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Modeling of Fixed-bed Catalytic Reactor Considering Pellet Particle
Geometry
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Abstract

To achieve net-zero emissions by 2030, the efficiency of fixed-bed catalytic reactors that convert CO, into
reusable fuel substances must be improved. Hitherto, numerical simulations considering chemical reactions,
fluids, and temperature, treating the catalyst layer as a homogeneous body, have been utilized. These
simulations have examined the impact of gas temperature and flow rate on reaction efficiency. Recently, coupled
models that consider the 3D filling structure of pellet catalysts have been proposed for sensitivity analysis and
optimization of the pellet size and shape. This paper introduces a case study on the construction of a simulation
model for methanol synthesis and methane synthesis, as well as multi-objective optimization aiming both to deal
with pressure loss and achieve reaction efficiency.
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Fig.1 (a) Schematic image of fixed bed catalytic reactor,
(b) Model geometries with various pellet size
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Table 1 Kinetic parameters

A () B ()
Kinetic constant k;
0.499 17,197
(mol/kg s bar?)
Kinetic constant k;
6.62x10"11 124,119
(mol/kg s bar?)
Equilibrium constant K7
3,066 10.592
(bar-2)
Equilibrium constant K7
2,073 2.029
(bar-2)

K2 XF )= VERY I 2L —Ya vl
Table 2 Conditions in methanol synthesis simulations

(i) (ii) (iii)

Pellet radius

(mm) 1 0.75 0.5

Volume ratio of
pellets (%)
Inlet

48.6 52.8 59.4

temperature 210
(c)

(i) (i)
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Fig.2 Simulated stational methanol concentration
(a) Three-dimensions (pellet surface), (b) cross-section
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Fig.3 Relationship between simulated average methanol concentration
on outlet plane and pellet radius
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Fig.4 Cross section of (a) simulated static flow velocity,
(b) simulated static temperature distributions
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Table 3 Database of methane synthesis simulations

Structure
Output parameters
parameters
# Average s dard P
ticl tandar ressure X
:Aﬂr e deviation loss Yield of CH4
iameter (-)
(mm) (mm) (Pa)
1 6 1.10 0.164 0.763
2 11 0.902 0.0823 0.595
3 5 0.175 0.183 0.789
4 9 1.51 0.113 0.666
5 11 2.81 0.113 0.614
266 8 0.696 0.126 0.705
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Fig.5 Simulated relationship between methane yield and pressure loss
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Fig.6 Simulated correlation coefficient of structural parameters for
pressure loss and methane yield
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