36-0398); %, Co2AlO4 (JCPDS No.
38-0814); X, CoAl2O4 (JCPDS No. 44-0160); $, Co3O4 (JCPDS No. 42-1467);
and þ, CoFe2O4 (JCPDS No. 22-1086).
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them exhibiting a weaker crystallization as compared with
the conventional synthesis.

Dried samples prepared via the conventional route have
specific surface areas comprised between 50 and
100 m2 g�1 whereas the surface area increased for all mi-
crowave treated samples (Table 1). The best results were
obtained for microwave Mg4Al2, Mg4Fe2, and Co4Fe2 cata-
lysts and can be explained by an increase in the number of
crystallites formed, giving rise to small dispersed particles
and thus to lower aggregation [8,17]. In fact, microwave
irradiation accelerates the heating process by reducing the
thermal gradient between the bulk and the surface [18] and
therefore the crystallite formation, and enhances the
nucleation, giving higher specific surface areas.

The XRD patterns of the calcined samples treated under
microwave are presented in Fig. 2. The absence of charac-
teristic peaks of the hydrotalcite-like structure for all
calcined samples was noted. Therefore, a destruction of this
phase has occurred after thermal treatment at 500 �C, and
new crystalline phases were obtained instead [19]. From
these results, it can be seen that the hydrotalcite structure
was transformed into mixed oxides of the divalent and
trivalent cations present. However, it is hard to detect each
oxide separately because of the same 22q values and the
similar relative intensities of the diffraction lines. For
Mg4Al2-CT500 and Mg4Al2-MW500 catalysts, the only
phase detected was MgO periclase. For the other synthe-
sized solids, the A(III)B2(II)O4 spinel-type oxides and M3O4

oxides are detected. When aluminum is replaced by iron in
Mg4Fe2-CT500 and Mg4Fe2-MW500 catalysts, Fe3O4, g-
Fe2O3, or/and MgFe2O4 phases appeared. For cobalt-
containing solids, Co2AlO4, CoAl2O4, or/and Co3O4 phases
are identified for the Co4Al2-CT500 and Co4Al2-MW500
catalysts. However, for Co4Fe2-CT500 and Co4Fe2-MW500
samples, the CoFe2O4 or/and Co3O4 phases were detected.

The isotherms obtained for all samples (shown in
Supplementary Information) are of type IV, based on the
IUPAC classification, attributed to mesoporous materials,
with the exception of the catalyst Mg4Al2-MW. The latter is
of type II corresponding to macroporous materials. Solids
resulting from both syntheses present a hysteresis loop of
type H1 with a “plateau” at high P/P0 often associated with
agglomerates that result in a narrow pore size distribution.
On the contrary, for Mg4Al2-MW solid, the shape of the
hysteresis loop differs after microwave treatment and
changes to type H3, corresponding to aggregates gener-
ating nonuniform-sized slit pores [7].

Moreover, there is a clear change in the pore size dis-
tribution and in the pore volume (Table 2). Treating the
solids with microwave irradiation increased the average
pore diameter of all samples. Indeed, this observation is
more pronounced for the Mg4Al2 catalyst. The solid
Mg4Al2-CT500 resulting from the conventional route ex-
hibits a narrow distribution of pores around 17 nm. In
contrast, the average pore diameter of the same solid
treated with microwave irradiations at 40 W has signifi-
cantly increased to a range of 83 nm, corresponding to
macroporous materials. In addition, an increase in the
values of the specific surface areas is observed when the
solids were calcined at 500 �C. This increase can be
explained by the passage from a crystallized structure of



Table 2
Pore diameter, pore volume, specific surface areas, and temperature of
50 % of propene conversion (T50) of the oxide catalysts.

