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Abstract
Alumina (Al2O3) and Alumina-Ceria (Al2O3-CeO2) supports with different CeO2 loadings (0, 2, 5, 10 and 50 wt.%) were
prepared by the sol-gel method and impregnated with 0.5% of Pt and 0.5 % of Pd (wt.%). The catalysts were characterized by X-
ray diffraction (XRD), Raman spectroscopy, UV-Vis diffuse reflectance spectroscopy (DRS), and scanning electron microscopy
(SEM). The present work aims to study the influence of the ceria content over the catalytic activity of Pt-Pd/Al2O3-CeO2
samples during the naphthalene hydrogenation reaction. The results show that as the cerium oxide content increases, the intensity
of the diffraction peaks corresponding to this oxide also increases due to the high crystallinity of the ceria as compared to the
polycrystalline alumina. At low CeO2 contents, a shift of the peaks towards lower angles is observed, suggesting an incorporation
of Al2O3 into the CeO2 lattice. Similarly, Raman analyzes show a single band around 440 cm−1 attributed to the formation of
ceria, whose characteristic peak has been observed at approximately 459 cm−1. This shift towards smaller energies is another
indication of the incorporation of alumina in the ceria lattice. Finally, the aggregation of the ceria in the support also results in
a decrease in the BET area of these materials. This enhancement in the catalytic performance was related to a supplementary
contribution from naphthalene adsorbed on acidic sites on the support and reacting with hydrogen migrating from platinum and
palladium surface by a spillover effect. The activity in the naphthalene hydrogenation showed a significant influence on the
interaction between the metals (Pt, Pd) and the support (Al2O3-CeO2).
Keywords: naphthalene hydrogenation, Al2O3-CeO2 supports, metal-support interactions, acid sites.

Resumen
Se prepararon soportes de alúmina (Al2O3) y alúmina-ceria (Al2O3-CeO2) con diferentes contenidos de CeO2 (2, 5, 10 y 50 en
% wt) mediante el método sol-gel y se impregnaron con 0.5% de Pt y 0.5% de Pd (% wt). Los catalizadores se caracterizaron por
difracción de rayos X (XRD), espectroscopía Raman, espectroscopía de reflexión difusa UV-Vis (DRS) y microscopía electrónica
de barrido (SEM). El presente trabajo tiene como objetivo estudiar la influencia del contenido de ceria sobre la actividad catalítica
de muestras de Pt-Pd/Al2O3 dopadas con este óxido, en la reacción de hidrogenación de naftaleno. Los resultados muestran que
a medida que el contenido de óxido de cerio aumenta, también aumenta la intensidad de los picos de difracción correspondientes
a este óxido, debido a la alta cristalinidad de la ceria comparada con la alúmina policristalina. A bajos contenidos de CeO2, se
observa un corrimiento de los picos hacia ángulos más bajos, lo que sugiere una incorporación de la Al2O3 en la red de la CeO2.
Asimismo, los análisis de Raman muestran una sola banda alrededor de 440 cm−1 atribuible a la formación de la ceria, cuyo
pico característico se ha observado en aproximadamente 459 cm−1. Este desplazamiento hacia energías más pequeñas es otro
indicativo de la incorporación de la alúmina en la red de la ceria. Finalmente la agregación de la ceria en el soporte resulta también
en un decremento del área BET de estos materiales. También se observó que la actividad catalítica aumenta con el contenido de
CeO2 en el catalizador, lo cual se relacionó con una contribución suplementaria de la adsorción de naftaleno en sitios ácidos sobre
el soporte y la reacción con hidrógeno que migra desde la superficie de platino y paladio por un efecto spillover. La actividad de
estos catalizadores en la hidrogenación de naftaleno mostró una influencia significativa de la interacción entre los metales (Pt,
Pd) con el soporte (Al2O3-CeO2).
Palabras clave: hidrogenación de naftaleno, soportes de Al2O3-CeO2, interacciones metal-soporte, sitios ácidos.
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1 Introduction

