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ABSTRACT

The catalytic role of mono and bi-metallic of reforming catalysts is studied for the conversion of pure hydro-
carbons: Le: n. hexane, n. heptane, n, octane, methylcyclopentane, cyclohexane and naphtha in the reforming

regciion.

I. INTRODUCTION

The rapidly incressing deémand for aromatic
hydrocarbons a3 petrochemical feedstock and the
high octane number of gasoline has promoted refimer
to seek methods of improving yields of thess valuable
product.

Catalytlc reforming of naphtha 15 one of the
aromatic and gasoline produstion from petroleum
(1,2). As paraffin and naphthene hydrocarbons are
usually the mayor component in the naphtha feed-
stocks, thus the high conversion of these hydrocar-
bong to aromatc hydrocarbons plays an important
role.

In order to obtasin more information about
conversion of paraffin and naphthene hydrocarbons
of naphths to aromatic hydrocarbon and the cataly-
tic role of mone and b-metalllc of reforming cata-
lvsts for aromatization of those hydrocarbons, an
experimént has been carried out to study the con-
verglon of pure hydrocarbons, paraffins:  ie.
n. hexane, n. heptane and n. octane, and naphthenes:
cyclohexane and methylcyclohexane and methyl-
cyclopentane; and naphtha with the operating tempe-
ratures from 370° to 500°C, pressure: 15 kg/em?®
hydrocarbon to hydrogene ratio: 3 maole/mole,
using mono and bimettalic reforming catalysis
having the same acidity,

Dehydrogenation of cyclohexsne to benzene
has been used as reaction model to determine the
activity of metal site of reforming catalysts.

A micro-catalytic-activity-test  (Catatest) unit
operated in a continuous gystem was used in these
experiments. Gas and Liquid products samples taken
from gas and Hquid samples respectively were
analyzed by using & Gas-Liguid Chromatography.

0. EXPERIMENTAL

Pure grade of hydrocarbons: iLe: nhexane,
nheptans, nooctane, methyloyclopentane, cyclo-
hexane and naphtha, were used as feedstock. The
purified hydrogen, containing impurity less than 0,5%
by vol, mono and bimetallic reforming catalysts
were usad In this experiment

Experiment was carried out in a Micro Activity
Test (Catatest) Unit, without gas recycle, operated
contineous system ( Figare 1)

The volume and inside of the reactor are 220 ¢c and
19 mm respectively. The reactor temperature is
regulated automatically.

Gas and liquid produst samples were taken from
gas and liquid sampler respectively and these produets
were ghen analysed by using Gas - Liguid Chroma-
Lography.
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. RESULTS [ Typeofhydre | Reforming Catalysts |
Activation energy of hydrocarbon conversion :iun il m El‘.'tnlhn
(E) is calculated by using the following Arrheius
#quatonm, i Cyclohexane- 19.839 25.864
3 dehydrogenation
k= Ae
| Methyleyclopen- | 66,548 69476
ﬁgut!nndﬂﬂlwﬂwplmnflugrungnhm tane dehydro-
/T for cyclohexane dehydrogenstion and methyl- isomerzation. |

cyclopentané dehydroisomerization, and calculated
activation energies for those two meactions are
obtained as follows
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Mono-metallic reforming catalyst gives the high
aromatization of this cyclohexsne than bi-metallic
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Il. RESULTS Type of hydro- Reforming Catalysts
e il o : carbon conver- Mongo- Bi-
energy ydrocar COMVErsion b Metallic Metallic
(E) & calculated by using the following Anbooios | :
equation, Cyclohexane- 19.839 25.864
—E/RT dehydrogenztion
i k= Az
Methyleyclopen- | 66.548 69,476
Figure 2 and 3 show the plot of log r,, against tane dehydro-
1T for cyclohexane dehydrogenation and methyl- isomerization.
cyclopentane dehydroisomerization, and caleulated
activation energies for those two meactions are Mono-metallic reforming catalyst gives the high
obtained as follows aromatization of this cyclohexane than bi-metslic
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reforming catalyst: ie. the relative benzene yield,
roduced by these mono and bi-metallic catalysts
are 1,00 and 0.45 by mole respectively.

Benzens product, obtained by methylcyclopen-
tane dehydroisomerization, has the relative benzens
yields. 1.00 and 0.82 by mole for mono and bi
metallic reforming catalysts respectively.

By product of methylcyclopentana dehydroiso-
merization is hexane product, having the relative
hexane yields: are 1.63 and 1.00 by maole for mono
and bi-metallic reforming catalysts respectively. The
average composition of hexane products aré as
follows.

=

Compositon Befroming Catalyst

of hexane -

products, Monao- | Bi-

% by mole Metallic Metallic

n. hexane/ 39.18/ 91.74

2 methylpentane/ | 42,80/ 3.60f

3 methylpentane, | 18.01 4.62
by mole ]

Dehydrocyclization of n.heptang to toluens has
the relative toluene yield: 1.00 and 2. 32 by mole for
mono and bl-metallic reforming catalysts respectively.
And the relative yields of aromatization of n.hexane,
n.heptane and n.octane are 1.00, 7.48 and 12.83
by mole using bi-metallic reforming catalysts.

