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Packed Bed Reactor Simulation for the Water Gas Shift
Reaction in the Steam Reforming of Natural Gas
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Abstract >> A 1-dimensional heterogeneous reactor model with the gas-solid interfacial phase gradients was
developed for the simulation of the packed bed reactor where the exothermic reversible water gas shift reaction

for the natural gas steam reformed gas was proceeding in adiabatic mode. Experimental results obtained over the
WGS catalyst, C18-HA, were best simulated when the frequency factor of the reaction rate constant was adjusted
to a half the value reported over another WGS catalyst, EX-2248, having the same kinds of active components
as the C18-HA. For the reactor of the inside diameter 158.4 mm and the bed length 650 mm, the optimum feeding
temperature of the reformed gas was simulated to be 194°C, giving the lowest CO content in the product gas
by 1.68 mol% on the basis of dried gas. For reactors more extended in the bed length, the possible lowest CO
content in the product gas with the optimum feeding temperature of the reformed gas were suggested.
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Table 1 Parameter values used

Inside diameter of the reactor, [m] 158.4107 3
Reformed gas feed rate, F) [mol/s] 158.4x1073
Diameter of catalyst pellet, Dp[m] 6.1x10"°
Length of catalyst pellet, Lp[m] 2.96x10"%
Catalyst bed void fraction, &, 0.44
Ratio of exterior surface area to volume N
for a catalyst pellet, Ap[l/m] 1.33>10
Catalyst density, p,[kg/m’] 2.59 %10
Catalyst bed density, pb[kg/m3] 1.44 x<10°
Table 2 Reactor inlet condition
Inlet gas pressure, £ [atm] 1.7
Molar feed rate of reformed gas, £ [mol/s] 0.637
CO 7.61
H0 21.60
Composition of the reformed
gas feed, mol% H. 2982
CO, 9.25
CHy 1.72
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Fig. 1 Axial bed temperature distribution in the simulation
for the reactor of bed length 650 mm at feed temperature
200°C with the adjustment in the rate constant values
given in Eq. 3 to fit the experimental temperature
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Table 3 Reactor exit gas composition* (dry gas basis)

mol% Experimental 1Tkyas 0.5kyae
CO 1.70 1.52 1.70
Ha 78.00 78.07 78.03
CO, 18.20 18.38 18.23
CH4 2.10 2.04 2.04

* Results in the reactor length 650 mm, and under the gas
feed temperature 200°C.
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Fig. 2 Simulated locus of the CO composition (dried gas
basis) of the reactor exit gas depending on the gas feeding
temperature to the reactor of bed length 650 mm
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