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2 3Abstract: H-ZSM-5 zeolite, ã-alumina and the composite H-ZSM-5+ã-Al O  supports were impregnated

with 0.3 wt% Pt. Characterization of these samples was assessed through X-ray diffraction pattern, BET

surface analysis, surface acidity determination and catalytic activity toward n-octane hydroconversion. The

catalytic reaction was performed in a pulse micro-reactor operated at temperatures between 250 -450 C,o o

in a hydrogen atmosphere. The results indicated that H-ZSM-5 zeolite was very efficient as a cracking

catalyst. Incorporation with 0.3 wt% Pt improves its activity and also selectivity to the isomerization

reaction. ã-Alumina which possesses relatively larger pore size and pore volume is the most selective

material for cyclo-compounds formation. The catalytic performance of Pt/mixed support reveals an

2 3intermediate behavior between those of Pt/Al O  and Pt/HZ catalysts. All the obtained data are compatible

with the acidity, surface area and pore size of the examined samples.

Key words: Hydroconversion, n-alkanes, bifunctional catalysts, H-ZSM-5, Al2O3 catalysts.

INTRODUCTION

Hydroconversion of straight chain alkanes is a

significant process in the field of petroleum industry

. It upgrades the properties of various distillates[30 ,3]

produced from the refiner to be more suitable for the

desired applications . Bifunctional metal acid catalysts[29]

are frequently used for these purposes . The type[5 ,14 ,13 ,2]

of acidic support represents an essential parameter that

control the specific behavior of the catalyst . The[25 ,28 ,16]

addition of metal to an acidic support, produces a

bifunctional catalyst which displays a synergism

between the hydro-dehydrogenating function of the

metal, and isomerization-cracking function of the acidic

active centres . Moreover, the hydrogenation of[24 ,22 ,23 ,21]

coke precursors on the metal sites decreases the

deactivation rate and improves the stability of the

catalysts . [19]

ã-Alumina is widely employed as a metal carrier

for many catalytic reactions, but their performance are

not always satisfactory. Protonic zeolites have emerged

and find wide industrial applications as catalysts with

better activity and selectivity, compared with the

conventional ã-alumina . Hydroisomerization and[20]

hydrocracking of long-chain n-alkanes over bifunctional

metal acid zeolite catalysts have been studied by

numerous investigators . These reactions provide an[16 ,32]

important source of light isoparaffins.

H-ZSM-5 (pentasil) zeolite is classified under the

acidic catalysts that characterized by its large number

of acid sites which aquire high strength . Moreover,[1]

Pt-incorpoaration improves its superiority for catalyzing

the hydrogenation- dehydrogenation reactions.

Various combinations of mixed supports have been

investigated by several researchers to meet the

requirement of the desired physcio-chemical properties

to suit a particular applications . In many reactions,[7 ,26 ,31]

catalyst based on a multicomponent oxides exhibits

better performance than when component oxides were

used separately.

The aim of this work is to elucidate the influence

of type of support on the surface characteristics of the

examined catalysts, and accordingly, on their catalytic

performance, that can give the opportunity to choice

the most adequate catalyst for the required product

composition at the best operating temperature.

Therefore a dual-functional catalyst composed of

2 30.3 wt% Pt supported on a 50/50 matrix of  ã-Al O

and H-ZSM-5 zeolite, is characterized and compared

2 3with Pt/HZ and Pt/Al O  catalysts  fo r  the

hydroconversion of n-octane under the same operating

2 3conditions. The use of a combination of HZ with Al O

as a carrier for Pt, modifies the acid site strength

distribution and number, as well as the structure

whereby the catalytic activities and selectivities for the

studied reactions will consequently be modified.

MATERIALS AND METHODS

Experimental:

Catalysts Preparation: The hydrogen form of ZSM-5

zeolite was obtained by exchanging the Na  ions in+
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4Na-ZSM-5 with NH  ions using ammonium chloride+

solution (3M). The zeolite was then separated, washed

till removal of Cl ions, dried at 110 C overnight and- o

2 3calcined in air at 530 C for 4 hrs. HZ, ã-Al O  and ao

2 3mixture of Al O  and HZ, in a ratio of 1:1 by wt, were

employed as supports for platinum metal. The wet

impregnation technique was applied, in which each of

the investigated supports was impregnated with an

aqueous solution containing the requisite quantity of

2 6 2chloroplatinic acid (H PtCl . 6H O), such that the final

catalysts contains 0.3 wt.% Pt. The obtained catalysts

were dried at 110 C overnight and calcined at 530 Co o

for 4 hrs.

