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Pd/Pt supported on pure and doped TiO2 (TiO2–WO3 and TiO2–WO3–SiO2) were prepared and characterized by different

techniques (XPS, TEM, XRD, H2-TPR and TPD of ammonia). These catalysts were investigated in the hydrogenation of tetralin at

6.0 MPa, checking also their thio-tolerance by feeding increasing amounts of dibenzothiophene (DBT, 300 and 1000 wt ppm). The

catalytic activity followed the order: Pd/Pt–TiO2 > Pd/Pt–TiO2–WO3–SiO2 > Pd/Pt–TiO2–WO3, evidencing a negative role of a

second oxide inside TiO2. The Pd/Pt–TiO2 catalyst showed high activity regardless of reaction conditions (temperature, contact

time, H2/tetralin ratio) together with a good thio-tolerance up to 300 wt ppm of DBT.

KEY WORDS: Pd/Pt; TiO2; TiO2–WO3; TiO2–WO3–SiO2; decahydronaphthalene or decalin; 1,2,3,4-tetrahydronaphthalene or

tetralin; hydrogenation; hydrogenolysid/ring-opening; dearomatization; dibenzothiophene.

1. Introduction

A typical straight run (SR) diesel might contain 20–
25% aromatics by volume, while a diesel blended from
catalytically cracked stocks (light cycle oil, LCO) could
have 40–50% aromatics [1,2]. Since aromatic hydro-
carbons have low cetane number, diesel fuels containing
a high fraction of aromatics tend to have poor self-
ignition qualities. Typical cetane values for straight run
diesel are in the range of 50–55; those for highly aro-
matic diesel fuels are 40–45 or even lower. This gives rise
to difficulties in cold starting, increased combustion
noise, unburned hydrocarbons (HC) and NOx due to the
increased ignition delay. Increased aromatic contents
are also related to higher particulate emissions, due to
the fact that high aromatic fuels have a high tendency to
deposit on fuel injectors and on other critical compo-
nents. Such deposits can interfere with proper fuel/air
mixing, thus greatly increasing particulate matter (PM)
and HC emissions

Some of the polycyclic aromatic hydrocarbons (PAH)
are mutagenic and, in some cases, cause cancer in ani-
mals after skin painting experiments. As a consequence,
stringent fuel specifications (Euro I–V) for gasoline and
diesel fractions resulted. In the case of diesel fuels the
aromatic level is expected to be lowered to 1 wt% by the
end of this decade (Euro V). Traditionally, LCO has
been primarily used as low value heating oils. Only a
small proportion has been blended into diesel at the

expense of lower ignition quality of the diesel pool.
Nowadays, this practice is becoming more and more
difficult as a result of both these increasing stringent fuel
regulations and the increasing demand for diesel car
fuels. Production of high quality diesel oils from LCO
could not only meet current and future fuel specifica-
tions, but also bring potential economic benefits worth
billion of dollars.

The development of new catalysts to achieve the
targeted aromatic and sulphur levels under mild opera-
tive conditions is a key to the objective. Mo, W, Co, Ni
or noble metals supported on a wide number of mate-
rials have been investigated in hydrogenation of poly-
aromatics (HYD) and hydrodesulphurization (HDS)
reactions [3,4]. Systems supported on TiO2 exhibited
higher activities than catalysts supported on c-Al2O3

[5,6]. However, thermal instability, low surface area and
poor mechanical properties are significant drawbacks.
In order to overcome these disadvantages, different
methods of mixing TiO2 with other oxides, such as
Al2O3, SiO2 and ZrO2, have been studied by several
authors [7–11]. The catalytic results in HYD and HDS
reactions suggested that an increase in dispersion may
be responsible for an increase in activity [3].

In recent years, noble metals have been widely
investigated [12–14] as active phases for hydrotreating
catalysts, since only a two-stage hydrotreating process,
using noble metals catalyst in the second stage, can
achieve deep levels of aromatic hydrogenation under
mild operating conditions (i.e., moderate H2 pressure
and low temperature). Since noble metal catalysts are
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easily poisoned by small amounts of S-containing
compounds, the HDS catalyst in the first-stage reactor
has to reduce the S-level up to a few wt ppm. Enhanced
activity and thio-tolerance have been claimed for the
Pd/Pt couple on several supports [15,16].

