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Influence of Support Type on the Pore Structure and the Catalytic 

Activity of Pt-Sn/ alumino-silicate Catalysts
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Abstract: Pt- and Pt-Sn catalysts supported on kaolinite and bentonite clay materials were prepared
by impregnation technique. The catalysts were characterized by X-ray diffraction pattern, temperature
programmed reduction and nitrogen physisorption technique to determine the BET surface area and
the pore size distribution. The activity of catalysts were measured toward n-pentane isomerization
reaction in pulse micro-catalytic reactor operated under atmospheric pressure and at temperature range
200-450 C. The results indicate that supported Pt-Sn is more active towards iso-pentane formation thano

Pt catalysts. Meanwhile, Pt-Sn supported on kaolinite is more selective to iso-pentane formation
(57.6%) than that supported on bentonite (38.0%).
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INTRODUCTION

The wide application of supported platinum bimetallic catalysts in hydrocarbon conversion has led to
intense research on this class of catalysts. Compared to the catalysts containing only Pt bimetallic catalysts Pt-
M (M= Ge, Re, Ir, Sn) are more stable, more selective and showed higher activity in hydrocarbons conversion
(F.B. Passos, et al., 1998). This effect has been explained in different ways, Dautzenberg et al. (1980) and
Biloen et al. (1980) have suggested that, Sn plays the role of an active phase thinner leading to the smaller
Pt metallic particles. Burch (1981) proposed that Sn modifies the electronic properties of small Pt particles.

2 3 2Pt-Sn catalysts supported on Al O  (C. Kappenstein, et al., 1998; 6. Trans, 1998), SiO  (P. Chantaravitoon,
2004;  W.D. Rhodes, 2002), carbon black (G.F. Santori, 2000), H-mordenite (F. Coloma,1996 ) and CoO2
(J. Margitfalvi, 2000) materials are studied for paraffin’s dehydrogenation and isomerization reactions and show
high selectivity and low hydrogenolysis products. One of the essential requirements of bimetallic reforming
catalysts is the efficient dispersion of the active metallic species on a porous support. Metal particle dimension
and high dispersion of Pt impart superior activity and selectivity for a number of structure sensitive reactions.
Since, the catalytic phenomena occur in the internal surface of the solid, lying within the pores, optimizing
of pore size becomes important for the mass transfer and diffusion of the reactant to the active sites. The pores
are not only the paths for the reactants and products but also influence the incorporation of active metals
during preparation of catalysts and coke deposition during deactivation (X. Tang, 1995; B.C. Gates, 1995).
Morphological characteristics like surface area; pore volume and pore size distribution have to meet the
specification for a longer catalyst lifetime. 

As well known, Egypt is rich with natural clay materials that contain high alumina that enable them to
be used as support materials for preparing catalysts. Accordingly, the aim of this work is to investigate the
effect of type of supports either kaolinite and or bentonite (lamellar structure) alumino-silicate clay materials
on the pore structure of prepared, calcined and reduced Pt-Sn catalyst. In addition, the relation between pore
structure and catalytic activity of the catalysts toward n-pentane isomerization was studied.

MATERIALS AND METHODS

Preparation of Catalysts:

Kaolinite and bentonite clay materials with silica/alumina molar ratio: 2.3 and 8.6 respectively, were
washed with 2% hydrochloric acid to be used as support for preparing mono-Pt and bimetallic Pt-Sn catalysts.
Monometallic Pt catalysts supported on kaolinite or bentonite (contains 0.3wt% Pt), were prepared via the
conventional  impregnation  technique. The supports were impregnated with solution of chloroplatinic acid,
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2 6. 2H PtCl H O (0.0098 mol. L ) acidified with 0.3cm  of HCl (12 mol. L ) based on the weight of supports.-1 3 -1

The  bimetallic Pt-Sn catalysts (0.3 wt% Pt and 0.3 wt% Sn) were prepared using an acidified complex