Distillate fuels typically contain paraffins, naphthenes,
and aromatics. For fuels quality parameters, such
as cetane number, paraffins are the most desirable
components, while the unfavorable components are
multi-ring aromatic compounds due to environmental
regulations. The catalytic hydrogenation reactions
have been therefore the focus of many recent studies
due to the interest for deep hydrogenation (HYD) of
aromatics (Chen et al., 2015; Ju et al., 2015; Téllez-
Romero et al., 2015; Escobar et al., 2017; Sánchez-
Minero et al., 2010; and Liu et al., 2016). In particular,
the hydrogenation of naphthalenes produces tetralins
while the complete saturation leads to the formation of
decalins. Moreover, this reaction is also of industrial
interest, not only due to its role in upgrading coal
liquids and diesel fuels, but also because of the
production of solvents, such as tetralin (Chen et al.,
2015).

Some other types of catalysts have been tried,
with the aim of increasing the electron defficiency
of noble metals via interaction with an acidic
support or introducing a secondary metal (Ju et al.,
2015). According to Chun-Mei et al. (2000), the
hydrogenation activity of supported metal catalysts
is determined by the presence of the metallic sites
for the dissociated adsorption of hydrogen and the
support for the adsorption of the aromatic reactants.
The acidic nature of the support has been shown to
play an important role for naphthalene hydrogenation
reactions. Supported metallic catalysts on acidic
solids such as Au-Pd/SiO2-Al2O3, Pt/TiO2-ZrO2 or
Pt/KA zeolite, have been found to enhance aromatics
hydrogenation rates, superior than the conventional
Co-Mo and Ni-Mo sulfide catalysts (Ju et al., 2015;
Lu et al., 2000; Venezia et al., 2004).

Noble metal catalysts supported on ceria are
particularly important due to their acid-base and redox
properties of ceria (Damyanova et al., 2003). However,
although there is an agreement in the mechanism of the
hydrogenation of naphthalene, a better understanding
of the effect of the support on the catalytic behavior
is needed. In this work, the catalytic behavior of the
bimetallic system Pt-Pd/Al2O3-CeO2 was investigated
pursuing the combination of the large surface area and
stability of Al2O3 with the oxygen storage and release
capability of CeO2 at different concentrations in the
hydrogenation of naphthalene reaction.

2 Experimental

2.1 Catalysts preparation

Alumina (Al2O3) and Alumina-Ceria (Al2O3-CeO2)
supports with different concentrations were prepared
by sol-gel method by adding an aqueous solution of
cerium nitrate to aluminum-tri-sec-butoxide in order
to obtain samples with different ceria loading (0,
2, 5, 10 and 50 % wt., theoretical values). The
pH value was adjusted at pH=3 in all the samples
using HNO3 and the samples were prepared using
an alkoxide/ethanol ratio of 1/4. The solution of the
metal alkoxide was prepared in the reactor from
a dilution of aluminum-tri-sec-butoxide in isopropyl
alcohol at 5°C. Once the solutions were prepared, the
cerium solution and the HNO3 were added dropwise
to the alkoxide solution, which remained at 5°C with
vigorous agitation throughout the time of the addition.
Stirring continued for some more minutes, until the
formation of the gel.

After the gelation of supports was completed,
calcinations were carried out at 600 °C under oxygen
flow. The supports were impregnated with aqueous
solutions of platinum and palladium nitrates in order
to obtain 0.2 wt % of metal in the catalyst (0.1 wt %
each one). The reference catalyst Pt-Pd/Al2O3 and the
samples synthesized with ceria (Pt-Pd/Al2O3-CeO2)
were identified to as PPA and PPACx respectively;
where “PP" stands for those samples impregnated with
Pt and Pd, whereas “A" and “C" represent alumina or
ceria, respectively; finally, x denotes the nominal ceria
loading (0, 2, 5, 10, 15 and 50 wt. %).

