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Thermal analysis, energy dispersive spectroscopy, X-ray diffrac-
tion, high-resolution electron microscopy, X-ray photoelectron
spectroscopy, and CO2 adsorption have been applied to study
a series of La2O3/SiO2 samples with lanthana loadings ranging
from 1.6 to 75 wt%. The results are interpreted on the basis of
a lanthana–silica interaction model which assumes that patches
of an amorphous La–Si–O phase, embedded in the silica matrix,
modify the support surface in a progressive way, leading to a full
coverage for 37.5% La2O3. This mixed silicate is soluble in acid
media and its properties can be satisfactorily explained consider-
ing a structure which has a short-range order resembling that of
crystalline La2Si2O7. This behaviour differs from that described in
the La2O3/Al2O3 system, more extensively studied in the literature,
and from previous studies on La2O3/SiO2 in which the formation of
La2O3 particles on the silica surface was proposed. This contribution
serves as a basis for understanding the additional promoting effect
of lanthana in catalysts consisting of metals dispersed on modified
silica supports. c© 1999 Academic Press

Key Words: La2O3/SiO2 system; surface modification; lanthana–
support interaction; La2O3/Al2O3 model.
1. INTRODUCTION

Lanthana dispersed on conventional supports (Al2O3,
SiO2) may have, in itself, interesting applications in cata-
lysis (1, 2). However, what is particularly significant is the
fact that the characterization of this binary system may be
crucial to understanding the role of lanthana as promoter
when noble metals are deposited on the La2O3/support sys-
tem (3, 4). For instance, the application of La2O3 either as a
support (5, 6) or as a promoter in M/SiO2 (M=Ni, Rh) (7)
is receiving growing interest. These catalysts exhibit good
performance in carbon dioxide reforming of methane to
synthesis gas.

In spite of the parallelism discussed in the literature (8, 9),
the analogies between La2O3/SiO2 and La2O3/Al2O3 pre-
sented do not imply identical behaviours. In fact, a recent
paper (10) outlined how M/La2O3–SiO2 catalysts show clear
1 To whom correspondence should be addressed. Fax: 34-956-834924.
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advantages over M/La2O3–Al2O3 catalysts in certain cases.
For example, the alumina may more easily favour the loss
of the active metal phase through its incorporation into the
support, as well as undesirable reactions due to the nature
and reactivity of its surface acid groups, giving rise to cata-
lysts which are more sensitive to deactivation. Thus, silica
may be considered an interesting alternative to alumina.
According to several authors (10, 11), the main disadvan-
tages of silica are its loss of surface area under extreme
reaction conditions as well as its very poor ability to inter-
act with certain metals, which facilitates the sintering of the
metal particles dispersed on its surface.

Much work has already been done on the study of
lanthana-modified aluminas (12–23), whereas for the silica-
based system the information available is much more scarce
(24, 25). To our knowledge there is no work so far in the
literature whose main focus is the characterization of
La2O3/SiO2 supports, as there is for La2O3/Al2O3. Addi-
tionally, most of the existing publications about La2O3-
supported systems underline the promotion effects with-
out analyzing in depth the nature of the promoting phase.
Moreover, the few that do present such analysis usually
refer to lanthana as though it were present as particles of
crystalline La2O3 (14, 20, 26–29).

Nevertheless, recent studies show an evolution of these
ideas by indicating that a distinction should indeed be es-
tablished between alumina and silica when they are used as
supports of rare earth oxides (10, 30, 31). In fact, several au-
thors have found different properties for LnOx/Al2O3 and
LnOx/SiO2 systems that they correlate with differences in
the interaction of the lanthanide with the support: whereas
it seems that the lanthanide oxide is highly dispersed on
alumina, most likely in the form of an amorphous phase,
formation of a new mixed surface phase on silica has been
described (30, 31). Furthermore, very recently Sellmer et al.
(32) suggested that formation of a silicate could be at the
root of the promotion effect observed in methanol synthe-
sis over silica-supported Pd catalysts doped with additives
such as Li, Ca, and La. In this paper we present data that
are in line with these observations and that show clear dif-
ferences between the modifications induced by lanthana
0021-9517/99 $30.00
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on silica and lanthana on alumina, suggesting that the par-
allelism with which both supported systems are still often
considered might best be revised (20, 26, 33).

