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Hydrogen production from ammonia by plasma membrane reactor
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Ammonia has been attracting attention as a promising hydrogen carrier to solve the transportation and storage
problems in a hydrogen society. In this study, plasma membrane reactor (PMR) to produce high purity hydrogen
efficiently from ammonia by combining atmospheric pressure plasma and a hydrogen separation membrane has been
developed. Compared to hydrogen conversion of 13 % with the typical plasma reactor, hydrogen conversion of
21.9 % with the PMR was obtained. Further, the purity of the hydrogen obtained by transmitting the hydrogen
separation membrane is about 100 % and the hydrogen supply was stable at 20 mL/ min.
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Fig. 1 Schematic diagrams of experimental apparatus.

Table 1 Experimental conditions.

unit

Plasma conditions

Repetition rate, Ry [kHz] 10

Power consumption W] 100—400
Pressure of supplied side, PG1 [kPa(G)] 0—60
Pressure of permeable side, PG2 [kPa(G)] | —90—0

H, separation experiments

Hydrogen conc. (Ar base) [%] 10—100

Flow rate [L/min] | 0.5—2.0
H, production experiments
Ammonia conc. [%] 100
Flow rate [L/min] | 0.5—2.0
Gap length [mm] 15,45

Table 2 Characteristics of H, permeable membrane.

unit
Composition ratio [-1 Pd-40 wt%Cu
Thickness [um] 20
Limit pressure differrence [kPa] 100
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Fig. 2 Hydrogen separation characteristics of PMR for pure

hydrogen supply.
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Fig. 3 The effect of hydrogen partial pressure.
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Fig. 4 Comparison of H, conversion between PMR and PR.
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Fig. 5 H, permeable rate for NH; decomposition by PMR
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Fig. 6 Mechanism of H, separation in a plasma membrane reactor.
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