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Abstract

Bifunctional monometallic Pt/H[AI]ZSM5, Sn/H[AI]ZSM5 and bimetallic PtSn/H[AI]ZSM5 catalysts were prepared and characterized by
means of XPS, TEM and toluene hydrogenation. For the bimetallic samples, co-impregnation of both metals and sequential impregnation
(where Sn was added to monometallic Pt catalysts) were used with two tin atomic frastpn$.46 and 0.28. Based on XPS data, it was
found that the surface composition of the Pt—Sn bimetallic catalysts depends on the impregnation method employed: in the co-impregnated
samples alloys form between both metals, while in the sequentially impregnated catalysts no alloy formation occurs but both Pt and Sn are
easily reduced. Also, TEM analysis showed that the co-impregnated samples have similar particle sizes as the monometallic Pt catalysts, but
that the particles in the sequentially impregnated samples are of larger sizes, closer to those seen in monometallic Sn catalysts. It is suggeste
here that while in the former case the particle size is not affected by the formation of Pt—Sn alloys, in the latter the tin covers the Pt species, and
therefore increases the overall particle size. Finally, it was found that some hydrogenating activity could be detected with the co-impregnated
catalysts but not with the sequentially impregnated samples, even though the latter had only a small fraction of atomic tin. In general, the
results obtained in this study show a significant variation in catalytic properties with the method of preparation used for these bifunctional
PtSn/H[Al]ZSM5 catalysts.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ertheless, other synthetic methods have been advanced over
the years, and it has been shown that the performance of the
Heterogeneous catalysis is a field with immense techno- catalyst depends in great part on the way itis made. In this re-
logical importance, being the backbone of a variety of large- port, we explore the effect of varying preparation methods on
scale processes in the petroleum and chemical induftijies  the physical properties of zeolite-supported Pt—Sn bimetallic
The success of catalysis relies on the ability of the catalysts tocatalysts. A great interest has been developed over the last
modify the kinetics of the chemical system being catalyzed decades on the possible specificity associated with bimetal-
[2]. To improve their efficiency, the active phase of hetero- lic catalysts. Indeed, the incorporation of a second metal to
geneous catalysts are generally dispersed onto high surfaceeatalysts has proven to often provide additional catalytic sta-
area materials. This is typically the case with metals, which bility, selectivity and/or activity3,4]. The effects of a second
are often supported on highly porous silico-alumina oxides. metallic component can be very specific, and depend, among
Those catalysts are commonly prepared by impregnation, inother factors, on the nature of the metals dispersed over the
which the oxide carrier is contacted with a solution of a salt support surface, the method employed to prepare the cata-

or other soluble compound of the desired mé¢ijl Nev- lyst, the atomic ratio between the two metals, and the type
of reaction catalyzefb]. In the case of catalytic reforming,
* Corresponding author. where saturated hydrocarbons from crude oil are converted
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been placed on the use of Pt-R¢and Pt—Sn8] bimetallic behavior, and, in this way, complement our previous results
systems. The improvement of the properties of the platinum on the reactivity of the PtSn/H[AI]ZSM5 co-impregnated
phase in these catalysts can be traced back to the formasystem[19,25] Different characterization techniques were
tion of alloys, which can lead to a reduction in size of the used here, namely, X-ray photoelectron spectroscopy (XPS),
Pt-supported particles (although, as it will be shown here, transmission electron microscopy (TEM), and toluene hy-
this depends on the method used to prepare such catalystsdrogenation reactivity studies. Interesting correlations were
and with that to lower coke formation and higher selectivity found between the preparation method used and both the na-
towards the desirable produd®]. Pt—Sn alloys formation  ture of the resulting metal particles and their catalytic activity.
has been reported on AD3 [10-13] Si0, [9,14,15] carbon These are discussed below.
black[16,17] and H-mordenitg18] supports, to mention a
few.

