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Abstract

A set of catalysts has been prepared consisting of both pure magnesia and zirconia as well as magnesia-zirconia and magnesia-titania
mixed oxides. The basic sites density was determined for all solids from the temperature-programmed desorption of CO2. Results indicate that
magnesia-titania mixed oxides are the most basics followed by magnesia-zirconia, then pure zirconia and, finally, pure magnesia catalysts.
Moreover, four test reactions for acid–base characterization of solids were used: 2-methyl-3-butyn-2-ol reaction, propan-2-ol transformation,
allylbenzene isomerization and the Aldol condensation of acetone. Although the 2-methyl-3-butyn-2-ol test reaction showed a 100% selectivity
to basic products (acetylene and acetone), we were not able to establish a scale of basicity for the catalyst tested. Similar results were obtained
for the 2-propanol test reaction. As a final conclusion we can state that although all test reactions gave results according to the basic character
of the catalysts, only the Aldol condensation of acetone and allylbenzene isomerization are sensitive enough to establish a basicity scale of
the catalyst according to the CO2 TPD–MS experiments.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Magnesia is known to be a typical basic oxide (Hammet
constantH− = +26.0), [1,2]. Several studies have been de-
voted to the modification of its acid–base characteristics in
the presence of other species. Therefore, for instance, Ara-
mend́ıa et al.[3] synthesized several MgO–B2O3 systems,
concluding that the density of acid sites increased with the
content in boron. On the other hand, the presence of group
IA metals, such as sodium, leads to an increase in the ba-
sicity of the resulting magnesia[4–6].

Two of the most generalized methods for acid–base char-
acterization of solids are thermal programmed desorption
(TPD) of preadsorbed probe molecules and the use of test
reactions. As far as TPD studies are concerned, they allow
us to get some useful information on the strength of acid
and base sites on a catalyst. Ammonia[7,8], pyridine[7–9],
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2,6-dimethylpyridine[8–10], CO[11,12]or benzene[13] are
some examples of basic probe molecules used in determi-
nation of acidity. On the other hand, CO2 [7,9,14], benzoic
[15], acetic[16], trichloroacetic[15], or C–H acids (such as
trichloromethane or acetylene)[17] can be utilized for basic
characterization of solids.

Regarding test reactions, some of the most frequently
used are as follows: (a) dehydration/dehydrogenation pro-
cesses, such as propan-2-ol[18,19], cyclohexanol [20]
and 1-phenylethanol[19]; (b) other alcohol transforma-
tions, such as 2-methyl-3-butyn-2-ol[19,21,22]; (c) alky-
lation of toluene with methanol and formaldehyde[23];
(d) Aldol condensation[24], and retrocondensation[25];
(e) double-bond isomerization[20,26,27,28]; (e) reactions
through carbanions different from Aldol condensation, such
as Knoevenagel[29–31], or Michael[30,31]condensations.

In a previous work, the synthesis and structural–textural
characterization of the magnesium based mixed solids used
here was described[32]. In this work, acid–base properties
of several magnesia-zirconia and magnesia-titania catalysts
are studied by carbon dioxide TPD–MS experiments and
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several test reactions. Those catalysts could be further ap-
plied in photocalytic processes since ZrO2 and especially
TiO2 are well known photocatalysts[33–35]or used as sup-
port for metals such as palladium in hydrodehalogenation of
halogenated compounds[36].

2. Experimental

2.1. Catalysts synthesis and textural–structural
characterization

All solids were synthesized by the sol–gel technique, start-
ing from Mg(NO3)2·6H2O, ZrOCl2·6H2O (Merck) and TiO2
(Fluka) and using NaOH as the precipitation agent. The cat-
alysts are named with the symbol of the metals present fol-
lowed, in the case of mixed oxides, by the atomic Mg/Zr or
Mg/Ti ratio, as determined by ICP. Finally “AIR” or “OX”
indicate that calcinations were performed either in the air
or in the oxygen flow. Details of the catalysts synthesis, to-
gether with the textural and structural properties of the solids
obtained through physical techniques including TGA-DTA,
SEM, XPS, ICP, nitrogen adsorption–desorption isotherms,
XRD, FT-Raman, DRIFT and UV-Vis are given in a previ-
ous work[32].

