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Abstract

Bimetallic PtSiiy-Al,03-LayO3 catalysts were prepared by two comparative methods, successive impregnation (SI) and controlled
surface reaction (CSR). FTIR-pyridine adsorption revealed a decrease in support acidity as a function of lanthanum content. Oxidized
P&t was identified by CO-FTIR chemisorption and by XPS spectra on catalysts prepared by SI. When the CSR preparation method was
used, reduced Ptwas observed and oxidized?Pt was not detected. As the lanthanum content increased a diminution in cyclohexane
dehydrogenation and-heptane conversion was observed. Low hydrogenolysis and high selectivity-atefths were obtained in both
preparations. It is proposed that lanthanum in SI catalysts stabilizes the platinum in an oxidation tatan@diminishes the support
acidity. In CSR preparations the lanthanum effect is limited to inhibit the support acidity and hence to the bifunctional reactions occurring
during then-heptane conversion.

0 2003 Elsevier Inc. All rights reserved.
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1. Introduction support effect on the reduction behavior of bimetallic PtSn
catalysts useful for alkane dehydrogenation; supports such
Bimetallic catalysts are widely used in industrial process- as AbOs, SiQ, and ZrQ have been studied [8-11]. How-
ing. It has been largely reported that when Sn is added toever, with regard to alkane dehydrogenation reactions, few
Pt/y-Al,03 catalysts, despite a loss in activity, a large sta- studies have concerned the support effect when the sup-
bility is obtained in reforming of naphtha [1,2]. Moreover, port contains lanthanides. It has been reported that the main
bimetallic platinum—tin catalysts have been also widely re- role of LaO3z on y-Al203 is to improve the thermal stabil-
ported as active in paraffin dehydrogenation reactions [3-7]. ity of the support. The support stabilization is attributed to
The catalytic dehydrogenation of alkanes is of great indus- the LaAlO; formation [12]. However, a modification of the
trial importance for their applications in processes such as Al,O3 properties with lanthanides leads to a modification
polymerization and alkylation and in petrochemical prod- in their acidic/basic properties [13,14], and hence the activ-
ucts. It is then interesting to make use of previous knowl- ity of supported metal catalysts can be modified by metal—
edge to prepare or modify PtSn reforming catalysts to obtain support interaction effects.
new and promising catalysts with high olefin yields during The catalytic properties of the PtSn bimetallic catalysts
n-heptane conversion. Previous studies have investigated thestrongly depend on the preparation method used. In previ-
ous work [15], we observed that when Boehmite was first
— _ _ ~impregnated with La(Ng)3 - 6H>,O and then impregnated
Corresponding author. San Rafael Atlizco 186, CP 09340, Col Vi- . . . . .
centina, AP 55-534 México, DF, Mexico with platinum and tin, a strong interaction between met-
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phases where platinum 4t was observed. In the present at 70°C and maintained for 8 h under constant stirring. Af-
work we report the results obtained by comparing Pt—Sn- terward, the solid was filtered and washed wittheptane
La,O3—Al>03 bimetallic catalysts prepared by successive to eliminate the weakly adsorbed tin. Finally, the catalyst
impregnation (SI) with those prepared by controlled surface was dried and reduced withaHat 500°C for 5 h. For PtSn
reaction (CSR), with the aim of understanding the role of alumina-doped catalysts we followed the same protocol as
lanthanum im-heptane dehydrogenation. that used for the reference catalysts but ugedl,O3—
LapO3 instead ofy-Al203.
The nominal contents of Pt and Sn were 0.5 and 0.3 wt%,

2. Experimental respectively (corresponding to a8t molar ratio of 1). The
Pt and Sn contents were determined by plasma spectroscopy,
2.1. Chemicals and the chloride content was determined by a volumetric
technique. Results are reported in Table 1.
La(NO3)3 - 6H2O (Stream, 99.999%), #PtCls - 6HO The catalysts were labeled as follows:APfor platinum

(Stream, 99.9%), Sngl 5H,0 (Baker, 99.9%), Sn(§Hog)4 supported on alumina, and P&Sfor platinum—tin supported
(Stream 94%)n-heptane (Aldrich, 99%), and cyclohexane on alumina. Catalysts are marked as 1La, 10La, and 20La,
(Aldrich, 99%), were used. UHP hydrogen from AGA was indicating the amount of wt% La contained in the support; Sl

also used for all catalytic experiments. and CSR labels refer to the preparation method. For instance,
PS/A-1La-SI corresponds to PtSn prepared by successive
2.2. Supports impregnation ory -Al,03 doped with 1 wt% La.