Another interesting application for these Pt—Sn bimetallic
catalysts is in the synthesis of fine chemicals. For instance,2. Experimental
we in a previous work have found that PtSn/H[AI]ZSM5 cat-
alysts prepared by co-impregnation of both metals show sig- Four bifunctional catalysts were prepared in these
nificant improvements in selectivity towards methyl isobutyl studies using a zeolite of the Mobil Five (MFI)
ketone (MIBK) synthesis from acetofe9]. However, asys-  type (Si/Al=15) as support, two monometallic catalysts
tematic design of better bimetallic catalysts for the manu- (0.5%Pt/H[AI[ZSM5 and 1.0%Sn/H[AI]ZSM5) by using
facturing of specific chemicals is still difficult, in great part an exchange-impregnation and excess volume method, a
because the exact nature of these systems is still unknowrbimetallic PtSn/H[AI]ZSM5 catalyst{s,= 0.46) by using a
[14]. For one, platinum and tin are known to form several simultaneous exchange-impregnation (co-impregnafijn
intermetallic compounds with different stoichiometrj&8], method, and another bimetallic PtSn/H[AI|ZSM5 catalyst
and tin can also exist in three oxidation states: Sn(0), Sn(ll) (Xs,=0.28) by using a sequential exchange-impregnation
and Sn (IV)[20]. It has been found that the methodology fol- method §I), where the desired quantity of Sn was added
lowed in the preparation of Pt—Sn catalysts may lead to differ- to a previously reduced Pt/H[AI]ZSM5. The metallic precur-
ent metallic phases, and, therefore such methodology playssors used to prepare the catalysts were [Py}l and
an important role in determining the nature of the solid and SnCb-2H,0.
its catalytic performandd 2,15,16,21]In one study, Coloma These catalysts, once calcinated under a flow of dry air
et al. contrasted the properties of several catalysts supportedor 6 h (Pt/H[AI]ZSM5 at 300°C [26], Sn/H[AI]ZSM5 and
over carbon black, prepared by both co- and sequential im-PtSn/H[AI]ZSM5 at 500C [27]) and reduced under hydro-
pregnations, and found the presence of tin in both metallic andgen atmosphere for another 6 h (all at 5Q), were charac-
oxidized states in the reduced catalysts with different relative terized by means of XPS and TEM. The XPS analysis was
amounts depending on the preparation mefi6dl In a sec- carried outin a VG Scientific X-ray photoelectron spectrome-
ond report, Chantaravitoon et al. found that co-impregnation ter (ESCALAB 220i-XL) equipped with a dual anode Al/Mg
of the Al,O3 support with smallamounts of tin facilitates high  X-ray source. The reduction treatment was carried out in situ
Pt dispersions, while sequential impregnation of the support by heating the fresh samples under a hydrogen flow at600
with Sn first followed by Pt leads to much lower Pt dispersion for 2 h to avoid any contact with air. The spectra of the re-
[12]. The use of anchoring-type controlled surface reaction duced catalysts were taken immediately afterwards by trans-
techniques to prepare PtSn/Si€atalysts can also ensure an fer to a vacuum (108 to 10~ mbar) environment without
intimate contact of the base metal with the second metal.  exposure to air. The binding energy values of the XPS sig-

