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Introduction

Dehydrogenation of hydrocarbons is an important
commercial process because there is a high
demand for dehydrogenation of hydrocarbons in
the manufacture of various chemical products.
Dehydrogenation of paraffins is done by both catalytic
and oxidative methods. Catalytic dehydrogenation is
an exothermic reaction and oxidative dehydrogenation
is an exothermic reaction with water production.
Catalytic dehydrogenation of paraffins has been used
commercially to produce olefins since the late 1930s,
while oxidative dehydrogenation of paraffins has not
yet been commercialized. During World War 11, butane
catalytic dehydrogenation was used on alumina-based
chromium catalysts to produce butane, and then
dimerized to octane, and finally dehydrogenation
to octane to produce high-octane aircraft fuel [1].
In recent years, much research has been done on
modeling, simulation and optimization of paraffin
dehydrogenation reactors [2-10]. In this research,
modeling and simulation of propane dehydrogenation
process was performed based on the laws of mass and
energy and based on the main kinetic relations of the
reaction, and then the effect of coke formation on the
performance of reactors was investigated.

Methodology

Main three reactions in propane dehydrogenation
reactors in presence of alumina-based platinum
catalysts are propane dehydrogenation (reaction
1), propane cracking (reaction 2), and ethylene
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dehydrogenation (reaction 3) [11].

CH,&CH, +H, @)
C,Hy—>CH,+C,H, ()
C,H,+H, —>C,H, 3)

The propane dehydrogenation reactor consists of two
coaxial cylinders between which the catalyst moves
slowly downwards under the influence of gravity. The
gas feed consists of a mixture of alkanes and hydrogen
entering from below and passing through the catalyst
bed, with the products leaving the reactor [5].

R-01 R-02 R-03 R-04

Product

R Unit

== wCatalyst line 8
H  =Heater
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Fig 1. Schematic of the reaction part of the propane dehydro-
genation process.

Applying related assumptions and conditions, the
kinetics of the reactions [7,12,13] can be solved in
Polymath.v6 software by the Rang-Kata method of the
4th order [14].

Results
Figure 2 shows the radius conversion of propane for
each reactor. Due to the endothermic nature of the
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reactions, a heat exchanger is provided at the inlet
of each reactor to preheat the feed. As it is known, in
each reactor the conversion rate of propane increases
and the fourth reactor has the highest conversion
rate, but in the first reactor, the slope of the profile
changes is higher than the other reactors, which causes
the maximum equilibrium conversion rate in is next
reactors.

Propane Conversion(%)
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!
28

Reactor1 (1)
Reactor2 (2)
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R (m)

Fig. 2 Changes in propane conversion rate with reactor radius.

According to Figure 3, the maximum selectivity of
propylene relative to the input propane is 53%, which
occurs in the fourth reactor.

As can be seen from Figure 4, the performance of the
reactors was compared at the start of operation and
after 144 hours of operation, which it shows reduced
catalyst activity and reduced propane conversion due
to coke formation.
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Fig. 3 Selectivity of propylene to propane.
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Fig. 4 Effect of coke formation on reactor performance.

Conclusion

In this study, mass and energy equations along with
kinetic information and auxiliary equations with suit-
able initial conditions for propane dehydrogenation
radial flow reactors were solved in Polymath.v6 soft-
ware and the simulation results were compared and
validated with real information in similar articles. The
average error of 7.2% indicates the high accuracy of
the simulation.

The simulation results showed that the first reactor has
the highest temperature drop due to the large distance
from the equilibrium state and the fourth reactor has
the lowest temperature drop. For this reason, interme-
diate heaters are used to provide the necessary heat to
increase the outlet temperature of each reactor to enter
the next reactor. Also, by examining the selectivity of
propylene to the propane input to each reactor, it was
found that the selectivity of propylene in the first reac-
tor is 9.5%, the second reactor 20%, the third reactor
33.3% and the fourth reactor 53%. Finally, by compar-
ing the simulation results at the beginning of the reac-
tors with the reactors operating for 144 hours, it was
found that due to the coke formation on the surface of
the catalysts, the propane conversion rate in the first re-
actor was 61%, in the second reactor 15%, in the third
reactor 11% and 5% in the fourth reactor.
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