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PtlSAPO-5 and ?t/SAPO-11 as Catalysts for the Hydroisomerization 
and Hydrocracking of n-Octane 

J. M. Campelo," F. Lafont and J. M. Marinas 
Department of Organic Chemistry, Sciences Faculty, Cordoba University, A vda . S. Albert0 Magno, 
s/n, E-14004 Cordoba, Spain 

n-Octane hydroisomerization and hydrocracking on SAPO-5 and SAPO-11 catalysts containing 0.5 wt.% Pt have 
been investigated in a flow reactor over a wide range of temperatures (573-708 K) and pressures (atmospheric, 
3 and 5 bar). These studies have shown that hydroisomerization is a function of the total conversion. The 
primary products obtained with n-octane were the monobranched isomers. Multibranched feed isomers and 
cracked products were formed in subsequent reactions. In all cases, hydrogen pressure had a strong influence 
on the activity and time-on-stream deactivation. Hydroisomerization can be considered to be the primary reac- 
tion, with hydrocracking occurring to a significant extent only at higher conversions (>40% for Pt/SAPO-5 and 
> 65% for Pt/SAPO-11). The selectivity patterns found in these molecular-sieve catalysts are interpreted in terms 
of a series of reaction pathways incorporating both confinement effects and shape selectivity factors. 

If an n-alkane is converted on a bifunctional catalyst in the 
presence of hydrogen, two principal reactions take place : 
isomerization to isoalkanes and hydrocracking to products 
with lower carbon atom numbers than the feed. In the past 
two decades, extensive studies with model alkanes and large- 
pore zeolite catalysts such as Pt/CaY and Pt/USY, led to a 
detailed understanding of the reaction mechanism in the 
absence of shape selectivity. '-' A simplified reaction network 
is that in which hydroisomerization and hydrocracking occur 
in series: in a first step, the n-alkane is isomerized to a set of 
its isomers with single branches. In a consecutive step, these 
isomers are again isomerized, whereby dibranched isoalkanes 
are produced. If a further isomerization occurs, however, the 
tribranched species produced undergo a very rapid hydro- 
cracking referred to as type A fl-scission. In addition to this 
main pathway of hydrocracking via tribranched species, there 
is some contribution to hydrocracking reactions starting 
from dibranched species (referred to as type B fl-scission). 

The actual mechanism is much more complex. It is gener- 
ally accepted that the reactions proceed via alkenes (formed 
from the feed by dehydrogenation at the metal sites) and 
alkylcarbonium ions (formed by protonation of the alkenes at 
the Bransted acid sites). Also, competitive sorption/ 
desorption seems to play an important role.7 A somewhat 
more realistic reaction network indicates that both skeletal 
isomerization and carbon-carbon bond cleavage occur at the 
level of alkylcarbonium ions. The main pathway from a long- 
chain n-alkane to the hydrocracked products goes along the 
dibranched and tribranched alkylcarbonium ions, provided 
that the pores of the catalyst are sufficiently large, but goes 
along monobranched and dibranched ones in catalysts with 
medium-sized pore diameter. In the present context, it is 
important that isomerization and hydrocracking of an n- 
alkane are stepwise reactions. As a consequence, mono- 
branched isoalkanes are exclusively formed on most 
bifunctional catalysts at low conversions. It is obvious that 
the bulkiness of an isomer increases with its degree of 
branching; when the pore system of the catalyst is spacious 
enough (e.g. as in zeolites Y, Beta and ZSM-20) all possible 
isomers are formed. However, when there are spatial con- 
straints, the bulkier isomers are lacking in the product. 