As the few examples mentioned above indicate, exten- nals were calibrated by using the Si 2p peak at 102.9eV as
sive work has already been carried out on the characteriza-referencg28]. The TEM pictures of the external surface of
tion of Pt—Sn bimetallic catalysts supported on amorphous the catalysts were acquired in a JEOL electron microscope
high-surface area materials. However, much less researcHJEM-1220), operated at 120 kV. The samples for this analy-
has been performed on Pt-Sn catalysts based on zeolitesis were first prepared in a suspension with 30% of ethanol,
[18,22] The use of zeolites such as the well-known ZSM5 and the mixture then ultrasonicated for 5 min until the suspen-
family may be highly desirable for the production of cat- sionwas homogeneous. Afterwards, one drop of this mixture
alysts to be used in the fine chemical synthesis, becausewvas placed over a copper grid previously covered with collo-
their well-defined porous sizes can be used to obtain addi-dion and coal for use in the TEM. Finally, the catalytic activ-
tional shape selectivit23,24] Giving the uncertainties still ity for the hydrogenation of toluene of all the bifunctional
outstanding with respect to the nature and performance ofmonometallic and bimetallic samples made in this study
Pt—-Sn catalysts supported over such crystalline aluminosil- was estimated at 1X@ and under atmosphere pressure, us-
icates, we in this work set to characterize several bifunc- ing a P(k)/P(toluene) =4 and a weight-hour-space-velocity
tional PtSn/H[AIZSM5 catalysts prepared by two different (WHSV)=21.5h1. The reactor effluents were injected in
methods, co-impregnation and sequential impregnation, inline into a HP-5890 chromatograph equipped with a 25m
order to compare their surface characteristics and catalyticOV-101 column and a flame ionization detector (FID).
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3. Results and discussion
3.1. Toluene hydrogenation

Taken advantage of the fact that the catalytic hydrogena-
tion of toluene is sensitive to both the density of metallic
centers and the nature of the supported pljaSg a cor-
relation was obtained here between the hydrogenating ac-
tivity of our four different catalysts, normalized per gram
of platinum extrapolated at zero time (8} and the popu-
lation of metallic centers present in the solid samples. The
comparative reactivity studies were also aimed to evidence
possible changes in activity due to either electronic or ge-
ometric effects in these catalysts caused by the addition of
the second metal and by the type of preparation method
employed.

Table 1summarizes both the basic physico-chemical char-
acteristics of the catalysts and their hydrogenation activity.
According to these results, a remarkable difference iy AH
seen between the monometallic Pt/H[AI]ZSM5 and bimetal-
lic PtSn/H[AI]ZSM5 samples. In addition, observable differ-
ences are also detected between the two bimetallic catalysts
depending on the type of impregnation strategy employed.
In particular, the PtSn/H[AI]IZSMXI (Xspn=0.46) catalyst
shows a decrease in activity of about a factor of seven com-
pared to that of the monometallic samp;s{=0.00), but
the PtSn/H[AI]ZSM5SI (Xsn=0.28) catalyst does not show
any activity at all. These observations may be explained
as due to one or more of the following reasons: (a) an
important decrease in Pt dispersion; (b) an electronic syn-
ergy between Pt and Sn; and/or (c) a geometric effect, by
which Pt particles are covered by Sn species. In order to
resolve this question, the reactivity studies were comple-
mented with characterization effort using XPS and TEM,
as discussed below. It is worth mentioning that these cata-
lysts were also tested for the synthesis of methyl isobutyl
ketone (MIBK) from acetone. A decrease in the hydrogenat-
ing activity and a corresponding improvement in selectivity
towards MIBK was found with the PtSn/H[AI]ZSMGI sam-
ple compared to that of Pt/H[AI]ZSMBL8]. For the case of  3.2. TEM analysis
the Pt—-SrSI bimetallic catalysts, a good selectivity toward
MIBK was observed, superior to the one measured with the  Figs. 1 and 2show the micrographs of the external
Pt—SnCl catalysts. However, the former sample showed poor surface of the Pt—SICI and S| bimetallic catalysts, re-

Fig. 2. TEM micrograph of the PtSn/H[AI]ZSMSI catalyst.

stability. spectively. An approximate dispersion value was calculated
Table 1

Physico-chemical properties and activity towards toluene hydrogenation for Pt—Sn-supported catalysts studied in this work

Catalyst Pt (%) exp. Sn (%) exp. Xsn SSA (m?/g) AHgP (mmol/h goy)
H[Al]ZSM5 - - - 380 -

