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2 3 Abstract: The hydrogen influence of n-hexane aromatization over Pt/Al O catalyst in a pulse

microcatalytic reactor at temperatures ranging from 440–500 C, contact time ranging from 1.25-0

3.75mg/(ml/min) and a total pressure of 4.0kg/cm was investigated . Results show that whilst cracked2  

products and benzene were produced in helium, cracked products, methylcyclopentane and benzene

were produced in helium-hydrogen mixture. The products formation in helium and helium-hydrogen

mixture was affected by the temperature and contact time. Reactions in helium-hydrogen mixture show

that the formation of cracked products was favoured at high hydrogen content whilst benzene appears

2to pass through a maximum at about 50% H . The preliminary kinetic investigation of n-hexane

aromatization appears to be described by a first order kinetics in both helium and helium-hydrogen

atmosphere. The activation energies obtained are 15.92 and 19.5 kcal/mol in helium and helium-

 hydrogen mixture respectively. This difference in activation energies is consistent with difference in

2 3 reaction mechanism of n-hexane reforming on Pt/Al O catalyst in helium and helium-hydrogen

mixture. 
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INTRODUCTION

Catalytic reforming process consists of a number of reactions which take place on bifunctional catalysts

for converting the hydrocarbons contained in naphtha fractions to monocyclic aromatics. Over the years, the

complexity of these reactions has necessitated the development of new and more stable bi-metallic and multi-

metallic catalysts to replace older reformers (Alexev, O.S. 2000). Nevertheless, due to the number of reactions

involved, the modeling of catalytic reforming is of a more complex nature and many kinetic models are

available (Jerzy, S. 1999). In consequence this poses a great challenge to contemporary practicing engineers

and students of affiliated engineering profession.

The thermodynamics of the more important reactions in catalytic reforming can be discussed conveniently

by referring to the equilibria involved in the various interconversions among certain of the C6 hydrocarbons.

The dehydrogenation of cyclohexane and the dehydrocyclization of n-hexane to yield benzene are observed

to be strongly endothermic, so that increasing temperature has a marked effect on improving the extent of

conversion to aromatics. Hydrogen partial pressure obviously has a marked effect on the extent of formation

of benzene, and from the viewpoint of equilibria alone, it is advantageous to operate at as high a temperature

and as low a hydrogen partial pressure as possible to maximize the yield of aromatic. However, other

considerations, such as catalyst deactivation due to formation of carbonaceous residues on the surface, place

a practical upper limit on temperature and a lower limit on hydrogen partial pressure in catalytic reforming

operations.

The catalytic reforming of n-hexane has been studied. The work of Marin and Froment (1982) is especially

worth mentioning. They studied the isomerization, dehydrocyclization and hydrocracking of C6 hydrocarbon

2 3on a commercial reforming Pt-Al O  catalyst in a continuous flow tubular reactor. Among the important

conclusions arrived at are that surface reactions of carbonium ions on the alumina functions are rate

determining and occur by a dual site mechanism, and that the amount of the experimental effort has been

limited to a reasonable level by the construction of the tubular reactor with a special sampling device.

The dual function character of the catalysts for catalytic reforming is provided by the acid centers of the
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support, which catalyze the reactions of isomerization and hydrocracking, as well as by the metallic

centers—platinum associated with other metals dispersed on the support—which catalyze the dehydrogenation

reactions. A more detailed analysis of the reaction mechanisms has to consider the formation of complex

metal–acid centers. In order to achieve maximum efficiency for the process, a balance must be found between

the acidic and dehydrogenating functions of the catalyst.

The reforming of hydrocarbon on the dual-function metal catalysts has been found to form fundamentally

different products in hydrogen diluents. Both industrial and laboratory experiments are usually carried out in

the presence of hydrogen. The role of hydrogen in the scheme is twofold. First, the metal catalyzed trans-cis

isomerization through half-hydrogenated surface intermediates requires hydrogen (Ponec, V., G.C. Bond, 1995).

Second, the degree of dehydrogenation of the surface entities is often too deep, and thus their removal to the

gas phase is a hydrogenative process. It has been observed that hydrogen may induce surface reconstruction,

including sintering, particle migration, growth or coalescence, and particle shape changes with various supported

and unsupported metals (Ruckenstein, E., I. Sushumna, 1988; Paa´l, Z.,1988).  Once a catalyst has a likely

stable morphology, hydrogen effects in the catalytic reactions manifest themselves. Maximal yields of

aromatization as a function of hydrogen pressure have been reported as early as 1961 (Rohrer, J.C., 1961).

