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I. INTRODUCTION

Paraffin and naphthene hydrocarbons are usually the
major component in the naptha reforming feedstock.
Thus the conversion of these hydrocarbon to high oc-
tane motor gasoline and aromatic hydrocarbon is one of
the important reactions of the catalytic reforming pro-
cess. (Montamal., 1965). And aromatization reaction is
guided by both metal and acid sites of bi-functiona re-
forming catalyst (Hobson 1973).

In order to obtain more information about the con-
version of paraffin and napthene to aromatic hydrocar-
bons and the role of bi-functional reforming catalyst on
those hydrocarbon conversion, an experiment has been
carried out to study the influence of thiophene on con-
version of methylcyclopentane and n.hexane to benzene
using mono-and bi-metallic reforming catalysts having
the same acidity.

The activity of metal site of mono-and bi-metallic
reforming catalysts has used hydrogenation and cyclo-
hexane dehydrogenation as a molecule model. The op-
erating conditions are as follows: temperatures: from 698
to 728 K, pressure: 19.4 atm and H,/HC ratio mole/mole.
A catatest unit operated in a continuous system was
used in this experiment. Gas and liquid products sam-
plers taken from gas and liquid samplers, respectively,
were analized by using gas liquid chromatography.

II. EXPERIMENTAL

Pure hydrocarbon feedstocks: n.hexane
methylcyclopentane, cyclohexane and benzene, commer-
cially pure hydrogen and industrial mono-, bi-metallic re-
forming and NI-Mo/AL0,-Si0, catalysts, have been used
in this experiment.

The experiment was carried out on a catatest unit
which can be operated in contineuous system. (Figure
1). The volume and inside of the reactor are 220 cc and

19 mm, respectively. And the operating temperaturee of
the reactor is regulated autimatically.

Gas and liquid products samplers taken from gas and
liquid samplers, respectivelly were analyzed by using gas
liquid chromatography.,

I1I. RESULTS AND DISSCUSSIONS
A. Results

1. Activation Energy of the Benzene
Hydrogenation
Initial reaction rate (r = mole/hour.g.cata) is propor-
tional to the conversion of the feedstocks (mole/mole)
and the hydrocarbon feedstock (mole/hour) and the
weight of the catalist (gr) (Sinfelt, 1961). And for low
feedstock conversion,this initial reaction rate is propor-

-

—

e

£
~ FT — Gesmeter
]_ P = Pump

T1 - Botch
T2 - Semple
PVC — Preswrersguletor  TIC — Temperature regulstor

~ PY - Presuregesuge TR X Temperature recorder |
}-R. PS ~— Pressure safety velve V  — Seperator

42




INFLUENCE OF THIOPHENE ON THE CONVERSION
A.S.NASUTION

LEMIGAS SCIENTIFIC CONTRIBUTIONS
VOL. 27, NO. 3, DECEMBER 2004 : 42-45

tional to the reaction rate constant (k). Activation en-
ergy of the benzene calculated by following arrhenius
equation:

rvk = A exp (-E/RT)

Benzene hydrogenation at T from 528 to 558 K, P
=19.4 atm,and H,/HC =6 mole/mole is given on the Fig-
ure 2. Calculated activation energy of benzene hydroge-
nation from Figure 2 are obtained : 10.112; 20.210 and
21.982 koal/mole for mono-,bi-metallic and Ni-Mo/ALQ -
Si0, catalist respectively. -

2. Composition of Products

Composition of products of the fresh feedstockof
the cyclohexane hydrogenaton at T = from 643 to 673
K, P=19.4 atm and H,/HC = 6 mole/mole and the me-
thyl cyclopentane hydroisomerization at T = from 698 to
728 K, T = 19.4 atm and H/HC = 6 mole/mole ar given
on the Figure 3, Figure 4 respectively.

At the temprature 673 K the relative initial rate of
the cyclohexane dehydrogenation for production of the
benzene: 11.3; 5.4, 1.0, and of the methylcyclopentane:
0.4, 0.8, 1.0 for mono-metallic,bi-metallic and Ni-Mo/
ALD,-Si0, catalysts,respectively. And at temperature 728
K lht. methylcyclopentane dehydroisomerization gives
the relative initial reaction rate for production of the ben-
zene: 1.2, 1.0, and of the hexane: 5.0, 1.0 for mono-me-
tallic and bi-metallic reforming catalyst respectively.

Influence of the thiophene on the feedstocks con-
version and the product nation at temperature 558 K, P
=19.4 atm and H /HC =6 mole/mole, and the cyclohex-
ane hydrogenation, the methylcyclopentane
dehydroisomerization and the n.hexane dhydrocyclization
at temperature 728 K, P= 19.4 atm and H/HC =6 mole/
mole,are shown on the Figure 5 and the Table 1 respec-
tively.