0.50% Pt/H[AI)ZSM5 0.47 - 0.00 375 3600

0.50% Pt-0.30% Sn/H[AI|ZSM5CI) 0.49 0.26 0.46 373 670

0.50% Pt-0.20% Sn/H[AI]ZSM53]) 0.42 0.10 0.28 370 0

1.0% Sn/H[Al]ZSM5 - 0.80 1.00 375 0

a Specific surface area.
b Hydrogenation activity per gram of Pt, extrapolated at zero time.
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Table 2 (a)
Metal dispersion) in the catalysts studied in this work, as determined by

TEM

Catalyst D (%)

0.50% Pt/H[AI]ZSM5 135

0.50% Pt-0.30% Sn/H[AI]ZSM5GI) 130

0.50% Pt-0.20% Sn/H[AI|ZSM5SI) 8.40 (b)
1.0% Sn/H[AI]ZSM5 790

from these figures following a procedure described else-
where [30,31] the results obtained for the monometal-
lic Pt/H[AI]lZSM5 and Sn/H[Al]ZSM5 and bimetallic
PtSn/H[AI]ZSM5 catalysts are reported Trable 2 It was
found that while the monometallic Pt/H[AI]ZSM5 and
bimetallic PtSn/H[AI]ZSM5CI catalysts have similar dis-
persion values (ca. 14%), the PtSn/H[AI]ZSNB5 catalyst
displays a significantly lower dispersion (ca. 8%), compara- @
ble to that of the Sn/H[AI]ZSM5 catalyst. Clearly, the method
employed for the impregnation of the metals on the support
affects the final dispersion in the bimetallic samples.

When combining these results with those obtained above
from activity studies on toluene hydrogenation, it becomes
clear that the changes in Atdan be ascribed to two different 780 755 730 705 68
reasons depending on the strategy used to prepare the bimetal- B.E. (eV)
lic catalysts. For the PISH/HIAIIZSMSI catalyst, it appears Fig. 3. Al2p—Pt4f XPS spectra for the support and for the catalysts used in
thatitis an electronic effect that induces a decrease in hydro—thigs study (Z) H[AI]ZSM;’(b) PUH[AI]ZS“;’B‘J’ © PtSn/H[AI]ZSMéL @
genating activity, because the dispersion of the metallic phasep g Hjazsms s
remains unchanged compared to that of the monometallic

platinum. In contrast, the PISn/H[A[JZSMSI catalyst may  a¢aiysts, indicating that the presence of tin in the catalysts
be affected by a change in the geometry of the catalytic site, 5¢tects the electronic environment of the platinum. Indeed,
or at least by a combination of both geometric and electronic {0e xpPS peaks are observed for the PtSn/H[A[]lZSM5

effects, since there is a clear increase in particle size (WhiChsampIe Eig. ), centered at 70.4, 71.3 and 72.3 eV binding
is directly related to the dispersion of the metallic phase). It ' '

can be suggested that the tin deposited sequentially covers
the Pt phase, a phenomena that could explain the decrease in
dispersion value and, with that, the loss in catalytic activity.

—
o
-~

Intensity (arb. Units)

3.3. XPS analysis

Further characterization of our catalytic samples was car-
ried out by XPS in order to obtain information about the
oxidation states of the metal phases (Pt and/or Sn) on the sur-
face. The Al2p, Pt4f and Sn3d XPS spectra obtained for the
support and for the monometallic and bimetallic catalySts (
andSl) are shown irFigs. 3 and 4respectively, and the mea-
sured binding energies of the Al2p, Pt4fand Sn3g), levels
are reported iTable 3after deconvolution of the spectra.