These were also observed for other skeletal reactions in laboratory studies (Paa´l, Z., P. Te´te´nyi, 1971) and

under industrial conditions (Bournonville, J.P., J.P. Franck, 1988). Hydrogen effects on hydrocarbon reactions

have been studied by Paal and co-workers (Paa´l, Z., 1992; Paa´l, Z., P.G. Menon, 1983). Hydrogen can

participate in the active ensemble of a catalytic reaction, especially in those ensembles responsible for the

formation of saturated products: isomers, C5 cyclics, and cyclopentane ring opening (Liberman, A.L., 1964;

Zimmer, H., Z. Paa´l, 1984). The idea of reactive chemisorption assumes that dissociative adsorption of

hydrocarbons occurs on metal–hydrogen sites, thus including the hydrogen in the adsorption equation.

This work was undertaken to investigate the effect of hydrogen on the products distribution of n-hexane

2 3 reforming on commercial Pt/Al O catalyst at varied temperatures and contact time in a pulse microcatalytic

reactor. 

MATERIALS AND METHODS

Materials: 

2 3 Commercial Pt/Al O catalyst containing 180m /g and pore volume 0.5ml/g was used for the experiments2

reported in this work. 

2 Reagent high grade n-hexane was used as reagent. High purity cylinder He and H were used as carrier

gases. 

Equipment :

The experimental set-up is presented in Figure 1 below.

Fig. 1: Experimtental Set-up

The microcatalytic experimental set-up is shown in Fig. 1. Two high purity gas cylinders 1 and 2

containing helium and hydrogen with cylinder heads 3 were used to deliver the carrier gas. The gases then pass

through the beds of silica gel (5) and copper oxide (7) to remove traces of water and oxygen respectively. The

reactant was charged through the injection point (8) with the aid of a microsryinge and needle. The

2 3microcatalytic reactor (9), a stainless tube 5cm long and 6mm internal diameter was loaded with 0.15g Pt/Al O

catalyst and placed inside an oven connected with temperature Controller. The split valve (10) served for the
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homogenization of the reaction products mixture before entering into the gas chromatograph (12), which served

as an on-line analyzer in the set-up. The flow rate of the carrier gas was measured with the aid of a bubble

soap meter connected to the three-way valve (11). The equipments were connected together with a 6mm

internal diameter stainless steel tube through which the carrier gases flow. 

Method:

The catalyst was first ground and sieved into 53-75 micrometer size. The choice of size is based on

considerations of pressure drop and diffusion limitations (Anderson, J.R., M. Boudart, 1981). For each series

of experiments, 0.15g of catalyst was loaded into the microcatalytic reactor. The catalyst was then pretreated

by drying it for 1 hour in 40ml/min helium flow and at 110 C followed by its reduction at 500 C in 40ml/mino o

hydrogen flow for 2 hours. For each experimental run, 1microliter of n-hexane was injected and the catalyst

was maintained at 30ml/min hydrogen flow at 200 C between runs. For the purpose of this work, theo

temperature was varied between 440 to 500 C and contact time of 1.25-3.75mg/(ml/min). The pressure waso

held at a constant value of 4.0kg/cm throughout the experiments. 2 

RESULTS AND DISCUSSIONS

The results and discussion of results are presented below.

Results: 

The results of the experiments are presented Figures 2-12.

Effect of Contact Time and Temperature on Products Yield: 

The products formed in helium are cracked products and benzene. The effect of contact time and

2 3 temperature on products formation of n-hexane reforming on Pt/Al O catalyst is presented in Figures. 2-4. The

cracked products formation presented in Fig.2 increased with an increase of contact time and temperature. For

instance at temperature of 440 C and contact time of 3.75mg/(ml/min), the cracked products yield was0

0.41mole fraction, while it is 0.27 mole fraction at 440 C and 1.25mg/(ml/min). At 500 C the yields are 0.60 0

and 0.52 mole fraction at 3.75mg/(ml/min) and 1.25mg/(ml/min) respectively. Thus the higher the temperature

and the contact time, the higher the cracked products yield. This is expected in cracking which involves the

rupture of the carbon-to-carbon bonds where temperature is expected to play an outstanding role. According

to Gates, the catalyst has sites which can remove hydrogen from an alkane together with the two electrons

which bond it to the carbon. This leaves the carbon atom with a positive charge. Ions like this called

carbonium ions undergo reorganization which leads to the various products of the reaction (Gates, B.C., 2000).