Aim of this study was to combine these two impor-
tant aspects (support and active phase) to design new
HYD catalysts. Pd/Pt supported on commercial TiO2,
TiO2–WO3 and TiO2–WO3–SiO2 were prepared, char-
acterized by using a battery of techniques (XPS, TEM,
XRD, H2-TPR and TPD of ammonia), and investigated
in the hydrogenation of tetralin (1,2,3,4-tetrahydro-
naphthalene, THN) at 6.0 MPa, chosen as a model
reaction for the HYD of LCO feeds. The reaction is
rather complicated, since side reactions also occur (fig-
ure 1). Tetralin can be hydrogenated to the saturated
(cis+trans) decalin (decahydronaphthalene or DeHN).
On the other hand, cracking reactions to low molecular
weight compounds (LMW compounds, having six or
fewer atoms of C) occur and are not wished for, being
outside the diesel range. Finally, unwanted dehydroge-
nation to naphthalene (NPH) and polycondensation
reactions to tar also occur. Useful compounds are those
derived from hydrogenolysis/ring-opening reactions,
called high molecular weight compounds (HMW, mai-
nly alkylcyclohexanes, alkylbenzenes, methylindanes
and methylindenes, spyrodecane), having high cetane
numbers [17].

2. Experimental

2.1. Catalyst preparation and characterization

The commercial TiO2, TiO2:WO3 (91:9 wt%) and
TiO2:WO3:SiO2 (81:9:10 wt%) supports were supplied
by Millenium Chemicals. One weight percent of Pd/Pt

[atomic ratio (a.r.)=4.0], already evidenced as the best
active phase [17,18], was supported by incipient wetness
technique using an aqueous solution of H2PtCl6 and
Pd(NO3)2 (Pressure Chemicals, analytical grade). After
the drying, the samples were calcined at 500 �C for 5 h
to obtain the final catalysts (table 1).

BET surface area, pore volume and distribution were
calculated from N2 adsorption at )196 �C carried out
with a Micromeritics ASAP 2020 glass volumetric
apparatus, previously outgassing the samples at 200 �C
and 10)4 mbar overnight. Transmission electron mic-
rographs (TEM) were obtained by using a Philips CM
200 Supertwin-DX4 microscope. Samples were dis-
persed in ethanol and a drop of the suspension was put
on a Cu grid (300 mesh). Powder X-ray diffraction
(XRPD) patterns were obtained by using a Siemens
D5000 diffractometer, equipped with a graphite mono-
chromator and using CuKa radiation (k=0.15418 nm,
35 mA, 35 mV), recording the patterns in the 2h=10.0–
80.0 � range.

X-ray photoelectron (XPS) spectra were collected
using a Physical Electronics PHI 5700 spectrometer with
non-monochromatic AlKa andMgKa radiations (1486.6
and 1253.6 eV, respectively; 300 W, 15 kV) and with a
multi-channel detector. Spectra of powder samples were
recorded in the constant pass energy mode at 29.35 eV,
using a 720lm diameter analysis area. Charge referenc-
ing was measured against adventitious carbon (C 1 s at
284.8 eV). A PHI ACCESS ESCA-V6.0 F software
package was used for acquisition and data analysis. A
Shirley-type background was subtracted from the sig-
nals. Recorded spectra were fitted using Gauss–Lorentz
curves in order to determine the binding energy of the
different element core levels more accurately.

Temperature-programmed desorption of ammonia
(NH3-TPD) was used to determine the total acidity of the
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Figure 1. Proposed reaction pathway for the hydrogenation of THN.
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supports.Before theadsorptionofammoniaat 100 �C, the
sampleswere treated at 450 �C in a 50 mL/minHeflow for
60 min. After evacuation under vacuum of the physically
adsorbedNH3, theTPDtestswereperformedbetween 100
and 500 �C, with a heating rate of 10 �C/min. The evolved
ammonia was analyzed by an on-line gas chromatograph
(Shimadzu GC-14A) equipped with HWD.