2 3 2solution {PtCl (SnCl ) }. The complex  solution resulted upon  the  addition of acidified chloroplatinic acid2-

2 2(0.0098 mol. L ) to tin chloride (SnCl . 4 H O, 0.0140 mol. L ) solutions, a change in color from yellow-1 -1

(typical of the platinum solution) to yellowish – brown was noted , besides the precipitation of a brown solid.
After addition of HCl, the brown solid was completely dissolved and a yellowish-brown solution was obtained
which is typical for  tin-platinum complex (J.C. Plumail, 1983). All prepared catalysts kept in the Rota-
evaporator for 16 hours to prevent phase separation.  The prepared catalysts dried at 120 C and calcined for0

4 hours at 450 C under flowing of dry air. After that, the catalysts reduced at 400 C for 4 hours in flow of o o

hydrogen stream.

Catalysts Characterization: 

� X-ray diffraction pattern analysis (XRD) was investigated in the range 2è = 4 -70 , in a Brukur B8o

advance diffractometer with CuKá radiation. The instrument was operated at 40KV and the spectra were
recorded  at  a  scanning  speed  of  8 /min to study the crystalline structure of the prepared catalysts.o

The sizes of slits were 1 , 1 , 3 and the dimension of the sample holder was 1.5cm width X2 cm length.o o o 

� Temperature-programmed reduction (TPR) carried out using a Micromeritics CHEMBET-3000 TPR/TPD

2apparatus. The catalysts were first pretreated in a flow of N  at 500 C for 1h, and then they were cooledo

2 to room temperature in N atmosphere. The catalysts were reduced in a mixture of 10% hydrogen in

 nitrogen with flow rate 55-cm  min , at increasing temperature programmed to a rate of 10 C /min up to3 -1 o

1000 C. Catalysts weight used for TPR measurements was about 0.1 g. o

� Nitrogen physisorption isotherms were measured using Quantachrome Nova Automated Gas Sorption
apparatus. The sample was out gassed at 300 C (10-4 Pa), surface area was calculated from adsorption o

curve by BET method and pore size distribution from the desorption curve. 

Catalytic Activity:

The catalytic isomerization of n-pentane performed in a pulse micro-reactor constructed by modifying a
gas chromatographic assembly by introduction of a stainless steel tube between the sample inlet and the
analytical column. 

The activities of the prepared catalysts measured by carrying out the reaction at temperature range from
200-450 C under atmospheric pressure. Each experiment used 0.5 g of dried catalyst held in place by glasso

wool. A 2-ìl pulse of the reactant is injected into the reactor bed through a septum near the reactor inlet in
the hydrogen stream flowing continuously down the catalyst bed at a rate of 40 ml/min. Each experiment was
repeated for 3-times for reproducibility. The reaction products are immediately analyzed through a
chromatographic column (silicon oil-550) directly attached to the reactor, the column is packed with
chromosorb b 80-100 mesh size.

RESULTS AND DISCUSSION

X-ray Diffraction Pattern (XRD):

X-ray diffraction patterns for the prepared catalysts supported either on kaolinite and or on bentonite are
included in Figs. (1 and 2). Diffractograms for acid washed kaolinite and reduced Pt-Sn/kaolinite catalyst (Figs.
1-a and 1-b) revealed that the intense lines detected at d-spacing 7.14 & 3.57Å were the main lines
characterize  kaolinite material (ASTM 05-0143). Meanwhile, no lines detected for the presence of reduced
Pt-Sn species. This behavior might be due to the fine dispersion of platinum species onto and inside dense
kaolinite layers and consequently their lines were interfered with kaolinite diffraction lines.