2.2. Base characterization of the solids

2.2.1. Temperature-programmed desorption–mass
spectrometry experiments

Carbon dioxide (5% CO2 in Argon) was the probe
molecule used to determine the basic properties of the cat-
alysts. The base peak (m/z = 44) as well as a secondary
one (m/z = 12, 10% abundance) were selected to be mon-
itored in the mass spectrometer. Prior to the adsorption of
the probe molecule, the catalyst (100 mg) was cleaned by
passing an Ar stream (75 mL min−1) at 550◦C for 30 min.
The solids were then saturated by passing a CO2/Ar stream
(50 mL min−1) at 50◦C. Subsequently, a pure Ar stream
(75 mL min−1) was passed at the saturation temperature for
2 h in order to remove any physisorbed molecules. Once a
stable line was obtained, chemisorbed CO2 was desorbed
by heating from saturation temperature up to 900◦C in a
programmed fashion, at a rate of 10◦C min−1. The selected
peaks were monitored through the whole process. Full
details of the TPD–MS method and equipment are given
elsewhere[37].

2.2.2. Test reactions
Experiments were carried out in a microcatalytic pulse

reactor (1/8 in. i.d. quartz tubular reactor) placed in the in-
jection port of a gas chromatograph (Hewlett Packard Mod.
5890) equipped with a flame ionization detector (FID). The
reactor was packed with alternating layers of quartz wool
with the catalyst (20 mg) placed between them. Previous to
each run, the catalyst was pre-treated in situ in the reactor

at 200◦C for 2 h under nitrogen (75 mL min−1). The reactor
temperature was then decreased to the lower reaction tem-
perature. Data were collected over a wide range of experi-
mental conditions stated below.

2.2.2.1. 2-Methyl-3-butyn-2-ol (MBOH).MBOH pulse
size: 0.5�L; reaction temperature: 160–350◦C; N2 flow:
75 mL min−1; analytical column: Supelcowax-10 capillary
column (30 m length and 0.20 mm i.d.).

2.2.2.2. Propan-2-ol test reaction.Propan-2-ol pulse
size: 0.5�L; reaction temperature: 260–400◦C; N2 flow:
75 mL min−1; analytical column: Supelcowax-10 capillary
column (30 m length and 0.20 mm i.d.).

2.2.2.3. Condensation of acetone.Acetone pulse size:
0.5�L; reaction temperature: 300–400◦C; N2 flow:
75 mL min−1; analytical column: Supelcowax-10 capillary
column (30 m length and 0.20 mm i.d.).

2.2.2.4. Allylbenzene double bond isomerization.Al-
lylbenzene pulse size: 0.1�L; reaction temperature,
160–350◦C; N2 flow, 75 mL min−1; analytical column:
Supelcowax-10 capillary column (30 m length and 0.20 mm
i.d.) and SPB-50 (60 m length and 0.25 mm i.d.) capillary
column.

In separate experiments, reactions were carried out by
using a GC–MS in order to characterize the reaction products
of each test reaction.

3. Results and discussion

3.1. Textural and structural characterization

As stated above, the synthesis and textural–structural char-
acterization of the solids used was described in a previ-
ous work[32]. The most relevant results are summarized in
Table 1.

Pure magnesia solids (Mg-AIR and Mg-OX) are macro-
porous solids consisting of periclase, the former having a
slightly higher surface area. Regarding magnesium-titanium
systems, they are mesoporous solids constituted by MgO
(periclase) and TiO2 (anatase) but no mixed phases are ob-
served. The surface area increases as the titanium content de-
creases. Moreover a surface Ti-enrichment was observed for
these catalysts. Finally, MgZr27-OX is a mesoporous solid
formed by MgO (periclase) and ZrO2 (tetragonal phase), the
distribution of such crystalline phases being quite homoge-
neous.

