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Abstract

The methanol steam reforming in a microreactor is simulated using Received: 13 November 2022
Purnama’s reactions kinetic model. The simulation results were validated Accepted: 20 December 2022
against published experimental data in terms of methanol conversion and Page Number: 129-140

product composition. A new concept for making the microreactor
package more compact is evaluated by simulation. This idea consists of
thermal and mass integration of the process, i.e., the required heat of
methanol vaporization and methanol steam reforming be supplied by
the heat of catalytic heat of combustion of a portion of methanol in an
adjacent micro reactor to the reforming section of the package.
The simulation results showed that by using this method, it is possible to Keywords:
obtain a product with a hydrogen purity of more than 60% and CO
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3 Simulation,
content of less than 2%. The effects of reactor temperature and residence
time on the performance of the presented package was investigated and it Hydrog(_en,
was shown that the methanol conversion increases with increasing each Reforming,
of these parameters. Also, it was shown that adding small amount of Fuel Cell,
water to the methanol feed stock leads to significant reduction in CO Thermal Integration

content of the product.
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CH,0H+H,0«+-CO, +3H, AH =+ 49.53kJ/ mol
M
CO+H,0+-CO,+H, AH =+41.15kJ / mol
M
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Table 1. Constants of the kinetic model of Purnama et al.[17].

Reaction
Reforming (MR)
Parameter

Water Gas Shift (WGS)

Water Gas Shift (rWGS)
(GEEED)

(Forward)

Ko 8.8 x108 (mol.s™gey ™~ bar )

E (kJ/mol) 76

4.0 x10” (mol.s™.gea ™. bar 2)

6.5 x10° (m0|.5_1-gcat._1- bar _2)

67 108
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Figure 1. Experimental (Purnama et al. [17]) and simulation results of methanol conversion as a function of W/Fm ratio
(kg (cat.) s mmol ™) at different temperatures (mass of the catalyst is 200 mg and H,O/CH;0H = 1.0).
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Figure 2. Experimental (Purnama et al. [17]) and simulation results of changes in product composition of the reforming
reactor at different temperatures (mass of the catalyst is 200 mg and H,O/CH3;0H = 1.0).
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Figure 3. Schematic of methanol steam reforming process without requiring external heat source
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Table 2. The amount of heat released during the combustion process and heat consumed during the Methanol reforming process
(Oxygen flow rate = 0.015 mmol/s, Temperature=250 °C and Atmospheric Pressure).

Methanol Heat of
Vaporization
Requirement (W) (W)

Combustion Heat
Released (W)

Feed Molar Flow
(mmol/s)

Methanol Reforming

. Total Required Heat
Heat Requirement q

(W)
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Figure 4. Methanol conversion and product composition as a fuction of methanol flow rate to combustion
reactor at 250 °C (mass of the catalyst is 200 mg).
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Figure 5. The effect of temperature on product composition (The flow rate of methanol and oxygen are
0.03 mmol/s and 0.015 mmol/s, respectively, atmospheric pressure and mass of catalyst is 200 mg).
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Figure 6. Methanol conversion as a function of temperature at different methanol / oxygen ratio
(Oxygen flow rate = 0.015mmol/s , atmospheric pressure and mass of the catalyst is 200 mg).
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Figure 7. The effect of pressure on methanol conversion and product composition (The flow rate of methanol and oxygen
are 0.03 mmol/s and 0.015 mmol/s, respectively, temperature =250 °C and mass of the catalyst is 200 mg).
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Figure 8. The effect of adding water to the feedstock at the rate of 10 mol% methanol for different methanol flow rates
(Oxygen flow rate = 0.015mmol/s, atmospheric pressure and mass of the catalyst is 200 mg).
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