Fig. 1: X-ray Diffraction Patterns for:
(a) Acid Washed kaolinite (b) Reduced Pt-Sn/kaolinite Catalyst.
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Fig. 2: X-ray Diffraction Patterns for: 
(a) Acid Washed bentonite (b) Prepared Pt/bentonite
(c) Calcined Pt/bentonite (d) Prepared Pt-Sn/bentonite 
(e) Calcined Pt-Sn/bentonite (f) Reduced Pt-Sn/bentonite.

Fig. 3: Temperature Programmed Reduction Profiles for:
(a) Pt/Kaolinite (b) Sn/Kaolinite 
(c) Pt-Sn/Kaolinite (d) Pt-Sn/Bentonite.

X-ray diffraction pattern for acid washed bentonite (Fig. 2-a) reveals the appearance of lines at d-spacing
14.46, 4.46, 3.36 and 2.56Å, which characterize bentonite material (ASTM 14-0164).
X-ray diffraction pattern for acid washed bentonite (Fig. 2-a) reveals the appearance of lines at d-spacing
14.46, 4.46, 3.36 and 2.56Å, which characterize bentonite material (ASTM 14-0164). Meanwhile, the position
of the peak at d = 14.46 Å (characterize bentonite lamella) is shifted to d-spacing (15.71Å) upon impregnation
of Pt-Sn complex (Fig. 2-d), indicating that Pt-Sn species increase the distance between the tetrahedral sheets.
Upon calcination of Pt-Sn/bentonite catalyst (Fig. 2-f), further shift to right (d = 9.92Å) was observed and this
peak completely disappeared upon reduction (Fig. 2-e). That follows the filling of bentonite lamella with Pt-Sn
species. It noticed that kaolinite and bentonite characteristics main lines are still present upon reduction, as an
indication of the difficulty in the reduction of the oxide of support. 

Reduction Behavior: 

Temperature programmed reduction profiles (TPR) for the prepared catalysts supported on kaolinite and
bentonite presented in Fig. (3).

TPR profile for monometallic Pt/ kaolinite catalyst is shown in Fig. (3 -a).  Two peaks observed the first
one at ~ 70 C,  assigned to the reduction of Pt  to Pt . The second broad peak at ~430 C corresponds too IV II o

the  reduction  of  Pt   ions  to Pt   atoms,  in  agreement  with  the  results  obtained by Salmon et al,II  o
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2 4(1986) who study the TPR profile for 0.5% Pt/MgAl O  catalyst. Two reduction peaks were detected at 80 and
330 C that correspond to the reduction of Pt  to Pt  and then to Pt  respectively. Lieske and Volter (2002)o IV II o

2 4 3also  suggest  that, the first  reduction peak attributed to the reduction of oxichloride  Pt species [Pt(OH) Cl ]

x y sand [PtO Cl ] , while the higher temperature peak due to the reduction of  Pt  species in high interaction with
the support generating a surface complex (1991). For Sn/kaolinite (0.3-wt%) catalyst, two reduction peaks are
observed, the first one with smaller area is centered at ~ 90 C and the second with higher area at ~ 450 Co o

2 x(Fig. 3-b) . These two hydrogen consumption peaks were caused by the reduction of SnO  to SnO  (1 <x< 2)

xand SnO  to Sn , as verified by Salmon’s study (G.T. Baronetti, 1986).o

For Pt-Sn/kaolinite catalyst, two peaks were observed at 280 C & 550 C compared with Pt and Sno o

monometallic catalysts (Fig. 3-c). The first peak attributed to the reduction of Pt and Sn species and the
formation of an alloy, in agreement with Balakrishman and Schwank study (S.M. Augustine, 1989) who

2 3detected the reduction peak of Pt-Sn species at 280-300 C, on using Pt-Sn/Al O  catalyst. The second highero

temperature reduction peak centered at ~550 C indicates that some stable tin crystal structure is reduced ato

higher temperature compared with monometallic Sn/kaolinite catalyst. Thus, this peak includes reduction of
segregated Sn probably stabilized by the support. Humblot et al. (1991) postulate that there exist many Pt
crystals surrounded by tin species on the Pt surface forming so called sites isolation Pt crystals, on using