Samples Pore
diameter
(nm)

Pore
volume
(cm3 g�1)

Specific
surface
area
(m2 g�1)

H2

consumption
(mmol g�1)

T50
(�C)

Mg4Al2-CT500 17 0.9 236 n.d.a >500
Mg4Al2-MW500 84 1.3 260 n.d.a 398
Mg4Fe2-CT500 14 0.5 127 5535 370
Mg4Fe2-MW500 22 0.6 130 5656 356
Co4Al2-CT500 23 0.5 73 12,380 261
Co4Al2-MW500 26 0.7 144 12,465 233
Co4Fe2-CT500 19 0.3 57 16,622 244
Co4Fe2-MW500 26 0.2 80 18,329 214

a Not determined.

Fig. 3. TPR profiles of the calcined samples: (a) Fe2O3 and Mg4Fe2; (b) Co3O4

and Co4Al2; and (c) Fe2O3 þ Co3O4 and Co4Fe2.
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hydrotalcite type to a mixed oxide type structure as already
confirmed with the XRD analysis. The departure of water
and carbonates results in the creation of craters in the
samples [10]. Higher specific surface areas are obtained for
the samples treated under microwave irradiations as
compared with their homologous. In addition, this increase
and in particular for Mg4Al2 solid can also be ascribed to the
significant increase in the pore volume after microwave
irradiations. However, the low difference in specific surface
area between Mg4Fe2-CT500 and Mg4Fe2-MW500 can be
considered within the experimental error of the BET
measurement.

The Marsevan Krevelen mechanism is generally pro-
posed for the VOC oxidation. It is then important to
investigate the redox behavior of the catalysts and to study
the reducibility of the species present in each catalyst. For
comparison purposes, pure oxides of Fe2O3, Co3O4, and a
mixture of both oxides (Fe2O3 þ Co3O4) in the same ratio as
in our samples were used. The consumption of hydrogen is
reported in Table 2. The TPR profiles of all calcined samples
are presented in Fig. 3. For the Mg4Al2 samples (not shown
in the graph), no peaks were detected, indicating that the
magnesium and aluminum oxides were not reduced in the
studied temperature range and under the experimental
conditions used. Pure Fe2O3 oxides (Fig. 3(a)) are reduced to
Fe3O4 at temperatures between 370 and 450 �C and then
Fe3O4 is reduced to FeO and Fe species [20,21], at 530 and
612 �C, according to the following equations:

3Fe2O3 þ H2/2Fe3O4 þ H2O (1)

Fe3O4 þ H2/3FeOþH2O (2)

FeOþ H2/Feþ H2O (3)

Regarding the Mg4Fe2-CT500 catalyst, XRD has shown
that iron can be present in the forms of g-Fe2O3 and
MgFe2O4. The reduction peaks were shifted to lower tem-
peratures at 340 �C (Fe2O3 to Fe3O4) and 485 �C (Fe3O4 to
FeO). In addition, the catalyst Mg4Fe2-MW500 treated
undermicrowave irradiations shows three reduction peaks,
a first reduction at lower temperature of 315 �C (Fe2O3 to
Fe3O4), a second at 386 �C (Fe3O4 to FeO), and a wide at
around 510 �C (FeO to Fe or/and to the reduction of
MgFe2O4).
On the other hand, pure Co3O4 (Fig. 3(b)) exhibited two
major reduction peaks centered at 297 and 346 �C. Ac-
cording to the literature [22,23], Co3O4 is reduced in two
stages as shown in the following two equations:

Co3O4 þ H2/3CoOþ H2O (4)

3CoOþ 3H2/3Coþ 3H2O (5)
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TPR profiles of Co/Al-containing catalysts prepared by
the conventional and microwave methods (Co4Al2-CT500
and Co4Al2-MW500) show two peaks at low temperature
(<350 �C) because of the reduction of Co3O4 into CoO and
Co. The first peak is at 206 and 152 �C and the second peak
is at 310 and 249 �C for Co4Al2-CT500 and Co4Al2-MW500,
respectively. The peak detected at higher temperature for
both solids corresponds to the reduction of Co2AlO4 to Co
[12] (Eqs. 6e8). This peak is also shifted to lower temper-
ature from 644 to 560 �C, when a conventional synthesis
method was performed under microwave irradiations.