The y-Al,03 reference support was prepared by calci-
nation of Boehmite Catapal B under air flow at 3@ the
surface area was 221%y. They-Al,0s lanthanum-doped
supports were prepared by impregnation of Boehmite with ~ The powder samples were ground softly in an agate mor-
the appropriate amount of a La(NR@ - 6H,O solution to tar, dispersed in isopropylic alcohol, and deposited on 200-
obtain 1, 10, and 20 wt% La. The solids were then calcined mesh copper grids covered with a holey carbon film. High-
under air flow at 650C. The surface areas of these solids resolution and conventional electron microscope observa-

2.5. Electron microscopy

were 171, 170, and 112%yg, respectively. tions were carried out in a JEOL 4000 EX electron micro-
scope equipped with a pole piece with spherical aberration
2.3. X-ray diffraction spectra coefficient of CS= 1.00 mm. Electron micrographs were
recorded with a TV-like system and on conventional elec-
X-ray diffraction patterns of supporisAl 203, y-Al 5O3— tron microscopy negative film.

1La, y-Al203-10La, andy-Al,03—20La were obtained at

room temperature using a Siemens D-500 X-ray powder 2.6. FTIR measurements
diffractometer coupled to a copper anode tube. Therdé

diation was selected with a diffracted beam monochromator.

An angu|ar range2from 2 to 70 was recorded using step The FTIR spectra of adsorbed CO were recorded using a
scanning and long counting times to determine the positions Nicolet-FX710 apparatus at room temperature. The samples
of they-Al,03 peaks. were pressed into thin wafers and placed in a Pyrex glass cell

equipped with Cagwindows. The samples were reactivated
2.4. Catalyst preparation in situ at 400°C for 30 min under vacuum (6 Torr). CO

admission was carried out at 200 and 20 Torr; afterward
A reference Pt catalyst (R) was prepared by wet im-  the cell was cooled to room temperature, the excess CO was

pregnation of the-alumina support with a pPtCls - 6H,O evacuated over 30 min, and the CO absorption spectra were
chloride solution (HCI pH 2). The catalyst was then dried recorded. N . _

and calcined at 500C under air flow; the catalyst was re- The FTIR-pyridine adsorption technique was used to de-
duced under biflow at 500°C for 5 h. termine the acidity of the/-Al203 and y-Al,03-La sup-

Bimetallic PtSn reference catalyst was prepared by suc- ports with the same apparatus mentioned above. The sam-
cessive impregnation as follows: The calcined monometallic ples were pretreated in situ at 400 for 30 min under
Pt catalyst was impregnated with SgE6H,0 in an acidic vacuum and then cooled to room temperature. Nitrogen
HCI solution (pH 2), after the catalyst was dried, calcined, saturated with pyridine was passed over the sample for
and then reduced underHlow for 5 h at 500°C. For PtSn 30 min. Afterward, the excess of pyridine was pumped
catalysts prepared by CSR [16-18], B14Hg)4 was dis- out for 30 min, and the pyridine absorption spectra were
solved inn-heptane and purged with,NThis solution was recorded at room temperature and desorbed at different tem-
put in contact with the reduced monometalli¢APcatalyst peratures.
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2.7. XPSanalysis 200
180
A VR Escalab 200R electron spectrometer equipped with 160 | (@

hemispherical analyzer equipment was used for the XPS 49
studies. The spectrometer was operated in a constant pass f

. B 120 (©)
energy mode, and a nonmonochromatized Mg-{v =

12536 eV, 1 eV= 1.603x 102 J) X-ray source operated % 100 |

at 10 mA and 12 kV. All samples were reduced in situ under § g0 M | “ (b)
hydrogen at 300C for 1 h. A PDP 11/04 computer (Dig- 50 |

ital Co.) was used to record and analyze the spectra. The 40

intensities of the peaks were estimated by calculating the
integral of each peak after subtracting an S-shaped back- ~ 2°

ground and fitting the experimental peak to a combination of 0 T T Y R
Lorentzian/Gaussian lines of variable proportions. The bind-
ing energies (BE) were referenced to the Al 2p peak, the BE 20

of which was fixed at 74.5 eV. Fig. 1. XRD patterns of the supports: ()}Al>03, (b) y-AloO3—1La,