2bimetallic Pt-Sn/SiO  catalyst.
TPR profile for Pt-Sn/bentonite behaves like Pt-Sn/kaolinite catalysts but the reduction peaks are shifted

to  higher temperature (310 and 600 C),   besides the appearance of new low temperature peak centered ato

~ 235 C (Fig. 3-d). This behavior suggests the existence of a strong interaction between Pt-Sn species ando

bentonite support lead to formation of stable bimetallic species, this can be assigned to the higher acidity of
bentonite supported catalyst as compared to kaolinite one, in agreement with Meitzmer et al. (1998) conclusion.

Surface Properties and Pore Structure:

The different surface characteristics for kaolinite and bentonite-supported catalysts were determined from

BETnitrogen adsorption isotherms conducted at -196. These characteristics included specific surface area (S ),

p Htotal pore volume (V ), average pore radius (r ) and BET-C constant. The data are included in Table (1) and
represented in Figs. (4 - 7).

All adsorption isotherms (Fig. 4) are belonging to type II based on Brunauer s classification (G. Meitzmer,,

et al., 1988) with a large uptake observed when close to the saturation pressure, where capillary condensation
in the large voids between the alumino-silicate sheets starts. The materials exhibited H3 hysteresis loop
(according IUPAC classification), that characterizes material of slit-shaped pore or plate – like particle. 

Fig. 4: N2 Adsorption-Desorption Isotherms for:
(a) Prepared (c) Calcined (e) Reduced Pt/Kaolinite Catalyst.
(b) Prepared (d) Calcined (f) Reduced Pt-Sn/ Kaolinite Catalyst. 
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All adsorption isotherms are type I at low pressures indicating a micro-pore filling process and are
multilayer adsorption at higher pressures that implies a certain amount of meso-porosity. 

Kaolinite Supported Catalysts: 

The surface properties for impregnated Pt-Sn/kaolinite, surface area, pore volume and average pore radius
shown to be higher values (28.8 m /g, 0.024 ml/g, and 1.7 nm respectively) than that for Pt/kaolinite catalysts2

(25.6 m /g, 0.018 ml/g and 1.2 nm, Table 1).2

Table 1: Surface characteristics for Kaolinite anf Bentonite-supported catalysts.

BET p H tCatalyst BET-C Constant S (surface area) (m /g) V (pore volume) (ml/g) r (pore radius) (nm ) S  (m /g)2 2

Kaolinite 16.8 30.0 0.092 1.75 --

Pt-prepared/K 20.6 25.6 0.018 1.2 20.0

Pt-calcined/K 92.0 18.0 0.015 1.3 14.0

Pt-reduced/K 118.0 14.8 0.013 1.6 11.8

Pt-Sn prepared/K 30.9 28.8 0.024 1.7 32.0

Pt-Sn calcined/K 24.0 26.8 0.024 1.0 21.0

Pt-Sn reduced/K 19.8 15.0 0.013 2.2 9.6

Bentonite 18.0 48.0 0.037 0.8 ----

Pt-prepared/B 25.5 45.8 0.038 1.0 42.0

Pt-calcined/B 18.7 49.0 0.037 0.7 45.0

Pt-reduced/B 62.6 39.0 0.016 1.0 33.0

Pt-Sn prepared/B 10.8 37.8 0.015 1.3 32.5

Pt-Sn calcined/B 56.2 108.6 0.084 0.8 100.0

Pt-Sn reduced/B 119.4 35.8 0.026 1.0 30.0

This behavior attributed to the deeper penetration of the complex inside the pores via the effect of