Catalysts Characterization:

X-Ray Diffraction Analysis. (XRD): The X-ray

diffraction patterns of the studied materials were

recorded throughout 2è range of 4-80  in a Brukero

AXS D8 diffractometer with Nickel filtered Copper

radiation. The instrument was operated at 35 kv and

the spectra were recorded at a scanning speed of 2 /o

min.

Textural Characteristics: The specific surface area,

BET(S ), total pore volume and average pore sizes were

determined from nitrogen adsoption – desorption

isotherms measured at -196 C using a conventionalo

volumetric apparatus. Before carrying out such

measurements, each sample was degassed under a

reduced pressure of 10  Torr for 2 hrs at 200 C.-5 o

Determination of Surface Acidity: The amount of

2 3 2 3acids on H-ZSM-5, ã-Al O  and H-ZSM-5+ ã-Al O

samples expressed in m. moles per gram, was obtained

by an amine titration method using color indicators that

described elsewhere . The use of Hammett indicators[9 ,10]

awith different Pka values covering the range from Pk

= + 6.8 (nutral red) to PKa = -8.2 (Anthraquinone),

enable the determination of the amount of acid at

various acid strengths.

Catalytic Activity Tests: The catalytic performance of

the prepared materials was investigated through the

hydroconverion of n-octane. The reactions were carried

out at temperatures ranged from 250  to 450 C, undero o

atmospheric pressure, using micro-catalyic pulse

technique. The experimental set-up is mainly composed

of a micro-reactor, directly attached to an on-line gas

chromatographic apparatus, in order to provide

immediate analysis of the reactor effluents. A detailed

description of this method is given elsewhere .[27]

0.2 gm of the catalyst was activated for 2 hrs in

a hydrogen stream at 450 C, thereafter, it was cooledo

gradually to the desired reaction temperature. A dose

of 0.5 ìl of n-octane was injected into the reactor bed

in a hydrogen carrier gas. The recorded peaks in the

obtained chromatogram for the individual components

of the reaction outputs were identified.

The catalytic selectivity to a certain component

was calculated according to the following equation:

Selectivity for component A =

RESULTS AND DISCUSSION

Catalysts Characterization: The physico-chemical

characteristics of the catalysts under study are

investigated through the following analytical tools:

1) X-Ray diffraction, XRD, 2) Acidity and 3)

Surface area, Pore size and pore volume

X-Ray Diffraction, XRD: The XRD diffraction

patterns for the investigated catalysts were recorded at

2è range of 4-80 , and depicted in Fig. (1). Theo

diffractogram in Fig. (1a) revealed the appearance of

all the intensive XRD lines characteristic for H-Z

zeolite. This identification was based on the

corresponding data reported in an earlier publication, .[15]

oThe  I/I  value of the adsorption band at 2è  of 23.09o

(d= 3.85Å) is taken to represent the 100% peak of HZ

sample. The obtained pattern reflects the high degree

of crystallinity of this catalyst.

No reflection due to Pt-incorporation into the

zeolite was observed. The disappearance of the Pt

diffraction lines suggests that the concentration of Pt

crystallites is quite small which are not capable of

detection via XRD method (Fig. 1b).

2 3On the other hand the XRD spectrum of Pt/Al O

sample was also determined (Fig.1c). The pattern

reflects the microcrystalline structure of the investigated

alumina. Fig. (1d) shows also the X-ray diffraction

2 3results of the composite Pt/Al O +HZ zeolite catalyst.

The spectrum reveals the well crystallized materials

corresponding to HZ structure with their specific peaks

at 2è range of 7 -9  and 23-25 . The higher 2è  valueso o o

(28.46 , 37.48 , 45.46 , 49.45 , 66.95 , 67.57 , ando o o o o o

72.24 ) are all characteristic for the poorly crystallineo

alumina phase, at d-spacing of (3.13 Å, 2.39Å, 1.99Å,

1.84Å, 1.39Å, 1.38Å and 1.3Å) respectively, could also

be detected.