3.2. DRIFT spectra of the catalysts

Figs. 1–3show the DRIFT spectra of the pure magne-
sia, magnesia-titania and magnesia-zirconia catalysts, re-
spectively.



M.A. Aramend´ıa et al. / Journal of Molecular Catalysis A: Chemical 218 (2004) 81–90 83

Table 1
Summary of the most relevant textural and structural characteristic of the catalysts used in the present work

Catalyst SBET (m2 g−1) Crystalline phases (XRD) Other comments

Mg-AIR 53 Periclase (MgO) Macroporous

Mg-OX 47 Periclase (MgO) Macroporous

MgTi5-OX 52 Periclase (MgO) Mesoporous; surface Ti-enrichment
Anatase (TiO2)

MgTi19-OX 67 Periclase (MgO) Mesoporous; surface Ti-enrichment
Anatase (TiO2)

MgTi31-OX 78 Periclase (MgO) Mesoporous; surface Ti-enrichment
Anatase (TiO2)

MgZr27-OX 74 Periclase (MgO) Mesoporous; regular distribution of Mg and Zr
Tetragonal (ZrO2)

ZrO2-OX 110 Tetragonal (ZrO2) Mesoporous

3.2.1. Pure magnesia catalysts
Fig. 1 shows the DRIFT spectra of the freshly pre-

pared magnesia catalysts (Mg-AIR and Mg-OX), to-
gether with an aged Mg-AIR catalyst (1 year). Both,
fresh catalysts presents similar spectra. For wavelengths
over 3000 cm−1, both isolated hydroxyl groups (above
3700 cm−1) and hydrogen-bridging OH (below 3700 cm−1)
are observed[38]. In the region below 2000 cm−1,
both Mg–O stretching (1400–1441cm−1) [39]and bands
due to adsorbed carbonate[5] appear and, as stated
in the previous work, the XPS measurements proved
that our samples were carbonated[32]. The main car-
bonate species in our solids are unidentate carbonates
that exhibit bands at 1378 and 1516 cm−1 correspond-
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Fig. 1. DRIFT spectra of the magnesium oxides prepared in this work.

ing to the symmetric and asymmetric O–C–O stretching
bands.

Fig. 1 also presents the DRIFT spectra of an aged
Mg-AIR catalyst, denoted as Mg-AIR(aged). This catalyst
exhibits bands around 3611 and 1516 cm−1 more intense
than those obtained for the fresh catalyst. This is certainly
due to re-hydration and carbonation processes occurred
during the storage. In this sense, thermal treatment of the
aged catalyst (not shown) lead to both water releasing and
carbonate decomposition, resulting in a decrease in the cor-
responding DRIFT bands. It is, therefore, very important
from the experimental point of view, to perform a cleaning
step previously to the CO2 adsorption–desorption process
or to test any reaction over the magnesium based catalysts.
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Fig. 2. DRIFT spectra of the magnesiuim-titanium mixed oxides prepared
in this work.
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Fig. 3. DRIFT spectra of ZrO2-OX, Mg-OX and the magnesium-zirconium
mixed oxide MgZr27-OX.

3.2.2. Magnesium-titanium systems
Fig. 2 shows the DRIFT spectra for the Mg-Ti sys-

tems (MgTi31-OX, MgTi19-OX and MgTi5-OX), together
with those of Mg-OX and Fluka TiO2 calcined at 600◦C
and included for comparison. This figure clearly indi-
cates that pure TiO2 does not present any absorption
band due to hydroxyl or carbonate species. Therefore,
both isolated (3743 cm−1) and hydrogen bonded hydroxyls
(3500–3600 cm−1) are mainly associated to magnesium
atoms. Again those bands at 1380 and 1500 cm−1, can be
attributed to Mg–O stretching vibration or to the presence
of carbonates.