B. Discussions
1. Activity of the Metal Site of The Catalyst

Data on the Figure 2 and Figure 3 show that hydro-
genation and dehydrogenation of the metal site of the
catalyst, decreases as follows: mono metallic >bi-metal-
lic >Ni-Mo/AL0,-5i0,. And the initial reaction rate of
the benzene hydrogenation is higher than cyclohexane
dehydrogenation.

The increasing feedstock conversion and the
descreasing isomer products: are methylcyclopentane
from cyclohexane dehydrogenation, benzene from
methylcyclopentane dehydroisomerization and n.hexane
dehydrocyclization with the high metal siteactivity shown
on Figure 3, Figure 4 and Table 1, suggest that the high
adsorption of the hydrocarbon feedstock on this metal
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site low migration rate of the olefin inter-

mediate molecules such as: hexane and Table 1
methylcyclopentane, from this metal site Influence of thiophene
to acid site where the isomerization reac- Press feedstock | Addition of thiophene
. . Type of
tion occurs as follws. (Germain, 1969). i
reaction Mono Bi Mono Bi
C
O 0 Cyclodehidro.
i ot Conv. 94.43|  91.22 87.43 69.77
E é é& \ Benzene 91.75 81.42 79.61 51.91
= — —
£ = = O = 0 Met.cyclopen. 2.68 9.80 8.27 17.86
2| Il
5 Met.cyclopen.
c6 0 dehydroiso.
A 2.
ACID SITE Conv. 7.39 3.52 419 08
Benzene 3.35 3.13 279 1.92
2. Influence of the Thiophene Hexane 4.04 0.39 1.40 0.16
: Dl‘\z%ta l(;*m F1g:re 5 a;thsblc 1 s}'low T
that thiophene reduces the hydrogenation-
3 ; h 5
dhydrogenation of the metal site of the HEhyAren)e
catalysts. And the mono-metallic has a Conv. 68.54 61.78 5947 438
relative low sensitivity to thiophene Iso-hexane 53.66 51.84 48.91 38.91
comparred to the bi-metallic reforming Benzene 3.23 4.97 3.48 2.48
catalysts, wich is supported also by previ- Cc1-C5 11.65 497 7.08 2.51
ous data (Nasution, 1981).
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The increasing isomer products with the thiophene
addition into the feedstock for mono-metallic, suggest an
increasing migration rate of this olefin intermediate from
the metal site to the acid site of this mono-metallic re-
forming catalyst.

Due to the high poison sensitivity of the bi-metallic,
metal site activity is low enough to produce methyl-
cycloamyl carbonium ion an intermediate molecule for
benzene production from and hexane,which is obtained
by the hydrogenation of the methylcyclopentane inter-
mediate molecule as following reation mechanism.

(Barron, 1963).
tso. CG 6+ = é
0 Ir

t.co.C::':h.CZ — é

METAL SITE

ACID SITE

Due to the descreasing n.hexane dehydrocyclization
with the operating pressure (Nasution, 1991), the migra-
tion rate of those olefin intermediate molecules, seems to
be depended by this operating pressure.

The increasing iso-hexane products of n.hexane
dehydrocyclization,by addition of the thiophene for both
mono- and bi-metallic reforming catalysts,suggest the
higger hydrogenation reaction of the iso hexane
intermediat molecule compared with the dehydrogena-
tion of this methylcyclopentane intermediate molecule to
produce the methylcyclopentane as a source of the
methylcycloamyl carbonium ion. And this suggestion 1s
supported also by the lowest metal site activity of Ni-
Mo/AL0,-Si0, catalyst, which produces a highest iso-hex-
ane and a-lowest benzene products from n.hexane
dehydrocyclization compared to the both mono- and bi-
metallic reforming catalysts (Nasution, 1986).

The high descrease of the hydrocracked products
(C,-Cy) by the thiophene addition for the mono-metallic
reforming catalysts, suggest, that n.hexane
hydrogenolysis desreaseon the poisoned metal site of
this mono-metallic. The previous data (Smith etal., 1971)
indicated also that the high metal site activity of the bi-
functional reforming catalyst produces a high
hydrogenolis reaction.

IV. CONCLUSIONS

The hydrogenation-hydrogenation activity of the
metal site of the catalyst descreases follows:mono-me-
tallic >bi-metallic>Ni-Mo/ALD,-Si0,.

Medium metal site activity of bi-metallic or decreas-
ing high metal site activity of mono-metallic by the
thiophene addition, produces high conversion of the
methylcyclopentane n.hexane to benzene.

Poisoned metal site of bi-metallic and Ni-Mo/ALQ,-
Si0, catalysts have a low dehydrogenation activity to
produce benzene from n.hexane the hydrocyclization.
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