Surface Characteristics: The textural properties of

catalysts have a significant effect for controlling their

catalytic activity and selectivity. Therefore, the different

surface characteristics namely, specific surface area

BET(S ), total pore volume and mean pore size of H-

2 3ZSM-5 and Al O  supports were determined from

nitrogen adsorption isotherms conducted at – 196 C.o

The computed values are listed in Table (1).
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2 3 2 3Fig. 1: XRD Diffractogram of H-ZSM-5 (a), Pt/H-ZSM-5 (b) Pt/Al O  (c) and Pt/Al O  + H-ZSM-5 (d).

2 3Table 1: Textural Properties of HZ and Al O  Supports.

BETSam ple Surface Area (S ) m /g Total pore volume m l/g Average pore Size, Å2

H-ZSM -5 393.39 0.219 11.16

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 3Al O 288.1 0.382 26.51

It is well known that the surface areas of various

types of zeolites are always greater than that of

alumina. The obtained data ascertains this fact whereas

2 3the specific surface area of H-ZSM5 and Al O

surfaces were found to be 393.39 and 288.1 m /g,2

respectively. In addition, both pore volume and pore

size of the zeolite are lower than that of alumina

sample. 

Surface Acidity: Acidity is one of the most important

parameters for catalysts used in acidic reactions. Hence,

the surface acidity of the supports of the catalysts

under investigation, were completely characterized in

order to establish the relationship between the acidity

and selectivity to various reactions. Table (2) gives the

actual amount of surface acid centers at each acid

2 3 2 3strength range for HZ, Al O  and HZ+Al O  supports.

It has been deduced from the difference between n-

butylamine titers using the two indicators bracketing

othat H  range. The total surface acidity, which is equal

oto the base titer at the highest H  value, was also

determined. The data show that, all the examined

specimens revealed a district dissimilarity of both

amounts and strengths of acid sites that they

incorporated. The highest acid sites number is exhibited

by H-ZSM-5 catalyst. It reflects a pronounced

heterogeneity of acidic centers with a striking shift

towards high acid strength.

On the other hand, the acidity of alumina varies
widely from that of zeolite. It involves lower sites
number with weaker strength. Also, the composite
zeo lite-alumina support are characte rized  by
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intermediate values of acid sites number and strength,
in relation to their corresponding constituents. It has to
be pointed out that the differences in acidity is
considered as one of the major factors influencing the
catalytic activity for hydroisomerization-cracking
reactions that visualized as the main acidic reactions in
this study.

Catalytic Activity:
Hydroconversion of n-Octane over H-ZSM-5 (HZ)
Catalyst: The hydroconversion of n-octane was
performed at temperatures ranging from 250  to 450 Co o

using H-ZSM-5 zeolite catalyst. The produced
components depicted in Table (3) shows that, the total
conversion measured at various reaction temperatures
increased progressively from 59.9% to attain the
maximum value (i.e., 96.2%) at 400 C. More intensiveo

temperature has no significant influence on the amount
of alkane transformed, that remains almost constant.

It is well known that hydrocracking is strongly
endothermic reaction and predominates at high
temperature. However, the reaction pattern indicates
that H-ZSM-5 is very active and selective as a
cracking catalyst, even at moderate conditions. Alkanes
with lower molecular weight than octane were detected
as the principal products. The prevalence of these light
fragments declined, to some extent, at higher
temperature as a result of the participation of the
dehydrocyclizaton reaction at such conditions, and/ or
oligomerization of the cracked fragments and formation
of aromatics on account of alkane constituents. Highly
symmetrical cracking was favored since the main
hydrocracked components are butanes.

The great capability for cracking the straight chain
alkane can be attributed to the acidity function in the
H-ZSM-5, which is high enough to accelerate this
reaction (Table.3). On acidic centers, positively charged
carbocations, which are supposed to be the intermediate
species in the acid catalyzed reactions, are reversibly

8formed from n-C , which are readily isomerized and/ or
cracked to lower molecular weight hydrocarbons.

H-ZSM-5 catalyst has also a considerable ability
for skeletal rearrangement of the straight chain
paraffins, particularly at relatively lower temperatures.
At 250 , 300  and 350 C, the hydroisomerizationo o o

selectivity values comprise 50.8%, 50.4% and 48.1%
respectively. Beyond these temperatures, a drastic
reduction in the isomerization selectivity has occurred,
and the value dropped to be » 30% at 450 C. Theseo

results can be ascribed to the fact that isomerization is
mildly exothermic reaction which is favored at
moderate operating temperatures.