3.2.3. Magnesium-zirconium system
Looking at the DRIFT spectrum of MgZr27-OX (Fig. 3),

both isolated and bridging hydroxyl groups can be distin-
guished at wavelengths coincident to that of pure Mg-OX
(3739 and 3611 cm−1). Again, both types of hydroxyl groups
seem to be associated to magnesium atoms rather to zirco-
nium. However, unless titania, pure zirconia presents two
absorption bands above 3000 cm−1.

In the region below 2000 cm−1 bands corresponding to
Mg–O and Zr–O stretching vibrations appears together
with bands corresponding to surface carbonates. The
DRIFT spectra inFig. 3 indicate that surface carbonates on
ZrO2-OX are different than that on Mg-OX or MgZr27-OX.

3.2.4. The nature of surface carbonates
It is well established that the basic character of the solids

is associated to carbonation of the surface basic sites. In
a previous work[32], XPS experiments revealed that all

samples used in this work are carbonated, the extension of
which increases with the ageing of the catalysts.

Assignation of the carbonate bands was carried out taking
into account the results found in the literature[37,40,38,5]
for surface carbonates on magnesium oxides. An attempt
at determining the nature of carbonates (whose presence
was confirmed by XPS analyses) lead us to point out the
existence of unidentate carbonates (1393 and 1526 cm−1).
Moreover, such carbonates are mainly due to the presence
of magnesia and zirconia but not to titania (Figs. 2 and 3).

3.3. Density and strength distribution of basic sites

In order to achieve a complete characterization of the
basic properties of our catalysts, the total number of basic
sites, its density and strength distribution were determined
by TPD–MS of preadsorbed carbon dioxide.

As revealed by the DRIFT spectra, all catalysts were car-
bonated and, therefore, a cleaning step prior to the adsorp-
tion of CO2 was performed, as stated in the experimental
section.

Figs. 4 and 5show typical CO2 TPD–MS profiles ob-
tained for the magnesia-zirconia and magnesia-titania cat-
alysts used in this work. The basic sites were classified
according to their different strengths (different carbon diox-
ide desorption temperature,TD). Therefore, there are low
(TD below 400◦C), medium (TD between 400 and 600◦C)
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Fig. 4. Carbon dioxide temperature-programmed desorption of ZrO2-OX,
Mg-OX and the magnesium-zirconium mixed oxide MgZr27-OX.
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Fig. 6. Surface basicity of the catalysts determined by carbon dioxide TPD–MS. Basic sites densities obtained from the CO2 desorbed at temperatures
below 400, 600 and 900◦C. The catalysts are represented by increasing basicity (from CO2 desorbed atTD < 600◦C).

and high strength basic sites (TD over 600◦C). Note that
information obtained from CO2 desorbed over 600◦C (cal-
cination temperature of the solids) should be carefully con-
sidered, since structural transformations could occur on the
catalysts. Moreover, since the cleaning step prior to CO2
saturation was carried out at 550◦C, the high strength basic
sites (TD > 600◦C) were not considered for the discussion
in this work.

Pure titania catalyst (Fluka TiO2 calcined at 600◦C)
showed no carbon dioxide desorption peaks in TPD–MS
experiments. However, addition of titania to magnesia in-
duces an increase in the density of basic sites. This increase
is especially relevant at the medium strength basic sites (TD
between 400 and 600◦C).

On the other hand, if only low and medium strength ba-
sic sites (TD < 600◦C) are compared then magnesia-titania
systems are in general, a little bit more basic, than
magnesia-zirconia solid and, again, pure magnesia are
clearly the less basic solids of the study.