A large number of molecular sieves based on aluminop- 
hosphates have been synthesized and identified in recent 

An ideal AlPO consists of tetrahedra of oxygen sur- 
rounding equal amounts of aluminium and phosphorus 

atoms in a neutral framework. Imbalance of aluminium and 
phosphorus via replacement by silicon leads to sili- 
coaluminophosphate (SAPO) molecular sieves with ion- 
exchange capacity" of interest here. SAPOs have pore struc- 
tures similar to conventional zeolites, but are usually associ- 
ated with a milder acidity, owing to the presence of 
phosphorus." The unique combination of pore shape varia- 
bility and somewhat adjustable acidity suggests the potential 
of SAPO-n sieves in many catalytic applications. Evidence for 
selectivity in some hydrocarbon reactions using sili- 
coaluminophosphate molecular sieves as solid acid catalysts 
has also recently been reported.I2-l7 For example, in 
propene oligomerization, n-hexane dehydrocyclization and 
xylene isomerization, both enhanced selectivities and 
decreased deactivation rates have been observed for the 
medium pore-size range silicoaluminophosphate (SAPO) and 
metalloaluminophosphate (MeAPQ) molecular sieves. This 
was attributed to a combination of mild acidity and shape 
selectivity. However, little has been reported about the cata- 
lytic properties of bifunctional Pt/SAPO. The main objective 
of the present work is to examine the effect of surface acidity 
and shape selectivity with both Pt/SAPO-5 and Pt/SAPO-11 
using n-octane hydroconversion as a test reaction. 

Experimental 
Cat a1 ys t h e  para tioo 

SAPO-5 and SAPO-11 samples were hydrothermally synthe- 
sized using a procedure based on those given by Union 
Carbide." The templates were chosen to be tri-n-propyl- 
amine (SAPO-5) and di-n-propylamine (SAPO-11); Al, Si and 
P sources were aluminium triisopropylate from Merck or 
pseudoboehmite from Vista, fumed silica (Aerosil 200) from 
Serva and 85 wt.% H,PO, from Merck, respectively. Synthe- 
sis was performed by stirring the solution mixture vigorously 
and then pouring the mixture into a PTFE-coated stainless- 
steel autoclave. Heating at 473 K (SAPO-5) and 423 K 
(SAPO-11) was maintained for 24 h and 165 h, respectively. 
The samples were filtered, washed and dried at 393 K. They 
were then calcined by heating at 873 K (150 K h-'), in static 
conditions for 7 h. The chemical compositions of the crys- 
talline samples were determined by an atomic absorption 
method after digestion in a pressure pump and the results, 
given in terms of oxide contents, were (Sio~07A10~4,Po~4,)02 
for SAPO-5 and (Sio,olA10~,5Po~54)02 for SAPO-11. 
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Metal loading was carried out by wet impregnation with 
Cl,(NH,),Pt (Aldrich, 98% purity); a known amount of 
SAPO-5 or SAPO-11 was added to a concentrated aqueous 
salt solution containing the amount of metal necessary to 
obtain the desired weight loading (0.5 wt.%). After impregna- 
tion for 24 h, the materials were dried in air at room tem- 
perature, for at least 48 h, then at 393 K overnight and finally 
calcined in flowing 0, (60 ml min-') at 673 K for 2 h and 
reduced in flowing H, (100 ml min-l) at 648 K for 3 h. Metal 
dispersions were estimated by H2 pulse chemisorption at 
room temperature on a Micromeritics TPD/TPR 2900 
apparatus. Table 1 gives, for Pt/SAPO-5 and Pt/SAPO-11 
catalysts, the metallic area, S ,  , and metal dispersion, D. 

Details of SAPO-5 and SAPO- 1 1 characterization have 
been reported elsewhere.'' The surface area, SBET, pore 
volume, Vp, and average pore radius, rp, are collected in 
Table 1. 

Surface Acidity Measurements 

Previous surface acidity (sum of Brernsted and Lewis sites) 
measurements''-21 (Table 2) in a dynamic mode by means of 
the gas-phase adsorption of pyridine (py) and 2,6-dimethyl- 
pyridine (DMPY) using a pulse-chromatographic technique, 
indicated that SAPO-5 exhibits the highest density of acid 
centres, which ought to make this catalyst the most active for 
cumene dealky1ati0n.l~ 0.5 wt.% Pt deposition does not 
change the acidity function of the SAPOs. 