2Co2AlO4 þ H2/CoAl2O4 þ 3CoOþ H2O (6)

CoAl2O4 þ 3CoOþ 4H2/4Coþ Al2O3 þ 4H2O (7)

CoAl2O4 þ H2/Coþ Al2O3 þ H2O (8)

For the cobalt ironebased catalysts (Co4Fe2-CT500 and
Co4Fe2-MW500) in Fig. 3(c), other than the Co3O4 oxides,
XRD revealed the presence of CoFe2O4 species that were
reduced at higher temperature (Eqs. 9 and 10). Moreover, it
is clear that with Co4Fe2-CT500, the peak at high reduction
temperature has a more intense area and has shifted to-
ward lower reduction temperature than the Co4Al2-CT500
solid. This could be explained by the fact that iron oxides
Fe2O3 are reduced simultaneously with cobalt oxides ac-
cording to Eqs. 1e3. Indeed, the decrease in temperature is
due to the increase in species that are likely to be reduced.
The reduction of active cobalt species was enhanced by the
presence of iron that has accelerated the reduction and
Fig. 4. SEM images of th
therefore decreased the maximum reduction temperature
from 644 to 409 �C.

CoFe2O4 þ H2/Coþ Fe2O3 þ H2O (9)

3Fe2O3 þ H2/2Fe3O4 þ H2O (10)

It is to be noted that the microwave treated samples
present reduction peaks at lower temperature than the
conventional treated samples. Furthermore, it is evident
from Table 2 that irradiating a sample by microwave led to
an increase in the amount of reducible species. This fact
could be correlated with the higher surface areas and
higher pore volumes obtained for the microwave-
irradiated samples, which facilitate the accessibility of
hydrogen.

From the SEM images of the Co4Fe2 catalysts presented
in Fig. 4, a clear change in morphology is observed between
samples prepared with or without microwave irradiation.
Concerning the dried sample, Co4Fe2-CT shows well-
defined layers, typical for the hydrotalcite structure. How-
ever, for Co4Fe2-MW catalyst, the layer morphology
revealed a more open structure. After calcination, the SEM
images show that Co4Fe2-CT500 is composed of clusters
and large particles, unlike Co4Fe2-MW500 catalyst, whose
images shown in Fig. 4 evidence the existence of smaller
and more uniform particle size, in the origin of the increase
in the surface area of samples treated under microwave
irradiation.
e Co4Fe2 samples.



Table 3
Surface area, total H2 consumption, temperature (T20), and catalytic ac-
tivity of 20 % of propene conversion for the different cobalt iron-based
catalysts.

Samples Surface
area
(m2 g�1)

Total H2

consumption
(mmol g�1)

T20
(�C)

Catalytic
activity
(mol h�1 g�1)

C.A. Serhal et al. / C. R. Chimie 21 (2018) 993e1000 999
3.2. Catalytic performance

Fig. 5(a) displays the evolution of propene conversion to
CO2 versus the reaction temperature for the different pre-
pared catalysts. In fact, propene is a harmful alkene with
high photochemical ozone creation potential [24]. The ef-
fects of internal diffusions were eliminated by using par-
ticle sizes between 500 and 355 mm for all samples at the
same reaction conditions. For all catalysts, only CO2 was
detected as a product. The light-off curves of the series of
samples exposed to microwave irradiation shifted
remarkably to lower temperatures. According to T50 values
(temperature at which 50 % of propene is converted into
CO2) listed in Table 2, the catalytic performance can be
established in the following order: Co4Fe2-
MW500 > Co4Al2-MW500 > Co4Fe2-CT500 > Co4Al2-
CT500 > Mg4Fe2-MW500 > Mg4Fe2-CT500 > Mg4Al2-
MW500 > Mg4Al2-CT500. Comparing T50 of conventional
and microwave treated catalysts, a difference of 30 �C is
noticed between Co4Fe2-CT500 and Co4Fe2-MW500 as well
as between Co4Al2-CT500 and Co4Al2-MW500. The
enhancement is significantly shown with Mg4Al2 solid,
where Mg4Al2-CT500 catalyst is considerably less active
Fig. 5. Propene conversion to CO2 vs reaction temperature for the samples
(a) prepared via the hydrotalcite route and microwave irradiations; (b) Pd/
Al2O3 and Co4Fe2 treated under microwave irradiation at a fixed power of
40 W for different durations.
than Mg4Al2-MW500. This efficient catalytic activity after
microwave irradiation can be attributed to the fact that
Mg4Al2-MW500 sample has a higher surface area accord-
ing to BETmeasurement, a lower crystallite size, and higher
pore diameter.

