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a b s t r a c t

Two trimetallic ZnCuAl and MnCuAl hydrotalcites have been successfully synthesized by a co-
precipitation method. The manganese based material was identified as a new hydrotalcite phase. Both
lamellar precursors were calcined at 450 and 600 ◦C and the resulting catalysts were tested on reaction
of total oxidation of toluene. The solids were characterized by X-ray diffraction, thermal analysis, atomic
vailable online 16 December 2009
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absorption spectroscopy, Fourier transformed infrared spectroscopy, N2 adsorption and H2 temperature-
programmed reduction.

It was found that ZnCuAl materials are composed of copper and zinc oxides supported on alumina;
while MnCuAl ones comprise basically spinel phases, which were not completely identified. The catalytic
behavior of the calcined samples showed that Mn hydrotalcite calcined at 450 ◦C exhibited the best

t cor
OCs catalytic performance tha

. Introduction

The layered double hydroxides (LDHs) or hydrotalcite-like
aterials have been widely investigated owing to their potential

pplications as ion exchangers, adsorbents, ionic conductors, cat-
lysts and catalyst precursors, supports, pharmaceuticals and so
n [1]. The general chemical formula of these lamellar solids can be
ritten as [M2+

1−xM3+
x (OH)2](An−)x/n · mH2O where M2+ and M3+ are

ivalent and trivalent cations (Mg2+ and Al3+ in the natural hydro-
alcite) that occupy the center of M(OH)6 octahedral units and An−

s a compensation anion [2].
A large number of LDHs with a wide variety of M(II)–M(III)

ation pairs, as well as different anions in the interlayer have been
eported in the scientific literature as stated in reviews like those
rom Sels et al. and Crepaldi et al. [3,4]. However, LDHs totally
eplacing the Mg2+ for transition metals in the brucite-like layer are
carce due to the difficulty in obtaining a pure hydrotalcite phase.
n outstanding factor that increases the effort for the synthesis of

hese materials is that thermal decomposition of LDHs precursors
eads to the formation of M2+ and M3+ mixed oxides exhibiting fine

ispersion of metal cations and high surface area, compared with
hose obtained from direct methods; besides memory effect, good
hermal stability and good mixed oxides homogeneity are other
roperties of this type of materials [5].

∗ Corresponding author. Tel.: +351 21 841 78 72; fax: +351 21 841 91 98.
E-mail address: filipa.ribeiro@ist.utl.pt (M.F. Ribeiro).

304-3894/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2009.12.048
responds to 100% toluene conversion into CO2 at about 300 ◦C.
© 2010 Elsevier B.V. All rights reserved.

The mixed oxides obtained from hydrotalcites have shown a
very good performance in many reactions of industrial interest
like CH4 and methanol reforming [6,7], hydrodesulfurization of
gasoline [8], removal of SO2 and NOx [9] and also for catalytic
combustion of VOCs [10–12].

Volatile organic compounds (VOCs) are dangerous air pollutants
that can be converted by catalytic combustion, which represents a
very promising alternative for their elimination, due to the energy
saving that it can provide comparatively to thermal combustion and
also because transition metal based oxides can replace traditional
noble metal based catalysts, because of their low cost and stability
[13].

Recently, some hydrotalcites have been reported as precur-
sors for obtaining catalysts for VOCs elimination, mainly toluene.
They exhibit promising results, but combustion temperatures
are not lower than those observed with noble metal catalysts.
The tested hydrotalcites are based on the systems Cu–Mg–Al
[10], Co–Mn–Al [14], Mg–Mn–Al [12], Cu(Zn)–Mn(Al) [15] for
toluene combustion and Ni–Al for toluene and ethanol combustion
[16].

In this work, hydrotalcite-like materials have been used as cat-
alyst precursors, and their catalytic behavior was evaluated in
toluene combustion. MnCuAl and ZnCuAl trimetallic hydrotalcites

were synthesized and calcined. The first one evidences a new
composition with hydrotalcite structure that differs from the one
reported by Zimowska et al. [15] in terms of composition of the
LDH and structure of the calcined material. Toluene was selected
as VOC model molecule because it is a commonly used solvent in

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:filipa.ribeiro@ist.utl.pt
dx.doi.org/10.1016/j.jhazmat.2009.12.048
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ig. 1. XRD patterns for the precursors. (a) MnCuAl, (b) ZnCuAl and (c) calculated
gAl hydrotalcite pattern.

hemical and processing industries and controlling its emission in
he atmosphere is becoming relevant [17].

