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Research progress on performance of ammonia solid oxide fuel cells

NI Shidong, WEI Shengli*, DU Zhenhua, MA Wanda, LU Pinzhi
( School of Automotive and Traffic Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China )

Abstract: As a zero-carbon fuel and a hydrogen carrier, ammonia (NH;3) has great storage and
transportation advantages. Solid oxide fuel cell (SOFC), a clean and efficient power generation device,
shows promising application prospects in distributed power generation, combined heat and power
generation, energy storage and peaking, etc. NH; can be used directly as SOFC anode fuel for efficient,
clean, low-cost power generation. In this review, the working principles of proton-conducting and oxygen
ion-conducting ammonia SOFC, as well as the electrolyte and electrode materials, and the decomposition
process of NH; at the anode were firstly introduced. The experimental research status of ammonia SOFC
was then summarized, followed by review on the performance of two types ammonia SOFC with different
electrolytes and electrode materials, electrolyte thicknesses, temperatures, and cell structure type using the
maximum power density of single cell as evaluation indicator, and analysis on the reasons for the difference
in cell performance. Finally, the current challenges and the future research directions of ammonia SOFC
with their application potential in combined heat and power system were discussed.
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Fig. 1 "Green ammonia" production-storage and transportation-application mode
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FEEp 512 0 T NH5-SOFC w1, 7E ZrO, FE44 R}
H, Y,0, BER Zr0, (YSZ) TEfmii F R M 4w
B F-HL T 2380 A1(ZrO12)o.9(Y203)0.1 7E 800 °CHAYE T
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SRR B o0 HAE LA P )12 B B AR A R ek
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R, N LRGP T B R PE4h A B2 NH;
Oy FR RO BR AR TR, BH R R A 35 P Bk A [ A 51
XN JET 25 A 5 R AE S0 Gl H NH; i 4 fif
RO 7 F B NSRS RN E P #E a8 (Hy 20 F
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SRR NH, A H, BI52 R, Pa; k I HER AL
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KA.
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ST, AR BRI BAh, RS
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2 AEBMERT NHs-SOFC gilERE

FEL i 5 5 P AR R R B BE PR S T R I A
A IR TE AN R AR . . AR DL K
ANEHEEAE SN NH;-SOFC T fE .

21 SEEFESE NH-SOFC BytEsE

1980 4F, FARR Z:5%F1 VAYENAS 25719 vl
NH; 1 Ak A A B i i s s v, R YSZ
HLAR BT . Pt oA BEMEL & &, #F 600~900 °CF 4T
T, ZEREB, PR EESYE NO, [FFE
AR Y Ny, N (14) ~ (15) Fin:

2NH;+50% —2NO+3H,0+10¢e (14)
NH;+3/2NO—5/4N,+3/2H,0 (15)

e, WwEENSb R TR H NH /E R
FHBIRRL, TP T — R aF5E 4, Zr0, F1 CeO,
FLHLfR T OF AT B 1% 61, J& NH3-SOFC-O
5T B DL A 2 e A
2.1.1 ZrO, A & g R

WOICIK 2211 2003 4F 31K NH; I F SOFC,
FKH YSZ Hfg i, Wit T —F4E s SOFC (& 3),
TE 700~1000 °CF 43k T JefEfL ) Ag BHHK | Fe

1AL Ag FEA . JCHEALT] Pt BHAR B st bERE . &
P Pty FHFE , NH;-SOFC [ KEIFRE FEAE 1000 °C
B2 130 mW/em®, $%3iF H,-SOFC. 7EZJG HHF5E
W, YSZ BRIz W AE S i SOFC Hr

. \ Anode current
Anode s \ collector
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K3 43 SOFC 4ty /w1

Fig.3 Schematic diagram of tubular SOFC structurel*?!

Bt 4 AR Ry PHA AR B0 P A 2o v, N B FH
e TE REAR AR 1 [ IR PR UE T R A B AR 1 BE o MA
AP R T 204 T 30 um JEAY YSZ HLfR IR,
K Ni-YSZ Fil LSM-YSZ 15~ BAM FEABL , 76 750
850 °C N il 15 F it 5 K T B % B2yl 299 |
526 mW/em®, S5[FIFUA Y H,-SOFC #2251

