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2 3Abstract: The hydroconversion of n-heptane on platinum-hydrogen mordenite and alumina (Pt/HM+Al O )

catalyst composite has been studied using a continuous high pressure plug flow reactor using different

operating conditions of reaction temperature from 300 to 500 C, hydrogen pressure from 1.5 to 6.0 MPao

and liquid hourly space velocity (LHSV) from 4 to 9h . The data obtained show that, maximum-1

percentage of iso heptane was obtained at 300 C above which the hydrocracking reaction was increasedo

as the reaction temperature increased to 500 C but the cyclization to methylcyc-lohexane (MCH) is noto

favoural for this catalyst. On the other hand the dehydrogenation was enhanced when the temperature was

increased from 300 to 500 C. Hydrogen pressure effects the hydrocracking reaction at pressure aboveo

3MPa while isomerization and aromatics formation were decreased with hydrogen pressure increase. It was

observed that isoheptane was increased as the contact time was increased while aromatic content behaves

in an opposite manner.

2 3Key words: Hydroconversion of n-heptane, operating conditions, Pt/HM+ Al O  catalyst composite.

INTRODUCTION

The demand for branched alkanes increases in the

reformulated gasoline pools due to the environmental

regulations such as eleimination of lead alkyl additives

and limitation in the content of olefins, benzene, total

aromatics and low sulfur .[1 ,2]

Hydroisomerization of straight-chain paraffins into

highly branched paraffins to boost the octane number

of gasoline is an environmentally more acceptable

alternative compared to other technologies such as

blending with oxygenates and aromatics . Due to[3]

environmental concerns the traditional isomerization

catalyst, Pt supported on chlorinated alumina, is very

active and can operate at lower temperatures, but these

catalysts cause corrosion and pollution problems and

are very sensitive to poisons such as water, aromatics,

and sulfur .[3 ,4]

Owing to their useful properties such as acid

properties, their shape selectivity and stability, zeolites

are the catalysts most employed in refining

(hydrocracking, hydroisomerization, … etc) and

petrochemical processes (alkylation and disproporition

of aromatics . These catalysts contain two types of[4 .5]

active center: hydrogenation-dehydrogenation sites

(metal phase) and acidic sites (zeolite phase) .[6 ,7]

Bifunctional catalysts are widly used in petroleum

refining processes . Pt/H mordenite (Pt/HM) was[1 ,8,9 ,10]

found to be active for both hydroisomerization and

hydrocracking and to overcome the disadvantages of

2 3Pt/Al O . It can give a catalytic performance free of[7]

diffusional limitation between the two catalytic

functions by depositing the noble metal in the pores of

strongly acidic zeolite.

A necessary condition to obtain high isomerization

yield is that the hydrogenation activity and acidic

activity of a catalysts are in balance . The balance[6 ,7 ]

between hydrogenating and acidic functions is

important and are required .[11]

One of the most important is the crystal size which

influences the external surface area and mesoporosity

. Active sites in shape selective zeolite are most[12]

commonly acidic (Brounstated or Lewis) sites such as

Pt-HY zeolite and Pt-H-mordenite .[13,14]

Several variables, have extensively been studied,

play an important role in hydroconversion, among them

the reaction temperature, the contact time, the hydrogen

2pressure and H /Hydrocarbon ratio as well as the

distribution of metal and acid sites . The interaction[15,16]

o f these  va r ia b le s  o n  th e  chemis try and

thermodynamics is necessary. .[17]

The main objective of this study is the preparation

of binary support of H-mordonite and alumina in order

to take the advantage of the structural and acid

properties of both materials during the hydroconversion

reactions besides the achievement of the effect of

process variables on the hydroconversion of n-heptane

2 3using Pt/HM+Al O  composite catalyst.
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Experimental Work: The experimental work concerns

the laboratory scale investigation of the catalytic

hydroconversion of hydrocarbons to assess the effect of

catalyst type and operating conditions

Catalyst Preparation: The platinum catalyst in this

investigation was prepared using the following

supports:

a)Na-Mordenite: supplied by Sud-chemie,

Munchem, Germany

b)ã-alumine: supplied by the French Institute of

Petroleum.

Platinum on zeolite and alumina composite was

prepared using Na-Mordenite. The sodium ion was first

4exchanged several times using fresh solutions of NH Cl

(3M) at room temperature with stirring till complete

4removal of Na  ions. The NH  mordenite produced was+

filtered off and washed with bidistilled water until Cl-

free, dried at 110 C over night and then calcined ato

500 C for 3 hours . For the composite, zeolite ando [6,18]

alumina were mixed together in a weight ratio of 1:1.

This composite was used as support for Pt catalyst

preparation by impregnating the support with

2 6 2chloroplatinic acid H  Pt Cl . 6H O containing 0.4gm

Pt/gm together with citric acid as an impregnating

additive such that the final catalyst contains 0.35 wt.%

Pt. The catalyst obtained was then dried and calcined

as above.

