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CH, Catalyst Reaction Zone

Az Pd/Ag Membrane
Figure 1- Scheme of catalytic membrane reactor for methane steam reforming
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Table 1- Kinetic parameters for the reactions involved in the methane steam reforming

Constant of reactions Pre- exponential factor (A;or B;) Ejor AHi
ki 3.711x10™ moIMPa’%/g.s 240.1
k; 5.431x10° mol/MPa.gca.s 67.13
Ks 8.96x10° moIMPa>*/g .S 243.9
Kco 8.23x10™ MPa! -70.65
Kip 6.12x 10° MPa™ -82.90
Kcha 6.65x10° MPa -38.28
Ko 1.77x10° MPa™ 88.68
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Table 2- Operating conditions and reactor parameters

Total pressure (bar) 2-30
Catalyst density (gcat/cm?®) a) p=9.952 (Ru/MgO)
b) p=8.18 (Ru/Nb205)
Reactor length (m) 7
Tube internal radius (m) 0.1016
Tube external radius (m) 0.1322
Membrane radius (m) 0.0203
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Table 3- The pre exponential factor and activation energy for Arrhenius relation
pre exponential factor (Qo) activation energy (Eo)

6322.7 m*um.m=hr.bar’® 15.6 kj/mol
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Table 4- Model validation of this work with experimental results of Amjad et al. (2015)
Catalyst Temperature Xena™ Kena™® Error (%)
Ru/MgO 400 C 2.2 2.4 -0.083
500 C 273 25 0.092
600 'C 65.8 63 0.044
700 C 94 92 0.021
Ru/Nb,Os 400°C 7 6.5 0.076
500 'C 27 25 0.08
600 C 80.5 79 0.019
700 C 96 89 0.078
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Figure 2- The total conversion of methane along the length of CMR and PBR at T=650 - 750 °C, P=1 bar & Ru/MgO catalyst
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Figure 3- Effects of temperature and pressure on the methane conversion in PBR and CMR with various catalysts a) Ru/MgO b)

RU/szO5
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English Abstract

Modeling of hydrogen production in catalytic membrane reactor through
Ru-based catalysts with MgO and Nb,Os as supports
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Steam reforming of natural gas is the most used method to produce the hydrogen required for chemical
industries. The increased demand for hydrogen consumption makes development of new technologies for
hydrogen production. One of the proposed technologies is a catalytic membrane reactor due to removal of
hydrogen from the reaction side and prevents the achievement of equilibrium conditions. This research
investigates kinetic reaction model with utilization of Ru-based catalysts with MgO and Nb,Os as the
supports that develop the activity and selectivity of this reaction in the temperature range of 350°C-750°C and
pressure range of 2-30 bar. The effects of different operational parameters such as temperature, pressure of
the reaction, methane to steam ratio, membrane thickness, and sweep gas on total methane conversion and
hydrogen production were studied. Based on the A-index, the optimum condition of catalytic membrane
reactor was obtained within the operating condition ranges of temperature 410-475 °C, pressure > 20 bar,
thickness <10 um, steam-to methane ratio 2< m < 3 and sweep factor s > 10.

Keywords: Steam reforming, Hydrogen production, Catalytic membrane reactor, Ru-based catalysts.
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