In (2) we reported on the properties of binary La2O3/
support systems for CO hydrogenation, CO oxidation, and
oxidative coupling of methane. Later we published some
data obtained through the characterization of some La2O3/
SiO2 samples (34, 35). In this work, taking into account the
above considerations, we move more deeply into the study
of the silica-supported lanthana system. By using a wide
number of complementary techniques in a way that has
not been done before, we propose a structural model which
explains satisfactorily the chemical behaviour observed. On
the basis of this model, a comparison with La2O3/Al2O3,
used as reference, is made.

2. EXPERIMENTAL DETAILS

In the present work, the support employed was SiO2 Ca-
bosil M-5 with a surface of 187 m2/g after heating in air at
1173 K for 4 h. La(NO3)3 · 6H2O from Fluka was used as
the precursor for the supported lanthana. The lanthanum
nitrate/silica samples were prepared by a one-step incipient
wetness impregnation. Controlled amounts of the aqueous
nitrate solutions were added to the silica in each case to ob-
tain the final supported oxide phase with the desired La2O3

loading, which ranged from 1.6 to 75 wt% (expressed per
gram of support). After the impregnation, the samples were
dried in an oven at 363 K for 24 h. The final La2O3/SiO2 sam-
ples were obtained by in situ calcination of the precursors
in air at 873 K for 4 h before each experiment.

The specific surface areas of the above calcined samples,
as determined by volumetric adsorption of N2 at 77 K, have
already been reported in (34) and range from 187 m2 g−1

for pure silica to 157 m2 g−1 silica for the highest lanthana
loading. In this paper, surface area data for some of the sam-
ples measured using the same technique but after different
calcination treatments are also presented.

To investigate the La2O3/SiO2 system, five main charac-
terization techniques have been applied: thermogravimet-
ric analysis (TGA), X-ray diffraction (XRD), X-ray pho-
toelectron spectroscopy (XPS), high-resolution electron
microscopy (HREM), and carbon dioxide chemisorption.
For the latter, temperature-programmed desorption (TPD)
and FTIR spectroscopy after treatment with CO2 as well
as volumetric adsorption measurements have been used as
complementary methods for analyzing the nature of CO2

chemisorption. Also we have analyzed the aging in air of the
samples by using TPD with mass spectrometry (MS) anal-
ysis (TPD-MS). For comparison purposes, we also include

some results obtained for a La2O3/Al2O3 sample, with 20%
lanthana loading, prepared in a similar way from 105 m2 g−1

γ -Al2O3.
ET AL.

TGA analysis of the precursors was carried out with a
Mettler HE thermobalance and MS with a VG Spectralab
SX200 mass spectrometer. In the study of the interaction
with carbon dioxide, prior to the TPD experiments, the sam-
ples were treated with flowing CO2 at 60 cm3 min−1, for
20 min. Then the gas flow was switched from CO2 to helium
for 60 min and the temperature was increased at a heating
rate of 10 K min−1.

The volumetric adsorption experiments were performed
at 295 K in a conventional high-vacuum system, equipped
with a MKS pressure transducer model BHS-1000. A con-
ventional IR quartz cell was used to carry out the treatment
on self-supported wafers of the samples. The cell allowed
pretreatment in a flow of air, the evacuation under high
vacuum, and further treatments with CO2 at 1 atm pres-
sure. The spectra were recorded on a Mattson 5020 FTIR
instrument.

X-ray diffraction patterns of the samples calcined in air
were recorded in a Siemens D-500 powder diffractometer
operating with a Mo anode (λ= 0.071 nm).