Fig. 6 summarizes the results obtained. This figure
presents the basic sites densities for all catalysts calculated
from the low strength basic sites (TD < 400◦C), low plus
medium strength basic sites (TD < 600◦C) and low plus
medium plus high strength basic sites (TD < 900◦C). One
of the more remarkable things is the high proportion of car-
bon dioxide desorbed at temperatures exceeding 600◦C for
the MgZr27-OX catalyst (40% of the total CO2 desorbed).

From these data, we can establish a basicity scale of the
catalysts tested, according to the CO2 desorbed atTD <

600◦C, as follows:

MgTi31-OX > MgTi19-OX > MgTi5-OX > MgZr27-OX

> ZrO2-OX > Mg-OX > Mg-AIR
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Scheme 1. Test reactions used in this work: (A) 2-methyl-3-butyn-2-ol test reaction; (B) acetone Aldol condensation test reaction; (C) propan-2-oltest
reaction; (D) allylbenzene test reaction. The reaction products showed are those mainly obtained over basic catalysts. For the whole reaction paths, see
the appropriate references as cited in the text.

Once established this basicity ranking the catalysts were
applied to several test reactions in order to investigate
whether these processes give results in agreement to the
above-mentioned scale.

Fig. 7. Molar conversion in the MBOH test reaction at 160◦C. Selectivity to the main products formed over basic sites (acetylene and acetone).

3.4. 2-Methyl-3-butyn-2-ol (MBOH) test reaction

MBOH test reaction is quite a useful tool in order to
have a first idea on the acid–base character of the systems,
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especially of the mixed oxides, since reaction products
are different on acid, basic or acid–base pair sites[26,41].
Scheme 1shows the reaction products obtained after reac-
tion of MBOH over basic sites.

In this sense, all solids but pure zirconia (ZrO2-OX)
showed a selectivity close to 100% to the main products
formed on basic sites (acetone plus acetylene) throughout
the 160–350◦C temperature range (Fig. 7). This figure also
presents the MBOH molar conversion at 160◦C, revealing
that MgTi31-OX exhibits an enhanced conversion (around
33%) while the rest of the solids give lower conversion
levels. Again, the ZrO2-OX catalysts reported the lowest
catalytic conversion at the working temperature with only a
5% of the MBOH converted.

This behavior made us think that, although the MBOH
test reaction is very useful to classify catalysts in acid, basic
or amphoteric[19], is not an efficient test to discriminate
catalysts of different basicity such as the solids studied in
this work. In fact, we could not carry out any correlation of
the results found for this test reaction and the basic strength
of the catalysts. There are two catalysts for which the MBOH
mole conversion does not fit the basicity scale established
from the CO2 TPD–MS experiments. The first one is the
MgTi5-OX that presents a lower MBOH conversion than
the pure magnesium catalysts (Mg-OX and Mg-AIR) even
when the later are less basic than the former. The second one
is the MgZr27-OX that exhibit a quite high conversion for
the basicity scale associated to the CO2 desorbed atTD <

600◦C. However, it is worth noting here that, although not
considered for this ranking, this solid presents a very high
population of strong basic sites (up to 40% of the total basic
sites are revealed atTD > 600◦C).
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Fig. 8. Molar conversion obtained in the acetone test reaction carried out at 300 and 400◦C over the catalysts studied in this work.

Other authors have also reported some drawbacks
for this reaction such as the unfeasibility of this re-
action for estimating the nature of very strong bases
[26].

According to criteria established by Best and Woj-
ciechowski[42], the optimum performance envelope (OPE)
curves (not shown) indicate that acetylene is a primary sta-
ble product, whereas acetone is primary unstable. In fact, at
high conversions (close to 100%) 4-methyl-3-penten-2-one
(mesityl oxide) and 3,5,5-trimethyl-2-cyclohexen-1-one
(isophorone) are found in the reaction as secondary prod-
ucts coming from acetone condensation. Some author found
these products responsible for the catalyst deactivation by
coke formation[43–45].