) o (c) y-Alo03-10La, (d)y-Al,03-20La.
2.8. Catalytic activity

The catalytic activity of the cyclohexane dehydrogenation be seen in Fig. 1a. In the support containing@g (1% La)

was determined at 30@ and that of ther-heptane con- we do not observe any modification of the diffraction pattern

version at 490C, using a conventional flow reactor under ©f ¥Al20z (Fig. 1b). However, at 10La content, the X-ray

differential mode (low conversions 15%). Reaction con- dlﬁractlon patter_n (Fig. 1c¢) showed adecr_ease in typical alu-

ditions for cyclohexane dehydrogenation were partial pres- Mina peaks until they began very small in 20% La content

sures of cyclohexane and hydrogen, 48.2 and 711.8 Torr,(Fig- 1d). The absence of k@3 characteristic peaks in the

respectively. For-heptane conversion the partial pressures SPEctra suggested that the0 was incorporate in the net-

were 11 Torr fom-heptane and 749 Torr for hydrogen. The WOrk of the AbOs, or that L&Ogs is highly dispersed on the

hydrogen saturated with the reactants was passed througﬁ"um'”a surface; therefore it could not be observed by XRD.

the reactor; the products were analyzed with an online gas

chromatograph, equipped with crosslinked methylsiloxane o

column of 50 mx 0.2 mm x 0.5 um. The products were 3-2. Catalysts characterization

identified with a HP-GC-MS 5973 gas chromatograph mass

spectrometer. As mentioned before, the PtSn catalysts were prepared
by successive impregnation and controlled surface reaction.
In both preparations tin was added to a Pt base catalyst

3. Results supported ory-Al,03 andy-Al,03—La with different lan-
thanum loads.
3.1. X-ray diffraction analysis Table 1 gives the Pt, Sn, and Cl weight concentrations.

The platinum content for all catalysts varies between 0.37

The X-ray diffraction patterns of calcined Boehmite and and 0.5 wt%. For Sl catalysts, tin load was between 0.27 and

calcined Boehmite impregnated with La(h@- 6H2O are 0.51 wt% and for CSR preparation the tin load was main-
shown in Fig. 1. The characteristic peaks)ofAl .03 can tained between 0.08 and 0.13 wt%.

Table 1
Characterization and catalytic activity at 300 for cyclohexane dehydrogenation over Pt and PtSn supportedo@yAihd AL Oz—La catalysts
Catalyst wi% Rate Particle size TEM
Pt Sn cl 6<10° mol/(s g)) (nm)
P/A2 0.49 - Q39 117 2.3
PS/A-SI 0.37 0.51 033 114 -
PS/A-1La-SI 045 0.27 041 523 -
PS/A-10La-SI 038 0.43 06 394 2.5
PS/A-20La-SI 044 0.38 40 24 -
PS/A-CSR 046 0.11 035 46 -
PS/A-1La—-CSR ® 0.08 06 4.2 -
PS/A-10La-CSR (B8 0.10 047 49 2.3
PS/A-20La—-CSR 016 0.13 073 43 -

a Dispersion determined by CO chemisorption (stoichiometryy P2 1): 52%D [15].
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The chlorine content was estimated between 0.33 and
0.7 wt% for all samples except for the 20 wt% La sample that
was prepared by Sl, where the content of Cl was 4.0 wt%.
A similar result was observed with PtBn-Al,Os—La cata-
lysts prepared by coimpregnation [15]. It has been reported
that lanthanides have the ability to retain chlorine on the sur-
face [19,20].

3.3. Electron microscopy

The mean particle size was calculated from conven-
tional electron micrographs using the expressign=
Zn,-df/ > nidl?, whered; is the diameter measured directly
from the electron micrographs andis the number of parti-
cles having the diametdf. Mean particle size determination
and high-resolution electron microscopy analysis were car-
ried out for three selected catalysts. The monometajlis,P
the bimetallic P$A-10La-SI, and PBA-10La—CSR cat-
alysts showed mean particle sizes of 2.3, 2.5, and 2.3 nm,
respectively (Table 1). Micrographs of conventional trans-
mission electron microscopy (CTEM) are shown in Figs. 2
and 3 for PgA-10La-SI and PBA-10La—CSR catalysts.

In Figs. 4, 5, and 6, HREM (high-resolution electron mi-
croscopy) images are shown foyA and the bimetallic
PS/A-10La-Sl and PFA-10La—CSR catalysts.

Fig. 3. CTEM micrograph where the metallic phase, marked with black
arrow, can be observed in several zones fofAR90La—CSR catalyst.

