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INTRODUCTION

The hydroisomerization of heavy linear alkanes found a new interest in the petroleum industry. Indeed, branching n-alkanes are needed to improve the octane number of gasoline and to enhance the low temperature performances of __________________________ * Corresponding author. Tel: (33) 05 49 45 36 91; E-mail: jean.louis.lemberton@univ-poitiers.fr diesel or lubricating oils. However, while the isomerization of light n-alkanes is easy to perform, that of heavy n-alkanes is much more difficult to obtain, due to the rapid cracking of long chain alkanes. Thus, catalytic systems used for the transformation of long chain alkanes must have a very high selectivity for isomerization rather than for cracking. Hydroisomerization catalysts will be bifunctional, associating a hydrodehydrogenating function, caused generally by a noble metal, platinum or palladium [1,2], and an acidic one provided by zeolites like mordenite, ZSM-5, Y or Beta (BEA) [2][3][4]. In particular, BEA is of a great interest because of its acidity and its particular pore system [5].

In the present work, platinum was chosen as the hydro-dehydrogenating function, and HBEA zeolite as the acidic one. The selectivity of a bifunctional catalyst for isomerization is expected to depend on the balance between the two catalytic functions, i.e. the density and the strength of the Brönsted acid sites (H + ) and the amount and the dispersion of the metal [6,7]. Several catalysts were prepared, with different n Pt /n H + ratios, and their activity for n-decane transformation and especially their selectivity for isomerization rather than cracking were measured.

EXPERIMENTAL

The protonic HBEA zeolite used in this work was obtained from PQ Corporation. Its characteristics were: crystallite size = 0.02 μm, framework Si/Al ratio = 15, surface area = 640 m 2 g -1 , pore volume = 0.710 cm 3 g -1 . The acidity of the zeolite (number of Brönsted acid sites able to retain pyridine at 150°C, infrared spectroscopy) was 444 µmol g -1 .

A PtHBEA catalyst (1 wt.% Pt) was prepared through ion exchange of the zeolite by [Pt(NH 3 ) 4 )] 2+ followed by calcination under dry air at 450°C for 4 h. On the other hand, we prepared mechanical mixtures of the HBEA zeolite with a platinum impregnated alumina support (PtA) using H 2 PtCl 6 ٠6H 2 O as precursor. In order to obtain mixed catalysts with very different n Pt /n H + ratios, we used different relative amounts of the HBEA zeolite and PtA. Moreover, three different PtA samples were used, containing 0.5, 1 or 2.5 wt.% Pt. Dispersion of Pt was always 100%. After impregnation, the PtA samples were calcined at 500°C for 6 h. The catalysts were prepared by milling the mixture of the two components, then pelletizing and sieving to 0.2-0.4 mm. The bifunctional catalysts obtained were called xPtA-HBEA(y-z), where x is the wt.% of Pt in PtA, y and z the weight percentages of PtA and HBEA, respectively, in the mixture.

The transformation of n-decane was carried out in a fixed bed stainless steel reactor under the following conditions: temperature = 250°C, total pressure = 30 bar, H 2 /n-C 10 molar ratio = 20. Before use, the catalysts were reduced in-situ under hydrogen flow at 450°C for 6 h.

The reaction products were analysed on-line by gas liquid chromatography (Varian 3400) on a 50 m CPSil-5 capillary column from Chrompack, hydrogen being the carrier gas (15 psi) with a temperature programming from 45 to 85°C (5°C min -1 ).

RESULTS AND DISCUSSION

On all the catalysts, n-decane transformed into isomerization products I: monobranched isomers M (methylnonanes) and multibranched isomers B (mainly dimethyloctanes) and into cracking products C. Cracking products were C 1 to C 9 molecules, C 5 being the most abundant. The formation of the C 1 , C 2 , C 8 and C 9 cracking products cannot be explained by a classical bifunctional mechanism which would lead to the formation of very unstable primary carbocations. They are very likely produced through hydrogenolysis on platinum. This is supported by the fact that the amounts of these molecules are all the more significant as the amount of PtA in the mixed catalysts increases and as the platinum content in PtA increases.

