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Cesium concentration effect on Pt/Cs beta zeolite/�-alumina
catalysts forn-heptane conversion
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Abstract

Catalytic behavior of platinum catalysts supported on Cs beta zeolite/�-alumina, forn-heptane reforming reactions, was
studied. Cs concentration in the beta zeolite varied from 0 to 0.84 wt.%, in order to neutralize Brönsted acid sites. Increase
in Cs content leads to decrease cracking products, but without increase in the toluene selectivity. In the same study Cs beta
zeolite catalysts were compared with pure�-alumina supported platinum catalyst, showing high toluene selectivity. Selectivity
towards isomerization products is favored with catalysts containing Cs beta zeolite, suggesting a bifunctional behavior of
such catalyst in spite of Cs content. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

At industrial level, naphtha reforming catalysts
are bifunctional, with metallic and acid functions. In
such catalysts, acid function is traditionally provided
by chlorided alumina. However, the chloride is lost
from alumina in presence of humidity, weakening
the acid function. In order to maintain the catalyst
performance, addition of chloride compounds is re-
quired which is a difficult process to control [1,2].
Therefore, research on naphtha reforming catalysts is
oriented to generate a more stable acid function than
that obtained with chlorided alumina.

On past years, platinum catalysts supported on
KL zeolite, have been extensively studied, showing
successful results forn-hexane aromatization [3–5].
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However, KL zeolite which possesses one-dimensional
channel structure, with diameter of 0.7 nm, could be
easily subject of rapid deactivation [6] and this sys-
tem is very sensitive to sulfur poisoning [7], limiting
its potential on industrial level. Studies on alternative
zeolites for reforming processes, such as beta zeolite
(commercially produced) have been developed. This
large pore three-dimensional zeolite (maximum diam-
eter of channels 0.75 nm) has been studied for paraffin
isomerization [8–10],n-heptane andn-hexane aroma-
tization reactions [11–13]. Smirniotis and Ruckenstein
[13] and coworkers found that a catalyst formulated
with 0.5 wt.% platinum supported on beta zeolite
(acid form) shows a higher selectivity for isomer-
ization reactions, in comparison with the catalyst of
platinum supported on alumina. The addition of alka-
line cations to the beta zeolite support was studied by
Zheng et al. [14]; they found that platinum supported
on beta zeolite exchanged with cesium cations shows
important increase in the aromatization ofn-hexane.
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It has also been reported that beta zeolite supported
platinum, in which the beta zeolite was exchanged
with alkaline and earth alkaline cations, the Pt/Cs beta
system has a similar behavior inn-heptane aromatiza-
tion as the Pt/KL system [11]. This type of catalysts
show from ammonia temperature-programmed des-
orption (NH3TPD) measurements, total acidity values
in a relatively wide range. Comparative studies be-
tween Pt/KL and Pt/K beta [14], tested forn-hexane
aromatization, have shown a high level of cracking
products at high conversion rate, forecasting an inad-
equate performance as industrial catalyst. Although,
it is already established that addition of alkaline and
earth alkaline cations (i.e. Cs) improves the catalyst
selectivity, still it is not clear how to control a desired
acidity on catalysts to be prepared at industrial scale.

In this work we present a study on platinum sup-
ported on beta zeolite/�-alumina mixture, in which
zeolite was exchanged with Cs cations at differ-
ent levels, in order to optimize catalyst preparation
process. The effect over its catalytic behavior was
evaluated inn-heptane reaction used as reforming
reaction model. The catalyst samples were charac-
terized by NH3-TPD to determine the total acidity;
H2-TPD was used to estimate the platinum disper-
sion and transmission electronic microscopy (TEM)
for visualizing the position of platinum particles.
Catalytic behavior of Cs beta zeolite catalysts was
compared with that of�-alumina supported platinum
catalyst.

2. Experimental

2.1. Catalysts preparation

From an H beta zeolite sample (VALFOR CP
810B-75 from PQ Corporation) having 75 SiO2/Al2O3
molar ratio, three parts were taken to be exchanged
using CsOH solution. Cs concentration varied on two
samples: one with 6.5 and 13 wt.% for the second one;
these concentrations correspond to the stoichiometric
quantity considering 1:1 Al: exchangeable H+ molar
ratio and twice of this amount, respectively. The third
sample was not exposed to cation exchange.