H2 temperature-programmed-reduction (H2-TPR) exp-
eriments were carried out on the catalysts previously
calcined at 500 �C for 5 h. The H2 consumption was
studied between 100 and 550 �C, using a 48 mL/min
flow of Ar/H2 (10 vol% of H2) and a heating rate of
10 �C/min. H2O produced in the reduction reaction was
eliminated by passing the gas flow through a cold finger
()80 �C). The H2 consumption was determined by an
on-line gas chromatograph (Shimadzu GC-14A) pro-
vided with HWD. Metal dispersion, metal surface area
and the sizes of metal crystallites were evaluated from
H2 chemisorption at 25 �C by using a Micromeritics
ASAP 2010C apparatus, after a cleaning step of the
samples carried out under He flow at 400 �C and a
further reduction step with H2 flow at 500 �C. The noble
metals were supposed to be fully reduced before the
analysis, given the high temperature of the reduction
treatment.

2.2. Determination of the catalytic activity

The hydrogenation of tetralin was performed in a
high-pressure fixed-bed continuous-flow stainless steel
reactor (9.1 mm internal diameter and 230.0 mm
length), operating in the down-flow mode. The reaction
temperature was measured with a J-type thermocouple

placed inside, in direct contact with the top part of the
catalytic bed. The organic feed consisted of a solution of
tetralin in n-heptane (10 wt%), supplied by means of a
Gilson 307SC piston pump (model 10SC). A fixed vol-
ume of catalyst (3 mL, 0.85–1.00 mm particle size) was
used in all the studies. Before the activity tests, the
catalysts were reduced in-situ at atmospheric pressure
with a 60 mL/min flow of H2 at 400 �C for 1 h, with a
heating rate of 15 �C/min. Catalytic activity was mea-
sured at 6.0 MPa and different temperatures (from 275
to 375 �C), contact times (s ranging from 3.6 to 1.8 s),
and liquid hourly space velocities (LHSV between 4.0
and 8.0 h)1). The thio-tolerance of the catalysts was
checked by adding 300 or 1000 wt ppm of dibenzoth-
iphene (DBT) to the organic feed at 315 �C, checking
again the activity after the DBT removal. The H2/tetr-
alin molar ratios were between 15.0 and 9.0. The reac-
tion was kept in steady state conditions for 1 h and the
liquid samples were collected and kept in sealed vials for
subsequent analysis, performed using both a Hewlett-
Packard 5988A mass spectrometer and a Shimadzu
GC-14B gas chromatograph, equipped with FID and a
capillary column (TBR-1).

3. Results and discussion

3.1. Chemical-physic characterization

Surface area and pore volume values of the supports
(table 2) follow the order: DT58 (TiO2:WO3:SiO2=
81:9:10 w/w/w)>DT52 (TiO2:WO3=91:9 w/w)>DT51
(TiO2), according to the values reported for the single
oxides: SiO2>WO3>TiO2 [19–21]. The surface area
and pore volume values of the catalysts before reaction
follow the same order, although they are significantly
lower than those of the corresponding supports, thus
highlighting partial pore occlusion by the metals. Also,
the surface area and the pore volume values of the cat-
alysts after reaction follow the same order, but are even
lower, evidencing a further surface occlusion attribut-
able to the deposition of tar formed by side reactions.

Table 1

Composition of the supports and catalysts

Sample Support Active phase

CAT51 DT51–TiO2 1 wt.% Pd/Pt=4.0 a.r.

CAT52 DT52–TiO2:WO3=91:9 wt.% 1 wt.% Pd/Pt=4.0 a.r.

CAT58 DT58–TiO2:WO3:SiO2=81:9:10 wt.%1 wt.% Pd/Pt=4.0 a.r.