Diffuse reflectance infrared (DRIFT) spectra of adsorbed 
probe molecules (py and DMPY) have been recorded on a 
BOMEN MB-100 instrument equipped with a diffuse reflec- 
tance attachment (Spectra-Tech, Collector) that has a con- 
trolled environment chamber (Spectra-Tech P/N 0030-100). 
The spectra (256 scans) were recorded in absorbance mode 
with a resolution of 8 cm-' and a gain factor of one. 

Measurements were carried out on pure SAPO catalysts 
previously dried at 400 K for 24 h under vacuum. For most 
diffuse reflectance experiments the catalysts were used in 
powder form of ca. 200 mesh size. Afterwards, the catalyst 
was placed in the controlled environment chamber cell and 
then heated at 573 K (1 h) in dehydrated and deoxygenated 
nitrogen (10 ml min-I). Higher nitrogen flushing rates or 
vacuum treatment did not modify the DRIFT spectra. 

Afterwards, the DRIFT spectrum of the sample (i.e. the 
reference) was recorded under a flowing inert stream of nitro- 
gen. The cell was sequentially cooled to 473 K and then to 
373 K under nitrogen and the respective reference spectra 
were obtained. The adsorption of the probe molecule, 

Table 1 
catalysts 

Physicochemical characteristics of SAPO and Pt/SAPO 

S B E T  ' VP IP SPl 
catalyst /m2 g /cm3 g-' /nm /m2 g-' D (%) 

- - SAPO-5 214 0.18 1.7 
SAPO- 1 1 123 0.49 7.9 - 
Pt/SAPO-5 182 0.62 8.1 187 76 
Pt/SAPO-1 1 103 0.54 20.6 113 46 

- 

Table 2 Surface acidity properties of SAPO and Pt/SAPO catalysts 

PYlPOl g-  

catalyst 573 K 673 K 573 K 

DMPY/pmol g - ' 

~ ~~ 

SAPO-5 160 141 102 
SAPO-11 72 67 24 
Pt/SAPO-5 149 130 89 
Pt/SAPO-11 68 60 16 

nitrogen-flushed from a saturator kept at a constant tem- 
perature of 298 K, was then carried out and was followed by 
subsequent heatings as described below. 

The probe molecule was allowed to be adsorbed at 373 K 
for 2 h. This procedure allows for the complete saturation of 
the catalyst surface as a large excess of the probe molecule is 
admitted in the DRIFT cell. The adsorption step was fol- 
lowed by flushing for 3 h with nitrogen to remove any unre- 
acted physically adsorbed reagent. The characteristic 
spectrum of the various forms of base retained on the catalyst 
was recorded. Subsequent flushings were performed at 473 
and 573 K, and the corresponding spectra (including refer- 
ence spectra) were recorded at those temperatures 

Catalytic Activity Measurements 

n-Octane was purchased from Aldrich (>99 mol% purity). 
The experiments were carried out in a flow reactor system 
incorporating a 1/4 in? id tubular reactor and with a normal 
catalyst charge of 120 mg. Liquid hydrocarbon feed was 
pumped into a feed-system vaporizer via a syringe pump 
(Harvard Model MOO), mixed with a hydrogen flow (25 ml 
min-') at 443 K and fed to the reactor. The reactor emuent 
was sampled and analysed using a high-resolution gas chro- 
matograph (HRGC), equipped with a 100 m long and 0.25 
mm id fused-silica capillary column Petrocol DH, with a 
flame ionization detector. The products were characterized 
by gas chromatography-mass spectrometry (GC-MS) (VG 
Au tospec). 

The reaction was carried out over a wide range of oper- 
ating conditions : temperature, 573-708 K, liquid n-octane 
flow rates, 0.6-3.6 ml h-'; total pressure, atmospheric, 3 and 
5 bar. The catalyst was pretreated at 673 K for 1 h in flowing 
hydrogen (25 ml min-'). 