As evidenced by the data, the abundance of the
hydrocracked iso-components, namely, isobutane,
isopentanes, isohexanes and isoheptanes, denotes that,

8isomerization of the intermediate nC  precedes+

hydrocracking, under the investigated conditions.

Hydroconversion of n-Octane over Pt-Loaded H-
ZSM -5 (Pt/H-Z) Catalyst: The product distribution
analysis of n-octane hydrocarbons using Pt/zeolite
based catalyst is given in Table (4). The represented
data assert that Pt-incorporation is effective in
promoting the hydroconversion level of H-ZSM-5. At
a reaction temperature of 250 C, the transformed octaneo

improved to become 79.4% compared with 59.9 %
upon using the unloaded HZ sample. Furthermore, with
the bifunctional zeolite, the maximum hydroconverted
product comprises 98.1%, can be achieved at 350 C,o

above which the influence of temperature is
insignificant; whereas the upmost conversion value for
the parent catalyst (i.e., 96.2%) is obtained at more
elevated temperature of 400 C.o

The enhanced activity can also be rationalized in
term of catalyst stability. The stabilization is supposed
to be related to the capacity of Pt for generating
activated hydrogen that spill over the support and
eliminate coke precursors by hydrogenation . It is[17 ,4]

also linked to the surface concentration of acid sites of
high acid strength that participate in coking
mechanism . The presence of Pt partially reduces the[18]

sites, responsible for coking, by their masking with the
Pt metal particles; hence the activity of the catalyst
persists for a long period . It is worth to mention[1 9 ]

that, coke deposits originate from oligomerization of
olefins that cause the deactivation of catalysts.

n-Octane molecules are readily hydrocracked on
Pt/HZ catalyst. Nevertheless, there is a slight drop in
the selectivity relative to that of HZ, particularly at
250 C. This can be ascribed to a limited inhibition ofo

a part of the strong acid sites liable for this reaction as
a result of Pt addition. The better yield of uncracked
isooctane obtained demonstrates this attitude. However,
the largest individual hydrocracked components are
butanes. At more elevated temperatures, enhancement
of cracking reaction takes place, due to its
endothermicity, therefore, the yield of lighter fraction
ascended. However, dehydrocyclization that also takes
place at such conditions is less significant in case of
Pt/HZ than that of the parent catalyst. Blocking of the
zeolitic support with Pt may be responsible for such
reaction inhibition as a result of  counterdiffusion
effects. It is quite known that pores which have a
width not exceeding a few molecular diameters contain
paths narrow enough to hinder the free passage of
molecules through them. Therefore, configurational
restrictions are imposed in diffusing out the bulky
products of aromatics and naphthenic species with
diameters comparable to that of catalyst aperatures. The
small concentrations of cyclic compounds which are
detected in the reaction product of Pt/HZ, may be
correspond to the adsorption on a fraction of the total
available surface, i.e., the adsorption of open surface
which is freely exposed to reactants .[6]
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2 3Hydroconversion of n-Octane over Pt/Al O  (Pt/Al)

Catalyst: Hydroconvesion of the long straight chain

8alkane (n-C ) over alumina support dispersed with Pt

was also studied, and the results are represented in

Table (5).

Substantial paucity of catalytic efficiency can be

2 3recognized with Pt/Al O  compared to the Pt/zeolite

catalyst, at the applied temperature range (250 -450 C).o o

The overall conversion comprises 10.69-69.35 wt% for

2 3Pt/Al O , while 79.40-99.05 wt% are achieved upon

using HZ zeolite as a carrier. It is common knowledge

that the high surface area of zeolite (393.4m /g)2

compared to alumina (288.1 m /g), contributes to2

agument  its catalytic capacity. In addition, the higher

acidity of H-ZSM-5 is also amenable for such

variation.

Dehydrocyclization of n-octane is the most

2 3consequential reaction taking place over Pt/Al O

catalyst. The percentage of the produced cyclic

compounds in the transformed product dropped from

76.61-27.17 wt% at the temperature range of 250 -o

450 C. Aromatics, composed mainly of ethylbenzene,o

toluene and benzene with total selectivity of 25.76 wt%

are exhibited at 450 C, (Table. 5). The higher catalytico

2 3activity and selectivity of Pt/Al O  for the

dehydrocyclization reaction relative to that of Pt/zeolite

may go back principally to the proper size of pores

incorporated in alumina support.