2.2 Catalysts characterization

X-Ray diffraction patterns were obtained in a Siemens
D-5000 diffractometer using Cu-Ka radiation. For
Raman spectroscopy studies, a MicroRaman, Jobin
Yvon-Horiba Labram 800 was used. UV-Vis was
determined by using a Cary 100 spectrophotometer
with integration sphere along with MgO as 100%
reflectance patron. The scanning electron microscopy
(SEM) analyses were performed using a Quanta 3D
FEG microscope and the elemental composition and
mapping were obtained from Energy dispersive X-
ray spectroscopy (EDS) with a spectrometer fitted to
the SEM. The textural properties were determined
from the nitrogen adsorption isotherms obtained with
a Micromeritics ASAP 2000 automated apparatus.
The specific surface areas were calculated from the
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isotherms using the BET method. The surface area
was calculated by the BET equation and the pore
size distribution was calculated based on the method
developed by Barrett, Joyner and Halenda (BJH
method) using the desorption branch of the isotherm.
All samples were degassed at 300 °C for 6 h before
analysis.

For the FTIR-pyridine adsorption, transparent
pellets of the oxides were placed in a stainless-steel
sample holder with CaF2 windows, which allows
vacuum in situ and thermal treatments. The samples
were desorbed at 400°C during 2 h, and then cooled
down at room temperature. Thereafter, a closed
capillary containing pyridine was introduced into the
cell, and after the heat treatment, the capillary was
broken up to allow the pyridine to be adsorbed in
the sample. The pyridine was maintained in contact
with the sample for 30 min. The excess of pyridine
was eliminated at vacuum and pyridine desorption was
accomplished by heating up from room temperature
to 400 °C. The resulting spectra were obtained with a
710SX Nicolet FTIR spectrometer.

2.3 Catalytic test

The evaluation of the catalytic activity in the
naphthalene conversion was carried out in a stirred
batch reactor (Parr 4842, 450 ml vessel volume)
operating at 290 °C, 5.5 MPa and 1200 rpm
(∼126 rad s−1) mixing speed. According to the
literature, this speed guarantees a fast-enough supply
of reactant molecules to the catalyst particles surface
in order to discard reaction control by external
reactants diffusion (Escobar et al., 2017). The reaction
mixture contained 0.2 g of catalyst (materials ex-
situ reduced at 350 °C under H2 flow, 60 mL
min−1, 1 h) and 0.3 g of naphthalene dissolved
in 100 mL of hexadecane. All reagents were
supplied by Sigma-Aldrich. Catalytic runs typically
lasted 2 h. Reaction products were analyzed by
GC (Agilent Technologies 6890N) equipped with a
flame ionization detector and a capillary column (5%
phenyl-95% methylpolysiloxane, Econo-Cap-5, from
Alltech). From previous experiments reported in the
literature the appropriate conditions were determine
to avoid reaction control by either interfacial or intra-
particle diffusion (particle size ∼165 µm) (Escobar et
al., 2017). The results of naphthalene hydrogenation
were also compared with the Pt-Pd/Al2O3 reference
catalyst.

3 Results and discussion

3.1 Textural properties

Five different Pt-Pd/Al2O3-CeO2 bimetallic catalysts
at different ceria contents were studied. The chemical
compositions, textural properties (surface area, pore
volume and main pore size) and CeO2 crystallite size
of the different samples are shown in Table 1. The
main pore size values were determined by the BJH
method using the main value of the monomodal pore
size distribution (not shown). From the textural results
depicted in Table 1, it is observed that the reference
catalyst Pt-Pd/Al2O3 (PPA) and the samples with a
lower content of ceria (PPAC2 and PPAC5), showed
the highest values of surface area and pore size. The
highest values were obtained for the sample with 2%
of CeO2 (PPAC2), with a maximum of 359 m2 g−1