Results and Discussion 
Surface Acidity 

Gas-chromatographic pulse techniques can provide acidity 
information at catalytic reaction temperatures. However, they 
are unable to distinguish Brernsted and Lewis centres unless 
specific basic probes are used. It is known that (DMPY) is 
selectively adsorbed on Brernsted acid sites, but not on Lewis 
acid centres, because of the steric hindrance of two methyl 
groups, whereas sterically unhindered py is adsorbed on both 
Brernsted and Lewis acid  site^.^,,,^ 

Fig. 1A and B show DRIFT spectra of py adsorption at 
373 K followed by desorption at 373, 473 and 573 K, with 

A 

1700 1600 1500 1400 1700 1600 1500 1400 
wavenumber/cm - ' wavenumber/cm-' 

Fig. 1 DRIFT spectra of pyridine adsorbed on A, SAPO-5 and B, 
SAPO-11 at (a) 373, (b) 473 and (c) 573 K 

t 1 in = 25.4 mm. 
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SAPO-5 and SAPO-11 catalysts, respectively. The procedure 
gives rise to pyridinium cations, produced by the reaction of 
py with surface Brernsted acid sites (band at ca. 1540 an-') 
and to species coordinated to Lewis acid sites (band at 1448 
cm- '). The band at 1490 cm- ' can be attributed to py chemi- 
sorption on both Brsnsted and Lewis  site^.^^-^' The desorp- 
tion of py at increasing temperatures results in the removal of 
both Br~rnsted- and Lewis-bound py. However, the latter 
decreases significantly faster than the former. At 573 K, 
Bransted-bound py remained evident on both catalysts, espe- 
cially on SAPO-5. 

The development of Brsnsted acidity in these catalysts is 
also shown by DMPY adsorption'through the presence of 
the band at 1636 cm-' (Fig. 2A and B),*attributed to the 
vibration of 2,6-dimethylpyridinium ions.22*26 On both cata- 
lysts, the band at 1636 cm- ' remains even at 573 K, showing 
the presence of a great number of Brsnsted acid centres with 
high strength. Furthermore, since the area of the adsorption 
peak is proportional to the amount of DMPY adsorbed on 
active Brnrnsted acid centres, the change in the peak area with 
temperature reflects the strength of those centres, indicating 
that SAPO-5 is the solid with the higher acid strength. 

n-Octane Hydroconversion 

If the hydroconversion of n-octane is taken as a probe reac- 
tion, the main steps in the catalytic process are cracking on 
strong acid sites and dehydrogenation on metallic sites. In 
addition, the n-octene generated by dehydrogenation under- 
goes isomerization to isooctenes on acid sites. These iso- 
octenes undergo either hydrogenation to isoalkanes on 
metallic sites or cracking on acid sites. If adjacent pairs of 
acid-base sites are present, n-octene undergoes an aromatiza- 
tion reaction to give ethylbenzene and xylenes. 

Efect of Reaction Temperature 
The typical dependences of n-octane transformation on con- 
version into octane isomers, both with Pt/SAPO-5 and with 
Pt/SAPO-11, are collected in Fig. 3. The catalyst has a 
marked effect on the distribution of the isomerization and 
cracking products; however, the same products are formed 
on all catalysts. They can be classified into three families: (a) 
Methylheptanes Q-MC, , 3-MC7 and 4-MC7): mono- 
branched isomers. (b) Dimethylhexanes (2,2-DMC6, 2,3- 

dibranched isomers. (c) Light alkanes C,-C,: cracked pro- 
ducts, mainly butane fractions, with propane and pentane in 
equimolar amounts. 