The precursor and the catalysts were characterized by pow-
er X-ray diffraction (XRD), atomic absorption spectroscopy
AAS), thermal analysis (TG/DTA), Fourier transformed infrared
pectroscopy (FTIR), N2 adsorption and hydrogen temperature-
rogrammed reduction (H2-TPR).

. Experimental

.1. Catalysts preparation

The precursors, MnCuAl and ZnCuAl hydrotalcite-type materials
ere obtained by a co-precipitation method. Two solutions were
repared, the first one containing the metal sources (nitrates for
he ZnCuAl and sulfates for MnCuAl) with Zn/Al ratio equal to 3
nd Mn/Al ratio equal to 6. Separately, a second solution contain-
ng NaOH (4.2 M) and an excess of Na2CO3 was prepared and then
dded dropwise to the first solution until a final pH of 10, under vig-
rous stirring. The resulting slurry (with a molar ratio of 3/3/1 for
nCuAl and 1.5/1.5/1 for ZnCuAl) was subsequently aged for 24 h

t room temperature. Then the precipitate was filtered and rinsed
ith deionized water until to reach neutral pH. The resulting solid
as dried at 50 ◦C and a LDH material was finally achieved.

The catalysts were obtained by calcination of the precursor
t 450 and 600 ◦C, under static air and with a heating rate of
0 ◦C min−1.

.2. Catalysts characterization

Powder XRD patterns were obtained in a Rigaku Miniflex
iffractometer using Cu K� radiation, operated at 40 kV, 30 mA
nd 2◦ min−1. The phases were identified using databases PDF-
(Powder Diffraction File) and ICSD (Inorganic Crystal Structure
atabase). The precursor was analyzed by thermogravimetry in
TA Instruments Hi-Res TGA 2950 under a nitrogen flow of

0 mL min−1 and 10 ◦C min−1 heating rate up to 800 ◦C. The dif-
erential thermal analysis was carried out in a TA Instruments
600 DTA under the same conditions. The metal content anal-
sis was carried out in a Solaar Unicam equipment. The N2
dsorption–desorption isotherms were obtained on a Micromerit-
cs ASAP 2010 instrument after outgassing the samples at
50–200 ◦C. The surface area was calculated using the BET equa-

ion from N2 adsorption isotherms. Infrared spectra of the samples
iluted to 1 wt.% in KBr were obtained in a PerkinElmer Spectrum
ne equipment. Temperature-programmed reduction with hydro-
en was carried out in a Autochem II Micromeritics equipment. The
atalysts were heated under argon flow (30 mL min−1) at 300 ◦C for
s Materials 177 (2010) 407–413

30 min and then cooled down to room temperature; then, reduc-
tion of the catalysts was performed under H2 (5 vol.%)/Ar flow
(30 mL min−1) and heating at 10 ◦C min−1 from room temperature
to 1000 ◦C.

2.3. Catalytic tests

Toluene oxidation was carried out at atmospheric pressure in a
fixed bed reactor, using 200 mg of catalyst. The reactant gas mix-
ture, air containing toluene (800 ppm), was prepared by passing air
through a saturator containing toluene, which was kept at −3 ◦C.
The reaction mixture was fed at a flow rate of 15 L h−1 (75 L h−1 g−1),
the catalyst was in powder form, and with a size distribution in
which 90% was lower than 0.841 mm. The reaction was carried out
under temperature-programmed condition (TPSR), from 100 ◦C up
to 450 or 600 ◦C (catalyst calcination temperature) with a heat-
ing rate of 3 ◦C min−1. The feed and the reaction products were
analyzed by on-line gas chromatography (HP 5890 gas chromato-
graph equipped with a Poraplot Q column) for hydrocarbons and
IR Siemens Ultramat 23 analyzer for CO2 and CO. Before the reac-
tion, the catalysts were pretreated under a 15 L h−1 air flow at 450
or 600 ◦C for 1 h. The catalytic activity was evaluated in terms of
conversion to CO2 by measuring its concentration each 2 min.