Noteworthy, even when the catalyst Co4Fe2 was sub-
mitted to 45 and 10 s of irradiation, better catalytic activ-
ities toward the total oxidation of propene were obtained
as compared with the conventional Co4Fe2-CT500 catalyst
(Fig. 5(b)). Catalytic activities of Co4Fe2 catalysts were
evaluated at 20 % of propene conversion and are presented
in Table 3. There is a correlation for all Co-Feecontaining
samples between the catalytic activity and the microwave
irradiation time. Co4Fe2-CT500 exhibits the lowest catalytic
Co4Fe2-CT500 57 16,622 242 0.171
Co4Fe2-MW500-10sec 68 17,723 225 0.176
Co4Fe2-MW500-45sec 74 17,968 220 0.177
Co4Fe2-MW500 80 18,329 215 0.180

Fig. 6. Influence of (a) the surface area and the (b) H2 consumption of the
different cobalt ironebased catalysts on the catalytic activity at 20 %.
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activity. The samples treated under microwave irradiations
show higher values. The more the irradiation is longer the
more the catalytic activity is higher. Indeed, the better ac-
tivity can be related to a larger surface area and greater
availability of the active phase as shown in Fig. 6(a) and (b).
It should be noted that increasing the time of irradiation
more than a minute does not give any enhancement in the
catalytic activity.

Moreover, it was revealed that Co4Fe2 catalysts treated
under microwave irradiation oxidizes propene at lower
temperatures than a conventional industrial 0.5 wt% Pd/
Al2O3 catalyst with an expensive noble metal (Fig. 5(b)). A
minimum power of 40 W for 1 min, used in this study, was
enough to improve the catalytic activity. The total oxidation
of propene on hydrotalcite materials could be significantly
improved by the microwave irradiation of hydrotalcite
[14,20]. Interestingly, even the supported noble metal, Au/
Al2O3 (T50 ¼ 360 �C) and Au/xCeO2-Al2O3 (T50 between 265
and 235 �C) catalysts present lower activities than those
found in this study for Co4Fe2-MW500 (T50 ¼ 214 �C) [25].
This result confirms that propene oxidation can take place
at a very low temperature with microwave treatment. The
advantage of this treatment was not only a significant
enhancement of catalytic performance but also a reduction
in manipulation time (from 24 h to 1 min) and therefore an
energy saving process.

4. Conclusions

Mg-Co/Al-Fe layered double hydroxides were success-
fully synthesized using a microwave-assisted method. This
study shows for the first time that a microwave treatment
can be used at a minimum power (40 W) with a minimum
irradiation time (1 min) to obtain the hydrotalcite struc-
ture. Microwave irradiation led to higher values of specific
surface areas and pore diameter. The catalyst preparation
using microwave irradiation leads to an open hydrotalcite
structure and calcined samples show an improvement in
the catalytic activity toward the total oxidation of propene.
Moreover, correlations between the catalytic activity and
the surface area as well as the H2 consumption of cobalt
ironebased catalysts were obtained. Furthermore, this
catalytic activity was improved by increasing the time
under microwave irradiation from 10 s to 1 min. Hence,
besides this enhancement, the interesting advantage of the
microwave treatment is the reduction inmanipulation time
and power, and therefore a decrease in energy
consumption.
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