The amount of aromatic products was negligible, especially 
at lower-temperature reactions. Pt/SAPO-5 produced larger 

DMC,, 2,4-DMC6, 2,5-DMC6, 3,3-DMC6 and 3,4-DMC,): 

(D 
0 A 
2 I 

10.1 n 

I I 1 I 

1800 1700 1600 1500 1800 1700 1600 1500 
wavenumber/cm-' wavenumber/cm-' 

Fig. 2 DRIFT spectra 2,&dimethylpyridine adsorbed on A, 
SAPO-5 and B, SAPO-11 at (a) 373, (b) 473 and (c) 573 K 
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Fig. 3 Isomerization conversion of n-octane on (0) Pt/SAPO-5 and 
(A) Pt/SAPO-11 catalysts as a function of the total conversion of 
n-octane. Conditions: pressure, 5 bar; H, flow, 25 ml min-'; n- 
octane flow, 0.6-3.6 ml h-'; 120 mg of catalyst; temperature, 573- 
708 K. 

amounts of both p- and m-xylene, products expected from the 
cyclization of C,-isoalkanes. However, the dominant aro- 
matics from the conversion of n-octane with Pt/SAPO-11 are 
ethylbenzene and o-xylene, formed by direct cyclization of n- 
octane. 

Isomerization is the major reaction with Pt/SAPO-11 cata- 
lyst in all temperature ranges, but as the severity of the reac- 
tion conditions increases, it passes through a maximum, 
owing to the consumption of isomerized products in consecu- 
tive hydrocracking reactions.' The maximum conversion into 
n-octane isomers amounted to 41 wt.% with this catalyst. 
Isomerization is the major reaction with Pt/SAPO-5 only at 
low reaction temperatures (isomerization selectivity of the n- 
alkane is close to 100% at low conversion levels), the 
maximum conversion being into n-octane isomers of 32 
wt.% ; at higher temperatures, cracking is the main reaction 
and isomerization drops very rapidly. These facts eliminate 
the possibility of direct cracking of n-octane. Fig. 3 shows 
that, with all catalysts, the ratio of isomerized to cracked n- 
octane decreases when conversion increases. This suggests 
that n-octane is transformed successively into isomers and 
into cracking products, the isomerization leading to mono- 
branched, then to multibranched isomers. Thus, isomers are 
the only primary products. 

The yield and distribution of octane isomers need to be 
considered, since the industrial application of this reaction is 
aimed at the improvement of research octane numbers 
(RONs) in gasoline. Fig. 4 shows the molar distribution of 
octane isomers with temperature, obtained for Pt/SAPO-5 
and Pt/SAPO-11, according to their branching grades and 
monobranched distributions. As a general result, all possible 
n-octane isomers (mono- and di-branched) are produced with 
Pt/SAPO-5. On increasing the severity of the reaction condi- 
tions, the content of dibranched isomers increases, but in all 
cases the monobranched ones are predominant. Isomer pro- 
ducts obtained with Pt/SAPO-1 1 were monobranched ones 
(small amounts of dibranched ones appear only at high 
conversions), indicating diffusional limitations in the one 
dimensional porous framework of SAPO-11 (medium pore 
size). The distribution of isomerized products as a function of 
the degree of conversion can be explained in terms of a car- 
bocation mechanism, by the relative reactivity of these 
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573 598 623 648 673 
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Fig. 4 Molar distribution of octane isomers us. temperature with (a) 
Pt/SAPO-5 and (c) Pt/SAPO-11, according to their branching grade; 
0, monobranched; 0, dibranched. Monobranched distribution [(b) 
and (4, respectively] 0, 2-MC7; 0, 3-MC7; 0, 4-MC7. Conditions: 
pressure, 5 bar; 120 mg of catalyst; H, flow, 25 ml min-'; n-octane 
flow, 1.8 ml h-'. 

isomers for further isomerization and, more importantly, for 
hydrocracking. Fig. 5 shows the temperature dependence of 
the cracked products distribution for both catalysts. In all 
cases, butane fractions in one part, and propane and pentanes 
(in equimolar proportions) in the other, are the main crack- 
ing products obtained. Methane and ethane are formed with 
the Pt/SAPO-1 1 catalyst: a superimposed hydrogenolysis on 
the metal crystallites is a possible cause for this. The 
branched isomers of the cracked products represent a more 
important fraction in Pt/SAPO-5 than in Pt/SAPO-11 and 
their concentrations are slightly dependent on the conversion 
to butane and pentane. 

