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Abstract : With its high hydrogen density, storability, and ease of transportation, ammonia has
emerged as a key candidate for both hydrogen storage and direct use as a carbon-free fuel in
future carbon-neutral energy systems. Among various technologies, direct ammonia fuel cells
(DAFCs), which operate without the need for upstream hydrogen reforming, are particularly
promising due to their simplified system configuration and potential for enhanced energy effi-
ciency by avoiding the energy-intensive process of hydrogen purification. Nevertheless, DAFCs
operating under low-temperature conditions (~100 °C) face critical challenges, primarily stem-
ming from the sluggish kinetics of the ammonia oxidation reaction (AOR) and the catalyst
poising caused by the irreversible adsorption of nitrogen-based intermediates (N, and NO,).
At high-temperature conditions (700-900 °C), however, the problem of the catalyst durability
arises from nitridation and sintering during long-term operation. These issues significantly hin-
der power output and remain obstacles to practical deployment. This paper provides an over-

*E-mail: HyungKuk Ju (hyungkuk.ju@dankook.ac.kr)

— 65—



66 J. Korean Electrochem. Soc., Vol. 28, No. 3, 2025

view of recent developments in catalysts and electrode materials aimed at addressing these
limitations and proposes strategic approaches for electrode architecture and system design toward
realizing high-performance direct ammonia anion exchange membrane fuel cells (DA-AEMFCs).

Keywords : direct ammonia fuel cell, ammonia oxidation reaction, carbon-free fuel, hydrogen carrier
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Fig. 1. Types of direct ammonia fuel cells (DAFC). Schematic of (a) low-temperature direct ammonia fuel cell (DA-AEMFC)
and (b) high-temperature direct ammonia fuel cell (DA-SOFC). Figure reproduced with permission from Ref. [15].
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Fig. 2. (a) Mechanism of ammonia oxidation reaction under alkaline conditions. (b) Schematic illustration of the
electrochemical ammonia oxidation reaction. Figure reproduced with permission from Ref. |24, 25].
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Fig. 3. (a) Cyclic voltammetry analysis in 0.1 M KOH + 0.1 M NHj; solution. (b) Chronoamperometric analysis in 0.1 M
KOH + 0.1 M NHj solution. Figure reproduced with permission from Ref. [30].
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Fig. 4. Ammonia crossover phenomenon in low-temperature ammonia fuel cells. Figure reproduced with permission
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T 5, AL DA-AEMFCe H8] ¢33 =¥
35S Bl ARZE HAEITHO

filo

3.1. DA-SOFCQ| A|A8] 2 =F 22|

DA-AEMFC$} 2], DA-SOFCE & 3H7o) A
oyt AgFRkEF)el FAHH Dsleky B
WS B3l A AAFEL, o]F Fr)slEs At

S5 53 oURE FATI= BRo g 2HEdi
otryole] Js) wkg-e tew 2t

ol RS 2NH;— N, +3H, (10)

WA FaE dRFAN Qe v
£ FIFELFINE d2vt B

-8 AlgE wAakekE ARl ol A= 54
o mEt tEA vehdH, o]o] wEl DA-SOFCE ©|
& FTFe ZAE 2= wet DA-SOFC-03% DA-
SOFC-HZ F#¥t}. DA-SOFC-O0& AsfA=z 2k
ol A=A IAASE, FE YSZ (Yttria-
Stabilized Zirconia)g A8t} DA-SOFC-O A]Z2=Hl
ogxe] A71s}st kg2 tha3}t ).