XPS data discussed in the present work were obtained
using a Leybold Heraeus LHS-10 electron spectrometer
working with an Al anode (1486.6 eV) operating at 12 kV
and 20 mA. HREM images were obtained in a JEOL 2000
EX microscope, with a top entry specimen holder and an
ion pump, and with a structural resolution of 2.1 nm.

Microanalysis studies have also been performed with an
EDS (energy dispersive spectroscopy) system coupled to a
820 JEOL scanning electron microscope. The instrument
uses a 20-kV electron beam and is equiped with a LINK
AN-10000 Si(Li) detector with Be window. With this tech-
nique 1 µm2 areas of the material can be analyzed.

Finally, for the development of the structural model we
have used the RHODIUS program developed in our lab-
oratory (36, 37). Graphic representations of the supercell
structural model built with this computer program were
generated using an Indy 4400SC Silicon Graphics Worksta-
tion.

3. RESULTS AND DISCUSSION

3.1. Thermogravimetric Analysis

TGA diagrams corresponding to decomposition in static
air of pure lanthanum nitrate and the lanthana-loaded
samples (before calcination) were registered (results not
shown). Three main observations were made from these
experiments. First, experimental weight losses were con-
sistent with La being present as La(NO3)3 · 6H2O. Second,
decomposition of the La2O3/SiO2 samples took place fol-
lowing a trend different from that for the pure nitrate.

While for the latter, three clear features were observed in
the TGA diagram, fitting well with water loss, formation
of LaONO3 and final sesquioxide formation, in the case of
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the silica-supported samples only two regions of weight loss
were detected: a first one, below 473 K, which must corre-
spond with dehydration of the sample, and a second one,
between 473 and 873 K, which can be correlated with the
conversion of the nitrate into the final oxide. Finally, decom-
position of the silica-supported lanthana samples took place
at much lower temperatures than that of the pure nitrate,
being complete at about 100 K below that of the unsup-
ported sample, at around 873 K. For this reason this tem-
perature was selected for the preparation of the La2O3/SiO2

samples.
The last two observations can be considered a first in-

dication of interaction between the lanthanum-containing
phase and the support in the La2O3/SiO2 mixed oxides.

3.2. Textural Study

Figure 1 represents how the lanthana loading affects the
specific surface area (calculated per gram of silica) of the
promoted samples. As lanthana loading increases a moder-
ate decrease in surface area is seen initially. However, sur-
face area seems to reach an approximately constant value
at La2O3 loadings of 37.5% and above.

It is generally acknowledged that La2O3 plays an impor-
tant role in the textural stabilization of alumina supports
(17–19, 38–43). Therefore, an additional aim of this work
was to determine whether La2O3 addition to silica enhanced
the thermal stability of the support surface in a way similar
to that commonly reported for La2O3/Al2O3.

In this sense, Fig. 2 shows that La2O3 slightly promotes
the sintering of the silica particles. We think that it is the
result of the easier aglomeration of the silica particles due to
the modification induced by the presence of lanthana. The
reaction between La2O3 and SiO2, to be further discussed,
will help us to understand why particles aglomerate more
easily than in pure silica.
FIG. 1. Specific surface area referred to gram of silica for the
La2O3/SiO2 samples as function of lanthana loading.
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FIG. 2. Evolution with temperature of the specific surface area of the
samples (treatment in air for 4 h at temperatures below 1273 K and during
24 h at 1273 K and above).