2 3relatively strong electrostatics forces arising from PtCl [SnCl ]  anion that facilitate its penetration through2-

some narrow orifices and become enlarged and then permitting more space to be measure (G. Meitzmer, et

al., 1988). In addition, Sterte (S. Brunauer, 1944) concluded that, the impregnated large species would create
larger interlayer space head to larger pore space and diameter. Upon the calcination, the surface area of
Pt/kaolinite catalyst decreased form 25.6 to 18.0 m /g. This decrease accompanied the destruction of2

chloroplatinic acid into the oxide form, leaving pores of wide diameter responsible for the decrease in surface
area, as indicated also from the increase in average pore radius and decrease in pore volume (Table 1).
Meanwhile, the slight decrease in surface area resulted from the calcination of Pt-Sn/kaolinite catalyst (from
28.8 to 26.8 m /g) accompanied with a decrease in pore radius. This implies that Pt-Sn species penetrate inside2

kaolinite pores and other may anchored near the pore entry points that could block smaller pores, this pore
blocking effect could also head to the decrease in surface area measured with nitrogen.

After reduction of Pt and Pt-Sn/kaolinite catalysts, the surface area decreases from 18.0 (calcined-Pt) to
14.8 and from 26.8 (calcined Pt-Sn) to 15.0 m /g respectively, with a decrease in pore volume and an increase2

in average pore radius (Table 1). This behavior is due to after reduction of Pt or Pt-Sn the particle size
decreases  due to the decomposition of their anchoring surface sites oxygen bearing group on kaolinite, allow
free metallic Pt or Pt-Sn alloy to find easily stable sites in close neighborhood without going to interior site
(J. Sterte, 1986) and the resultant metal sintering.

The pore system was also identified by t-method of de Boer et al, (1951) that is a relation between the

tcondensed thickness film (nm) and volume of adsorbed nitrogen gas. The S  values show agreement with the

BET lcorresponding S  values .Thus indicates a suitable choice of t-curve on the basis of the BET constant. V -t
plot for all kaolinite supported Pt and Pt-Sn catalysts (Fig, 5) indicates an upward deviation corresponds to
capillary condensation due to adsorbate-adsorbate interaction for meso-porous material. The deviation starting
at t~0.6 nm i.e. P/Po=0.5 for prepared Pt-Sn/kaolinite catalyst (Fig. 5 - b). Meanwhile, hysteressis closure point
is at P/Po= 0.45 (Fig. 4-b), this delay indicates that the impregnation of Pt-Sn complex leading to closing of
initially present micro-porosity and widening of some other pores. This is in agreement with the increase in

lpore volume (Table 1).  Meanwhile, V -t plots for reduced Pt and Pt-Sn/ kaolinite catalysts (Fig, 5-e, f) show
upward deviation start at t = 0.55, 0.65 nm corresponds to P/Po= 0.45, 0.6 respectively that matching the
hysteresis closure point at P/Po= 0.45 and 0.6 and revealing predominate of meso-porosity. 

Bentonite Supported Catalysts: 

The surface area for impregnated Pt/bentonite catalyst decreased from 45.8 (Pt) to 37.8 m /g on2

impregnation of Pt-Sn complex, pore volume shows the same behavior while average pore radius shows a
reverse one (Table 1). This is due to larger complex species may screen out some of bentonite surface
roughness that become inaccessible for nitrogen molecules, in addition the accumulation of complex inside
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bentonite lamellar layers provided a smaller pore space, and then a decrease in BET area observed, in
agreement with XRD data.

Fig. 5: Vl-t Plot for:
(a) Prepared               (c) Calcined           (e) Reduced Pt/Kaolinite Catalyst.
(b) Prepared               (d) Calcined           (f) Reduced Pt-Sn/Kaolinite Catalyst.

Fig. 6: Vl-t Plot for: 
(a) Prepared (c) Calcined (e) Reduced Pt/Bentonite Catalyst. 
(b) Prepared (d) Calcined (f) Reduced Pt-Sn/Bentonite Catalyst.