The data exposed some diminution of branched

2 3chain products given by Pt/Al O  relative to Pt/zeolite

catalyst. Maximum isomerization selectivities comprise

40.25-47.65 wt% are achieved at 300 -400 C and theo o

isomerated constituents demonstrates the prevalence of

8the rearranged octane molecules (iso-C ). It was stated

in a previous work that a strong parallelism exists

between the occurrence of a certain reaction and the

acidity spectrum of the catalyst . Furthermore,[8 ,11,12 ]

skeletal rearrangement depends qualitatively and

quantitatively on the presence of acidic sites of a given

strength. As the percentage of metal contents in both

2 3HZ and Al O  carriers are identical, consequently, the

higher acidity function resided on the zeolite support

relative to alumina carrier is accountable for the

isomerization enhancement over the Pt/zeolite catalysts.

Owing to the moderate acid sites strength of

alumina compared to HZ (Table 2), it possesses an

insignificant ability to enhance cracking reactions which

require very strong acid centers to promote. This

provides a better chance of the reacted molecules to

dehydrocyclized instead of being consumed in cracking

reaction, and also for the preservation of the skeletal

formula of the branched octane from destruction.

2 3Hydroconversion of n-Octane over Pt/Al O + H-

ZSM -5 (Pt/Al+H-Z) catalyst: In this study , a dual

functional catalyst composed of 0.3 wt% Pt supported

on a 50/50 matrix of alumina and H-ZSM-5 zeolite

was investigated and compared with Pt//HZ and

2 3Pt/Al O  catalysts, under the same operating conditions,

for the hydroconversion of n-octane. The use of a

2 3combination of HZ with Al O  as a support for Pt

modifies the acid site strength distribution and number,

as well as the pore structure, whereby the catalytic

activities and selectivities for the studied reactions will

consequently be modified.

Table (6) summarizes the results acquired from the

GLC analysis of the hydroconverted n-octane over the

2 3composite Pt/Al O +HZ catalyst. The propounded data

manifest the improvement in catalytic activity of the

binary support relative to alumina carrier alone,

however, it is still lower than that of the zeolite at all

temperature applied. This result is compatible with

acidities and surface areas of the three samples.

The distribution of the individual components

demonstrates a reasonable extent of isomerization

reaction. The selectivity to branched alkane formation

comprised 48.24% can be accomplished at 350 C. Thiso

value slows down to become 34.78% by increasing the

operating temperature up to 450 C. At this temperature,o

about half of this amount of n-octane was

dehydrocyclized to aromatics and the remainder was

converted to lower molecular weight hydrocarbons.

Comparison, of these results with those of Tables

(4) and (5) substantiates that, dehydrocyclization of n-

octane over Pt/ mixed support is of a moderate level.

The upmost selectivity of 54.4% was accomplished at

250 C. This catalyst appears to maintain a highero

selectivity level than the zeolitic specimen, but has a

2 3lower efficiency relative to Pt/Al O  in conformity with

the pore diameters of the three assayed samples.

Based on the forgoing information, it can be

deduced that, the pore diameter is a principal factor

affecting the extent of this reaction. The fine pores

with diameter close to that of the naphthenic or

aromatic ring would hinder the diffusion of the

produced bulky molecules out of the intracrystalline

volume of the catalyst, on contrast to wider pores

which facilitate the egression of these components from

the interior.

On the other hand, addition of H-ZSM-5 to ã-

2 3Al O  support results in an increase of selectivity for

cracking reaction with a simultaneous decrease in

concentration of the relatively higher molecular weight

paraffins. This is as expected, because by increasing

the acidity of the composite catalyst via incorporating

a high amount of zeolite (corresponding to 50 wt%),

hydrocracking reaction, and especially of the longer

paraffins is favoured . 



J. Appl. Sci. Res., 5(9): 1163-1172, 2009

1168

Table 2: Acidity Distribution for HZ zeolite and Alum ina Supports.