3.3. X-Ray Diffraction

The first step in the structural characterization of the
La2O3/SiO2 system was taken by employing XRD. Figure 3
shows the diffraction diagrams obtained for each of the
mixed oxides. The diffraction pattern obtained for the 1.6%
FIG. 3. X-ray diffraction patterns corresponding to the La2O3/SiO2

samples obtained by heating their respective precursors in air at 873 K for
4 h. The loading for each sample is indicated.
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La2O3/SiO2 sample was very similar to that for pure SiO2

(not shown). As the La2O3 loading increases, we observe
that two broad peaks begin to grow in intensity. The broad-
ness of these peaks is characteristic of a phase with low
crystallinity, and their positions, around 2θ values of 13◦ and
21◦, are not typical of any hydrated or carbonated phases
of lanthana. However, they are in agreement with the posi-
tion of peaks characteristic of a lanthanum disilicate phase,
La2Si2O7, according to JCPDS files [No. 21-1014].

If the samples are calcined above 1200 K we observe
that the broad peaks transform into well-defined peaks at
the positions expected for a La2Si2O7. In conclusion, XRD
shows indications of the incipient formation of a lanthanum
disilicate phase.

3.4. High-Resolution Electron Microscopy

To study the microstructure of the samples HREM was
employed. The La2O3/SiO2 samples studied in the micro-
scope were those with lanthana loadings of 7.5, 27, and 75%.
The micrographs shown in Figs. 4 and 5 illustrate the gen-
eral appearance of these samples. As a reference, a 20%
La2O3/Al2O3 sample was also studied by HREM and a rep-
resentative image obtained for this sample is also included
in Fig. 5.

For the La2O3/SiO2 sample with low loading (7.5%) we
observe homogeneously dispersed particles with an av-
erage size of 4 nm (Fig. 4). Since the number of these
particles increases with La2O3 loading we associate the
particles with the lanthanum-containing phase. When we
analyze samples of higher La2O3 loading, the particles,
again homogeneously distributed, have similar appearance
but are slightly larger (6–10 nm) (Fig. 5a). Thus the fraction
of clean silica surface is much lower.

If we focus our attention on the particles viewed in pro-
file, we note that they have an amorphous nature and that
they seem not only to be deposited but also embedded into
the support (Fig. 4). This suggests that during the calcina-
tion, the lanthanum reacts with the silica to form a mixed
lathanum silicate phase, in good agreement with the XRD
results. This is shown schematically in Fig. 6.

For the highest loading we can see how the whole silica
surface has been modified by the formation of a silicate
coating (Fig. 5b).

3.5. Dissolution Tests of La2O3/SiO2

Analysis of the existing literature concerning M/Ln2O3

and M/Ln2O3/Al2O3 systems shows that the model usu-
ally proposed to describe the interaction between M and 4f
oxide is that of metal decoration with nanoparticles of the
lanthanide oxide (8, 44–49). Previous studies performed
in our laboratory (45) demonstrated that such an effect

might occur through total or partial redissolution of the
lanthanide oxide during metal deposition via the impregna-
tion technique. In this way, the fraction of oxide redissolved
ET AL.

FIG. 4. HREM micrographs of the 7.5% La2O3/SiO2 sample.

could then coprecipitate along with the metal during the
drying step following the impregnation. Results by other

authors support this proposal quite well (29, 50, 51).

To see whether this effect also occurred with La2O3/SiO2,
we carried out some dissolution tests of the samples with
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FIG. 5. HREM micrographs of (a) 27% La2O3/SiO2, (b) 75%
La2O3/SiO2, and (c) 20% La2O3/Al2O3.

lanthana loadings of 18.75 and 75%, by treating them with
aqueous solutions acidified with HNO3 in order to simulate
those used for metal impregnation. After being separated,
washed, and dried, the resulting powders were analyzed by
EDS to measure their lanthanum content.

Leaching with HNO3 solution (pH= 1) and the analysis
of the recovered powder and of the solid residue obtained

from the solution also gave additional support to the hy-
pothesis advanced above. EDS analysis showed that 100%
of the lanthanum is leached from the La2O3/SiO2 sample
E CATALYST SUPPORTS 57

whilst the solid residue left after drying the extraction solu-
tion showed that both Si and La are present in a 1 : 1 ratio,
as in the La2Si2O7 phase.