The metal cations Pt are usually hydrated and the basel spacing of bentonite are strongly related to the

2 3 2number of adsorbed water layer between inter-lamellar layers. In general Pt in PtCl (SnCl )  complex has2 -

larger hydrated ionic radius and may induce greater structural expansion than Pt species to  provide more wide
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pore (pore opening effect ) with smaller surface area (J.H. De Boer, 1965; S.M. Stagg, 1997). After calcination
of Pt- and Pt-Sn/bentonite catalysts, there is an observed increase in surface area from 45.8 to 49.0 and from
37.8 to 108.6 m /g respectively (Table 1). This increase is due to the calcination step enhances the formations2

of mobile platinum and tin species that distribute uniformly and interact strongly with the support resulting
in a stable and high Pt and Sn   dispersion, in accordance to Lieske and Volter (2002) proposal.

On reduction of Pt-Sn/bentonite, the surface area is sharply decreased to its third value; this is due to the
blocking of bentonite interlayer by Pt-Sn ensembles, at the same time some pores are getting wider by the
effect of these ensembles, as indicated from the increase in average pore radius.  

lV -t plot (Fig. 6-a) indicates that impregnated Pt/bentonite catalyst exhibited downward deviation
characterize micro porous-materials, this revert to upward deviation upon impregnation of Pt-Sn complex,
revealing the closing or clogging of some small pores i.e. the pore blocking effect occurs, at the same time

lmore wide pores of low surface area are created. On calcination of Pt-Sn/bentonite catalyst, V -t plot (Fig. 6-c)
reverts from upward deviation to downward indicating the formation of narrow pores, as indicating from the
decrease in average pore radius, in agreement with surface area results. Meanwhile, it reverts again from down
to upward deviation on reduction of Pt-Sn/bentonite catalyst that accompanied the presence of meso-pores. 

2Pore size distribution for Pt-Sn/kaolinite and bentonite catalysts is investigated using N  physisorption
technique from the desorption curve and illustrated in the form of dV/dD vs. diameter (Å), Fig. 7. Pore size
distribution for Pt-Sn/kaolinite catalysts exhibits wider pores compared with that supported on bentonite one.
Reduced Pt-Sn/kaolinite catalyst, exhibited bimodal pore size distribution with two maxima centered at diameter
163.5, 181.0 Å. Whereas, reduced Pt-Sn/bentonite catalyst exhibits more narrow pores at diameter 121.5 and
134.0Å. Consequently, aggregates of Pt-Sn species are embedded on bottom of kaolinite pores to produce
shallower pores; meanwhile these aggregates accumulate on the walls of bentonite pores and lead to the
formation of narrow pores.

Fig. 7: Pore Size Distribution for Pt-Sn/kaolinite (K) and Bentonite (B) catalysts.

Catalytic Activity:

The reaction of n-pentane occurring on reduced Pt-and Pt-Sn supported on either kaolinite or bentonite
catalysts are taken for having an insight on the properties of metal (Pt or Pt-Sn) and the acid (Brönseted acid
sites on kaolinite and bentonite support) functions. Typical reaction products of n-pentane conversion are iso-

2 3 1  pentane as isomerization, C  & C  as hydrocracking which require stronger acid site than isomerization, C &

4C  as hydogenolysis that performed on metallic function, in addition to n-, iso-hexane which formed as a
disproportionation reaction of n-pentane on the catalyst acid sites (L.S. Deming, 1940). 

The  selectivity  to  iso-pentane  can  be taken  as representative of the acid function intermediate

3strength, the  selectivity  to  propane  C   as  representative  of  the  strong  acid  site  and  the  selectivity

1 5to methane C  as representative of the metal function activity (hydrogenolysis). In other word, n-C
isomerization reaction  is  a  sensitive  method  to  measure  the  acidity  of  the  catalysts. The  results of



Aust. J. Basic & Appl. Sci., 2(2): 262-271, 2008

269

n-pentane reaction  on  monometallic  Pt  and  bi-metallic  Pt-Sn  /kaolinite  and  bentonite  catalysts
performed  at reaction  temperature  200-450 C  are  presented  graphically  in  Figs.  (8  and  9)  and o

included  in Table (2).

