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Introduction

As a raw material for chemical compounds and
liquid fuels, natural gas receives much attention.
The principal component of natural gas is methane,
widely extracted in our country, and it is a good energy
source for consumers [1]. In this case, converting it
into new chemicals and fuels is both economically
and environmentally beneficial [2]. The methanol
to olefin (MTO) and methanol to propylene (MTP)
processes enable methane to be converted into
valuable products such as olefins [3, 4]. Nowadays,
computational fluid dynamics (CFD) is widely
used to study the hydrodynamic details of complex
multiphase flow reactors [5, 6]. In this study, Comsol
software and computational fluid dynamics were used
to simulate methanol to olefin conversion. Continuous
and scattered phase flows have been analyzed using
the Eulerian-Eulerian model. A kinetic model was
also proposed and kinetic parameters were derived
using MATLAB software. Afterwards, a comparison
was made between the experimental results and
the proposed model for essential products. After
validating the model, various parameters, such as solid
phase distribution in the bed, velocity vectors, particle
size, bed pressure drop, and average mass fraction of
the components were investigated. Using a proposed
kinetic model and subsequent simulation of this

Accepted: November/02/2021

process in a fluidized bed reactor sets this study apart
from other studies.

Materials and Methods
Simulation and Kinetic Modeling

This section will examine the equations that govern
the methanol-to-olefin conversion process and the
conditions necessary for solving them using COMSOL
software. The present study uses CFD tools and the
Eulerian-Eulerian perspective to simulate a two-phase
gas-solid flow in a riser. Kinetic modeling of the MTO
reaction was also performed.

Proposed Reaction Network and Kinetic Model for
the MTO Process

According to the Table 1, a reaction network was
developed using the SAPO-34 catalyst for the MTO
process. The study considers methanol and dimethyl
ether as sources of ethylene production.

Result and Discussion
Results of Kinetic Modeling of MTO Process

The genetic algorithm was used to obtain kinetic
parameters according to the objective function, as
shown in Table 2.



Table 1 The proposed reaction network for the MTO process
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on the SAPO-34 catalyst

Number Reactions
1 K
2MeOH — CH,OCH, + H,0
2 ky
CH,OCH,—C,H,+H,0
3 k
CH,OCH,+C,H,—»C,H,+H,0
4 ky
CH,OCH,+2C,H;—2C,H,+ H,0
5 ks
CH,OCH, +2C,Hy—2C,H,, + H,0
6 k
MeOH—2H, +CO
7 s
CH,OCH,+2H,—2CH,+ H,0
8 k
CH,+H,—»CH,
9 k
CH,+H,—>CH,

Table 2 Kinetic parameters determined by genetic algorithm.

Number E, ky,;

1 45.87 0.15
2 70.21 0.05
3 41.85 4.52
4 32.95 1.32
5 52.64 9.54
6 62.46 0.05
7 58.73 6.36
8 25.41 24.81
9 32.75 22.18

Simulation Results of the MTO Process
The Effect of Pressure Drop Along the Bed Length at
Different Times and Particle Diameters

Figure 1a shows the calculated pressure drop along the
bed at different times when the inlet speed is 1.6 m/s.
The highest pressure drop will occur at all times when
the reaction starts in the lower region of the bed. This
is caused primarily by overcoming the accumulation
of particles before opening and fluidizing the bed. Fig-
ure 1b shows that by increasing particle diameter from
60 to 110 um, the amount of pressure drop increases
and the area of pressure drop failure in particles with

a diameter of 110 pm has shifted to the end areas of
the bed.

Average Mass Fraction of Components During
Reactor

Figure 2a shows the average mass fraction of hydro-
carbons produced in this simulation in terms of reactor
length at 740 K. During the reactor, the mass fraction
of the components increased. Figure 2b also shows the
average mass fractions of methanol and water at reac-
tor output. Methanol conversion has exceeded 90%,
and water vapor has also increased during the reactor.
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Fig. 1 Pressure drop along the bed length (a) at different times for an inlet velocity of 1.6 m/s and (b) for different dimensions

of particle diameter.
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Fig. 2 (a) Average mass fraction of hydrocarbons produced during the reactor and (b) average mass fractions of methanol and

water produced during the reactor, at 740 K.

Conclusions

The process of converting methanol to olefin is
examined in this paper using computational fluid
dynamics (CFD) and Comsol software. A kinetic
model was also proposed, and kinetic parameters were
derived using MATLAB software. The experimental
results and the proposed kinetic model for essential
products were compared, and they showed a good
agreement. Thereafter, the model was validated by
adjusting various parameters including solid phase
distributions, velocity vectors, particle sizes, bed
pressure drops, and average mass fractions. According
to an examination of the average mass fraction of
hydrocarbon produced during the reactor, the mass
fraction of components increased. Additionally, at the
reactor outlet, the conversion rate of methanol reached
more than 90%, but the mass fraction of water vapor
also increased.
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