After exchange, zeolites were filtered and washed
using deionized water, dried and calcined at 550◦C
for 3 h. Extrudates were prepared with exchanged

zeolites using Catapa1 B Boehmite (99% purity
from Condea) as matrix and aqueous HNO3. The
exchanged zeolites were mixed to have 10 wt.% con-
centration in extrudates after calcining at 550◦C for
3 h. Catalysts labeled as CZP-1 (lower Cs concen-
tration) and CZP-2 (higher Cs concentration) were
obtained from these supports. Platinum was loaded
by ionic exchange, using Pt(NH3)4·(NO3)2, to obtain
a concentration of 0.3 wt.% Pt in catalysts. Oxidation
of platinum compound was carried out in air flow at
350◦C during 3 h. The same procedure was followed
for extrudates containing zeolite in its acid form, (in
the text marked as CZP-0). Pt reduction was achieved
using hydrogen flow at 500◦C during 6 h, just before
each evaluation run.

2.2. Reference catalyst

A catalyst without zeolite (CAP) was prepared from
the same bohemite sample, using the same procedure
described above for extrudates preparation. Platinum
was loaded by wetness impregnation of Pt(NH3)4
(NO3)2in aqueous NH4OH. The thermal treatments
for this sample were the same applied to catalysts
containing zeolite as described above.

2.3. Characterization

Total acidity was obtained by NH3TPD using a ZA
AMI-3 (Zeton Altamira Inc.) equipment. Metal con-
tents of Pt and Cs, were determined by atomic absorp-
tion. Both properties, total acidity and metal content
were determined employing standard methods.

Platinum dispersion was obtained from H2TPD
measurements in a ZA AMI-3 system. The catalyst
samples, previously reduced, were first pretreated in
hydrogen flow at 500◦C during 1 h, afterward the
temperature was decreased and hydrogen flow is
changed by argon flow. At 100◦C the hydrogen ad-
sorption is carried out passing a flow of H2/Ar (H2,
10%) for 30 min. Following, the system was purged
to eliminate the hydrogen physical adsorption and the
temperature was increased at a rate of 10 C/min with
a gas flow rate of 30 cm3/min.

Beta zeolite crystalline structure was verified, af-
ter exdrutates preparation with chemical and thermal
treatments, by X-ray diffraction spectroscopy (XRD).
Position and size of platinum particles were visualized
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by TEM, using a Hitachi HD-2000 electronic micro-
scope.

2.4. Catalytic performance tests

For catalytic performance tests an all still unit was
used, equipped with a fixed bed reactor and automated
pressure and temperature controls; coupled to a Varian
3400 CX chromatograph, for on line reaction effluent
analysis. The chromatograph is provided with FID de-
tector and a 50 m capillary column coated with methyl-
silicon as a stationary phase.n-heptane (J.T. Baker 98
% purity) was used as reactive. Operating conditions
were 15 H−1 WHSV and H2/n-heptane molar ratio of
6. The temperature was set at 440◦C and the pressure
was fixed to 2.5 and 10 kg/cm2.

Conversion was calculated with the formula %X =
100 × (moles reactant consumed)/(moles of initial
reactant) [15]. Products distribution is reported in this
work, grouping gaseous cracking products (propane,
isobutane andn-butane (C3–C4)); for methane, it is
worth to mention that it was not detected and ethane
was detected only in traces; liquid cracking prod-
ucts (C5, C6) are not specified because each one
is present in very low concentrations; isomerization
products (i-C7) from n-heptane, 2,3-dimethylpentane,
3-methylhexane and 3-ethyl-pentane among the most
abundant and as aromatization product, we only have
toluene.

3. Results

Table 1 shows catalysts characterization results. Cs
concentration in catalysts is lower than that expected
(0.57 versus 0.65 wt.% for CZP-1 and 0.84 versus
1.3 wt.% for CZP-2) according to the amount added
in zeolite, suggesting that uptake of Cs by zeolite
under preparation conditions of catalysts is a limited

Table 1
Catalysts properties

Catalyst Platinum (wt.%) Cesium (wt.%) Total acidity
(�mol NH3/cat g)

Dispersion (%) Platinum particle
size (nm)

CAP 0.33 0.0 220 64 1.7
CZP-0 0.3 0.0 1105 51 2.0
CZP-1 0.27 0.57 618 55 1.8
CZP-2 0.32 0.84 460 52 1.9

process. The mean diameter calculated from H2-TPD
measurements is between 1.7 and 2.0 nm for all sam-
ples. Particle size is deduced from the hypothesis
that one platinum atom chemisorbs one hydrogen
atom in our standard conditions and that platinum
particles are spherical. However, from these results
it is not possible to know particles size distribution,
which will be of special importance to consider very
small platinum particles located inside the zeolite
channels.

Fig. 1 shows the NH3-TPD profiles for all cata-
lysts, which indicate that the total acidity is inversely
correlated to the Cs content. The lowest acidity was
obtained for catalyst without zeolite, as expected.
Note that acidity of 220�mol NH3/cat g, is a typical
value for a�-alumina catalyst type.