If the sample is calcined at higher temperature, the
amount of La extracted from the La2O3/SiO2 sample de-
creases (Fig. 7). This suggests, as in previous work (4), that
the crystallinity of the lanthanum silicate increased with
increasing calcination temperature and that the leaching
of the material by acid becomes more difficult. This is an
important conclusion for the preparation of catalysts by
impregnation of La2O3/SiO2 supports with acidic solutions
which contain metal precursors.

3.6. XPS Experiments

A 27% La2O3-loaded SiO2 sample was studied by XPS.
The results obtained are in agreement with the previous
proposal. The La3d/Si2s ratio increases significantly with
the calcination treatment, from a value of 0.18 for the fresh
sample to 0.68 for the calcined one, suggesting that the cal-
cination improves the level of dispersion of the lanthanum.
Nevertheless, the apparent dispersion does not reach the
level expected for a monolayer dispersion of La2O3. The
theoretical value for a monolayer dispersion calculated ac-
cording to models proposed in (33, 52) is 1.34. This differ-
ence can be understood assuming that particles of a sili-
cate phase, in which a significant fraction of the lanthanum
atoms are not present in the outer layer, are being formed.
This result is in contrast with the behaviour of La2O3/Al2O3

FIG. 6. Scheme illustrating the surface structural model proposed for
(a) the La2O3/SiO2 system and its comparison with (b) La2O3/Al2O3. The
interaction between La2O3 and SiO2 does not lead at first to the formation
of a monolayer of the modified phase but instead reaction begins to take
place with the SiO2 before the entire silica surface has been modified. The
phase resulting from this process is of a mixed and amorphous nature.

For 37.5% lanthana loading almost the entire surface of silica is affected,
and further addition of La2O3 implies only an increase in thickness of the
modified crust.



58 VIDAL

FIG. 7. EDS spectra obtained after disolution tests with HNO3 solu-
tion (pH= 1) of the 18.75% La2O3/SiO2 sample precalcined in air for 4 h
at the indicated temperatures.

systems (52) in which XPS data suggest an ultrafine disper-
sion of the La-containing phase on the alumina and for
which we have never observed discrete particles on the sur-
face of the alumina by HREM (Figure 5c), implying that
the size of the particles, if they exist, must be below the
detection limit of the electron microscope.

3.7. Aging in Air

It is well known that aging in air of La2O3 leads to a
fast and complete transformation of the sesquioxide into
partially carbonated La(OH)3 (53). We have studied the
chemistry of the hydration and carbonation of La2O3/SiO2

samples, and found that it is quite different from that ob-
served for La2O3 (53). This also suggests that lanthanum is
not present as lanthanum oxide but rather forms a mixed
phase with silica.

As an example we show the water evolution from lan-
thana compared to the water evolution from the mixed
phase. In the mixed phases the process can be rationalized
as a surface process, contrary to that for pure lanthana, in
which it is a bulk process (Fig. 8) (53). Similar conclusions
were derived from analysis of CO2 evolution by TPD-MS
(results not shown). While for aged La2O3 it is necessary to

heat the sample above 1023 K to guarantee complete decar-
bonation and thus recover the original sesquioxide phase,
in the case of the aged La2O3/SiO2 samples the majority
ET AL.

FIG. 8. H2O traces corresponding to the TPD-MS experiments after
aging in air of La2O3/SiO2 samples (loading indicated) and pure La2O3.

of CO2 is evolved at around 400 K and no CO2 is evolved
above 873 K.

The weight gain resulting from hydration and carbona-
tion of the La2O3/SiO2 samples due to aging in air is com-
pleted in 1 h, and here again we observe that a plateau is
reached at values of 37.5 wt% loading and above (Fig. 9).
This effect can be interpreted as being associated with full
coverage of the silica surface with the silicate phase. For
higher loading the increase in lanthanum content would
lead only to a thicker silicate phase.
FIG. 9. Weight gain after aging in air at 295 K of the La2O3/SiO2

system as a function of the lanthana loading, normalized to sample surface
area.
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FIG. 10. CO2 adsorption isotherms corresponding to the La2O3/SiO2

samples (lanthana loading indicated).