Table 2

Chemical-physical characterization of the supports and catalysts before and after reaction

Sample Surface

area (m2/g)

Pore volume

(mL/g)

Average pore

size (nm)

Acidity

(lmolNH3/gcat)

D (%) Metal surface

area (m2/gmetal)

Average metal

particle size (nm)

DT51 77 0.297 15.47 325 – – –

DT52 104 0.345 13.25 485 – – –

DT58 126 0.409 13.02 360 – – –

CAT51a 59 0.195 13.19 – 6.4 24.6 10.4

CAT52a 100 0.251 10.00 – 3.1 11.8 21.7

CAT58a 106 0.320 12.11 – 2.1 8.0 32.0

CAT51b 66 0.248 15.01 – 2.7 10.3 25.1

CAT52b 83 0.234 11.25 – 2.2 8.3 30.9

CAT58b 92 0.295 12.76 – 2.0 7.7 33.4

a Before reaction.
bAfter reaction.
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However, the elemental C-analysis carried out on
CAT51 before (5.24 wt% of C, due to residual car-
bonates from the sol–gel synthesis, in agreement with
XPS analysis, see below) and after reaction (2.06 wt%)
does not support this hypothesis. Thus, this decrease
may be due to the increase of metal particle sizes after
reaction, as will be commented later.

The N2 adsorption–desorption isotherms at )196 �C
are similar for all the solids and can be classified as type
IV isotherms based on the IUPAC classification [22,23],
since they feature the hysteresis loop generated by the
capillary condensation in mesopores. The N2 adsorp-
tion–desorption isotherms (figure 2a) and the corre-
sponding BJH adsorption plot (figure 2b) are reported
for CAT58, as the typical example for all the investi-
gated materials. The average pore sizes of the samples
can be allocated in the mesoporous range (2–50 nm) and
fit well with the sizes of the cumbersome molecules
belonging to a typical LCO feed.

All the noble-metal-containing catalysts show low
metal dispersion values (D) (table 2), notwithstanding
the relatively high surface area value of the support;
furthermore, since the metal dispersion depends on the
interaction active phase/support, the presence of WO3

and/or SiO2 significantly worsens the already poor
properties of TiO2. After reaction, these values further
decreased, probably due to segregation phenomena. It is
noteworthy that the metallic particle sizes are higher
than the corresponding pore diameters, thus suggesting
that metals did not diffuse significantly inside the pores
and, consequently, the catalytic processes occur mainly
on the external surface.

The low dispersion determined by H2-chemisorption
is confirmed also by the TEM replica (figure 2): CAT51
(figure 3a) shows almost uniform particles <50 nm,
while CAT52 (figure 3b) shows a high number of par-
ticles >50 nm, together with smaller particles. Finally,
CAT58 sample shows (figure 3c) smallest metallic par-

ticle sizes, aggregated together while forming large
agglomerations.

The acidity of the supports determined by NH3-TPD
(table 2) evidences lower values than conventional
hydrotreating catalysts [13,24–26]. The acidity drasti-
cally increases the rate of tar deposition and/or the yield
in light hydrocarbons formed by cracking reactions [13].
Among the supports, the acidity follows the order:
DT52 (TiO2:WO3=91:9 wt:%)>DT58 (TiO2:WO3:Si
O2=81:9:10 wt.%)>DT51 (TiO2), according to what
was proposed for the single oxides: WO3>TiO2>SiO2

[27–30]. For all the supports, the NH3-desorption ach-
ieves its top (30–40% of the total acidity) between 200
and 300 �C, thus highlighting mainly medium strength
acid sites. These results may be positive to limit
unwanted cracking and coking reactions, but have a
negative effect on the thio-tolerance and hydrogenolysis/
ring-opening activity. As already reported [31], the
acidities of noble metal containing catalysts are not
significant, since the possible occurrence on these sam-
ples of ammonia decomposition to nitrogen, detectable
only by mass spectroscopy [32], and of ammonia
chemisorption, with not exactly known stoichiometry,
on the surface of the reduced noble metals. Finally, in
the case of the generation of the active metal sites by
reduction of cationic species, the surface acidity depends
on the evolution of the metal/support interaction during
the reduction [33].