Experimental Set Up.

Catalyst Activity Testing (Cata-test-unit): The

experimental set up used for testing the catalytic

activity of the prepared catalyst was carried out using

a continuous high pressure plug flow reactor.

Detail description of the system together with the

experimental procedure and liquid product analysis are

given elsewhere .[6 ,19]

Operating Conditions: The following operating

conditions were used for the hydroconversion reaction

of n-heptane (99% from BDH) as a feedstock; 300 to

500 C reaction temperature, 1.5-6.0 MPa hydrogeno

2pressure, 4-9h  LHSV and a constant H /Feed mole-1

ratio of 5. The effect of each variable on the process

was assessed while keeping other variables constant.

RESULTS AND DISCUSSION

Catalyst Activity: In this work a dual function catalyst

composed of 0.35 wt% Pt supported on 1:1 composite

2 3of HM zeolite and Al O  was investigated under

d ifferent operating conditions for n-heptane

hydroconversion

A-Effect of Reaction Temperature: Figures (1) depict
the fractional composition of the hydroconversion

2 3products obtained from n-heptane using Pt/HM+Al O
catalyst as a function of reaction temperature from 300
to 500 C and under constant hydrogen pressure of 3.0o

MPa, LHSV of 4h  and hydrogen to feed mole ratio 5.-1

Results indicated that the hydroconversion of n-heptane
was increased from 31.1 wt.% at 300 C and attains itso

maximum upon raising the reaction temperature to
500 C to reach 73.75 wt.%.o

The hydrocraked products were affected greatly by
the operating conditions, especially the reaction
temperature.

As the reaction temperature was increased from
300 up to 500 C, the amount of the produced gaseso

was increased from 8.7 to 39.56 wt.%.
Fig. (1-a) represents the distribution of the

individual hydrocarbons in the hydrocracked products.
The hydrocracked products obtained are mainly
propanes and butanes hydrocarbons. This signifies that,
the most preferential position for –C–C– bond scission
is that located between the third and forth carbon atom.
This means that, cracking of –C–C– bond occurred
near the middle of n-heptane molecules (carbonium ion
mechanism). The yield of butane hydrocarbon is always
lower than that of propane at all the reaction

4temperatures due to the secondary hydrocracking of C

1 3components to C  and C  and at highly temperature

4(above 350 C) the remaining of C  may be combinedo

1 2with C and C  to increase the yield of pentanes and
hexanes.

It was found that the yield of these hydrocarbons
can be arranged according to carbon number per
molecule

3 4 5 6 1 2C  > C  > C  > C  > C  > C
The hydroisomerization activity of the investigated

catalyst is dependent on the applied reaction
temperature. At 300 C, the isomerate products reach itso

maximum yield (21 wt%). Beyond 300 C, branchedo

heptanes yield was reduced to become 6.34 wt.% at
500 C. The suppression of isomerization reaction waso

referred to the increase of the competing cracking at
elevated temperatures, where hydrocracked products in
addition to aromatics were predominate. The composite

2 3catalyst Pt/HM+Al O  exhibits its best performance at
300 C. This result can be ascribed to the fact thato

isomerization is mildly exothermic reaction and high
temperature  and  the  assoc iated  endothermic
hydrocracking reaction which suppresses the production
of isomerizate.

Cycloparaffin (i.e methyle cyclohexane MCH) is
not detected at different reaction temperatures from 300
to 500 C or even nil due to their conversion to theo

corresponding aromatics or hydrocraked to lower
molecular weight products. These reactions are
endothermic reactions and requiring higher temperature
Fig. (1-b).
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The aromatic contents were detected at a

temperature of 300 C with a product yield of 1.35o

wt%. As the reaction temperature was increased to

500 C, the aromatic percent was increased to reacho

28.31 wt.% because the endothermic reaction

contributing to the formation of aromatic is the

dehydrocylization of paraffins to aromatics. Aromatic

hydrocarbons composed mainly of toluene and some of

benzene are produced favorably as the reaction

temperature increases from 300 to 500 C. Fig. (1-b)o

B. Effect of Hydrogen Pressure: The effect of

hydrogen pressure on the hydroconversion of n-heptane

2 3using Pt/HM+Al O  catalyst has been investigated.

The yield and product compositions as a function

of hydrogen pressure at constant reaction temperature

of 400 C, LHSV of 4h  and hydrogen to feed moleo -1

ratio of 5 are shown in Figs (2).