3.8. Study of the Interaction with CO2

An important aspect of the general characterization
study performed on the La2O3/SiO2 samples is CO2 ad-
sorption. A review of the literature demonstrates that the
interaction with CO2 can be used successfully to character-
ize LnOx/Al2O3 systems (13–15, 21, 54, 55). In our case a
detailed CO2 adsorption study confirms same conclusions
obtained in section 3.7.

The volumetric CO2 adsorption isotherms of the samples
were measured, and it was observed that the adsorption ca-
pacity increases with La2O3 loading (Fig. 10). Nevertheless,
the volumes adsorbed for 37.5 and 75 wt% loading sam-
ples were very similar. Most of this adsorbed CO2 (about
90%) was found to be weakly adsorbed since it was easily

desorbed by evacuation at room temperature. adsorption of CO2, a molecule traditionally employed to de-
In Table 1 we observe a good agreement between the
amount of CO2 strongly (irreversibly) adsorbed estimated

tect basic sites, can also be successfully used to investigate
the presence of weak Lewis acid sites on support surfaces.
FIG. 11. CO2 and H2O traces corresponding to the TPD-MS experimen
indicated).
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TABLE 1

Amounts of CO2 (molec nm−2) Determined by Integration of
the TPD-MS Traces and from the Adsorption Isotherms on the
La2O3/SiO2 System

Loading (%) Isotherm total Isotherm irreversible TPD-MS

75 2.8 0.26 0.27
37.5 2.5 0.26 0.26
18.75 1.4 0.09 0.11
7.5 0.8 0.05 0.07
1.6 0.34 0 0.023
0 0.22 0 0.003

from the adsorption isotherms and that desorbed in the
quantitative TPD experiments. The weakly adsorbed frac-
tion is the most significant (about 10 times larger than for
irreversible adsorption) and can only be determined from
the isotherms. Nevertheless, the TPD experiments (Fig. 11)
give useful information about the interaction between CO2

and the surface and even allow us to propose a structure
for the sample.

The residual OH groups of the La2O3/SiO2 samples have
a very high thermal stability, similar to that of the OH
groups for the pure silica. As CO2 adsorption proceeds,
a fraction of the OH groups decreases dramatically in ther-
mal stability. The number of moles of CO2 adsorbed deter-
mined from the isotherms is equal to the number of moles
of OH evolved from the samples below 673 K calculated by
integration of H2O evolution peak in TPD. This led us to
propose a model in which weakly adsorbed CO2 molecules
displace OH groups from their positions which coordinate
to unsaturated La3+ at the surface of the silicate phase. In
fact, some literature references (55, 56) have shown how the
ts after treatment with CO2 of the La2O3/SiO2 samples (lanthana loading
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FIG. 12. Model proposed for the CO2 interaction with the La2O3/SiO2

samples: The CO2 adsorption allows the OH groups to shift from their
position and to approach each other, leading to an incipient interaction
which favours their subsequent desorption at lower temperatures.

When the above OH groups are displaced from their po-
sitions, they can approach more easily their neighbouring
OH groups, thus explaining the release of water at lower
temperature (Fig. 12). The effect of such OH displacement
is irreversible, because if we desorb the weakly adsorbed
CO2, the OH groups do not return to their starting posi-
tions. This is noted because in the TPD experiments the
weakly adsorbed CO2 desorbs at ambient temperature be-
fore the start of the experiment and, even so, the H2O still
desorbs at the same low temperature.