The TPR results (figure 4) evidence that the noble
metals are completely reduced at temperatures lower
than 400 �C, by confirming that the noble metals were
totally reduced before the H2-chemisorption analysis;
thus, the in situ reduction before the catalytic tests were
carried out at this temperature for all the catalysts.
However, the three catalysts show considerably different
edges of the reduction peaks, although all had the same
Pd/Pt ratio and total amount: CAT58 (@250 �C), CAT
51 (@225 �C) and CAT52 (@185 �C), reflecting different
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Figure 2. N2 adsorption–desorption isotherm at )196�C (a) and corresponding pore size distribution (b) for CAT58.
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interaction of Pd and Pt with the supports. XRD pat-
terns show for all the solids only the peaks of TiO2

anatase (figure 5), regardless of the support composi-
tion; neither segregated noble-metal oxide nor metal
phases were detected either before reduction or after the
catalytic tests, thus evidencing a stable metal dispersion
in all catalysts.

XPS spectra of all the solids do not show significant
differences between the support and the corresponding
catalysts, both before and after reaction (figure 6). All
the supports show peaks attributable to C (as carbon-
ate), S (as sulphate) and N (as nitrate), coming from the
sol–gel synthesis. In the samples containing WO3,
bridges Ti–O–W and W–OH have also been detected,

which are mainly responsible for the enhanced acidity.
On the contrary, no bridges Ti–O–Si have been detected
in the samples based on TiO2–WO3–SiO2, thus
suggesting that silica precipitated alone after the formation
of the TiO2–WO3 co-gel. This process may be relevant in
the industrial preparation, since it allows a SiO2 layer
(with high surface area and pore volume) to be obtained
on the solid surface, as evidenced by its higher concen-
tration detected on the surface (15.36 atomic% of Si2p).
In the catalysts before reaction, the concentration of the
noble metals on the surface was lower than the nominal
value, thus confirming the bad dispersion obtained in
the metal loading, because Pd and Pt in the lower layers
of the large agglomerates cannot be detected by XPS.

Figure 3. TEM replica of the CAT51 (a), CAT52 (b) and CAT58 (c) samples.

Figure 4. TPR patterns of the catalysts before reaction.
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The Pd 3d core level spectrum for CAT51 before
reaction shows a doublet Pd 3d5/2 and Pd 3d3/2 typical of
Pd2+ (figure 7). The sample supported on TiO2 shows
the highest noble metal concentration (Pd3d=0.10 and
Pt4f=0.11, as atomic%), according to its highest dis-
persion, already evidenced by H2-chemisorption and
TEM. Furthermore, it contains a small amount of Pd2+

after reaction (figure 6), unlike the other two spent
catalysts, which show only the presence of Pd0 and Pt0.

3.2. Catalytic activity of CAT51 (1.0 wt%
of Pd/Pt=4.0 a.r. on TiO2)

CAT51 shows a high hydrogenation activity to (cis+
trans) DeHN (table 3), which decreases by increasing

the reaction temperature, due to the mild exothermicity
of the hydrogenation reaction. Also a considerable
amount of naphthalene (4.0%) was detected at the
maximum temperature investigated (375 �C). The losses
in the C balance increase with temperature, according to
the endothermic nature of the cracking reactions,
although they always remain low. After the test at
375 �C, the activity at 275 �C was examined again in
order to check the thermal stability of the catalyst under
reaction conditions. The conversion of THN and the
yield in DeHN are higher than the initial values,
suggesting a further activation during the tests. The
yield in hydrogenolysis/ring-opening HMW compounds
remained quite low also increasing the temperature

Figure 5. XRPD patterns of the support DT58 and the catalyst CAT58, before and after reaction.

Figure 6. XPS spectra of the support DT58 and the catalyst CAT58, before and after reaction.
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(mild endothermic reaction), probably due to the med-
ium-weak acidity of the support. The best performances
were observed at 315 �C – although at this temperature
the catalyst shows mainly a hydrogenation activity – and
this temperature was chosen for the further tests.