and 1.16 cm3 g−1. These values are consistent with
those reported in literature for samples prepared by
the sol-gel method (Luisetto et al., 2015; Liotta et al.,
2003). It was also observed that the addition of higher
quantities of ceria (10 and 50% wt.) decreases the
values of the average pore diameter, the surface areas
and the pore volumes, due to the presence of higher
content of ceria, which exhibits a smaller surface
area. The specific area is probably affected by some
Ce3+ cations occupying vacant octahedral coordinated
sites on the surface of alumina. At the same time,
the occupation of the octahedral sites by cerium
cations may block the transition of Al3+ cations from
tetrahedral to octahedral, which is partially, the cause
of the loss of surface area in the materials (Yuan et al.,
2009). Moreover, the aggregation of the ceria in the
support results in a decrease in the BET area of these
materials. From the SEM images showed in Figure 1,
few differences can be observed for the Pt-Pd/Al2O3-
CeO2 catalysts. The materials have a heterogeneous
form, forming dense aggregates, the porosity in these
samples may be due partially by interparticle space.
EDS analyzes were performed in order to see the
presence of the elements and percentage of elemental
composition on the surface of all the samples. As an
example, the EDS spectrum for the PPAC50 sample
is shown in Fig. 1e. From these results, it was found
out that the concentrations were very similar to the
nominal contents.
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FIGURE 1. 
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Fig. 1. Typical SEM images of samples: a) PPA, b) PPAC2, c) PPAC10, d) PPAC50, and, e) EDS analysis for the
PPAC50 sample.
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Table 1. Compositions, textural properties and CeO2 crystallite size of the Pt-Pd/Al2O3 and Pt-Pd/Al2O3-CeO2
catalysts.

Catalyst CeO2 Al2O3 Pt Pd SBET Pore volume Pore diameter d∗CeO2
(wt.%) (wt.%) (wt.%) (wt.%) (m2 g−1) (cm3 g−1) (Å) (nm)

PPA 0 100 0.1 0.1 326 0.87 107 –
PPAC2 2 98 0.1 0.1 359 1.16 129 6.3
PPAC5 5 95 0.1 0.1 318 1.03 120 5.7

PPAC10 10 90 0.1 0.1 208 0.66 99 4.4
PPAC50 50 50 0.1 0.1 85 0.12 59 3.2
*Calculated from XRD by Scherrer’s equation.
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Fig. 2. X-ray powder diffraction patterns of the
prepared catalysts a) PPA, b) PPAC2, c) PPAC5, d)
PPAC10, and e) PPAC50.

3.2 Structural properties

Figure 2 shows the XRD patterns of the Pt-Pd/Al2O3-
CeO2 catalysts. The patterns of the catalysts prepared
with ceria show diffraction peaks at 2θ = 28.6°, 33.1°,
47.5°, 56.3° and 69.5° assigned to the crystalline
planes (111), (200), (220), (311) and (400) of CeO2
cubic phase, (PDF 65-5923), and Al2O3 (2θ = 37.6°,
45.8°, 66.7°) (PDF 02-1420), indicating that the
samples are polycrystalline. The increase in ceria
content results in a progressive crystallization of
CeO2. All of the ceria peaks can be indexed as a
pure cubic phase (space group: Fm3m (225)) of a
cubic fluorite structure of CeO2 (Torrente-Murciano
et al., 2013). These patterns show broad peaks, which
confirmed the formation of small nanoparticles. The
ceria crystallite sizes, obtained from the Scherrer
equation using X-ray line broadening of the (111)

peak, ranged from 3.2 to about 6.3 nm (see Table 1),
thus decreasing with the ceria content. The analysis
of the line broadening at half the maximum intensity
(FWHM) indicated that this peak becomes narrow as
the ceria content increases, which is an indication
of the reduction of the size of crystallite. In the
Al2O3-CeO2 systems, it has been found out that
both CeO2 and Al2O3 delayed the crystalline phase
transformations for each other (Bose et al., 1999),
hence avoiding the growth of the particle size.

The diffraction patterns also reveal a preferential
growth along the direction (111) imposed by the
synthesis conditions. It is well-known that CeO2 holds
the fluorite structure, in which the low-index (111)
surface has the lowest surface energy and is thus the
most stable surface, and consequently the one which is
predominantly exposed (Mai et al., 2005; Sayle et al.,
2002). The preferential growth in a crystallographic
orientation is determined by the synthesis method
or the interaction with other species present in the
synthesis (Sayle et al., 2002; Tsivion et al., 2012). In
this case, the preferential growth along the direction
(111) is due to their epitaxial relation with the Al2O3
surface, as well as by a graphoepitaxial effect that
guides their growth along surface steps and grooves
(Melchionna et al., 2014; Tsivion et al., 2012).
Moreover, a theoretical study (Sayle et al., 2002)
suggested that CeO2 supported on Al2O3, exhibits a
lower oxygen formation energy as compared with the
unsupported CeO2. Therefore, the preferential growth
along this direction could indicate that the oxidizing
power of the ceria is decreasing, thus increasing the
surface acidic properties.