3.4. Cyclohexane dehydrogenation activity

The activity of cyclohexane aromatization was reported
as an indirect way of determining the metallic active sur-
face area. Insensitive structure reactions such as cyclohexang
aromatization and benzene hydrogenation are good alterna
tives to determining the active metallic surface area in cata-
lysts when lanthanides are present [21,22].

For the current catalysts, the indirect accessible metallic _. ) . L

. . Fig. 4. Electron micrograph showing a set of small crystallites in the zone
areas of PtSn catalysts were obtained by measuring the ACnarked A and showing the profile of a small metallic particle with lattice
tivity of cyclohexane dehydrogenation at 3GD. The results resolution in the zone marked B foy R catalyst.

Fig. 2. A conventional transmission electron microscopy (CTEM) micro-  Fig. 5. HREM micrograph from sample P&10La—SI. A faceted platinum

graph from a PFA-10La-SI sample where the metallic supported phase particle together with laminate configurations marked with A and B can be
can be identified as small darker spots indicated with white arrows. observed.
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Fig. 6. HREM micrograph from sample P&-10La—CSR. A faceted white
arrowed platinum particle can be observed in the image.

25°C |

100°C
W
are reported in Table 1. The rate is reported in f(&d). M
Monometallic catalyst PA shows the highest activity with a W
value of 117x 10-% mol/(s g). W

In S| preparations the addition of Sn to Pt catalyst does
not modify the activity, 114« 108 mol/(sg) (PSA-SI).
However, the presence of La on these catalysts produces a
decrease in the activity in terms of the La contents in the sup- (©) 1445
port,i.e., 523x 108,394 x 108, and 24 x 106 mol/(s g)
for 1, 10, and 20 wt% La, respectively. The rate for cy-
clohexane dehydrogenation is strongly inhibited by the La
content.

On the other hand, in CSR catalysts when Sn was added
to platinum catalyst (PA) a notable decrease in activity of 100°C
~20 times is observed in the bimetallic catalysts. An ac-
tivity decay from 117x 10~6 mol/(s g) for P/A catalyst to
4.6 x 1078 mol/(s g) for PSA-CSR catalyst was observed.
The amount of La in these catalysts series does not mod-
ify the activity, since values of.2 x 1076, 49 x 1076, and 1700 1600 1500 1400
4.3 x 10~% mol/(sg) for 1, 10, and 20 wt% La contents, re- Wavenumber (cm™)
spectively, were found.
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Fig. 7. FTIR spectra of pyridine adsorbed on the samplesy (&) 5,03,

3.5. FTIR-pyridine chemisorption (b) y-Al203-1La, (c)y -Al203-20La.

The infrared spectra of adsorbed pyridine are shown in The 1 wt% lanthanum alumina Catalyst does not show Signif-
Fig. 7a fory-Al,0s, Fig. 7b fory-Al,0Os—1La, and Fig. 7c  icant modification of the alumina IR spectra at the different
for y-Al,03—20La. FTIR-pyridine adsorption is used to de- desorption temperatures (Fig. 7b). However, the IR spectra
termine the type of acid sites. Generally, in the IR spectrum for the 20 wt% La alumina support shows a diminution of
of pyridine adsorption on solids, absorption bands around the relative intensity of the absorption band at 1445 ¢m
1590, 1490, and 1450 cm are assigned to the different vi- whereas the bands at 1490 and 1590 &rare not observed
bration modes of pyridine adsorbed on Lewis acid sites [23]. even at room temperature desorption. When the temperature
The characterization of pyridine adsorbed on Bransted acidincreases above 10, the absorption bands disappeared
sites is assigned to the absorption band at 1540'd2a]. entirely (Fig. 7c). The absorption band corresponding to the

The spectra corresponding to alumina without lanthanum Brgnsted acid sites cannot be observed in any support.
present three pyridine absorption bands at 1445, 1490, and
1590 cnt! (Fig. 7a): this result shows that only Lewis acidic  3.6. FTIR-CO chemisorption
sites are present. The intensities of the bands gradually de-
crease as the desorption temperature is increased; a€500 For catalysts prepared by SlI, the IR spectra of adsorbed
the three bands corresponding to Lewis sites nearly vanish.CO are shown in Fig. 8. The IR spectra of CO adsorbed on
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Fig. 9. FTIR spectra of CO adsorbed on different catalysf#, iPS/A—

Fig. 8. FTIR spectra of CO adsorbed on different catalyst#, PS/A-SI, CSR, P$A-1La—CSR, and P@\-20La~CSR.

