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Abstract : The intrinsic CO, separation and hydrogen production system is a novel concept using oxidation and reduction reac-
tions of oxygen carrier for both CO, capture and high purity hydrogen production. The process consists of a fuel reactor (FR), a
steam reactor (SR) and an air reactor (AR). The natural gas (CH4) is oxidized to CO; and steam by the oxygen carrier in FR,
whereas the steam is reduced to hydrogen by oxidation of the reduced oxygen carrier in SR. The oxygen carrier is fully oxidized
by air in AR. In the present study, the chemical looping moving bed reactor having 200 L/h hydrogen production capacity is
designed and the hydrodynamic properties were determined. Compared with other reactors, two moving bed reactors (FR, SR)
were used to obtain high conversion and selectivity of the oxygen carrier. The desirable solid circulation rates are calculated to be
in the range of 20~100 kg/m’s from the conceptual design. The solid circulation rate can be controlled by aeration in a loop-seal.
To maintain the gas velocity in the moving beds (FR, SR) at the minimum fluidization velocity is found to be suitable for the
stable operation. The solid holdup in moving beds decrease with increasing gas velocity and solid circulation rate.
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Figure 1. Schematic diagrams of the one-step hydrogen production process.
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Figure 2. Effect of solid conversion on solid circulation rate in the
FR [10].
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Table 1. Design parameters and the reactor dimension

FR SR AR
Inventory [kg] 7.6 7.5 1.5
Width [m] 0.06 0.06 0.06
Length [m] 0.16 0.16 0.03
Height [m] 0.8 0.8 2.5
Lpea [m] 0.34 0.33 2.17
Texa [K] 1185 1070 1240

Table 2. Physical properties of zirconia

Properties Value
Mean diameter, d, (um) 94
Particle density, p, (kg/m3) 3850
Minimum fluidization velocity, U, (m/s) 0.015
Voidage at U, €ur(-) 0.50
Terminal velocity*, U, (m/s) 0.79

*Calculated from Haider and Levenspiel [15]
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