Catalytic reforming of naphths produces the
reformate with the following performances.

Performance REeforming Catalysis
of Reformate, Mono- Bi-
Co# Metallic Metallic
Yield, % by wi T0.93 T75.23
Hydrocarbon
Compotition,
% by vol.
Paraffin 316 1.5
Napththene 10.5 9.2
Aromatic 56.9 693
Octane Number 95.2 08.4
22

o0 -
Em-wmum
Nl ;
o F
% wm|
E s L
E &l
s o
n L 'l L i I L
15 147 148 151 163 188 157 188
=
TE
Figure 1 Arhenius plot of cyclohexane dehydroge-
nation
00 5
ﬂ —
m
£ &k
i3
20 =
m -
L]
I ] i 1 i i 1
1% L7 X 14 L e
e
TE
Figure 3 Asrrhenins plot of dehydrolsomerization
methylcyclopentane

IV. DISCUSSIONS

Low activation enérgy and high yield of cyclo-
hexxane dehydrogenation, promoted by metal site of
reforming catalyst (3], shows that the mon-metallic
erforming catalyst has high activity of metal site of
this mon-metallic reforming catalyst.
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High activity of metal site of mono-megallic
reforming catalyst gives the high adsorption of
methyl-cycloamyl intermediate molecule and then
followed by decyclization of naphthene ring wvia
hydrogenolis on this metal site to hexane interme-
diate molecule. And the composition of hexane
produce of naphthene ring decyclization by hydro-
genaolis is (4]

C nCg , 38%

ZMCs 41 %

3.MC; ;21 %

Low activity of metal site of bimetallic reforming
catalyst give high possibllity for methyleycloamyl
intermediate molecule to move from metal site to
acid site where thiz intermediate molecule converts
to carbomivm fon. And this carbonium ion 1.z,
methyleycloamyl is isomerized to cyclohexyl jon as a
source of benzene product or cracked to hexyl jion as
a source of hexane product. This hexyl ion,
obtzined by following cracking mechanisnme (6],

(g i
+_

.|_

5

Hydroiso- Hydrocracking

mefization
L

Bi-metallic reforming catalyst has a high activity
of methylcyclopentane dehydr¥isomerization and of
paraffin dehydrocyclization. Based on these two
reaction, it suggests that alkyl cycloamyl ion is an
intermediate molecule of this paraffin dehydrocy-
clization ().

As isomerization of intermediate molecule of
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alkyl cycloamyl ion to alkyleyclohexyl ion propor-
tional to its melocular weight (4), thus dehydrocy-
clization of paraffins to comesponding aromatic will
increase too with their molecular-weights (7). And
the high sromatic content of reformate, produced dy
bi-metallic reforming catalyst supports also these
experimental data of pure hudrocarbon comversions.

V. CONCLUSION

Bi-metallic reforming catalyst, containing low
activity of metal site, has a good performance for de-
hydroisomerization of methyleyclopentane and dehy-
drocyclization of low paraffin hydrocarbons.

Alkyleycloamyl jon |8 suggesies as an inter-
mediate molecule " of paraffin dehydrocyclization
reactlon  using bi-functlonal reforming  catalyst.

Hydrodecyclization of methyleyclopentane o
hexane, a3 by product of methylcyclopentane dehy-
droisomerization has teo types of reaction mecha
nisms, i. &

— hydropgenclis fro high activity of metal site of
mono-metallle reforming catalyst.

— hydrocracking for low sctivity of metal site of bi-
metallic refomming cotalyst.

And the extensive research must be carred out
to develop a high catalyst activity for aromatization
of paraffin and naphthene, and to study the optimum
operating conditions & given catalyst and naphtha
feedstock.

REFEREMCES

1. Wauithier, P, 1965, Raffinage ef Genie Chimique,
Edition Technip, Paris 152, France, p.775-811.

2. Hobson, G.D., 1973 Modern Petroleum Techmo-

logy, Applied Sclences Publishers Ltd, Essex,

England, p. 327-344,

Kramer, R. and Zuepg, HJ. 1983, Caral 80,

446-436,

Germain, J.E., 1969 Cemivtic Conversion of

Hydrocarbons, Academic Press, Mew Yok,

p. 141-219,

5. Heinz, H, Mills, GA, Hattmann, JB. and
Kirsh, FW,, 1963, Ind and Eng. Chem. 45(1),
130-137.

6. Smith, R.L., MNaro, P.A.. 1977 and Silvester,
AL, ). Catal 20, 359-366,

7. Nasution, AS. 1983, Presented paper at 3rd,

FACheC, Seoul, Korea, May B-11.

SRk
a

-