Since the MBOH test reaction is not suitable to reveal
differences between the basic catalysts tested and, as stated
above, acetone formed as primary product undergoes Aldol
condensation, we decided to check the catalysts against this
reaction.

3.5. Condensation of acetone

The acetone Aldol condensation test reaction was tested
for all the catalysts in the temperature range of 300–400◦C.
TheScheme 1presents the main reaction products obtained
after reaction of acetone over basic catalysts. Results found
at 300 and 400◦C are shown inFig. 8.

The fact that both acid sites and basic sites can catalyze
Aldol condensation should be considered. The former im-
plies a process through carbocations whereas carbanions in-
tervene in the latter. However, MBOH test reaction showed
that our solids did not present remarkable acidity and,
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therefore, we can discard the Aldol condensation through
carbocations formation.

In this sense, an additional point to take into ac-
count is the fact that under our experimental conditions
1,3,5-trimethylbenzene (mesitylene) is hardly obtained from
acetone condensation, the major products being mesityl
oxide and isophorone. It is known that the more basic a cat-
alyst, the higher the yield of mesityl oxide and isophorone
whereas mesitylene (1,3,5-trimethylbenzene) is favored
with decreasing basic strength[43–45].

In any case, fromFig. 8 shows that the acetone mo-
lar conversion is related to the catalyst basicity. Only the
MgZr27-OX catalyst exhibit an enhanced catalytic activity
for this reaction exceeding its basicity. We must recall at this
point that for the MgZr27-OX catalyst, 40% of the carbon
dioxide desorbed was at temperatures exceeding 600◦C, and
therefore this must be considered as the reason for the en-
hanced catalytic activity for the acetone Aldol condensation.
For the rest of the solids the higher the catalyst basicity the
higher the acetone molar conversion.

3.6. Dehydration–dehydrogenation of propan-2-ol

The transformation of 2-propanol is a widely used test
reaction for characterizing both the acidic and basic prop-
erties of solids[5,46]. Propan-2-ol undergoes two parallel
processes over acid–base catalyst: dehydration to propene
and dehydrogenation to acetone (Scheme 1). Thus, the ini-
tial rates of dehydration and dehydrogenation have been
correlated by many authors with the acidity and basicity,
respectively, of the solid used[47], others, however, have
found interesting correlations between the ratio of both ini-
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Fig. 9. Propan-2-ol test reaction. Results found for all the catalysts studied in terms of selectivity to acetone at 300 and 400◦C.

tial rates and the overall basicity of the catalyst employed
[2].

Results found for all the catalysts in terms of selectivity
to acetone (dehydrogenation) at 300 and 400◦C, are repre-
sentedFig. 9. At a reaction temperature of 300◦C, most of
our systems exhibit a selectivity to acetone of 100%. Only
the ZrO2-OX and MgTi5-OX catalysts exhibit<100% se-
lectivity (90 and 70%, respectively).

The fact that MgTi5-OX and ZrO2-OX favor the forma-
tion of propene could be explained if we assume that both
ZrO2 and TiO2 are oxides that present acidic character[49].
Therefore, such surface acid sites may be responsible for the
loss of selectivity to acetone in the 2-propanol decomposi-
tion test reaction.

For a reaction temperature of 400◦C lower selectivity to
acetone was obtained for all solids. It has been reported
that as temperature increases, the product of dehydration
(propane) is favored[48].

In any case, no correlation between activity or selectivity
in the 2-propanol test reaction and the surface basic proper-
ties of the catalysts was found. As reported, at low reaction
temperature (300◦C) most of the catalysts give 100% selec-
tivity to acetone and, therefore, they can not be ranked in
terms of basicity nor they can at a reaction temperature of
400◦C.

3.7. Allylbenzene (3-phenyl-1-propene) test reaction

Finally, a double bond isomerization process has also been
used for the characterization of the basicity of the catalyst
described in this work. This reaction seems to be a more
effective means to estimate the nature of strong basic sites
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than the MBOH one[26]. We carried out the transformation
of allylbenzene (3-phenyl-1-propene), since it is known to
occurs in homogeneous phase through a carbanionic process
[50].