PHAR 25 9 A 1 IR0 R R T B2 i T 1Rk i) I
S, X BHBR P AR AL A T RS,
A B E AR T RN R S PRIE NH; 45 fiff 2 T
W HRH R EE N K, STOECKL Ui YSZ
HL 5 . Ni-YSZ BH# A1 LSCF BA#L, Ml T NH;
FEAAJE 1~2 L/min FEMMERE. 2R L, &
UG TR I S PT B R M D R B, (R R
T REF, SRR S FHARAE Ak 4 T8 22 18] 9 122 s )
Wb, NHy TR Jioh, sl it it
ARES Tyt 3 7= AL 0 Hy, P P DA P L 1 2 T Sk 3
K. SHY 2% FH 3 um YSZ HLf# S5 . Ni-YSZ FHH%
F1 LSC-GDC Bk, &3t T BHMR S &% SOFC,
1E 750~850 °CFillli T” NH; 7E 0.1~0.3 MPa # < &
FIEH A E b RE . 800 °C. 0.1 MPa R\ KIFR
BN 1078 mW/em?, Y SE 1 E 0.3 MPa i,
RIRBRE TR 1148 mW/em?®, IR AN B W
A HHYT . Wk, JF&INE NH;-SOFC 5%
RRSEALIR G I RGEBAT ATt . LIU
SR P AE AR T2 W4 T 15 um JE 1) ScSZ i
JIES B % S5, 2R ] Nii/Fe-ScSZ BH# Al LSM-ScSZ BA# ,
FE 650 °C A5 H b 5 K D) 585 B R 266 mW/em?,
[ & BE, Fe/Ni W4 & BHARHE = T NH; ik
R, AR EGE T B RE
2.1.2 CeO, A ¥ fif i

CeO, 5 Hi fiff i1 B 22 Hb FH 7E IR IR SOFC B 5%
H, HRILH EL YSZ HL AT A PERE . MA S
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FHTEEHRAET 50 um B9 SDC HLAEE, 45
NH;-SOFC 5 H,-SOFC 1E 600 °C B} i) fe KB R %%
514 168.1. 191.8 mW/em?, 700 °CH} 435 H
252.8. 271.2 mW/em?, 2 Fef it RE AR W 53,
NH; Fl H, 9 i b 8 25 S5 Bl LB %) T s 1 98N . 78
FIRBRFE LR b LIU 21906 SDC JE B & 24 pum,
MR R A, 7E 550, 600, 650 °CFillf$ NH;-
SOFC iy KPR B4 3R 167,291,467 mW/em?,
FE Tt PR REAS 2 T I 3

MENG 24Ut T 10 pum JEE (9 SDC 2%

650 °CHIA3A 1190 mW/em?, OH ZEHO143 45 T
{21 pm J& GDC M1 YSZ # il B i i, R Fl LSC-GDC
FAME , XFECIR T Ni-GDC . Ni-YSZ BH#% ) e s P
AE, Ni-GDC Hith i iz K Y) R % EAE 550 °Cik %
342 mW/em?, 650 °CH[3k 1330 mW/em?, FHLHAE
LA AP AR R

ML b g ] L PR, R AR S ) JE R T R
PEREAL = TR RZ MR, 3810 508 1 e At I 7
IR BH 7 T & #5 T EEAE AT, AT S8 B s i 1)
FH i, CeO, KL TN 2% NH;-SOFC-O i ik

FLA# I, R Ni-SDC FH#% 5 BSCF Bk, 7F 600 °C EMEREAEEEE . £ | B4 TEAB TESH
S NH;-SOFC # KU % BN 434 mW/em®, NH;-SOFC W55 BLIK
# 1 HABETESR NH;-SOFC F5E Bk
Table 1 Research status on oxygen ion-conducting NH;-SOFC
BH 4% BF % L i I L g 55 R /pum HEE/°C RT3 B /(mW/em®) 27 3k
Ni-YSZ|[LSM-YSZ YSzZ 30 650 86 [38]
750 299
850 526
Ni-YSZ|[LSCF YSz 10 700 286 [39]
Ni-YSZ|[LSCF-GDC YSz 3 800 1078 [40]
Pt||Pt YSz 200 800 438 [42]
900 94
1000 130
Ni-YSZ|[LSCF-GDC YSzZ 1 550 296 [46]
600 502
650 911
Ni/Fe-ScSZ||LSM-ScSZ ScSZ 15 650 266 [41]
700 451
Ni-SDC||SSC-SDC SDC 50 500 65.1 [43]
600 168.1
Ni-SDC||SSC-SDC SDC 24 550 167 [44]
650 467
Ni-SDC||BSCF SDC 10 650 1190 [45]
Ni-GDC||LSC-GDC GDC 1 500 204 [46]
550 342
600 557
650 1330
22 BF£ESE NH-SOFC BytEsE TR L