The benzene yield presented in Fig. 3 also shows noticeable dependency on both contact time and

temperature as benzene yield is enhanced by their increase. This shows that the dehydrocyclization reaction

through which benzene was formed is favoured at high temperatures. Higher reactor temperature has been

found to increase octane rating (aromatics formation) but reduce run length (Parera, J.M., 1986). Temperature

may also be raised in case of declining catalyst activity or to compensate for lower quality feedstock. The

temperature dependency of both the cracked products and benzene yields confirms that the overall process is

endothermic. The total conversion of reactant to products is presented in Fig.4. The total conversion at higher

temperatures tends to unity while at relatively lower temperatures the conversion drops significantly. The

contact time effect on total conversion is also noticed but not as significant as the temperature effect. 

Effect of Helium-Hydrogen Content on Products Yield: 

The products formed under helium-hydrogen atmosphere are cracked products, methylcyclopentane and

benzene. Their relative amount has been found to be a function of contact time and temperature. The influence

of hydrogen content in the carrier gas on the individual products formation and total conversion is presented

in Figures 5-7. The cracked products formation as presented in Fig. 5 shows a gradual decrease at low

hydrogen content between 0 and 50%. Beyond 50% hydrogen, there was a tangible increase of cracked

products formation. In the first estimation it is generally expected that hydrogenolysis which occurs via

stepwise dehydrogenation, cleavage of C-C bond and rehydrogenation should be hydrogen dependent. The

formation of methylcyclopentane under hydrogen diluents on platinum/alumina catalyst presented in Fig. 6 may

be interpreted as evidence that it is an intermediate of the reaction. The route of formation of C5 hydrocarbon

from C6  hydrocarbon is  better explained by dehydroisomerization reaction where the dehydrogenation step
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W/F, mg/(ml/min)

Fig. 2: Effect of Contact Time and Temperature on  Cracked Products Formation During n-Hexane Reforming

2 3on Pt/Al O  Catalyst in Helium 

W/F, mg/(ml/min)

Fig. 3: Effect of Contact Time and Temperature on Benzene Formation During n-Hexane Reforming on

2 3Pt/Al O  Catalyst in Helium 

W/F, mg/(ml/min)

Fig. 4: Effect of Contact Time and Temperature on Total Conversion During n-Hexane Reforming on

2 3Pt/Al O  Catalyst in Helium 

occurred on the metal sites and the isomerization reaction on the acid sites of the catalyst. This agrees with

2 3 the work of Paál and Tétényi on the reforming of C6 hydrocarbon on Pt/Al O catalyst where they concluded

that the formation of methylcyclopentane from hexane proceeds in the presence of hydrogen only (Paa´l, Z.,

P. Te´te´nyi, 1973). The methylcyclopentane yield however increased reasonably only at low hydrogen content

up to 25%, while there was no significant increase with a further increase of hydrogen. 

The effect of hydrogen on benzene formation is presented in Fig. 7. The benzene yield was favoured at

low hydrogen contents and drop rapidly with a further increase of hydrogen. This order of change was

observed at all temperatures in the interval of temperature used. The explanation proposed for this phenomenon
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Fig. 5: Effect of Contact Time and Temperature on Cracked Products Formation During n-Hexane Reforming

2 3on Pt/Al O  Catalyst in Helium-Hydrogen Mixture

Fig. 6: Effect of Contact Time and Temperature on  Methycyclopentane Formation of n-Hexane Reforming

2 3on Pt/Al O  Catalyst in Helium-Hydrogen Mixture

           

2 3Fig. 7: Effect of Contact Time and Temperature on Benzene Formation of n-Hexane Reforming on Pt/Al O

Catalyst in Helium-Hydrogen Mixture

is that at sufficiently high hydrogen content where coverage of platinum by carbonaceous residues is not a

limiting factor, increasing hydrogen content serves to suppress the dehydrogenation step and hence decrease

dehydrocyclization. At low hydrogen however, background reactions involving extensive dehydrogenation and

polymerization become important. These reactions lead to extensive coverage of the platinum by carbonaceous
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2 3Fig. 8: Effect of Contact Time and Temperature on Total Conversion of n-Hexane Reforming on Pt/Al O

Catalyst in Helium-Hydrogen Mixture

2 3Fig. 9: Test of First Order Kinetic for n-Hexane Reforming on Pt/Al O  Catalyst in Helium

2 3Fig. 10: Arrhenius Plot for n-Hexane Reforming on Pt/Al O  Catalyst in Helium.  

residues so that the limiting factor becomes the removal of the residues by reaction with hydrogen, thus

accounting for the beneficial effect of hydrogen on the rate. Therefore sufficient hydrogen must be maintained

to avoid excessive coke formation since an atmosphere of hydrogen is used to minimize carbon deposit on the

catalyst. Since increasing hydrogen also has the effect of decreasing the yield of aromatic hydrocarbons, the

choice of hydrogen content for a reformer is a matter of balancing product yields against deactivation rates

(Paa´l, Z., P. Te´te´nyi, 1973). 