In this sense, as shown in theScheme 1, isomerization of
allylbenzene (3-phenyl-1-propene) could yieldcis + trans
�-methylstyrene (1-phenyl-1-propene) through a�-allylic
mechanism[28,50]. The driving force of the reaction is the
additional stability of the�-methylstyrene due to the con-
jugation of the olefin bond with the aromatic ring. Usually,
the trans form is the main product since it is more stable
than thecis.

This reaction was carried out in the 160–350◦C temper-
ature range. Thetrans/cis �-methylstyrene ratio was about
6 for all the catalysts. On the other hand, at high temper-
atures (over 300◦C) catalyst deactivation, probably due to
coke formation, is very important.

Fig. 10 shows the allylbenzene molar conversion
(per gram of catalyst) and basic site density for all
catalysts, at 250◦C. It can be seen that the allylben-
zene mole conversion increases following the basicity
of the catalysts as determined from the carbon dioxide
temperature-programmed desorption experiments. Only the
MgTi31-OX presents an activity result slightly lower than
expected.

It is worth noting that the results for the MgZr27-OX fit
well the basicity ranking in spite of its large number of strong
basic sites (TD > 600◦C). The reason for this is that double
bond isomerization is quite an easy process, not requiring a
high basic strength.

4. Conclusions

The above mentioned results allow us to draw the follow-
ing conclusions.

Basic site density and distribution for all the solids were
determined by TPD–MS of CO2. Following the results ob-
tained the catalysts can be ranked, according to the basic
site density, as follows:

MgTi31-OX > MgTi19-OX > MgTi5-OX > MgZr27-OX

> ZrO2-OX > Mg-OX > Mg-AIR

In general, magnesia-titania mixed oxides are the more
basics followed by magnesia-zirconia mixed oxides. Then,
the less basic ones are pure zirconia and pure magnesia. The
magnesia-zirconia mixed oxide MgZr27-OX presents a high
population of strong basic sites revealed by the desorption of
CO2 at temperatures exceeding 600◦C. However, because
of the calcination temperature (600◦C) and cleaning step
(at 550◦C) these strong basic sites were not considered for
correlations.

According to the 2-methyl-3-butyn-2-ol (MBOH) test re-
action, the catalysts studied showed a selectivity close to
100% to products formed on basic sites (mainly acetone and
acetylene). Nevertheless, such a reaction did not allow us to
establish a scale of basicity.

The detection of some secondary products coming from
acetone condensation in MBOH test reaction together with
the intrinsic importance of the Aldol condensation of ace-
tone, prompted us to study such a reaction. The acetone
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molar conversion is related to the catalyst basicity: the higher
the catalyst basicity the higher the acetone molar conver-
sion. The exception was the MgZr27-OX catalyst that pre-
sented a catalytic activity exceeding their basic properties,
probably due to its strong basic sites (not considered here).

Then, catalysts were tested against the 2-propanol test
reaction. Due to their base characteristics most of them
exhibited a high selectivity to acetone (dehydrogenation
product), especially at lower temperatures. Nevertheless,
again, a correlation between obtained results and basic site
densities was not possible.

Finally, allylbenzene isomerization test reaction has also
been used for the characterization of the basicity of the cat-
alyst described in this work. In general the catalytic activ-
ity fits well the basicity ranking of the catalyst tested, with
the exception of the MgTi31-OX that presented an activity
slightly lower than expected.

As a final conclusion, we can state that although all test
reactions gave results according to the basic character of the
catalysts, only the Aldol condensation of acetone and allyl-
benzene isomerization were sensitive enough to establish a
basicity scale of the catalyst that matched the carbon diox-
ide temperature-programmed desorption experiments.
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