Eflect of Hydrogen Partial Pressure 
The influence of hydrogen pressure was investigated at 648 
K, between atmospheric pressure and 5 bar. Fig. 6 shows 
global n-octane conversion and isomer selectivity with Pt/ 
SAPO-5 and Pt/SAPO-11 as a function of reaction time. At 
atmospheric pressure the deactivation as a function of time- 

30M 20 

0' 4 l0lzzzSz4 0 
573 598 623 648 673 598 623 648 673 698 

TIK TIK 
Fig. 5 Molar distribution of cracked products us. temperature with 
(a) Pt/SAPO-5 and (b) Pt/SAPO-11; 0, C,; 0, C,; 0, C,; A, C,; 0, 
C,; 0, C,; +, C,. Conditions: pressure, 5 bar; 120 mg of catalyst; 
H, flow, 25 ml min-'; n-octane flow, 1.8 ml h-'. 

30 

15 

L o  
.*. . -1 . . . . . .  . .  .. 

0 '! 200 400 600 800 ld00 '0 200 400 600 800 1000 
t/m i n t/m i n 

Fig. 6 Influence of hydrogen pressure on global conversion and 
isomer selectivities with (a) Pt/SAPO-5 and (b) Pt/SAPO-1 1 cata- 
lysts. (-) conversion and (. . . - . .) selectivity; 0, atmospheric pres- 
sure; 0, 3 and 0, 5 bar. Conditions: 120 mg of catalyst; H, flow, 25 
ml min-', n-octane flow, 1.8 ml h-'; temperature, 648 K. 

on-stream is important, especially with Pt/SAPO-5 catalyst. 
This deactivation is caused by the formation of coke deposits. 
On increasing the H, pressure, the catalyst stability is 
greater. One of the characteristics of flow reactions is the 
large reactive quantities in contact with the catalyst. This 
causes the catalyst deactivation process to have a greater 
weight. 

Experimental results show that the different structures of 
the two kinds of catalysts we have synthesized impose differ- 
ent reactivities on n-octane hydroconversion. Pt/SAPO-5 acts 
as an excellent n-octane hydroisomerization catalyst at lower 
temperatures (lower conversions) but at higher temperatures 
is ineffective, while Pt/SAPO-11 behaves as an excellent 
isomerization catalyst over the whole temperature range 
tested, including temperatures above 673 K. However, both 
catalysts produce nearly the same products but in different 
proportions depending on their structure and reaction tem- 
perature (conversion). 

The distribution of Pt/SAPO-5 products is very similar to 
that observed for the ultrastable Y zeolite containing 0.5% Pt 
catalyst2y3 because they are molecular sieves with similar 
pore diameters. It is accepted that n-alkane hydroconversion 
catalysed by bifunctional metal/acid catalysts occurs along a 
series of steps where cracking is preceded by linear chain 
isomerization. The product distribution depends on the 
number of acid centres available to the alkene during its dif- 
fusion between two hydrogenation centres and, consequently, 
on the ratio of acid centres to metallic centres. 

It is generally accepted that the branching of alkene inter- 
mediates occurs through protonated cyclopropane interme- 
diate~.~'-~'  This is the case for the isomerization of n-octane 
into 2-, 3- and 4-methylheptanes and for that of methyl- 
heptanes into dimethylhexanes. Monobranched isomers pre- 
dominate, especially with the Pt/SAPO-11 catalyst. The 
distributions indicate several differences and similarities of 
the catalysts: (1) The distribution of monomethyl isomers is 
independent of the temperature and partial pressures of the 
reactants, depending only on global n-octane conversion. (2) 
The composition of that fraction varies only slightly with 
global conversion (temperature) and approaches its equi- 
librium distribution only with Pt/SAPO-5. We conclude that 
on Pt/SAPO-5, the rate of interconversion of the mono- 
branched alkanes is higher than the rate of formation or con- 
version into multibranched structures. 