Kinetic Analysis: 

0 Preliminary test of first order reaction kinetic was conducted by plotting the graph of ln (1/(1-X )) against

W/F (Figures 9 and 11). The straight line obtained suggested a first order kinetics for n-hexane reforming on

platinum/alumina catalyst both in helium and helium-hydrogen diluents. The values for the rate constants were

then evaluated from the slop of the plots. 
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2 3Fig. 11: Test of first order kinetic for n-hexane reforming on Pt/Al O  Catalyst in Helium-Hydrogen Mixture

2 3Fig. 12: Arrhenius Plot for n-Hexane Reforming on Pt/Al O  Catalyst in Helium-Hydrogen Mixture.

The Arrhenius plot of lnk against 1/T at various temperatures used (Figures 10 and 12) gave a straight

line through the points while the activation energies calculated are 15.92 and 19.5 kcal/mol. in helium and

helium-hydrogen atmosphere respectively. 

Conclusion:

The products of aromatization identified on platinum/alumina catalyst in helium carrier gas are cracked

products and benzene. Their yields were found to increase with an increase of temperature and contact time.

In helium-hydrogen mixture however, in addition to cracked products and benzene, methylcyclopentane

was identified. This shows that methylcyclopentane is an intermediate of the reaction. The cracked products

formation in helium-hydrogen atmosphere is favoured at high hydrogen content while aromatics formation is

favoured at low hydrogen content. The process temperature has positive effect in all cases. The higher the

temperature the higher the products yield. 

The process followed the first order kinetic in helium and helium-hydrogen diluents while the activation

energy was slightly higher under helium-hydrogen mixture than under helium. 

REFERENCES

2 3Alexev, O.S., W. Graham, M. Shelef, B.C. Gates, 2000. ã-Al O -supported Pt Catalysts with Extremely

High Dispersions Resulting from Pt-W Interactions. J. Catal., 190: 157-72. 

Anderson, J.R., M. Boudart, 1981. Catalysis (Science & Technology) vol.1. Berlin, Spinger-verleg, pp:

257-299.

Bournonville, J.P., J.P. Franck, 1988. In Hydrogen Effects in Catalysis; Paa´l, Z., Menon, P.G., Eds.;

Marcel Dekker: New York, 653.

Gates, B.C., 2000. Supported metal cluster catalysts. J. Mol. Catal. A: Chem., 163: 55-65.

Jerzy, S., 1999. On the Kinetics of Catalytic Reforming with the use of various Raw Materials. Energy

Fuels, 13(1): 29-39.



Aust. J. Basic & Appl. Sci., 4(8): 3835-3842, 2010

3842

Liberman, A.L., 1964. Kinet. Katal., 4: 128.

Marin, G.B., G.F. Froment, 1982. Reforming of C6 hydrocarbons on  Platinum/alumina Catalyst. Chemical

Engineering Science vol. 37, No5, Great Britain, pp: 759-773.

Parera, J.M., J.N. Beltramini, C.A. Querini, E.E. Martinelli, E.J. Churin, P.E. Aloe, N.S. Figoli, 1986. J.

Catal., 99: 39.

Paa´l, Z., P. Te´te´nyi, 1973. J. Catal., 30: 350.

Ponec, V., G.C. Bond, 1995. Catalysis by Metals and Alloys; Elsevier: Amsterdam.

Paa´l, Z.,1988. Catal. Today, 2: 595.

Paa´l, Z., P. Te´te´nyi, 1971. Dokl. Akad. Nauk SSSR, 201: 1119.

Paa´l, Z., 1992. Catal. Today, 12: 297.

Paa´l, Z., P.G. Menon, 1983. Cat. Rev. Sci. Eng., 25: 273.

Ruckenstein, E., I. Sushumna, 1988. In Hydrogen Effects in Catalysis; Paa´l, Z., Menon, P.G., Eds.; Marcel

Dekker: New York, pp: 259.

Rohrer, J.C., H. Hurvitz, J.H. Sinfelt, 1961. J. Phys. Chem., 65: 1458.

Zimmer, H., Z. Paa´l, 1984. Proceedings of the 8th International Congress on Catalysis, Berlin, 3: 417.