The FTIR results (Fig. 13) show that the weak CO2 ad-
sorption can be assigned to a band peaking at a frequency
very similar to that of gaseous CO2 (2340 cm−1), which can
be eliminated by room temperature evacuation. The much
smaller amount of strongly adsorbed CO2 appears in forms
which are characteristic of bicarbonate groups (13) (3727,
3711, 1661, and 1634 cm−1).

We have used a model of the (100) plane of the crys-
talline pyrosilicate structure as an approach to understand-
ing the behaviour of our system (57, 58). We assume that
the short-range order of the amorphous disilicate resem-
FIG. 13. Difference between the FTIR spectrum of 18.75% La2O3/
SiO2 treated with CO2 and the spectrum of the untreated sample. Ab-
sorbance in arbitrary units versus wavenumber.
ET AL.

FIG. 14. Frontal and profile projections of the (100) plane corre-
sponding to the La2Si2O7 structure constructed considering only short-
range order. Coordination numbers of La are indicated in parentheses.
Broken circle indicates position of La(7) atom masked by overlying O.
Overlying Os have been removed to show positions of 3 La(7) atoms.
Note that atomic radia have been changed in the profile view to allow
easier visualization of the structure.

bles the long-range order of the crystalline phase, allowing
a rough understanding of its behaviour.

In this plane (Fig. 14) we observe highly unsaturated La
cations with coordination number 4 and weakly unsatu-
rated La with coordination number 7. The first would re-
quire shielding by OH or other groups. The concentration
of La3+ with coordination number 4 in this model would
be 2.4/nm2, in acceptable agreement with the amount of
CO2/nm2 adsorbed over the 37.5 and 75% loading samples
(Table 1).

4. CONCLUSIONS
(1) The main objectives of our study have been a de-
tailed characterization of the La2O3/SiO2 system and the
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determination of the mechanisms of La2O3–SiO2 interac-
tion in order to provide a good basis for a further in-
vestigation of the structure and the catalytic properties
of La2O3/SiO2-supported metal systems. As mentioned in
the Introduction, it has been generally established that
rare earth oxides play an important promoting role on
silica by improving the dispersion of metals and modu-
lating the selectivity in metal-catalyzed reactions. How-
ever, to our knowledge, it is also evident that a satisfactory
explanation of these promoting effects has not yet been
presented.

(2) Taking into account that the La2O3/Al2O3 system has
been the subject of much attention (12–14, 16, 19–22) and
that it shows analogies in some aspects of its behaviour with
those exhibited by La2O3/SiO2 (8, 9), we have used it as a
reference.

(3) It has been confirmed that lanthana is not effective in
stabilizing the silica surface area during high-temperature
treatments in the way that it is known to stabilize Al2O3

(Fig. 2).
(4) Dispersed lanthana particles are not formed in the

La2O3/SiO2 system, contrary to what has been reported in
several previous studies on La2O3/Al2O3. Instead, amor-
phous and embedded particles of a mixed silicate phase
have been observed, even for low La2O3 loadings (see
Fig. 4). This clearly contradicts what has been found very
recently by Craciun and Dulamita (26), who reported
that, after calcination of La2O3/SiO2 catalysts, small La2O3

crystallites are formed on the silica surface. On the con-
trary, our results are in agreement with Shen et al. (30),
who, studying Eu2O3 supported on silica by different tech-
niques including microcalorimetry, XRD, and FTIR, did
not observe formation of crystalline oxide particles over the
support.

(5) The coverage of the mixed silicate increases with the
La2O3 loading, in such a way that for the 37.5% lanthana
loading, the silica surface is completely covered. The load-
ing required for maximum coverage depends on the surface
area of the SiO2 used and hence will be different for differ-
ent silicas. Therefore the value given is true only for the
SiO2 used in this study.

(6) The amorphous silicate phase is soluble in acid me-
dia, which might have significance for the preparation of
M/La2O3–SiO2 samples.

(7) On the basis of the crystalline La2Si2O7 structure
we propose a model which allows an interpretation of the
chemical behaviour observed.
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