The distribution of M, B and C products depended strongly on the composition of the mixed catalyst. When the mixed catalyst contained much PtA (i.e. little zeolite), monobranched isomers M were the primary reaction products, while multibranched isomers B and cracking products C were secondary reaction products. On these catalysts, the olefinic i ntermediates formed on PtA come into contact with few zeolite particles, i.e. with few acidic sites before encountering again a PtA particle on which they hydrogenate. Thus, only one transformation is observed: branching [8]. On these catalysts, the bifunctional transformation of n-decane occurs through a step-by-step process (Scheme 1). In this scheme, the cracking products are not produced from the monobranched isomers, but from the highly reactive multibranched isomers, as evidenced by the high iso/n ratio of the cracking products.

Scheme 1

When the mixed catalyst contained much zeolite (i.e. little PtA) M, B and C appeared all as primary reaction products. The olefinic intermediates formed on PtA can transform several times on the zeolite acidic sites before encountering PtA. Thus, they can undergo several transformations: isomerizations and cracking, which results in a low selectivity for isomerization. The reaction scheme is presented in Scheme 2. This scheme is only apparent since multibranched isomers cannot form directly from n-decane but from the monobranched isomers, and cracking products from the multibranched isomers. Lastly, one could have expected that this reaction scheme would also be observed with the 1PtHBEA catalyst, which contains 100% zeolite. In fact, it is the step-by-step scheme which is observed. This can be explained by the fact that on this catalyst the metallic sites are homogeneously dispersed on the zeolite surface (platinum dispersion = 80%), and that the distance between metallic sites and acidic sites is very small. Scheme 3 presents the transformation of n-decane on 1 PtHBEA (scheme 3A) and on the mixed catalysts (scheme 3B).

n-Decane dehydrogenates on Pt into an n-olefin (n-O 10 ) which is protonated on an acidic site to yield a n-carbocation (not presented). This n-carbocation isomerizes into an iso-carbocation (not presented) which desorbs from the protonic site in the form of an iso-olefin (i-O 10 ). On 1PtHBEA, this olefin has many chances to e ncounter a metallic site, thus to transform only into monobranched isomers. Furthermore, the small crystallite size of the HBEA zeolite (0.02 μm) allows a better desorption of the monobranched isomers from the zeolite channels. In the case of the mixed catalysts, the olefins formed on Ptimpregnated alumina (PtA) isomerize in a pure zeolite, containing no platinum, and can undergo, via successive carbocations, several reactions on the protonic sites (formation of iso-olefins iO 10 , di iso-olefins ii-O 10 , cracked olefins O 10 -) before going out of the zeolite and encountering again the platinum on alumina.

On all the catalysts, isomerization decreased when the conversion of ndecane increased, due to the cracking of the isomerization products. In Fig. 1 are plotted the yields in isomerization as a function of n-decane conversion on the 1 wt.% Pt catalysts. It can be seen that 1PtHBEA is the most selective catalyst: a 70% yield in isomerization could be obtained until a 80% conversion of n-decane.

Figure 2 shows the evolution of the Turn Over Frequency (TOF = activity per acidic site in the catalyst) as a function of n Pt /n H + (ratio between the number of accessible Pt atoms and the number of protonic sites able to retain pyridine adsorbed at 150°C), which is representative of the balance between the hydrogenating and the acidic functions.

The activities of the catalysts strongly depend on n Pt /n H + , which is in agreement with a bifunctional mechanism [6]:

-when n Pt / n H + is lower than 0.3-0.4, TOF i ncreases when n Pt / n H + increases, which means that the metallic sites are not numerous enough to feed the acidic sites with olefinic intermediates. The reaction on platinum is the ratelimiting step.

-when n Pt / n H + is greater than 0.3-0.4, a plateau is observed for TOF: the metallic sites are numerous enough to feed all the acidic sites with olefins. Consequently, 1 metallic site is enough to feed 3 acidic sites. In this case, the rate-limiting step is the reaction on the acidic sites. Lastly, the TOF measured with the PtHBEA catalyst is slightly higher than the plateau, but it is especially obtained at a very low n Pt /n H + (0.092). This confirms that the particular behaviour of this catalyst is not only due to the n Pt /n H + value, but to a better proximity between both functions which allows to the Pt-exchanged HBEA catalyst to behave like if it had a high n Pt /n H + ratio.
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 1 Fig. 1. Transformation of n-decane on the platinum -HBEA catalysts: yields (wt.%) in isomerization as a function of n-decane conversion
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