3. Results and discussion

3.1. X-ray diffraction

The formation of hydrotalcite phases was confirmed from the
XRD patterns of the precursors (see Fig. 1). The appearance of a
single crystalline phase can be observed for both materials. The
experimental patterns are compared with those calculated for MgAl
hydrotalcite taken from PDF (PDF:89-460).

Fig. 2 shows that the collapse of the LDH structure due to cal-
cinations and the formation of oxides with low crystallinity can
occur. When ZnCuAl is calcined at 450 ◦C, an amorphous phase
is obtained but, when it is calcined at 600 ◦C the individual diva-
lent metal oxides are obtained (ZnO PDF:36-1451 ICSD:26170, CuO
PDF:45-937 ICSD: 69758). The absence of aluminum oxide com-
pounds is due to its transformation into an amorphous phase that
acts as support for the other oxides.

In the case of MnCuAl samples, the calcination (at 450 and
600 ◦C) leads to the formation of a spinel phase, which occurred
at a relatively low temperature in comparison to the ones nor-
mally necessary for the formation of these materials (>800 ◦C) [5].
Nevertheless, the sample calcined at 450 ◦C showed lower crys-
tallinity than the sample calcined at 600 ◦C. Several compositions
in spinel phase were found in the databases with the same elements
than those present in our samples and with similar XRD pat-
terns (CuMn2O4 PDF:74-2422 ICSD: 30078, CuAl2O4 PDF:76-2295,
Mn2AlO4 PDF:29-881, MnAl2O4 PDF:21-880, CuAlMnO4 PDF:43-
285).

Based only on XRD data, it is impossible to identify which of
these phases are present in the calcined MnCuAl samples or if
there is a mixture of them. Nevertheless, from the slight differences
between the XRD patterns spinel phases, CuMn2O4 and MnAl2O4,
provided the best fitting. In Fig. 2, only the pattern for the CuMn2O4
phase is shown because the one for MnAl2O4 is almost the same.
However, by the high possibility of Mn in the precursor be mainly
in state oxidation of 3+, the hypothesis that the spinel formed be
CuMn2O4 is very possible.
3.2. Thermal analysis

TG/DTA profiles from Figs. 3 and 4 show a first peak at about
150 ◦C, assigned to the removal of interlayer water molecules. The
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ig. 2. XRD patterns for the calcined precursors. (a) MnCuAl450, (b) MnCuAl600, (
attern and (g) CuO calculated pattern.

ubsequent steps correspond to weight losses due to the decom-
osition of interlayer anions and dehydroxylation of the hydroxide

ayers. This last occurrence evidenced by a broad band, not clearly
efined in the DTA curves, seems to be a special feature for Cu con-
aining hydrotalcites [4,18]. This phenomenon can be explained
y the distortion that this cation introduces into the structure
Jahn-Teller effect), leading to start the decomposition at lower

emperatures (compared with MgAl hydrotalcite [5]). Simulta-
eously, part of the carbonates is retained up to temperatures
round 600 ◦C, seeming that Cu is responsible for the stabiliza-
ion of carbonate anions. Even though, the layered crystal structure

Fig. 3. Thermal decomposition for the ZnCuAl hydrotalcite-like precursors.

Fig. 4. Thermal decomposition for the MnCuAl hydrotalcite-like precursors.
n2O4 spinel calculated pattern, (d) ZnCuAl450, (e) ZnCuAl600, (f) ZnO calculated

collapses at lower temperatures, the weight loss continues until
to 600 ◦C, reaching more than 20% (26% for ZnCuAl and 23% for
MnCuAl).

This characteristic behavior of Cu hydrotalcites has been
described in the literature from identification of the gases evolved
during the thermal decomposition process continuously monitored
with a mass spectrometer [19,20].

In Fig. 4 the DTA curve evidences an exothermic peak in the
temperature range 500–600 ◦C, which in Ni–Mn hydrotalcites [21],
has been assigned to oxidation reactions of Mn(III) into Mn(IV).
In our case, the exothermic peak can be associated with oxidation
of remaining Mn(II) into Mn(III). Several reports concerning to the
synthesis of containing Mn hydrotalcites have found that Mn(II), as
initially is in the source metal (in our case, manganese sulfate),
is almost completely oxidized to Mn(III) in the co-precipitation
process, when it is carried out in air [12,15,21,22].