Table 2: Results of n-pentane Reaction on Pt, Pt-Sn Supported on Kaolinite and Bentonite at Reaction Temperature 400 C.o

1 2 3 4 6 6Catalyst Total Conversion% S C % S C % S C % SC % S i-C5% Sn-C % S i-C %

Pt/Kaolinite 58.0 1.6 3.5 5.4 10.0 27.7 29.0 22.8

Pt-Sn/Kaolinite 52.9 0.9 1.6 5.0 4.5 57.7 14.8 15.5

Pt/Bentonite 65.8 1.6 5.8 7.0 16.5 20.7 22.5 26.0

Pt-Sn/Bentonite 60.5 1.2 1.0 6.0 9.8 38.0 25.0 19.0

S: Selectivity

Fig. 8: Conversion of n-pentane on: (a) Pt/kaolinite   (b) Pt-Sn/kaolinite Catalysts.

Fig. 9: Conversion of n-pentane on: (a) Pt/Bentonite  (b) Pt-Sn/Bentonite Catalysts.

Figs. (8 and 9) indicate that the conversion of n-pentane (on Pt and Pt-Sn/kaolinite and bentonite catalysts)
to  iso-pentane,  n-hexane  and  iso-hexane  increases  upon  the  reaction temperature increases and reach
its  maximum  value  at  400 C  then  it  decreases  with  the increase in temperature. Meanwhile, theo

gaseous  products increase  continuously with temperature, in agreement with the results obtained by Al-
Kandari  et  al  (1992).  In  addition,  the  yield  value  of  iso-pentane at 400 C increased from 16.0 ando

13.6  (for Pt/kaolinite and bentonite) to 30.5 and 23.0% (for Pt-Sn/kaolinite and bentonite catalysts
respectively),  that  means  the  addition  of  Sn  to  Pt  cause  an increase in n-pentane isomerization.
Coloma  et  al,  (2005)  attributed the increase in conversion to presence of clusters of Sn oxide (formed
during  the  calcination  step  and  are  only  partially  reduced  in  reduction)  with  metallic  Pt. At the
same  time,  the  selectivity  to  iso-pentane  at  400 C increased from 27.7 for Pt/kaolinite to 57.6% for Pt-o

Sn/ kaolinite (Table 2). According to Marinelli et al. (1996), the higher activity and selectivity of bimetallic
Pt-Sn catalysts (compared with monometallic Pt one) depend on the presence of sites on the catalyst that the

2reactant can adsorb preferentially on them. These sites can activate C-H bond and allow an easy supply of H
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atoms. Indeed the electronic modification of the surface Pt atoms by electron transfer from Sn to Pt modifies
the properties of Pt where most of Pt atoms are surrounded by tin oxide (Pt -Sn ), i.e. site isolation, ino ä+

agreement with temperature programmed reduction data.
Bacaud et al. (1995) observe that, these species interact with the Bröneted acid sites of support decreasing

their acid site. In this way, some strong acid sites responsible for cracking of n-pentane neutralized in a higher
extent than the sites of lower strength with mainly isomerizing properties. This is in agreement with the results

3of selectivity of C , which decreased from 5.4 and 7.0% (for Pt) to 5.0 and 6.0% for Pt-Sn supported on
kaolinite and bentonite respectively. 

1 4Data in Figs. (8-b and 9-b) show high proportion of C -C  on using Pt-Sn/bentonite compared with that
supported on kaolinite. This increase is due to higher acidity of bentonite supported catalyst compared with

6kaolinite one, that also confirmed by the high yield of i-C , indicating a high disproportionation activity, typical
of the acid sites.