PS/A-1La-SI, P$A-20La-SlI.

. . . Table 2
the monometallic PA and on the bimetallic P&\-SI cata- Binding energies (eV) of core electrons of Pt and Pt—Sn catalysts supported

lysts show similar CO-IR position absorption bands at 2067— on y-Al,03 andy-Al,03-La catalysts prepared by successive impregna-
2066 and 2120-2119 cm, assigned to carbon monoxide tion

bonded to plqtinum atoms in a linear fornj [24] and to lin-  catalyst Al2p Pt4g) Sn3d); La 3d)
ear CO chemisorbed on Pt atoms on oxidized state, respecy 745 3157 . —
tively [25-27]. Chlorine effects are not discarded as being pga-1La-si 745 315 486.0 (32) _
responsible for the 2119-2120 chabsorption band. Par- 487.6 (68)

ticle size effects in the CO band shift are not considered P¥A-10La-SI 745 312 425-9 ((Zg)) 836.3

: . ; 487.5

becguse,'as is shown by electron microscopy, the platmumPS/A—ZOLa—Sl 745 314 (50 485.8 (38) 836.5
particle size is of the same order regardless of the prepara- 3173 (50) 487.9 (62)

tion method used.
On La-doped bimetallic Sl catalysts a shift of the
2066 cm! band as function of lanthanum content was Table 3

observed. This peak almost disappeared (20801()nat Binding energies (eV) of core electrons of Pt—Sn catalysts supportged on
the highest La load (20 wt%), while the band at 2119— Al03 andy-Al,03-La catalysts prepared by controlled surface reaction
2130 cnt? assigned to P progressively increased. The Catalyst Al 2p Pt4g), Sn 3d)2 La3ds,2
shift of the CO absorption band to higher frequencies (2066 Ps/A-1La—CSR 74.5 314.7 485.4 (55) 836.6
to 2130 cnT?) in the Sl preparations can be interpreted as 488.3 (45)

the result of decreasing back donation € 27* from the P§YA-10La-CSR  74.5 314.8 48‘;8(5)-232‘;6) 836.2
metal to the antibonding CO orbitals, due to an interaction PS/A-20La-CSR 745 314.6 485.2 (35) 836.4

of Pt atoms with SnQand LaOs, where the Pt is stabilized 487.2 (65)
in an oxidized state (Pt). This causes the stretching fre-
quency of the carbonyl group to rise to higher values closer

to the gaseous CO frequency [27]. 3.7. X-ray photoelectron spectroscopy (XPS)
On bimetallic catalysts prepared by CSR (RSCSR)
we can also observe a shift of the 2059-2085 érhand The chemical state of catalyst constituents and their pro-

as a function of lanthanum content. However, compared to portions at the catalyst surface were evaluated by photoelec-
Sl catalysts the 2119 and 2130 chabsorption bands are  tron spectroscopy. The binding energies of Al 2p, Rs/4d
practically absent (Fig. 9). When the catalysts were pre- Sn 3d,2, and La 3d,> core levels of SI and CSR series
pared by CSR, the platinum was maintained dsiftthe are compiled in Tables 2 and 3, respectively. It is empha-
bimetallic catalysts with lanthanum. As mentioned above, in sized that the most intense Pt 4f of platinum could not be
this preparation technique, tin is selectively deposited on therecorded because it overlaps with the strong Al 2p emis-
platinum particles and the close contact of Pt and Sn with sion coming from aluminum atoms of the support. For the
LapO3 makes it seem that is not occurring. Therefore, the sake of clarity and to compare line profiles, the P4/4dev-
CO-FTIR shift observed as an effect of the lanthanum in Sl els of series SI and CSR are displayed in Figs. 10 and 12,
preparations is not observed here. respectively. Similarly, the Sn 3d core level spectra of Sl
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Sn 3d

Ptdd,

PS/A-1La-SI

PS/A-1La-SI

L

l PS/A-10La-SI

PS/A-10La-SI

Counts per second (au)

Counts per second (au)

.

';% .