3.3. Elemental analysis

The metal contents of prepared hydrotalcites are shown in
Table 1. The atomic ratio in the reaction mixture for the ZnCuAl
material is higher than the expected one (1.5/1.5/1), showing that
aluminum species in solution were not totally transferred to the
solid. In the case of MnCuAl, the atomic ratio (3/3/1) in the reaction
mixture is much higher than in the solid, indicating that part of Mn
and Cu was kept in solution rather than incorporated into the solid
and, in contrast with ZnCuAl samples that evidence a greater incor-
poration of transition metals in the solid. The differences in metal
contents can be ascribed to preferential precipitation due the vari-
able pH, concentration and supersaturation levels involved in this
synthesis method.

3.4. Nitrogen adsorption

Table 2 presents the BET surface areas of the mixed oxides
produced by calcination of the hydrotalcite-like precursors. The
materials calcined at 600 ◦C present a smaller surface area due to
sintering of the particles or formation of more crystalline products,
but this decrease is lower for ZnCuAl sample. After calcination at

450 ◦C the MnCuAl sample shows a high surface area compared
with the same oxides synthesized by a direct method [23]. The
adsorption isotherms are very similar and a representative one
was plotted in Fig. 5. They are typical of non-porous materials with
nitrogen condensation at high relative pressures, meaning that the



410 L.A. Palacio et al. / Journal of Hazardous Materials 177 (2010) 407–413

Table 1
Elemental analysis of the hydrotalcite-like materials.

Sample Zn or Mn (%) Cu (%) Al (%) (Cu + (Zn or Mn))/Ala Cu/Ala TGA weight loss (%)c

ZnCuAl 22.2 21.4 4.2 4.3 (3)b 2.2 (1.5)b 26
b b

mixtu

m
e

3

p
t
a
s
t

F
c

MnCuAl 19.0 17.6 6.4

a Atomic ratio.
b The values between parentheses correspond to the atomic ratio in the reaction
c It was measured between 100 and 600 ◦C.

ain part of the surface area presented in the Table 2 is due to the
xternal surface area of small particles.

.5. Infrared spectroscopy analysis

The results of FTIR analysis for the precursors and calcined sam-

les are shown in Figs. 6 and 7. In spectra of the uncalcined samples,
he normal vibrations of hydrotalcite are observed. The broadest
nd most intense (around 3400 cm−1) band corresponds to OH
tretching mode (structural hydroxyl groups, water molecules in
he interlayer zone, physisorbed and free water). The band around

Table 2
BET surface areas of calcined hydrotalcites.

Catalyst SBET (m2 g−1)

ZnCuAl450 80
ZnCuAl600 65
MnCuAl450 108
MnCuAl600 45

Fig. 5. Nitrogen adsorption isotherm of calcined hydrotalcite ZnCuAl450.

ig. 6. Infrared spectra of ZnCuAl precursor (a) and calcined samples (b: at 450 and
: at 600 ◦C).
2.6 (6) 1.1 (3) 23

re.

1600 cm−1 is attributed to water HOH bending vibration (angu-
lar deformation) [24]. The carbonate bands are observed around
800 cm−1 (out of plane bending, �2 mode) and 1300 cm−1 (asym-
metric stretching, �3 mode) while the vibration at ca. 1500 cm−1

corresponds to a symmetry reduction of the carbonate anions
owing to the interaction with metal cations with just one of their
oxygen atoms [25]. The bands at about 1100 cm−1 are associated
with O–H deformations [20].

The bands lower than 600 cm−1 are attributed to M–O interac-
tion (M = Al, Zn, Cu, Mn) [26], but a strict assignment of the bands is
difficult because of the complex band profile and the overlap of the
bands when more than one metal is present. In the case of ZnCuAl,
the band that appears at 837 cm−1 for the precursor is assigned to
the symmetric stretching of CO2, but it disappears after calcina-
tion, and a new band arises at ca. 520 cm−1, corresponding to CuO
formation [27]. Similar bands are observed in MnCuAl, but in this
case the frequency at ca. 505 cm−1 can be attributed to the copper
vibration in spinel phase. It can be seen that in the structural region
(1000–400 cm−1), ZnCuAl450 and ZnCuAl600 have similar spec-
tra, indicating that the two samples have the same nature, namely
the CuO–ZnO mixture, not observed in XRD for ZnCuAl450. In the
calcined samples some of the carbonate and water bands are still
present, confirming the discussion on thermal analysis. Clear dif-
ferences are observed (region 1000–400 cm−1) between precursor
and catalysts, showing the changes caused by the transformation
of the lamellar structure to mixed oxides.