Fig. 3a, which shows the XPS spectrum of the support,
displays one signal at 74.5 eV corresponding to the Al2p sig-
nal of the zeolite, but additional Pt4f signals are seen for the
metal-supported catalysts, as seelfrig. 3—d. In the case
of the monometallic Pt catalystig. 3b) it was found that, in
spite of the large Al2p peak, two overlapping signals could be
detected at 70.9 and 72.2 eV, corresponding @Rt PtQgs

species, respectivelj32]. Moreover, third signal is identi-  Fig. 4. sn3ad XPS spectra for the catalysts used in this work. (a)
fied in the XPS spectra of the bimetallic PtSn/H[AIJZSM5  sn/H[A]ZSMS5, (b) PtSn/H[AI]ZSM5CI, (c) PtSn/H[AI]ZSM5SI.

Intensity (arb. Units)
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Table 3

XPS binding energies for the Si2p, Al2p, Pi4fand Sn3g, measured for all catalysts studied in this work

Catalyst Si2p Al2p Pt4f, Sn3d,

H[Al]ZSM5 102.9 74.5 - -

0.50% Pt/H[AI)ZSM5 102.9 74.5 70.9-72.2 -

0.50% Pt-0.30% Sn/H[AI]ZSM5G!) 102.9 74.5 70.4-71.3-72.3 485.7-487.3-488.5
0.50% Pt-0.20% Sn/H[AI]ZSM5S]) 102.9 74.5 70.8-72.1-73.1 485.1-486.6-487.7
1.0% Sn/H[Al)ZSM5 102.9 74.5 - 487.6-488.6

All values are reported in eV, and reference to a value of Si2p=102.9eV.

energies. The last two can be attributed t8 &td PtQgs tributed to SA, even though it can be seen that this signal is
species, respectively, and were also found in the monometal-shifted toward higher binding energies than those reported by
lic catalyst. The first, however, appears at lower binding ener- Coloma et al[16] and Aksoylu et al[17]. As stated above,
gies that what would be expected for platinum metdl)(Rmn such displacement suggests that there may be some electron
observation that suggests that the platinum in this bimetallic transfer from tin to platinum. It is apparent that a Pt-Sn al-
catalyst may gain some electronic density from tin; a sim- loy is formed in this catalyst, an observation that explain the
ilar behavior has been reported previously for PtSsDAl results obtained before in terms of the effect of changes in
catalystg10,11,13] The opposite effect, i.e., a lost of elec- electronic properties on activity and particle size. The forma-
tronic density, was found in the tin XPS region of this catalyst tion of a P§Sn alloy in thisCl catalyst was corroborated by
(see discussion below). Rodriguez et al. in their XPS studies Mdssbauer Spectroscopy (results not shown).
of alloys, have reported similar electronic perturbations in  The Sn3d XPS data for the bimetallic PtSn/H[AI]ZSI8b
systems with two metals, one with an almost fully occupied catalyst are shown iRig. 4c. In this case, three peaks were
valence band and another with a valence band more than halbbtained (after deconvolution of the main signal) at 485.1,
empty. In these cases, the formation of a metal-metal bond486.6 and 487.7 eV, attributed to Sand SnO and/or SnQ
generally leads to a gain in electron density by the elementrespectively. Note that the value of the’Sreak here is quite
initially having the larger fraction of empty states in its va- close to thatreported inthe p§$6,27] The combined analy-
lence band3]. In our case, the alloy formation may involve a  sis of the Sn3d and Pt4f XPS data indicates that in this sample
net Sn— Pt charge transfer, since in the Pt—Sn combination the Sn is reduced and the Pt is oxidized, but that they do not
platinum is the metal with the largest electron affiqiQ]. form any alloys, and that a geometric effect may dominate the
Finally, in the spectrum of the PtSn/H[AI]ZSMS (Fig. 3d) catalytic behavior, as supported by the TEM results. There-
catalyst, the Pt4f XPS signals are centered at 70.8, 72.1 andore, we suggest that in the Pt—-Srsample the Sn may cover
73.1eV: the first two correspond to th& Bhd PtQqsspecies some of the Pt particles, inhibiting their reduction (the reason
identified before, while the latter can be assigned to[B&D for the identification of oxidized Pt species) and increasing
Fig. 4 shows the Sn3d XPS region for the monometallic their overall size. The tin metal, on the other hand, is expected
Sn/H[AI]ZSM5 (Fig. 4a) and bimetallic PtSn/H[AI[ZSM5  to be exposed, and therefore easy to reduce.
(4b and 4c forCl and S|, respectively) catalysts. It should
first be mentioned that, in all these spectra, the appearance
of the signal at high binding energies is caused by the Auger4. Conclusions
signal of the structural Na in the zeolite. Nevertheless, the
tin signals are still clearly discernible. For the monometal- In this study it was shown that changes in impregnation
lic sample, two signals can be observed at 487.6 and 488.6strategy during the preparation of Pt—Sn bimetallic catalysts
binding energies, corresponding to SnO and/or Sibfor- on zeolites lead to pronounced changes in the properties of
tunately, discrimination between SnO and $ri®©not pos- the resulting samples. Significant variations in their catalytic
sible by means of the XPS studies al¢hé]; the only solid behavior were observed toward toluene hydrogenation, in-
conclusion from these data is that tin exists exclusively in dicative of a decrease in the number of active centers in both
oxidized form. This is so even though these samples weretypes of bimetallic catalyst. Nevertheless, a higher propor-
treated under hydrogen atmosphere at8D@or 6 h before tion of site blocking was obtained by sequential impregna-
their XPS analysis. This means that the reduction of the tin to tion (SI), where no hydrogenating activity was found. TEM
St is quite difficult over H[AI|ZSM5 supportfl 9], perhaps and XPS analysis of these samples provided evidence for
because of a strong interaction between the aluminum and tinthe relative role of electronic and/or geometric effect on the
atoms. This effectis also seen with pure@}, asreportedby  performance of the catalysts depending on the strategy fol-
Balakrishnan and Schwaifik3], but not with SiQ or carbon lowed in their preparation. An electronic effect is observed
black[16,27] In the XPS spectra for the PtSn/H[AI]ZSM5 in the co-impregnated cataly<El) (for a Xs, < 0.46), with
Cl catalyst Fig. 4b), Sn3d peaks were found at 485.7, 487.3 the formation of an alloy, as evidenced by XPS: there is a
and 488.5 eV binding energies. The last two correspond to charge transfer from Sn to Pt. On the other hand, a geometric
oxidized tin (SnO and/or Snf), but the first can now be at-  effect appears to dominate in the sequentially impregnated
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bimetallic catalystXsn < 0.28). There, it seems that Sn cov-