28 H,6+ 0 > H,0+2e (11)
51915 %02+2e*—>02* (12)
A wke- HZ+%02—>H20 (13)

Ma 5 Ni-YSZ/YSZ/LSM-YSZZ T3+ DA-
SOFC-0Z A& 526 mW ecm2e] Hoj AgdeS
g9A ALY

DA-SOFC-H: Az Z2E HrA aAlslE
S ARgalH, 2L(400-600 °C)olA ZHEo] 7hsshd,
XA O FZ BaCeO; HBaZrO; 7]Hke] 4] Asjzo]
ggHn. Xie 52 719 BaCeO; Ao NdE
%333te] BaCeyoNdy 1055(BCNO) 3 d-& 313
© 1 Ni-BCNO/BCNO/LSC-BCNOZ FA4 ¥ DA-
SOFC-HE &3] 315mWem™2e] Huj A8 dUxs
2435199 DA-SOFC-H A|Z=8lo|x ] A7)518}F ut
2 a3 2

A8 Hy—>2H +2e (14)
SRES %02+2H*+2e——>H20 (15)
A wke: H2+%02—>H20 (16)

o|x¥ F FRFe DA-SOFCE HadS 3 ol
ahe ol2e] FR7E doldel wel 2k xd=ellxe] wt
S AEE HEARE AAAR] 7188t v &

s}

1w
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st

3.2. DA-SOFCe| sHAIM =& o+ S&

DA-SOFCE L& $HdolM & A 2ed 74
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5 Ast @] BEE I QY ol2)d BAlE FE

DA-SOFCY] A7) 24 A 2= &
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9 dEUolrt zESA =W, Fu xwe] Hsh
(nitridation)’} §-=5o] FA8 (@R oph-En)-Hajd=
o] FZ1 4 JAIH (three-phase boundary; TPB)olA <]
A718}8 vk S Ak, Eu-dsd A
AFE Z7M71E AR RIHJ? E3, v
oAM= SR ARSEE Ni 9Ake] 7ol
Ho], AxH oz Zu) &Ao] AslEe e
g ub okl ol Asky] Q1% H=Fe R, Ni
2bel= Zujlol|l Cr, SrO 59 #42 7Kt Ni
ZFe] Zt3}(coarsening) 2 Hs} WS A|sIAL
o] L2H FgAAS WIATIEE AU X E
UTE? 2o = Belal, s B Ry
of W= Qg 7HF Aol #Al, F7] & Al T
Asle A=A AEel <€ 2 vt (delamination)
52 DA-SOFCS] 84 Ho| 9lo] F83t 714
FAZ Fol ATE? DA-SOFCE] 44312 sire=
thedt 22 ofg] SHoAe] 7% o] W o]
of 3t} 1) L ZEF AN Agky A L%
EA2 34 (brittleness)O-Z A3l A 2 2Elo] oy
A3} FGol FxF mE Qo] AXNBR, 7|AH
A e e 2 HASeE A T 1A
o] Aot} 2) HFS ATATIA] BOoHAE Al
29 W8-S B 5 Sl $2(400-600 °C) s
e FoleHEA Z2E HA Agtdle] o] &
A o] FojAok 3t} 3) 28 AAME AHslet
ol g9 £YA, 9 F4, 49857 g3l us
T e A7 WA FRot F83lth 4) Al2H
A37] 98l w7kl A d S48 A
s 9d 9 AE 3G A st 5
sitk. 5) d=EUol ARe] eFgAL]
AzkE fleide d=
det Ao} 7
IR 5 e
T2 A HeEefof st o]dt 71E QAES
3 WA A o E DA-SOFCY AL3le
fEiME A A, AlZE A, F3e] 2 IS Ao
ke ¥gshs 5HA A7 Fol 8Eh
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e (Rl

W
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2 ulgoR Bazy A8 AW A% W i
Aelojz FEuw vk 55 27 B3 ekt
3 gelE A3 AR ASshe AF gyl
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g ZROA Sl AN oA AR A% F B 7

AHE AYIL ek 28y DAFCS] F 7HA] F8
A|z=¥l¢l DA-AEMFCS} DA-SOFCE zHzb 249
714 SHAE IaL 9o, FEskE Hside oA
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T, WS =70 2 BAkg) 93 Zu) ¥]&E N=N
Agte] HZ&F dimerization S E 2l W& ARF
dre}l A7) o kA dro) oS A Ut
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