The Raman spectra of the Pt-Pd/Al2O3-CeO2
samples are shown in Figure 3. It is observed that, in
agreement with other observations in the literature, the
Raman spectrum of Al2O3 calcined at 600 °C does not
contain any signal, being very similar to the spectrum
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FIGURE 3. 
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Fig. 3. Raman spectra of the Pt-Pd/Al2O3-CeO2
catalysts calcined at 600 °C: a) PPA, b) PPAC2, c)
PPAC5, d) PPAC10, and e) PPAC50.

of the sample with 2% of CeO2 (PPAC2). Although
it is possible that the small bands at about 554 and
667 cm−1 in these spectra may be attributed to the
Pt-O stretching vibrations associated with adsorbed
water (Brogan and Raman, 2000). It is also observed
that as the amount of ceria is increased, the materials
transform from the tetragonal phase and tend to form
the fluorite-structured CeO2 phase with a main band
located at about 450 cm−1 and another less intense
band at 550 cm−1 (Jiang M. et al., 2013). The first band
around 440 cm−1 corresponds to the Raman-active
F2g mode and represents a symmetrical stretching of
the Ce-O vibration in the fluorite structure, while the
second one appears due to the presence of extrinsic
oxygen vacancies in ceria when it is mixed or doped
with other metals (Du et al., 2017; Cho, 1991). The F2g
band gradually shifts towards a higher wavenumber
as the ceria content increases suggesting that CeO2
has diffused into the Al2O3 lattice. The band at about
649 cm−1 in the Pt-Pd/Al2O3-CeO2 samples has been
attributed to defects and oxygen displacements that
distort the cubic structure. Finally, within region 223
to 237 cm−1, the peaks are assigned to Pt-O and Pd-
O bonds. These results, along with XRD analysis,
confirm the formation of Al2O3-CeO2 mixed oxides.

The UV-vis spectra were obtained in order to
identify the different chemical species in the Pt-
Pd/Al2O3-CeO2 system (Figure 4) over the region
UV between 200 and 300 nm. The spectrum of
Pt-Pd/Al2O3 sample (Figure 4e) shows a broad
band at about 240 nm, which can be assigned to
metals-oxygen charge transfer (Feio et al., 2007).
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Fig. 4. UV-Vis diffuse reflectance spectra of
Pt-Pd/Al2O3-CeO2 samples with different CeO2
contents: a) PPAC50, b) PPAC10 c) PPAC5, d) PPAC2
and e) PPA.

This band became hardly visible for the ceria
containing samples, even at low loadings, probalby
due to the absorption bands from several transitions
assigned to the cerium species. The presence of the
absorption bands between 200 to 250 nm may occur
because of the 4f-5d transitions from isolated Ce3+

ions on the surface or in the alumina lattice (Profeti
et al., 2009; Ho et al., 2005). Also, the O2 → Ce4+

charge transfer transitions may show absorption bands
between 250 and 350 nm (Feio et al., 2007; Profeti et
al., 2009). It has been reported that in this UV range,
a band located at 272 nm may also appear, which
might be assigned to the Ce3+→ Ce4+ charge transfer
transition (Profeti et al., 2009). However, we have to
consider that, in the range of 250 to 350 nm, the bands
could also have contributions from electrons bonding
negatively charged hydroxyls over the alumina surface
and octahedral Pt species (López et al., 1994).