The results illustrate that the n-heptane

hydroconversion increase from 31.11 to 60.1 wt.%

when the hydrogen pressure was increased from 1.5 to

6.0 MPa respectively.

At a constant temperature, thermodynamics is only

effected by pressure, and the increase of pressure

increases the rate of hydrogenation of the cracked

fragments to the corresponding saturates. This

accelerates the reaction towards the formation of lower

molecular weight hydrocracked products. When the

hydrogen pressure was increased from 1.5 to 6.0 MPa,

the hydrocracked products were increased from 5.8 to

45.7wt.% respectively.

The main hydrocracked products are propanes and

butanes. The fragments of longer chain hydrocarbons

5 6(C , C ) increased slightly up to 3.0MPa. At higher

pressure 4.5 and 6.0 MPa, the secondary cracking

reaction was increased which causes the increase in the

1 2yield of C  and C  hydrocarbon gases. Fig. (2-a)

Low hydrogen pressure gives higher amounts of

aromatics and lower yields of hydrocracked products.

On the other hand; it leads to rapid deactivation of the

catalyst by coke deposition .[6 ,20]

At 1.5 MPa the conversion product involves high

content of benzene and toluene, 2.8 and 9.2 wt.%

respectively. When the hydrogen pressure was

increased from 3 to 6.0MPa the concentration of these

components is almost slightly decreased. Fig. (2-b).

The hydrogen pressure has no effect on the

formation of MCH (methylcyclohexane).

The product distribution shown in Fig (2) reveal

that the hydroisomerization reaction was higher at

hydrogen pressure of 3.0 (13.4 wt.%) and at higher

pressure 4.5 and 6.0 MPa the isomerized products were

decreased due to the cracking reaction.

C- Effect of Contact Time (1/LHSV): The effect of

contact time (reciprocal of LHSV) on the product

distribution of n-heptan hydroconversion at constant

reaction temperature of 400 C and hydrogen pressureo

of 3.0 MPa are represented in Fig.(3).

The total conversion of n-heptane at contact time

0.11 and 0.16 hour was 24.19 and 29.77 wt.%

respectively. The highest n-heptane hydro-conversion

was 42.29 wt.% and was achieved at 0.25h.

Hydroisomerization of n-heptane is more favoured

at higher contact time. The maximum yield of

isomerized products was attained at 0.25 h, and

amounts to 13.43 wt.% . As the contact time was

decreased to 0.16 and 0.11 h, the amount of isomerized

products are dropped to 9.27 and 4.35 wt.% .[21]

Hydrocraked products is accelerated as the contact time

increased .  A maximum yield of it was attained at[22]

0.25h and comprises 17.68 wt.% It composed mainly

of 8 wt.% of propane and 3.46 wt% of butanes, these

due to the -C-C-bond rupture near the center of

heptane molecule Fig. (3-a).

Fig. 1: Distribution of reaction products of n-heptane hydroconversion at different reaction temperatures using

2 3Pt/HM+Al O  catalyst.
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Fig. 1-a: Effect of reaction temperatures on individual hydrocracked products

Fig. 1-b: Effect of reaction temperatures on the dehydrocyclization reaction of n-heptane hydroconversion

Fig. 2: Distribution of reaction products of n-heptane hydroconversion at different hydrogen pressure using

2 3Pt/HM+Al O  catalyst
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Fig. 2-a: Effect of hydrogen pressure on individual hydrocracked product

Fig. 2-b: Effect of hydrogen pressure on the dehydrocyclization reaction of n-heptane hydroconversion

Fig. 3: Distribution of reaction products of n-heptane hydroconversion at different contact time using

2 3Pt/HM+Al O  catalyst
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Fig. 3-a: Effect of contact time on individual hydrocracked  product

Fig. 3-b: Effect of contact time on the dehydrocyclization reaction ofn-heptane hydroconversion

Aromatics content composed mainly of benzene

and toluene at lower contact time, as they reaches 15.9

wt% at 0.11 and decreases significantly to 10.7 wt.%

with increasing contact time to 0.25 h. Fig. (3-b).

Comparison Using Different Zeolites (HY and HM):

The goal is cost effective production of high octane

blending components or maximization of aromatics.

The octane number of gasoline increases linearly with

the increm ent o f  a ro m atic  and  iso p araffin

concentrations .[23]

The isomerization processes aimed to improve the

octane number of gasoline produced from petroleum

refining and stringent environmental regulation have

increased the interest for the hydroisomerization

reaction .[6]

The hydroconversion of n-heptane was studied also

2 3with another catalyst composite (Pt/HY+Al O ) under

the same operating conditions as those used with

2 3Pt/HM+Al O  and the results have been recorded

elsewhere .[24]

The data of the hydroconversion of n-heptane with

the two catalyst composites reveal that maximum

isomerized products were obtained at 400 C, 3MPa ando

2 30.25h when using Pt/HY+Al O  catalyst composite

while higher aromatic contents can be produced with

2 3Pt/HM+Al O  catalyst composite at 500 C, 3MPa ando

0.25 h.
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