3.6. Hydrogen temperature-programmed reduction

Results of H2 temperature-programmed reduction are shown
in Fig. 8 and summarized in Table 3. Reduction peaks above 850 ◦C
were not observed. All the samples present two reduction peaks,
and the reduction of MnCuAl450 sample starts at the lowest tem-

perature. The first reduction peak of all samples occurs at about
300 ◦C; this temperature has been reported in the literature for
the reduction of Cu2+ species to Cu+ or Cu0 [17]. In a study per-
formed by other researchers [28–30], they observed the reduction
behavior of Cu/ZnO catalysts with XANES measurements, and they

Fig. 7. Infrared spectra of MnCuAl precursor (a) and calcined samples (b: at 450 and
c: at 600 ◦C).
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ig. 8. Hydrogen TPR profiles for the calcined HTs. Continuous line: ZnCuAl (a: cal-
ined at 450 and b: calcined at 600) and dash line: MnCuAl (c: calcined at 450 and
: calcined at 600).

onfirmed that up to 300 ◦C, the reduction process can be attributed
o Cu2+ → Cu+ → Cu0.

On the other hand, Mn and Zn oxides are more difficult to reduce
han Cu. In copper–manganese oxide catalysts, a reduction peak
entered at 300 ◦C has been attributed to the reduction of Mn2O3 to
nO and another one at around 405 ◦C is related to the reduction of
n5O8 to MnO [31]. Up to 1000 ◦C, no further reduction of Mn2+ was

bserved [23]. In other experiments performed with ZnO, partial
eduction of zinc was observed, with a maximum at around 600
r 780 ◦C for two different samples, being the second one more
rystalline than the first [32].

Taking into account this information, we assumed that in our
alcined hydrotalcites the first evolution in the TPR profile is due to
he copper reduction and the subsequent evolutions are due to the
artial reduction of Zn or Mn. The materials containing Mn were
ore extensively reduced, as can be observed from the total H2

onsumption shown in Table 3. The highest difference in reduction
ehavior was observed with MnCuAl600, which was reduced at
emperature significantly higher than the other materials. This can
e explained because this sample is a more crystalline phase with

ess surface defects in which hydrogen can be dissociated [19,31].
The theory indicates that for each Cu2+ fully reduced to Cu0,
consumption of 1 mole of H2 is needed. From Table 3, the val-
es corresponding to �mole Cu/g catalyst can be compared with
otal �mole H2/g catalyst, and it can deduced that the first peak
hat appears in almost all samples (except in MnCuAl600) may be

able 3
ummary of hydrogen temperature-programmed reduction.

Catalyst Temperature (◦C) Metal concentration (�mol m

Onset At maximuma Cu

ZnCuAl450 140 294; 552 4.5
ZnCuAl600 140 295; 683 4.7
MnCuAl450 100 302; 506 3.5
MnCuAl600 170 302; 394 4.1

The values separated by semicolon correspond to maximum temperature of each peak i
The values separated by semicolon correspond to H2 uptake of peaks whose temperatur
The units are �mol H2/�mol Mn or Zn.
Only the second value (1.0) is associated to Zn in the next column, for appearing at temp
Fig. 9. Conversion of toluene into CO2 observed with the catalysts. (a) MnCuAl450,
(b) MnCuAl600, (c) ZnCuAl600 and (d) ZnCuAl450 (800 ppm toluene in air,
GHSV = 84750 h−1).

attributed to the reduction of copper to the metallic state. In the
MnCuAl450 the remaining of the first peak can be attributed to
the initial reduction of Mn and in the ZnCuAl samples to exper-
imental error. In the case of MnCuAl600, the first small peak is
assigned to partial reduction of copper and the second one to com-
pletion of Cu reduction to metallic form and reduction of part of
Mn ions.