3.3 Acidic properties

Figure 5 shows the pyridine desorption as a function
of temperature for the Pt-Pd/Al2O3 samples. In the
FTIR-pyridine adsorption spectra, only Lewis acid
sites can be seen in all the catalysts. The spectra show
absorption bands at about 1590, 1490 and 1450 cm−1,
which have been assigned to pyridine adsorbed on the
Lewis acid sites; while a Brönsted acidity, at 1540 and
1640 cm−1 was not observed in any sample. It is also
found out that after rising the temperature up to 400
°C a small peak at 1450 cm−1 remains in almost all
the catalysts, but it is more noticeable in the sample
PPAC50.
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Fig. 5. FTIR spectra of adsorbed pyridine (a-e) and total acidity and amounts of Brönsted acid and Lewis acid (f) of
the catalysts, thermally annealed at 400 °C.
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This result suggests that the acidity increases with
increase of the ceria content. These results also show
that the nature of the acid sites is not modified by the
presence of cerium oxide.

3.4 Catalytic test

The catalytic activity was tested for the naphthalene
hydrogenation reaction at 290 °C, on Pt-Pd/Al2O3-
CeO2 catalysts with variations of the CeO2 content
(2, 5, 10 and 50 wt %). Figure 6 shows the
concentrations versus time profiles of the naphthalene
hydrogenation reaction at 290 °C, over Pt-Pd/ Al2O3-
CeO2 catalysts. It is observed that the naphthalene
hydrogenation occurs in the two common reported
steps: the conversion to tetralin, followed by the
formation of decalin (Scheme 1). It was assumed that
hydrogen in the reactor was in excess and constant,
so the reversible reactions of hydrogenation were
neglected (Huang et al., 1995). It is observed an
increase in the rate of formation of decalin with the
increase of ceria content.

The influence of the incorporation of ceria into
alumina lattice on the catalytic activity are also shown
in Table 2 and Figure 7. It is observed that after 30
min of reaction, the naphthalene reached a higher
conversion and selectivity to tetralin on the catalysts
with the higher content of ceria (PPAC50). It is
well known that the metal-support interactions can
be assessed with the help of probe reactions such
as hydrogenation reactions. From the present results,
it is clear that the activity in the hydrogenation
of naphthalene shows significant influence on the
interaction between the metals and the support. The
activity is increasing with CeO2 content and this
increase can be correlated with the increase of the
acidity of the support. The ceria-doped alumina
catalysts showed higher intensity and definition of the
Lewis acid sites determined by pyridine absorption
spectra (Figure 5). The effect of cerium oxide in the
acidity is probably due to the modification of the
aluminum coordination with ions of Ce4+. The acidic
properties were modified due to these ions acting as
Lewis acid sites.
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Scheme 1. Naphthalene hydrogenation reaction
pathway.

According to Morterra et al. (1996), two pyridine
bands at 1595 and 1623 cm−1 were ascribed to the
adsorption of pyridine on Ce4+ centers, although
pyridine is adsorbed in this region for all types of
Lewis acid sites. These bands were observed in all
spectra of these catalysts. In this reaction, the Lewis
acid sites, act as electron-deficient centers, and the
π electrons of the aromatic molecule of naphthalene
tend to be electron donors. The naphthalene molecules
are adsorbed on the surface of Lewis acid sites of Pt-
Pd/Al2O3-CeO2 to produce tetralin.

Of course, the naphthalene hydrogenation also
depends on the metallic function, but since the
nominal content of platinum and palladium was the
same for all the catalysts, the higher performance
cannot be related exclusively to the presence of Pt0

and Pd0 species. In addition, it is also important to
note that the metallic dispersion on the supports it
is not known. Moreover, some works have proposed
that the interaction between metallic particles and
acidic supports resulted in highly active catalysts
for hydrogenation reactions (Albertazzi et al., 2004;
Escobar et al., 2016). Similar results were obtained by
Albertazzi et al. (2004), showing that the acidity of the
support is a key parameter because it can hydrogenate
and isomerize the ring-opening reactions and avoid
side cracking reactions. The hydrogenation activity
was mainly attributed to the noble metals while the
selectivity was associated to both the support acidity
and the Pd/Pt alloy.