The distribution of the dibranched isomers, formed in con- 
secutive reactions from the monobranched octanes, has differ- 
ent characteristic features depending on the catalyst we are 
studying. (1) Dimethylhexanes with a methyl group in the 2- 
position are predominant with both catalysts, except 2,2- 
dimethylhexane in Pt/SAPO-1 1 which appears only in a very 
small amount because it has the largest molecular diameter. 
(2) The relative amounts of dimethylhexanes hardly change 
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with operating conditions, but do not reach equilibrium 
values. The preferential cracking of some of the isomers with 
respect to others is a possible explanation for this. An alter- 
native one is that the differences between catalyst pore diam- 
eters permits formation of bulky isomer products in 
Pt/SAPO-5 but not in Pt/SAPO-11. 

However, this does not mean that cracking products may 
be the only result of a direct p-scission of linear C ,  (type D, 
requires at least one primary carbenium ion); a hydro- 
genolysis process also takes place on Pt crystallites, especially 
with Pt/SAPO-11. This can be explained by suggesting that 
some of the alkene intermediates find enough active acid 
centres to undergo successively isomerization and cracking 
during their migration between two platinum sites. This can 
be related to a slower migration of the alkene intermediates 
in the narrowest pore network of Pt/SAPO-11. This structur- 
al parameter is very significant as it is well known that 
molecular circulation may have a significant effect on reac- 
tion kinetics as well as on product distribution in a great 
number of  reaction^.^' In our case, the constraints exerted by 
the SAPO-11 pore structure on the diffusion of the interme- 
diate alkenes would ensure a longer contact time (than in the 
case of SAPO-5) between the alkene and the acid sites. More- 
over, the configurational limitations could also explain the 
low rate of formation of dibranched products : the dibranched 
alkenes formed by isomerization of monobranched alkenes 
would not migrate and would be transformed on-site into 
cracking products. 

The size of the pores, as well as the size and the shape of 
the space available near the acid centres, can thus determine 
to a large extent the selectivity of n-octane transformation in 
bifunctional Pt/SAPO catalysts. The differences in selectivity 
between Pt/SAPO-5 and Pt/SAPO-11 samples can be 
explained by the slow migration of alkene intermediates in 
the SAPO-11 channels and by steric constraints. 

The diffusional behaviour will also be related to configu- 
rational influences. Qualitative prediction of the diffusion of 
molecules in medium-pore zeolites can be made by compar- 
ing the critical molecular diameter of the sorbates with the 
zeolite pore diameter.31 This is defined as the smallest cylin- 
der which can enclose the molecule in its most favourable 
equilibrium configuration. The critical molecular diameters 
are 0.49 nm for n-octane, 0.56 nm for monobranched and 
dibranched isomers averaged over different isomers and 0.70 
nm for dibranched isomers averaged over the same iso- 
octanes. Comparison of these with the elliptical channels of 
SAPO-11 (0.39 nrn x 0.64 nm) indicates clearly that the 
lowest diffusional restriction is for the n-alkane. Further, in 
comparison with the other C, hydrocarbons, for the dib- 
ranched isomers there is stronger diffusional retardation 
because of their larger molecular diameter and their lower 
flexibility. This causes them to appear only in trace amounts 
at high conversions. The presence of steric restrictions due to 
the SAPO-11 structure leads to a general suppression of 
highly branched intermediates in cracked products. 

Conclusions 
In summary, the reaction schemes for n-octane transform- 
ation on Pt/SAPO-5 and Pt/SAPO-11 catalysts are not the 
same as a result of their different structures. The composition 
of the branched isomerization and cracking products 
obtained on these bifunctional catalysts provides a wealth of 

information on the intracrystalline pore architecture. Hydro- 
gen pressure strongly influences the reaction: a strong 
decrease in conversion with time-on-stream is observed at 
atmospheric pressure owing to the formation of coke depos- 
its. 
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