R. Morales et al. / Journal of Molecular Catalysis A: Chemical 228 (2005) 227-232

[13] K. Balakrishnan, Y.J. Schwank, J. Catal. 127 (1991) 287.

ers some of the Pt particles, blocking their reduction and [14] W.D. Rhodes, K. &zr, V.I. Kovalchuk, J.L. d'ltri, J. Catal. 211

increasing the overall particle size.

Acknowledgements

The authors would like to thank Dr. J. Brito and Ing.Y.

Diaz, from the Instituto Venezolano de Investigaciones

Cientficas (I.V.I.C.) for contributing with the XPS spectra
of the studied catalysts.

References

[1] J.M. Thomas, W.J. Thomas, Introduction to the Principles of Het-
erogeneous Catalysis, Academic Press, London, 1967.

[2] F. Zaera, J. Phys. Chem. B 106 (2002) 4043.

[3] J.A. Rodiiguez, Surf. Sci. Rep. 24 (1996) 225.

[4] J.H. Sinfelt, in: J.R. Anderson, M. Boudart (Eds.), Catalysis: Science
and Technology, vol. 1, Springer-Verlag, Berlin, 1981, p. 257.

[5] A. Palazov, Ch. Bonev, D. Shopov, G. Lietz, Aargany, J. \blter,
J. Catal. 103 (1987) 249.