Pt° PtO Sno
\ \ I PS/A-20La-SI

PS/A-20La-SI

oo

480 485 490 495 500
BE (eV)

309 312 315 318 321
BE (eV) Fig. 11. Sn 3d Core level spectra of #$-1La—SI, P$A-10La-SI, and

PS/A-20La-SI.
Fig. 10. Pt 4g,, Core level spectra of P&-1La-SI, P§A-10La-SI, and
PS/A—20La-SI.
successive impregnation, no change in the binding energy

of Pt 4d;/> core level was observed. However, for the cat-
and CSR series are shown in Figs. 11 and 13, respectivelyalyst containing 20% lanthanum, two components at 314.7
For all the samples, a small signal at 198.8-199.0 eV, dueand 317.3 eV appeared. The proportion of these components
to chloride ions [28], was detected. In addition, all the La- is the same; their percentages are given in parentheses in
containing samples exhibited the Lasaglpeak at a binding  Table 2. According to the above, the component at 314.7 eV
energy close to 836.2 eV, which is typical ofA@s (Tables2  could be assigned to Pparticles. The other component at
and 3) [28]. 317.3 eV may arise from Pt species.

The binding energy of the Pt 4@ of the tin-free (PtA) The most intense Sn 8¢ emission from tin showed two
sample appeared at 315.7 eV. Binding energies for Bk4d components, whose percentages are summarized in Table 2
level in alumina-supported catalysts at 315.1 and 316.8 eV (see also deconvoluted peaks in Fig. 11). The component
for hydrogen-reduced and calcined samples have been asat binding energies of 486.0, 485.9, and 485.8 eV for the
signed to Pt and PtO species, respectively [29,30]. As a catalysts modified with 1, 10, and 20% lanthanum, respec-
matter of fact, the binding energies of core electrons in tively, is associated with a reduced tin phase [31], such as
metallic particles deposited on a high-specific-area carrier Srf or an alloyed SnRtphase with percentages on the order
show a positive shift, usually 0.3-0.7 eV, with respect the of 32—-38%. Another major tin component that exists in the
bulk metal. Since the binding energy of Ptsgdlevel in a oxidized state (62—68%) at binding energies of 487.6, 487.5,
Pt film (bulk metal) is around 314.4 eV [30], the value of and 487.9 eV is found for PtSn catalysts modified with 1, 10,
315.7 eV, which in turn is intermediate between platinum and 20% lanthanum, respectively.
metal and metal oxide, should be ascribed to platinum in-  Binding energies of core electrons of PtSn catalysts pre-
teracting presumably with some chloride ions retained at pared by CSR are compiled in Table 3. In addition, R§/4d
the alumina surface. For PtSn bimetallics deposited on alu-and Sn 3d profiles are displayed in Figs. 12 and 13, re-
mina modified by 1 and 10% lanthanum and prepared by spectively. The Pt 4, emission showed a single peak at
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Fig. 12. Pt 44, Core level spectra of /A, PS/A-CSR, P$A-1La-CSR, Fig. 13. Sn 3d Core level spectra of P8-1La—CSR and PS\-20La—
and P§A-20La—CSR. CSR.

binding energies of 314.6-314.8 eV (Fig. 12), which are increases with increasing lanthanum content. The strong in-
characteristic of the zero valence state of Pt [29,30]. In con- crease of LAAl atomic ratios for Sl and CSR containing 10
trast with the samples prepared by the SI methodology, the2"d 20% lanthanum suggests that lanthanum could be seg-
CSR counterparts exhibit platinum in metallic state even at reggteg to the sur;f}ce. .Onfthesoltherdhggolg ifa colmpalnson IS
the highest lanthanum content of 20%. From the Sn 3d pro—ma e between JiAl ratios for SI an . samples, farge
files (Fig. 13) it is also evident that the most Sms3dpeak ~ U'erences are apparent. One possible explanation for this
of tin spectra for PtSn bimetallics supported on lanthanum- behavior is that t|.n Is poorly dispersed on the supportin the
modified alumina prepared by CSR procedure showed two CSR catalyst series.
components (Table 3, Fig. 13). One component at binding 38. C .

X .8. Conversion of n-heptane
energies of 485.4, 485.5, and 485.2 eV for lanthanum load- n-hep
ings of 1, 10, and 20 wi%, respectively, can be assigned as  Thg activity (rate) and selectivity for-heptane conver-
above to reduced tin either in the metallic @$or in the al-

sion over Pt and PtSn catalysts are reported in Table 5.
loyed (SnPt) state. The other Sn 3@ component placed

. *) X " A diminution of the activity of the PA catalyst (210 x
at higher binding energies (487.2-488.3 eV) can be ascribed -6 mol/(sg)) with the addition of Sn is observed with

to an oxidized tin species, such as’6nOn examiningthe  poth techniques of preparation, successive impregnation
peak percentages given in parentheses in Table 3, it is clear(g'g x 1078 mol/(sg)) and controlled surface reaction
that the proportion of this oxidized 3h species increases (6.8 x 10~ mol/(sg)). The decrease in activity with the

from 45 to 65% with increasing lanthanum loading from 1 aqdition of tin to the PPA catalyst indicates that Sn modifies
to 20%. This tendency is also different from that of the cata-

lysts prepared following the SI methodology, which showed
an almost constant proportion of 8nspecies (62—68%) ir-
respective of lanthanum loadings.