Fig. 2 shows a TEM image for the CZP-1 sample
in which beta zeolite ordered structure can be appre-
ciated in contrast to the alumina amorphous aspect.
Platinum particles are preferably deposited on beta ze-
olite regions. Platinum particle sizes vary from 2 to
6 nm (as seen in the image), therefore being outside
zeolite channels whose pore size is around 0.75 nm.
This image can not reveal the presence of smaller par-
ticles into channel system for beta zeolite.

How and in which manner, presence of microcrys-
tals are important and related to the catalyst activity,
could not be estimated yet. It could be that most of
catalytic activity is related to the fine Pt particles dis-
tributed along the zeolite channels. Further research is
in progress.

Table 2 shows conversion and reaction products
distribution at 10 and 360 min. Zeolite catalysts
present higher conversions under the same operating
conditions compared with activity on catalyst with-
out zeolite (CAP). A significant fact to be outlined
is that Cs beta-zeolite/�-alumina extrudates, corre-
sponding to CZP-1 support without platinum, showed
no activity, therefore omitted on the results table.
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Fig. 1. NH3TPD profiles of studied catalysts (�) CAP; (– – –) CZP-2; (�) CZP-1 and (�) CZP-0.

Fig. 2. STEM image of CZP-1 sample, the arrows point out the beta zeolite channel structure.
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Table 2
n-Heptane conversion and selectivity over Pt loaded Cs beta zeolite�-alumina catalysts

Conversion (mol%) Selectivity to products (mol%)

C3–C4 C5–C6 i-C7 Toluene

Time (min) 10 360 10 360 10 360 10 360 10 360

Catalyst
CZP 97 89.1 80.3 65.1 3.4 4.9 7.2 20.8 8.8 8.8
CZP-1 82.7 73.5 42.7 31.7 8.6 6.6 36.5 51.5 12.3 10.1
CZP-2 67.1 56.7 24.3 14.0 11.7 8.7 56.7 70.1 7.2 7.0
CAP 13 10 11.0 10.0 9.7 8.8 40.7 34.8 22.9 28.3

Conditions: WHSV= 15 H−1, H2/Hc molar ratio of 6.T = 440◦C andP = 2.5 atm.

For zeolite catalysts, a direct correlation is found
with catalysts total acidity, inversely correlated with
Cs concentration. Cracking products increase in the
same sense, being evident the zeolite acidic action as
active part on catalyst, however, toluene selectivity
reflects no clear tendency.

Fig. 3. n-Heptane conversion over Pt/ Cs beta zeolite-�-alumina
catalysts as function of reaction time, atT = 440◦C, H2/Hc = 6.
(a) Curves atP = 2.5 atm (�) CZP-1; (�) CZP-2 catalyst; (b)
curves atP = 10 atm (�) CZP-1; (� ) CZP-2 catalyst.

Initial deactivation suffered by catalysts, affects
cracking reactions in higher grade, being C7 iso-
merization products favored by this effect. In cat-
alyst with higher neutralization grade, (CZP-2) we
have also higher selectivity towards isomerization
products from the beginning of the reaction. Na-
ture of deposited coke on this type of catalysts and
the way it acts within deactivation, is still being
studied.

In order to define pressure influence, tests were run
at 10 kg/cm2, which is a pressure closer to that of in-
dustrial operation [16]. Fig. 3 shows conversion vari-
ation curves for reactions at 2.5 and 10 kg/cm2 pres-
sure. Table 3 shows products distribution results. No
results are reported for the not neutralized catalyst,
considering the high cracking grade obtained under
such conditions.

As pressure is increased, initial deactivation is re-
duced, but increment in light products is observed in
the most acid catalyst. On the other hand, CZP-2 cata-
lyst shows lower cracking level, but toluene is reduced
in both cases.

4. Discussion

Analyzing differences in products distribution, it is
noticeable that catalysts containing beta zeolite present
higher tendency to favor isomerization and cracking
reactions, in contrast to what is observed in catalyst
without zeolite, CAP sample, which is more selec-
tive to toluene. Acidity shown in CAP account for its
cracking activity. It is known [17], that acid sites may
be activated on�-alumina at high temperatures by a
dehydroxilation mechanism.