On decreasing the contact time, both the conversion
of THN and the yield in DeHN increase, while the yield
in the consecutive products (formed by hydrogenolysis/
ring-opening and cracking reactions) decreases slightly
and dehydrogenation to NPH remains negligible. On
decreasing the H2/THN molar ratio, the yield in HMW
compounds further decreases, while the losses in the C

balance increase by more than 20%, confirming the
requirement for a large H2 excess [12–15,18,34]. Alth-
ough THN conversion reaches maximum for a molar
ratio equal to 12.0, the losses in the C losses increased by
decreasing the excess H2, with minimum value together
with the highest yield in DeHN for the H2/THN=15.0
molar ratio.

The activity is maintained up to 300 wt ppm of DBT
(corresponding to 51 wt ppm of S), a typical amount
coming out from a HDS unit placed before the HYD
stage. On feeding 1000 wt ppm of DBT, the catalytic
performance worsens, although the initial activity was

Table 3

Catalytic activity of CAT51 as a function of the reaction conditions

THN

conversion (%)

Yield in DeHN

(cis+trans) (%)

Yield in

NPH (%)

Yield in

HMWs (%)

C-balance

losses (%)

Temperature (�C)a

275 84.5 76.0 0.1 1.9 6.5

315 95.3 84.3 0.1 2.2 8.7

350 93.3 80.8 0.5 2.4 9.6

375 79.1 61.0 4.0 3.4 10.7

275 96.1 85.1 0.1 1.9 9.0

Contact time (s)b

3.6 95.3 84.3 0.1 2.2 8.7

2.7 96.4 87.6 0.2 1.7 6.9

1.8 99.9 92.3 0.0 1.3 6.3

H2/THN (mol/mol)c

15.0 95.3 84.3 0.1 2.2 8.7

12.0 99.5 86.0 0.0 1.0 12.5

9.0 98.3 75.1 0.1 0.9 22.2

DBT (wt. ppm)d

0 97.1 91.4 0.0 1.3 4.4

300 (51 wt. ppm S) 99.9 94.2 0.0 1.4 4.3

1000 (170 wt. ppm S) 39.6 36.7 0.1 1.7 1.1

0 91.7 88.4 0.0 2.2 1.1

Wcat=2.95 g: acontact time=3.6 s, LHSV=4 h)1, H2/THN molar ratio=15.0; bTemperature=315�C, H2/THN molar ratio=15.0; cTempera-

ture=300�C, contact time=3.6 s, LHSV=4 h)1; dTemperature=315�C, contact time=3.6 s, LHSV=4 h)1, H2/THN molar ratio=15.0.

348 346 344 342 340 338 336 334 332
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Pd0

Pd 3d

I 
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.)
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Figure 7. Pt 3d core level spectra for the catalyst CAT51, before and after reaction.
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almost totally recovered by removing the DBT from the
feed, thus suggesting an almost reversible poisoning. To
this end, elemental S analysis carried out on this sample
before (0.108 wt% of S, due to residual sulphates in the
synthesis gel, as evidenced by XPS analysis) and after
reaction (0.001 wt% of S) confirms that irreversible bo
nds between Pd and/or Pt and S were not formed. This
indicates that the poisoning is due to a strong but
reversible adsorption of the DBT on the metal sites. This
catalyst shows better performances in presence of DBT
than a previous 2.0 wt% Pd/PT on Zr-doped meso-
porous silica, although – due to the lower acidity of the
TiO2 support – the formation of HWM products was
smaller [18].

3.3. Activities of CAT52 [1.0 wt% Pd/Pt=4.0 a.r.
on TiO2:WO3 (91:9 wt%) and CAT58 1.0 wt%
of Pd/Pt=4.0 a.r. on TiO2:WO3:SiO2

(81:9:10 wt%)] samples

CAT52 sample shows a very low conversion of THN
and yield in DeHN at all the investigated temperatures
(table 4). At 350 and 375 �C good yields in HMW
compounds are obtained, according to the higher sup-
port acidity, although the yield in NPH is also signifi-
cant. The losses in the C balance are moderate regardless
of the temperature. When repeating the test at 260 �C,
an early deactivation was evident, since worse results
were obtained in comparison to the initial test at the
same temperature.