Table 4
Surface atomic ratios of supported Pt and Pt—Sn catalysts

. . . Catalyst PfAl at Sr/Al at La/Al at
Surface atomic ratios were also derived for both catalyst Y f i /

series. For this calculation, peak intensities normalized by 2" 0.0011 N iy

>- nis ' P Y pyA-1La-sI 0.0015 0.0173 Traces
atomic sensitivity factors were employed [28]. The/ Alt PS/A-10La-SI 0.0017 0.0264 0.037
Sn/Al, and La/Al surface ratios for the two Sl and CSR  PSA-20La-SI 0.0063 0.0188 0.118
catalysts series are compiled in Table 4. For comparison,P$¥A-1La-CSR 0.0011 0.0015 0.003
the tin-free PA sample was also included in the same ta- P¥A-10La-CSR 0.0028 0.0006 0.034

o . : PS/A-20La-CSR 0.0051 0.0054 0.112
ble. From these data it is clear that the Atatomic ratio 2 a
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Table 5
Activity and selectivity ofn-heptane conversion over Pt and PtSn supporteg-8it, O3 andy-Al,03—La catalysts
Catalyst Pt Sn Rate Selectivity (%)

(Wt%o) (x10° mol/(s g)) GG Benzene iG C7= Toluene
P/A 0.49 - 210 257 18 183 31.0 23.2
PS/A-SI 0.37 0.51 D 217 36 109 21.8 42.0
PSA-1La-SI 0.45 0.27 & 207 21 102 35.0 32.0
PS/A-10La-SI 0.38 0.43 B 154 20 4.8 47.8 30.0
PS/A-20La-SI 0.44 0.38 04 146 0.0 0.0 59.8 25.6
PS/A-CSR 0.46 0.11 B 86 134 144 29.0 46.7
PSA-1La-CSR 0.5 0.08 2 95 11 87 36.7 44.0
PS/A-10La—-CSR 0.38 0.10 R 107 10 109 39.8 37.6
PSA-20La-CSR 0.46 0.13 2 114 11 6.7 48.8 32.0

C1—Cg: hydrocarbons. i¢: C7 isomers. G=: C7 olefins.

the platinum activity. For S| preparations, additionally, such ~ The addition of Sn by Sl leads to random deposition of Sn
activity is lower in PtSHAI,Oz—La catalysts. It becomes preferentially over the support. A comparison of the activi-
minimal at the highest La loads,®! x 10~% mol/(s g) for ties of cyclohexane dehydrogenation of Rt,O3 catalyst
the P§A—20La—SI catalyst. with those of Pt—SpAl O3-Sl reveals that the activities are
Selectivity was also modified in Pt—Hhl,O3—La-SI on the same order. Here, we can assume that Sn could be
catalysts. Hydrogenolysis;alkane isomerization, benzene, found on the interface of platinum and support and there-
and dehydrocyclization products were diminished. However, fore a close contact between platinum, tin, and lanthanum
a noticeable increase of/@lefin formation was observedin  oxides could be achieved. As has been observed in CO-
PS/A-20La-SI catalyst. FTIR and XPS spectra, in Sl catalysts the Pt in the oxidized
For CSR preparations, the effect of lanthanum content on state increases with the amount of lanthanum due to the
activity is less noticeable. The activity values are 3.2, 1.5, Pt—-SnQ-LayOs interaction where Bt is stabilized. Then
and 23 x 10-% mol/(sg) for 1, 10, and 20 wt% La, respec- the decrease in activity for cyclohexane dehydrogenation in
tively. In these catalysts the selectivity to hydrogenolysis, lanthanum content catalysts can be explained by a loss of de-
n-alkane isomerization, and aromatization is less affected hydrogenation activity of Pt due to the formation of Pon
by lanthanum. Nevertheless, as was reported for Sl prepa-the bimetallic particles (Table 1).
rations, a high selectivity to £zolefins was obtained. In PtSn—CSR catalysts Sn was deposited preferentially
over the surface of platinum [18]. The Sn content is almost
the same in all catalysts (0.08-0.13 wt%), with and with-
4. Discussion out lanthanum, and the accessible surface of Pt is reduced in
the same proportion in all catalysts. This explains the con-
Electron micrographs shown that platinum particle size stant values for the activity of cyclohexane dehydrogenation
is not modified by the addition of tin or by the presence of optained with these preparations. In these catalysts, in oppo-

