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1. Surrogate Model
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Introduction

Demand for light olefins has increased since the 1930s
and is still growing [1,2]. Among the most important
derivatives of propylene, polypropylene, acrylonitrile,
propylene oxide, acrylic acid, isopropylene alcohol,
oligomers are the famous, and various other
intermediates that are eventually used as materials
needed in the electronics, automotive, construction
and packaging industries [3]. Within 12 years, global
propylene production capacity is expected to increase
from 120 million tons in 2018 to about 160 million
tons in 2030 [4].

Nowadays, for the production of propylene, a steam
cracking unit with fluidized catalytic cracking is
used. Other technologies that have been studied and
developed but have not reached the commercial
implementation stage are thermal catalytic cracking
and oxidative dehydrogenation [5]. Conventional
commercial methods of producing olefins on the one
hand do not meet the growing needs of the market, and
on the other hand, require high energy consumption
for production. As a result, new methods are needed
to increase its production. In this study, the oxidative
dehydrogenation process of propane is investigated
through modeling, simulation and multi-objective
optimization of microchannel reactors with the purpose
of increasing propylene production and decreasing CO
as an environmental pollutant using C software and
response surface methodology.

Accepted: August/19/2021

Materials and Methods

First, the microchannel reactor was modeled and
simulated by COMSOL software. Then the validation
of the simulated reactor was performed with the
laboratory results presented in the Steinfeldt, 2001
[6]. After model validation, the effect of different
parameters on the reactor performance was
investigated and analyzed with the help of a simulated
model. Due to the computational cost of the simulated
model, alternative models such as experimental design
methods were used. In order to improve the process
performance, multi-objective optimization was
performed with the purpose of increasing propylene
production and decreasing carbon monoxide with the
help of the proposed surrogate model.

Results and Discussion

Laboratory data were used to evaluate the model
[6]. The microchannel reactor was simulated under
the same operating conditions, and the results
were evaluated. The results indicate their good
compatibility. The difference between the simulation
and laboratory results is about 7%. By examining the
effect of velocity, temperature, feed composition and
heat transfer coefficient on the conversion of reactants,
it was found out that by increasing feed flow rate, the
conversion of reactants decreases. Increasing the feed
flow rate reduces the residence time of the reactants
and thus reduces the conversion percentage. Also,
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increasing the temperature activates the catalyst and
increases the reaction rate, resulting in more reactants
or, in other words, increasing the conversion rate of the
reactants. To investigate the heat transfer coefficient,
a cooling flow is provided for the microchannel. In
the presence of a cooling stream, the heat transfer
increases and the mixture temperature throughout
the reactor reduces. The conversion percentage of the
reactor along the reactor decreases, due to the fact
that by increasing the heat transfer coefficient, the
transferred heat increases so the temperature decreases
and as a result, the conversion percentage decreases,
too. Moreover, increasing propane in the feed flowrate
relative to oxygen reduces propane conversion due to
lack of the other important reactant (oxygen).

Due to the computational cost of the simulated model
and optimization process, alternative models, such
as experimental design methods were used. In order
to improve the process performance, multi-objective
optimization was performed with the purpose of
increasing the production of propylene and decreasing
carbon monoxide with the help of the proposed
surrogate model. As the amount of propylene increases,
so does the amount of carbon monoxide. The trade-off
between the two objective functions has resulted the
pareto front and multiple optimal points. This means
that maximizing the amount of propylene will increase
the amount of carbon monoxide, or in other words,
minimizing the amount of carbon monoxide will
produce less propylene. Finally, the optimal point must
be determined among the various optimal responses
according to the operational priorities. Also, the results
of the optimization in the DOE software have been re-
given to the simulated model in COMSOL, the DOE
model has had acceptable accuracy with very low
execution time.

Conclusions

In this study, the process of propylene production
from propane in a microchannel reactor was simulated
and optimized. Temperature control, mass and heat
transfer are the main challenges in the reactors that

micro-reactors are good options for these issues. Given
the above, it can be said that by increasing reaction
temperature, there is no significant axial temperature
gradient or hot spots in the microchannel reactors,
although there is a problem that appears in the fixed
bed reactors.

In order to optimize the multi-objective functions in
this process, Design Expert software and D-Optimal
method were used. According to the obtained
results, it was observed that the model obtained
from the experimental design had a good agreement
with the simulated results in COMSOL software.
In this process, it was observed that increasing the
temperature increases the amount of propylene and
CO, and increasing the velocity decreases the amount
of propylene and CO. In this study, optimization was
performed with the purpose of maximizing the amount
of propylene and minimizing the amount of CO due to
coke production.
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