[6] B.C. Gates, J.R. Katzer, G.C.A. Schuit, Chemistry of Catalytic Pro-
cesses, McGraw-Hill, New York, 1979.

[7] E.M. Blue, Hydrocarbon Processing 48 (1969) 141.

[8] R.E. Rausch, U.S. Patent 3,898,154 (1976).

[9] S.M. Stagg, C.A. Querini, W.E. Alvarez, D.E. Resasco, J. Catal. 168
(1997) 75.

[10] C. Kappenstein, M. Garin, K. Lazar, K. Matuzek, Z. Pal, J. Chem.
Soc. Faraday Trans. 94 (1998) 2463.

[11] H. Lieske, J. \blter, J. Catal. 90 (1984) 96.

(2002) 173.

[15] G.F. Santori, M.L. Casella, G.J. Siri, H.R. Adz, O.A. Ferreti,
React. Kinet. Catal. Lett. 75 (2002) 225.

[16] F. Coloma, A. Seplveda-Escribano, J.L.G. Fierro, F. Raglrez-
Reinoso, Appl. Catal. A 148 (1996) 63.

[17] A.E. Aksoylu, M. Madalena, A. Freitas, J.L. Figuereido, Appl. Catal.
A. 192 (2000) 29.

18] J.L. Margitfalvi, I. Bortath, Gy. Vank, M. Hegedis, S. @holos,
A. Vertes, J. Mol. Catal. A 162 (2000) 209.

[19] R. Morales, L. Melo, J. Brito, A. Llanos, D. Moronta, L. Albornoz,
E. Rodriguez, J. Mol. Catal. A 203 (2003) 277.

[20] D.R. Lide (Ed.), CRC Handbook of Chemistry and Physics, 79th
ed., CRC Press, 1998.

[21] J.L. Margitfalvi, J. Borfath, K. Lazar, E. Tfirst, A. Szegedi, M.
Hegedis, S. ®bdlos, J. Catal. 203 (2001) 94.

[22] S. Scire, R. Maggiore, S. Galvagno, C. Crisafulli, L. Solarino, React.
Kinet. Catal. Lett. 40 (1989) 349.

[23] A.l. Biaglow, J. Sepa, R.J. Gorte, D. White, J. Catal. 151 (1995)
373.

[24] L. Melo, Ph.D. Thesis, Univergitde Poitiers, France, 1994.

[25] R. Morales, L. Melo, A. Llanos, J. Brito, Y. @az, L. Albornoz, D.
Moronta, Catal. Lett. 89 (2003) 99.

[26] G. Giannetto, G. Perot, M. Guisnet, Stud. Surf. Sci. Catal. 20 (1985)
265.

[27] C. Larese, J.M. Campos-Manrf J.A. Delgado, J.L.G. Fierro, Proc.
XVII Simp. Ibero. Catal. | (2000) 129.

[28] T.L. Barr, J. Vac. Sci. TechnoA 9 (3) (1991) 1793.

[29] J. Chupin, N.S. Gnep, S. Lacombre, M. Guisnet, Appl. Catal. A 206
(2001) 43.

[30] L. Melo, A. Llanos, M. Mediavilla, D. Moronta, J. Mol. Catal. A
177 (2002) 281.

[31] G. Neri, C. Milone, A. Donato, L. Mercadante, A.M. Visco, J. Chem.
Biotechnol. 60 (1994) 83.

[12] P. Chantaravitoon, S. Chavadej, J. Schwank, Chem. Eng. J. 97 (2004)[32] K.S. Kim, N. Winograd, R.E. Davis, J. Am. Chem. Soc. 93 (1971)

161.

6296.



	Characterization of bifunctional PtSn/H[Al]ZSM5 catalysts: a comparison between two impregnation strategies
	Introduction
	Experimental
	Results and discussion
	Toluene hydrogenation
	TEM analysis
	XPS analysis

	Conclusions
	Acknowledgements
	References