Consequently, these results suggest that the
increase in the catalytic activity cannot be associated
merely to the textural properties or the metallic
function. This enhanced catalytic activity obtained
with more acidic supports is associated with
an additional contribution from the naphthalene
adsorbing on acidic sites of the Al2O3-CeO2 supports
and reacting with spilled-over hydrogen. This
phenomena was also observed during the benzene
hydrogenation over acidic supports (Lin, 1993). The
increase in acidity is also because ceria is exposed to
a reducing environment, and it can readily change
the oxidation states between Ce3+ to Ce4+, while
alumina is relatively very stable. Then, the activity
of the Pd-Pt/Al2O3 catalyst could be promoted by
the addition of Ce. The metal-ceria interaction was
believed to influence the electronic structure of Pt or
Pd and to be responsible for the promoting effect in
the catalytic activity, due to the enhancement of the
redox properties of the active centers in the catalysts.
The redox pair is observed by UV-vis spectroscopy in
the transition of Ce3+/Ce4+.
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Fig. 6. Concentration vs. time profiles of naphthalene hydrogenation at 290 °C on Pt-Pd/ Al2O3-CeO2 catalysts: a)
PPA, b) PPAC2, c) PPAC5, d) PPAC10 and e) PPAC50.
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Table 2. Naphthalene conversion and selectivity of the Pt-Pd/Al2O3-CeO2 catalysts.

Catalyst XA (% mol) Selectivity (% mol)
Tetralin Decalin

PPA 0.861 0.618 0.382
PPAC2 0.907 0.738 0.252
PPAC5 0.945 0.756 0.244

PPAC10 0.972 0.764 0.236
PPAC50 0.995 0.805 0.195
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Fig. 7. Comparison of concentration vs. time profiles,
naphthalene hydrogenation at 290 °C.

In summary, it is well-known that hydrogenation
reactions are favored by the use of metallic catalysts
with high hydrogenating power such as Pt and Pd.
In this work, it was found that the hydrogenation
reaction of naphthalene is favored not only by the
use of supported Pt-Pd bimetallic catalysts, but also
by the addition of CeO2 to the Al2O3 support. It
was found that cerium oxide favors the hydrogenation
reaction and selectivity towards tetralin. This may
occur because there is a strong attraction between
CeO2 and Pt-Pd metals, but in a reducing atmosphere,
the temperature to reduce Pt or Pd to the metallic
state decreases while CeO2 remains unchanged, as
reported by some authors (Wenyong et al., 2008).
This fact favors the hydrogenation reaction. Likewise,
when CeO2 is incorporated to the support, the acidity
of the material increases, however, the acidity is not
excessively strong, thus avoiding cracking reactions
and favoring the selectivity towards the production of
tetralin (Jiao et al., 2014). The results obtained can
be seen in Table 2, where it is observed that with the
addition of CeO2 the reaction is more selective to the

formation of tetralin, while the production of decalin
decreases. This is because the CeO2 causes an easier
reduction of both Pt and Pd, and the hydrogenation
reactions are favored through the metallic function.
Moreover, when CeO2 is incorporated to the Al2O3 the
stability and the acidity of the supports are increased,
favoring the selectivity towards the production of
tetralin. Furthermore, in Figures 6 and 7 it can
also be seen that the maximum concentration of
tetralin is obtained in less time when the amount
of CeO2 is increased. Comparatively with some
reports in literature, these catalysts have higher decalin
production than Pt or Pd monometallic catalysts
supported on Al2O3 or TiO2 (Lin and Song, 1996).

Conclusions

Ceria-doped Alumina solids were used as supports
of platinum and palladium for naphthalene
hydrogenation catalysts. These Pt-Pd/Al2O3-CeO2
catalysts showed enhanced catalytic activity in
naphthalene hydrogenation due to not only to the
metallic function, but also to an additional contribution
from the naphthalene adsorbing on acidic sites of
the Al2O3-CeO2 supports, reacting with spilled-
over hydrogen. The acidity increase is due to the
presence of Ce4+ species, which favored the activity
in the hydrogenation of naphthalene. The metal-ceria
interaction was believed to influence the electronic
structure of the metals and to be responsible for the
promoting effect in the catalytic activity, due to the
enhancement of the redox properties of the active sites.
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