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Abstract: Ammonia (NH;) has been considered as a hydrogen storage material due to high hydrogen storage density
and ease of liquefaction, thus hydrogen (H,) production by ammonia decomposition is an ideal method for hydrogen
preparation. However, traditional ammonia decomposition technologies face challenges such as high operating
temperatures, low efficiency at moderate temperatures, and difficulties in hydrogen purification. In this study, proton
ceramic membrane reactor (PCMR) with symmetric structure of porous electrode Ni-BZCY/BZCY/Ni-BZCY (BZCY:
BaZr,,Cey7Y,0;.5) was prepared by co-pressing method. At 600 ‘C, PCMR exhibited polarization resistances (R,) of

0.11 and 0.23 Q-cm’ in H, and NH; atmospheres, respectively, with corresponding current densities of 1.87 and
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1.56 A-cm > at an applied voltage of 0.8 V. Even at 300 ‘C and 0.8 V, the current densities in H, and NH; remained at

0.16 and 0.06 A-cm °, respectively. The NH; conversion efficiency of PCMR reached 80% at 600 ‘C, improving by

8% compared to bare catalyst material. Even at 350 ‘C, an additional improvement of 0.3% can still be attained, and

the NH; conversion efficiency of about 1% was demonstrated even at 300 “C. This study provides a novel approach to

low-temperature ammonia decomposition for hydrogen production.

Key words: hydrogen production; ammonia decomposition; low-temperature; proton ceramic membrane reactor;

electrochemical property; proton transport
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Fig. 1 Schematic diagram of the PCMR test setup
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Fig. 2 XRD patterns of samples
(a) BZCY calcined at 1000 °C for 5 h in air and calcined at 400 and 600 ‘C for 4 h in NH;;
(b) NiO-BZCY and Ni-BZCY treated with H, and NH; for 4 h at 400 C
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Fig. 3 SEM images of (a) cross-section, (b) electrolyte, and (c, d) electrodes on both sides of PCMR, and
(e-j) EDS elemental mappings of NiO-BZCY electrode
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Table 1 Current density of partially symmetrical PCMR
Current
Reactor structure Temperature/‘C, gas environment Voltage/V  density/ Ref.
(A-em?)
Ni-BZCY/BZCY/Ni-BZCY 650, 50% H,-N, (measured at only 650 C) 0.8 2.0 [18]
LSV-Ce-Pd/BZCY Cu/LSV-Ce-Pd 600, H, (3% H,0) 1.0 0.92 [31]
Ni-BZCY/BZCY/Ni-BZCY 450, 60% H, (maximum testing temperature of 450 C) 1.0 0.53 [32]
Ni-BZCYYb/BZCYYb/Ni-BZCYYb 600, 50% H,-N, 0.8 1.78 [30]
Ni-BZCY/BZCY/Ni-BZCY 600, H, (3% H,0) 0.8 1.87 This work
Ni-BZCY/BZCY/Ni-BZCY 600, NH; 0.8 1.56 This work
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300 923 154 7.69 17.31 2.80 1451
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