5Meanwhile, higher selectivity to i-C  formation (57.6%) on Pt-Sn/kaolinite compared to that on bentonite
(38.0%)  can  be  explained  on  the  results  of pore structure and mechanism of n-pentane isomerization.
The isomerization   reaction can take place either by a “bond shift” mechanism (R. Bacaud, et al., 1976)
involving only the metal function of the catalyst or by a bi-functional mechanism where the n-alkane is first
dehydrogenated  by  the  metal  function. The formed alkene is then isomerized by the acid function to an
i-alkene and finally the i-alkene is hydrogenated to the i-alkane on the metal function (Z. Paal, 1981).
According to Lopez et al. (1962), isomerization of n-pentane is bi-functional mechanism that occurred by either
monomolecular (that consist the formation of n-pentyl cation) or bimolecular mechanism.

As stated by Liu et al. (2004), n-pentyl cation can be formed via three different routs, (1) hydrid

2abstraction (2) protonation of pentane followed by H  removal, (3) protonation of pentene formed through
dehydrogenation of pentane. The rearrangement of the pentyl cation into methyl substituted cyclopropyl cation
followed by ring opening and hydrid transfer leads to desorption of iso-pentane (equation 1). 

(1)

10 5 5The bimolecular mechanism proceeds via dimeric C  species, formed from the reaction of C  and C+ + =

alkene, most probably formed due to inevitable equilibrium of the pentyl cations with their deprotonation
molecules, equation (2). 

(2)

10Dimeric C  species rearrange according to the fast alkyl cation transformation and experience very fast+

â scission of the tertiary alkyl cation. The bimolecular mechanism thus includes first pentyl cation formation
–dimerization – â scission – final hydrid transfer steps. The reaction products from n-pentane will include iso-
pentane, propane, butane and hexane. Consequently, the monomolecular isomerization mechanism of n-pentane
involves only sec- and tert- pentyl cations, which cannot undergo facile â -cleavage. The cracking reaction of

5 3 2C  to C  + C  does not play a significant role, monomolecular mechanism leads to high selectivity to iso-

10pentane. By contrast, the bimolecular mechanism where multi-branched C are formed undergoes facile - â+ 

5 3 5cleavage. With i-C , large quantities of C  to C  fragments formed resulting in a low selectivity into iso-
pentane. The increase in selectivity indicates that monomolecular mechanism is operating and the surface poly-
olefinic intermediates do not accumulate on acid sites. On Pt-Sn/bentonite catalyst, the probability of formation
of cyclopentyl (intermediate) is restricted via constraint exerted into its narrower pores. The bimolecular

5 5mechanism will perform via dimerization reaction of C  ions generated over acid sites and C  olefins in the+

10 21pores experience a typical bimolecular condensation reaction for the generation of C H  carbenium ions+

followed  by  skeletal  isomerization  and finally cracking which generates butane, iso-pentane and propane
(Y. Liu, 1990). Consequently, iso-pentane has more effective bentonite packing thus it’s desorption process
might be closely related to both the desorbate configuration and pore structure in bentonite.

In more wide meso-pores Pt-Sn/kaolinite, monomolecular mechanism performed and led to high selectivity

1 3of iso-pentane and low one for C  and C  products.

Conclusion:

From the previous results, it can be concluded that:

� Temperature programmed reduction established the formation of Pt-Sn alloy on Pt-Sn catalysts supported
on kaolinite and bentonite materials.
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Data of pore size distribution indicates that: the type of support kaolinite or bentonite directed the
mechanism of n-pentane isomerization reaction. The reaction is performed via monomolecular mechanism on
narrow meso-pores of Pt-Sn/bentonite catalyst that leads to low iso-pentane selectivity (38.0). Meanwhile, the
reaction is performed via bi-molecular mechanism on wide meso-pores Pt-Sn/kaolinite catalyst with 57.6% iso-
pentane selectivity. 
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