OH -range Acidity, m mol/gm

---------------------------------------------------------------------------------------------------------------------------------------

2 3 2 3HZ Al O HZ+Al O

+ 6.8 to + 5.0 0.00 0.05 0.00

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

+ 5.0 to + 3.3 0.05 0.10 0.10

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

+ 3.3 to + 2.8 0.15 0.15 0.15

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

+ 2.8 to + 0.8 0.30 0.15 0.20

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

+ 0.8 to – 3.0 0.25 0.15 0.20

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- 3.0 to  -  6.63 0.10 0.00 0.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- 6.63 to -  8.2 0.30 0.00 0.15

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- 8.20 to  > -8.2 0.30 0.00 0.15

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total Acidity 1.45 0.60 1.00

Table 3: Hydroconversion of n-Octane on H-ZSM -5 Catalyst.

Selectivity, reaction Tem perature, Co

Components ---------------------------------------------------------------------------------------------------------------------------------

250 300 350 400 450

Conversion, % 59.88 71.53 82.76 96.16 96.89

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 2C +C 6.00 10.05 14.4 30.09 40.6

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3C 4.02 9.05 14.3 13.6 11.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4i-C 33.75 39.86 40.12 31.26 26.46

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4n-C 27.56 22.09 16.47 10.70 6.22

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5i-C 5.26 3.52 2.75 1.86 1.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5n-C 7.58 3.08 1.55 1.14 0.77

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6i-C 5.06 2.11 2.05 1.46 1.01

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6n-C 1.69 1.36 0.80 0.57 0.36

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7i-C 4.18 3.20 2.05 1.35 1.19

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7n-C 1.64 1.05 0.42 0.40 0.12

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M CH 0.50 0.28 0.06 0.03 0.01

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Benzene 0.00 1.61 1.73 2.26 3.25

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8i-C 2.50 1.68 1.09 0.73 0.31

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Toluene 0.16 0.35 0.72 1.09 1.40

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ethyl benzene 0.08 0.35 0.72 1.09 1.40

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Xylenes 0.00 0.03 0.07 0.62 0.82

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hydrocracking selectivity to alkanes 96.74 95.28 94.91 92.43 88.83

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hydroisomerization selectivity 50.76 50.37 48.06 38.19 30.02

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Dehydrocyclization selectivity 0.74 3.04 4.02 6.48 10.86

             To cycloparaffins 0.50 0.28 0.06 0.03 0.01

             To aromatics 0.24 2.76 3.96 6.81 10.85 



J. Appl. Sci. Res., 5(9): 1163-1172, 2009

1169

Table 4: Hydroconversion of n-Octane on Pt/H-ZSM -5 Catalyst.

Selectivity %                      Reaction Temperature Co

Components ----------------------------------------------------------------------------------------------------------------------------------

250 300 350 400 450

Conversion, % 79.40 87.27 98.12 98.99 99.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 2C +C 4.05 10.50 18.01 28.08 40.08

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3C 3.00 7.03 10.6 12.70 10.90

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4i-C 29.94 36.82 46.1 38.99 32.95

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4n-C 17.29 15.48 10.95 8.72 7.12

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5i-C 7.18 4.49 2.14 1.77 0.99

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5n-C 9.45 6.51 4.38 3.13 1.51

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6i-C 5.25 3.08 1.47 1.48 0.31

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6n-C 8.44 4.81 1.16 0.68 0.40

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7i-C 3.79 2.86 0.66 0.45 0.03

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7n-C 4.76 3.09 0.65 0.42 0.01

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M CH 0.36 0.17 0.05 0.02 0.01

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Benzene 0.00 0.12 0.41 0.76 1.22

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8i-C 6.35 4.72 2.20 1.11 0.76

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Toluene 0.10 0.17 0.60 1.77 2.12

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ethyl benzene 0.04 0.15 0.60 0.66 0.70

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Xylenes 0.00 0.00 0.02 0.28 0.61

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hydrocracking selectivity to alkanes 93.15 94.67 96.12 95.42 94.58

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hydroisom erization selectivity 52.51 51.97 52.57 42.80 35.3

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Dehydrocyclization selectivity 0.50 0.61 1.68 3.49 4.66

             To cycloparaffins 0.36 0.17 0.05 0.02 0.01

             To aromatics 0.14 0.44 1.63 3.47 4.65

2 3Table 5: Hydroconversion of n-Octane on Pt/Al O  Catalyst.