5 NH;-SOFC-O #It., NH;-SOFC-H EfiE%
MARFPL R REAEA AP 1L FHAR NO, W™= A5 [ i
FERIKAE IR A A, TR AR B AR NH R AR
$EE NH; RIS Hoh, R R B R ] £
R R B A %, BRIEREIL SOFC 1Y T
PR L8,

2.2.1 BaCeO;. BaZrO; % & #/f

SrCeO; #l BaCeO; J&di i & B 2 P ES LR 45
P A, IWAHARA 28 #-5UHE9Y % 91,
SrCeO; FEMEHE H, FIERZKAE FHA %
P, O L A R A A R R
RSN, ZJE KR T StZrO;. BaZrO; 55 it

BaCeO; H:HL i fi & i - T NH;-SOFC-H #f
FERYHLE T, {H BaCeO; A BHESH H,0 ISR
Hh BB A 2E R e M, RS TE B (4B 4RI G
Y. Bt Nd L YO =N F R B o
FasetE 50 x5 PELLETIER 250549 il 4 T
1300 pm JE 1Y BCGO H1 BaCey s Gdg 1oPro0,05_5( BCGP )
L 5, 700 °CHF A5 BCGO LB T Ha L At B kTl
RWEE(L 25 mW/em?, Tiii BCGP B A JF T H I Y
KIFRBREEL K 35 mW/em?, TEIZHFIE LR |,
MAFFEI 253 £ T 1000 um J5 %) BaCey gsEug ;503
(BCE) HLf# i, &3 BCE HLf#JE T BB b tERE 5
BaCeOs JEHL R B PEREAI L, 700 °CF e KIIR %
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JEZh 32 mW/em®, 2 TAF5T #0548 Pt /R4
b4 @, Wb ERE T AN HUAR , T RE R i H TR
JE 3 R B0

MA 25007 50 um (9 BCGO Ff# T, % H]
Ni-BCGO BHA% A1 LSC-BCGO FH#, 7E 650, 750 °C
4% NH;-SOFC M KY) BB B2k 184,
384 mW/em®, S[EEE FAY H,-SOFC MEREMI2Z A
Ko XIE %0758 i et i PECHINT #2:P%16 4% 1
20 pm [ BaCeyyNdy 05 ; ( BCNO ) 85 L ff i, R
] Ni-BCNO FH#. . LSC-BCNO BA#k, 700 °CF il
% H,-SOFC 5 NH;3-SOFC it K IR % 43 31| o~ 335,
315 mW/em?, 2 FhELibPERERIZZ A K, 455K,
Bifi 5 PR SRR E (RN, FE A PERE IR AR T, (HH
it e T I 9 A U 3 o e A

Y #2418 BaCeO; Fl BaZrOs 3L b1k} HE A &40
PR P 4, RIS 2 ik o e B
YANG ZEL0001 £ 7 60 um i BaCeg75Y 02505
(BCY25) HLf#F, KM Ni-BCY25 BH#f A1 SSC FH
PO NH; 43 fff o 2 R M e kAT 700k, 45 R &
B, BCY25 JEIH R IFryfEfbPEGE , NH; 7E 600 °C
TAMEFR AT IA 98.6%, 650 °CH HL L i) it R Bl 3 %5
BER 216 mW/em?, MIYAZAKI 250246146 T 60~90
um JE B BaZrosY0.0ss ( BZY20 ) HLf# B, LA
Ni-BZY20 A FH#H . Pt HEAM, 7E 600~700 °C T~
T NH; 1943 f#% 4 %2 H1 NH,;-SOFC Lt fE . 45
KIN, 600 °CH} NH; i3 BRI 100%, 700 °C
AsF E Yt 1 B K R Ol 128 mW/em®, MIYAZAKI
A ST PL BaCesY0,055 ( BCY20 ) HL fi# Ji |
Ni-BaCe4Zr04Y 0,055 ( BCZY ) MPFHM . LSCF [
e, FE 700 °CHE A Lt (%) B K D) F8 %5 Bk 3] 1
340 mW/cm?,
2.2.2 BaZr,Ce,,0; s A& R

BaZrO; 3 RBHE&F H,0 Al CO, SR
ETER, (PSSR 220, T 28X 2 Fibt
RS, TR ARIFE T BaZr,Ce, 055 FEF KL,
REFE & T HL R 0tk 2F Rt O T R EL R
Pegh ML, LIN S5 % T 35 um 9 BaZr,
Cey7Y 0,035 ( BZCY ) Wil HLf# T, KA Ni-BZCY
FHA% A1 BSCF FAML, £E 700 °Cil75 v ith (1) e K Th %
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