122 G. Espinosa Sntamaaria et al. / Applied Catalysis A: General 231 (2002) 117–123

Table 3
n-Heptane conversion and selectivity over Pt loaded Cs beta zeolite�-alumina catalysts

Conversion (mol%) Selectivity to products (mol%)

C3–C4 C5–C6 i-C7 Toluene

Time (min) 10 360 10 360 10 360 10 360 10 360

Catalyst
CZP-1 90.9 89.7 58.3 61.5 12.2 9.3 25.2 23.4 5.3 4.4
CZP-2 68.8 67.8 19.3 22.6 11.8 10.3 63.0 62.7 5.8 4.3

Conditions: WHSV= 15 H−1, H2/Hc molar ratio of 6.T = 440◦C andP = 10 atm.

However, acidity level in CAP is the lowest and its
products distribution differs from obtained with zeolite
catalysts. Therefore, we suppose that any contribution
from platinum deposited on�-alumina, on the catalytic
behavior in the series of tested catalyst is not signif-
icant. Moreover all catalysts were prepared from the
same boehmite and any effect from�-alumina acidity
is equivalent to all samples.

It has been considered that catalysts of platinum
supported on L zeolite, exchanged with alkaline or al-
kaline earth cations, represent that its acid function is
inactive, being identified as monofunctional catalysts.
However, for catalysts containing beta zeolite, this
situation may not be established because their selec-
tivity for skeletal isomerization and cracking, despite
of alkaline cations nature [11,14,18]. In this study we
also found a higher selectivity for isomerization and
relatively high selectivity to cracking in our catalysts
despite of the quantity of Cs, which is the cation that
we supposed as the more likely to promoten-paraffin
aromatization from previous reports [11–14].

Concerning dehydrocyclization reactions, results
show higher levels for CZP-1 than for CZP-2, follow-
ing a similar trend as cracking reactions, i.e. increasing
with the catalyst total acidity, but in CZP-0, which is
the more acidic, relatively lower selectivity is observed
for the aromatization product. Results published for
n-hexane aromatization [19] employing several ze-
olites, show a decrease in benzene formation with
catalyst acidity increase; in other words, the acidity is
relatively deleterious for dehydrocyclization reaction.

Studies performed by Sachtler and co-workers
[20,21] suggested the possibility to regenerate Brön-
sted acid sites when reducing platinum with hydrogen,
however, the extent in which this effect can be pro-
duced, has not been thoroughly studied. The partial

regeneration of Brönsted acidity could explains the
fact that even with Cs excess in CZP-2 catalyst,
its activity level, cracking and isomerization reac-
tions reflect an important contribution of bifunctional
mechanism. For CZP-1 (support alone) no activity is
observed previous platinum incorporation. Unfortu-
nately in pyridine adsorption FTIR spectra that we
carried out, no Brönsted acid sites were detected in
CZP-1 neither in CZP-2 to verify this phenomena in
our tested samples.

On the other hand, platinum was found in the TEM
images, forming very large particles deposited on the
external surface of the zeolite crystals. A relatively
poor dispersion has been reported when ionic ex-
change is employed in incorporating platinum, despite
of thermal treatments [14,22]. It seems unlikely that
particles having a size above of 0.75 nm may remain
inside channels. Therefore, a further investigation is
necessary to optimize the size of platinum particles
in these systems.

4.1. Pressure effect

Naphtha reforming process, commonly operate at
hydrogen pressure between 10 and 15 atm, when us-
ing chlorided alumina supported platinum catalysts.
High hydrogen pressure has an important effect when
minimizing catalyst deactivation, as carbonaceous
precursors compounds are hydrogenated. However,
thermodynamically, pressure does not favor aromatic
products formation, which require low hydrogen pres-
sure in order to dehydrogenate the six carbons rings.

This situation may not be considered independently
from the role played by catalyst within reaction.
The CZP-1 catalyst having low Cs concentration and
possibly acidity partial regeneration, shows an im-
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portant effect with pressure. Cracking is increased
resulting in a low liquid components yield. In contrast
to results obtained at 2.5 kg/cm2, a slight increase in
cracking products is observed at 10 kg/cm2. It seems
that high hydrogen pressure favors coke precursors
hydrogenation cleaning active sites. With CZP-2 cat-
alyst, pressure has no important effect over cracking
products, but it responds toward dehydrociclization
reactions in the sense expected by the thermodynamic.

5. Conclusions

Platinum supported on a mixture of beta zeolite/�-
alumina catalysts are very active inn-heptane reform-
ing reaction and show selectivity to isomerization and
cracking products better than to aromatization prod-
ucts, suggesting a bifunctional mechanism. An impor-
tant effect from acidity is present on catalysts with
high Cs concentration, indicating that its influence in
neutralizing acidity is limited. The system behavior is
more likely to be a beta zeolite supported platinum
than �-alumina supported platinum, in other words,
we can suppose that alumina is an inert matrix in these
systems.
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