In order to attempt to estimate the initial oxidation state of Mn in
the catalysts, some calculations were made. The copper total reduc-
tion contribution (fourth column) was subtracted from the total H2
consumption (sixth column) as it is shown in the seventh column
of Table 3 (remaining H2 uptake after Cu reduction in �mol H2/g
catalyst). As mentioned before, the remaining consumption of H2
after complete copper reduction is assigned to manganese partial
reduction. Then, the results of the seventh column were divided by
the concentrations of Mn (fifth column) in order to obtain the values
in the last column, expressed as �mol H2/�mol Mn. As mentioned
above, under our experimental conditions the maximum reduction
that could be achieved for Mn would be to Mn2+, as MnO. Taking
into account the stoichiometry:

0.5Mn2Ox + 0.5(x − 2)H2 → MnO + 0.5(x − 2)H2O

the initial oxidation state of Mn (x) can be calculated from the H2
uptake per mol of Mn. Within the experimental error of TPR quan-
tification, H2:Mn ratios provide an average initial oxidation state
of 3.2 for MnCuAl600 and 3.0 for MnCuAl450, which are in good
agreement with the assumption that in the precursor almost all
Mn is in oxidation state 3+. This is consistent with most of the Mn
as CuMn2O4.
Similar calculations were did for H2:Zn ratios, but in this case,

the initial oxidation state was known and the TPR quantification
was used to calculate the final average state oxidation of Zn, which

etal/g catalyst) H2 uptake (�mol H2/g catalyst)

Mn or Zn Totalb Remaining after
Cu reductionb

Associated to
Mn or Znc

4.5 4.8; 2.6 0.3; 2.6 0.6
4.8 5.8; 1.0 1.1; 1.0d 0.2
7.5 7.0; 0.6 3.5; 0.6 0.5
7.5 0.2; 8.2 0.0; 4.3 0.6

n TPR profile.
e maximum is in the third column.

erature higher than 600 ◦C.
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Table 4
Comparison of results observed in toluene catalytic combustion.

Catalyst Toluene (g/m3) S.V. (L h−1 g−1) T50 (◦C) T100 (◦C) Reference

NiAl 1 10 246–269 n.r.a [16]
CuMn 0.2 – – – [15]
CoMnAl 1800 30 247–287 250–350 [14]
CuMgAl 1 10 273–354 n.r.a [10]
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as 0.8 for ZnCuAl450 and 1.6 for ZnCuAl600, confirming that the
n is partially reduced.

.7. Catalytic activity for toluene combustion

The catalytic results observed for toluene combustion are shown
n Fig. 9. All catalysts present light-off temperatures T50 (50% con-
ersion into CO2) below 300 ◦C. The total conversion of toluene into
O2 (100% conversion) is more easily reached with the catalysts
ontaining Mn than with Zn based catalysts. This can be due to
he fact that the former have a larger amount of metal reducible
pecies per mass of catalyst. The MnCuAl450 sample with best
extural and reductive properties presented the highest activity
T50 = 258 ◦C and T100 = 297 ◦C). All catalysts are selective for CO2,
ecause they do not produce any other oxidation products and only
O2 was detected.

Copper catalysts are fairly active in the combustion of organic
ompounds [33,34]. Lately, also Mn containing catalysts have
roved to be quite active for the destruction or combustion of toxic
olatile organic compounds [11,15,35]. Fig. 9 shows that the differ-
nces in light-off temperatures are significant (ca. 50 ◦C); however,
he differences in temperature of complete combustion were even
igher (≥150 ◦C). In several cases reported in the literature 100%
onversion was not even attained. Table 4 presents a compari-
on between MnCuAl450 sample (most active sample) and some
esults reported in other works that have used hydrotalcite-derived
atalysts for toluene catalytic combustion.

Catalyst CuMn, which should be the most similar to our
nCuAl450 sample, showed very unusual results, since a CO2 yield

igher than 100% was reported for it and the experimental con-
itions were not well described, which excludes any comparison
ith our results. From the data reported in Table 4, it can be con-

luded that, despite the differences in operating conditions, the
esults observed with our catalyst are very attractive, especially
f it is considered that catalytic tests were performed at a higher
pace velocity than in other works, and the light-off temperature is
mong the smallest ones reported.

. Conclusion

Trimetallic hydrotalcites were successfully prepared with the
o-precipitation method. MnCuAl hydrotalcite seems to be a new
hase because no reference was found in XRD databases and in
he literature. After calcination, both MnCuAl and ZnCuAl hydro-
alcites produced active catalysts for toluene total combustion.
he most active catalyst was obtained with MnCuAl hydrotal-
ite after calcination at 450 ◦C, which when compared to other
ydrotalcite-derived materials reported in the literature, evidences
ery attractive light-off temperature.
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