lanthanum in the support. The mean particle size observedsite to S| preparations, the close contact between Pt, Sn, and
by conventional and HREM microscopy is around 2.4 nm | 3,05 is largely minimized.

on the three selected catalysts. Therefore we can discard sych results led us to propose two models for Pf~Sn
platinum particle size effects on aCtiVity, and hence the selec- ]/'AI 203_|_a bimetallic Cata|ysts prepared by successive im-
tivity behavior observed on Pt-BAl,0Os-La catalysts can  pregnation and control surface reaction; see Figs. 14, 15. In
be attributed to tin and/or lanthanum effects over platinum. Fig 14 (S| preparations), it is proposed as being responsible
The constant platinum particle size in the catalysts studiedfor the activity and selectivity behaviors in the formation of
can be due to the low platinum content (0.5 wt%) supported the multiple interface SnO—L&®3;—Al,03 which stabilizes
over alumina with high specific surface area (22%/g). Pf+. For CSR preparations as shown in Fig. 15, the main

The essential difference between the two preparation effect of tin is related to the dilution of the platinum parti-
methods is the way in which tin was added tg)P#AI,03 cles forming Pt=Sn alloys.

and Pyy-Al,O3-LayO3 catalysts. For S| preparations tin
was added by impregnating the Pt-supported catalyst with 72 Sn0
a SnC} - 5H,0 solution, giving catalysts in which tin covers
mainly the support (0.5 Sn wt%). oz AT
For the CSR preparations, tin was deposited under con- o)
trolled conditions; i.e., a selective surface reaction between
the hydrogen adsorbed on platinum and the organotin com-
pound, Sn§-C4Hg)4, was carried out. Then in these catalysts Fig. 14. Schematic model of PtSn bimetallic particles supported on
tin must be found mainly over the platinum particles. y-Al203-La;03 and obtained by the successive impregnation method.

Successive Impregnation
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S . .
Sﬁo In contrast, for catalysts prepared by CSR, selective deposi-

tion of Sn on the surface of platinum particles does not favor
such interaction and Pt remains a8.Riiso observed was an

poo

acidity drop of they-Al 203 support with lanthanum content.
’_m Lo The loss in metallic character of platinum in La—SI cat-
Controlled Surface Reaction alysts causes an activity decrease in the dehydrogenation of

Fig. 15. Schematic model of PtSn bimetallic particles supported on cyclohexane and-h.ept.an? conversion as funCtl.On of la.n-
y-Al,03-LapO3 and obtained by the controlled surface reaction method. thanum load. Total inhibition of benzene formation at h'gh
La content, as well as diminution of hydrogenolysis products
and an important increase in the olefins, was observed.

For CSR preparations no variation in activity of cyclo-
hexane dehydrogenation aneheptane conversion as func-
tion of lanthanum was observed. High selectivity toward
d olefins and low hydrogenolysis products was obtained.

For n-heptane conversion, the diminution of activity of
both Pt—-SiAl,Os—La catalysts series, if compared with that
of the PYAl»O3 catalyst, could be discussed with the same
arguments used for cyclohexane hydrogenation.

Selectivity in thez-heptane conversion was also modifie
by the method of tin addition to the fAXl,0O3—La catalysts.
The effect of Sn on the catalytic properties of Rt,O3 can
be observed mainly in reactions that depend on the metal-~Cknowledgments

lic phase. The main effect observed with the Sn addition ,
to platinum is the diminution of the carbon—carbon bond _ Ve acknowledge CONACYT for support provided under

hydrogenolysis reaction in both preparations. However, this Project 4132PE apd the Instituto Mexicano del Petréleo for
decrease toward{CCs selectivity is more important for cat- e IMP-FIES Project 96-30-11l. A.B. and Y.P. thank CONA-
alysts prepared by CSR: it goes from 25.7% fotAPto CYT for the grant awarded to them.

8.6% for P§A-CSR catalyst. Here we are in the presence
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