Selectivity reaction Temperature Co

Components ----------------------------------------------------------------------------------------------------------------------------------

250 300 350 400 450

Conversion, % 10.69 14.38 21.15 40 69.35

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 2C +C 0.09 0.83 3.97 5.13 15.13

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3C 0.11 0.15 2.51 4.45 4.22

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4i-C 0.94 1.25 4.70 7.83 6.95

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4n-C 0.96 1.11 4.14 7.30 6.18

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5i-C 0.47 0.49 0.75 4.23 3.47

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5n-C 0.28 0.62 1.45 4.10 3.15

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6i-C 0.28 0.39 0.51 3.32 2.17

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6n-C 0.15 0.23 1.35 2.95 1.75
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Table 5: Continue

7i-C 0.19 0.22 0.31 0.22 0.15

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7n-C 0.09 0.11 0.13 0.15 0.12

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M CH 62.82 40.75 20.95 5.75 1.41

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Benzene 0.19 0.35 2.55 4.32 5.72

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8i-C 19.83 37.9 39.35 32.05 31.28

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Toluene 4.58 5.08 6.67 7.38 8.55

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ethyl benzene 9.02 10.52 10.66 10.82 11.49

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hydrocracking selectivity to alkanes 3.56 5.4 19.82 39.68 42.29

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hydroisomerization selectivity 21.71 40.25 45.62 47.65 43.02

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Dehydrocyclization selectivity 76.61 56.7 40.83 28.27 27.17

             To cycloparaffins 62.82 40.75 20.95 5.75 1.41

             To aromatics 13.79 15.95 19.88 22.52 25.76 

2 3Table 6: Hydroconversion of n-Octane on Pt/Al O +H-ZSM -5 Catalyst.

Selectivity reaction Temperature Co

Components ----------------------------------------------------------------------------------------------------------------------------------

250 300 350 400 450

Conversion, % 34.14 54.28 86.39 96.87 98.79

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 2C +C 0.90 2.84 4.21 10.22 29.31

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3C 2.15 6.30 8.23 12.31 10.42

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4i-C 7.23 10.33 24.31 30.05 25.40

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4n-C 5.22 6.21 10.10 8.2 5.71

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5i-C 2.38 4.75 6.25 5.40 3.10

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5n-C 6.51 7.32 5.11 4.12 2.11

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6i-C 1.24 2.51 4.17 2.90 1.75

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6n-C 2.75 0.95 0.75 0.51 0.33

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7i-C 0.95 1.75 3.01 1.36 0.83

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7n-C 1.80 0.75 0.63 0.40 0.15

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M CH 44.58 27.25 8.50 3.20 0.80

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Benzene 0.50 1.24 1.51 2.75 3.38

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8i-C 14.51 18.25 10.50 5.10 3.70

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Toluene 2.60 2.62 3.06 3.75 4.51

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ethyl benzene 6.68 6.93 7.66 7.73 8.50

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hydrocracking selectivity to alkanes 31.13 45.46 66.77 75.47 79.11

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hydroisomerization selectivity 26.31 37.59 48.24 44.81 34.78

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Dehydrocyclization selectivity 54.36 38.04 22.73 19.43 17.19

             To cycloparaffins 44.58 27.25 8.50 3.20 0.80

             To aromatics 9.78 10.79 14.23 16.23 16.39 
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Conclusions:

From the Previous Information, it Can Be Deduced

That: The surface characteristics of the investigated

catalysts such as surface area, pore size and acidity,

besides the reaction temperature, are principal factors

influencing the yields and constituents of the products

obtained from the hydroconverion of n-octane.

H-ZSM-5 is very active and selective as a cracking

catalyst, even at moderate conditions, and that can be

attributed to its acidity function which is strong enough

to accelerate this reaction. Highly symmetrical cracking

was favored since the main hydrocracked components

are butanes.

Pt. incorporation in the zeolite, is greatly effective

for enhancing the transformation of n-octane, and also

for improving the selectivity to the isomerization

reaction.

Dehydrocyclization of n-octane is the most

2 3consequential reaction taking place over Pt/Al O

catalyst which may go back principally to the proper

size of pores incorporated in alumina support.

Owing to the moderate acid sites strength of

alumina compared to H-Z, it possesses an insignificant

ability to enhance cracking reaction which require very

strong acid centers to promote.

The data reveal that, the performance of

2 3Pt/Al O +HZ catalyst is of a middling attitude between

its constituent carriers. Each of the activity and

selectivity to various reactions has an intermediate

2 3magnitude between those of Pt/Al O  and Pt/HZ

samples.
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