CAT58 also shows a low conversion of THN and
yield in DeHN. Since the support acidity is relatively
high, increased yields in HMW compounds are obtained
at 350 and 375 �C, together with high yield values in
NPH. The losses in the C balance are below 20% even at
the highest temperature (375 �C). Also for this sample,
by repeating the test at 275 �C, the catalytic perfor-
mances worsen, thus highlighting poor stability. The
performances of both CAT52 and CAT58 are lower

than those observed for CAT51, due to the low metal
dispersion determined for these catalysts.

3.4. Comparison of the activities for the three catalysts
investigated

Figure 8 show the catalytic performances of the
investigated samples at both 275 and 315 �C, normal-
ized for weight unit of catalyst employed. The tetralin
conversion (C THN) and the yield in decalin (Y DeHN)
decrease according to the following scale: CAT51>>-
CAT58>CAT52, thus evidencing that the addition of
other oxides worsens the performances of TiO2. On the
other hand, no significant differences are noted in both
the yield in naphthalene (Y NPH) and the losses in the C
balance. Only CAT58 shows interesting yield values in
hydrogenolysis/ring-opening compounds (Y HMW),
thus evidencing the requirement of a tailored surface
acidity to form compounds having high cetane number.
This may be obtained by introducing WO3 in the TiO2,
although this also gives rise to a decrease in catalyst
stability in the reaction conditions.

4. Conclusions

1 wt% Pd/Pt (4.0 as atomic ratio) was supported on
TiO2, TiO2–WO3 (91:9 wt%) and TiO2–WO3–SiO2 (81:
9:10 wt%) were fully characterized and investigated in
the hydrogenation of tetralin at 6.0 Mpa in different
reaction conditions, while checking also the thio-toler-
ance by feeding increasing amounts of DBT. The
introduction of WO3 and/or SiO2 in the synthesis gel
increased textural properties, such as surface area and
pore volume, as well as the acidity, due to the formation
of W–OH bridges at the solid surface. However, the
metal dispersion was lower than that of Pd/Pt on TiO2,
as confirmed by H2-chemisorption, XPS and TEM
analyses. This accounts for the order of activity observed
in the catalytic tests: Pd/Pt–TiO2>Pd/Pt–TiO2–WO3

Table 4

Catalytic activities of CAT52 (Wcat=3.16 g) and CAT58 (Wcat=2.59 g) as a function of the reaction temperature (contact time=3.6 s,

LHSV=4 h)1, H2/THN molar ratio=15.0)

Temperature (�C) THN

conversion (%)

Yield in DeHN

(cis+trans) (%)

Yield in

NPH (%)

Yield in

HMWs (%)

C-balance

losses (%)

CAT52

275 28.5 13.8 0.2 1.6 12.9

315 39.9 25.2 0.9 3.7 10.1

350 50.4 18.8 4.2 13.2 14.2

375 52.6 16.6 12.1 20.2 3.7

275 13.5 3.5 0.4 1.9 7.7

CAT58

275 67.8 49.2 0.2 7.2 11.2

315 66.1 39.4 2.0 13.5 11.2

350 57.4 13.6 10.4 21.8 11.6

375 63.8 5.2 21.0 18.0 19.6

275 31.8 19.9 0.7 2.8 8.4
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–SiO2>Pd/Pt–TiO2–WO3, as well as the catalyst sta-
bility with the reaction temperature. The Pd/Pt–TiO2

catalyst showed good performances in all the reaction
conditions investigated, together with a good thio-tol-
erance up to at least 50 wt ppm of S.
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Figure 8. Conversion, yield and C-loss value (normalized for weight unit) determined for the three catalysts investigated (Temperature=275 and

315 �C; contact time=3.6 s; LHSV=4 h)1; H2/THN molar ratio=15.0).
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