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Research Progress on Key Components and Seawater Electrolysis of
Solid Oxide Electrolytic Cell
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Abstract: As an advanced electrochemical energy conversion device, solid oxide electrolytic cell (SOEC) can achieve the
hydrogen/hydrocarbon fuel gas precipitation at the electrode side through reversible electrochemical process of solid oxide fuel cell
(SOFC). SOEC is regarded as one of the most promising systems in promoting large-scale hydrogen production and energy structure
optimization as well as realizing our "double carbon" goal due to its simplicity, fuel flexibility, low energy consumption and high
system efficiencies (85%—95%). This review represented the research status on the material selection and service performance for the
key components (i.e., fuel electrode, solid electrolyte and oxygen electrode) of SOEC. Moreover, the performance parameters (i.e.,
current density, voltage decay rate, impedance, conductivity and hydrogen production rate) were summarized. In addition, the
application potential of SOEC technology in the future hydrogen production from electrolytic seawater as well as the future
development of key component materials such as composite electrode were also proposed.
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Table 1 Typical SOEC fuel electrode materials and their electrolytic properties
Material Operating atmosphere/% Temperature/'C ~ Voltage/V Current denjity/ Others Reference
(mA-cm )
100%Ni 10
76%Ni-24%YSZ 10%H,0/90%H, 800 0.2 40 [12]
44%Ni-56%YSZ 230
60%Ni0—-40%YSZ Pure water/Simulated seawater 800 800 [16]
90%H,0/10%H,,70%H,0 /30%H,,
Ceo3Gdo0,-5/Ni-YSZ 50%H,0/50%H,, 30%H,0/70%Ha, 800 800 [25]
10%H,0/90%H,
1250 2.8x107° V/h (800 h)
CGO/Ni-YSZ 80%H,0/20%H, 750 [17]
1 000 1.0x10° V/h (300 h)
Ni~YSZ-Nig4Coq,/SDC Pii,0=4.053x10"* Pa (Hy) 800 0.07 500 [26]
3Mo-3Au—65%Ni/35%GDC  63%H,0/7%H,/30%N, 900 1.3 780 33x10°Vih ) [27]
(1700 h, 0.3 A/cm”)
Ni-CGO 80%H,0/20%H, 800 1.29 480 [18]
Ni-SDC—Nig9Coq.1/SDC Pi,0~4.053x10" Pa (H,) 800 1.21 500 [28]
900 1420
Lag sSro2FeO5_5 20%H,0/80%Ar 800 1.4 920 [29]
700 360
900 1500
60%Ni-40%SDC 20%H,0/1%H,/79%Ar 800 1.4 610 [29]
700 250
NiO-Lag 75Sr9.25Mng 5Cro503_5 95.29
5%H,0/5%H,/90%Ar 800 1.6 [30]
Lay 75510.25Mng 5Cro 5035 55.28
Lag 65S10.3Cro.85Ni0.1503-5 860 670 4.8x10°V/h (1 000 h)
80%H,0/20%H, 1.29 8]
Lay 75510.25Mng 5Cro 5035 800 520
Bag St sFe; sMog sOs-s 20%H,0/80%H,0 800 0.4 360 [31]
Pro3Sr97Ti0.93C00.0703-5 800 TEC:LH?L%XL(TSK?I [32]
23.7 S-cm
Pry3Srg 7 Tig3Fe) 7035 60%H,0/Hy/Ar 800 1.46 302 Rp: 0.25 Q-cm? [33]
Pry3Srg 7 Tig3Fe) 7035 60%H,0/40%Ar 800 1.5 313 0.13%/h [34]
PrBaMn;,Os.5 10%H,0/90%H, 800 1.3 1310 [35]
Ni-BCYYbGd 20%H,0/80%Ar 600 1.6 2 405 [36]

51658 YSZ B, ZILRG & TR T31E

MEHMIEC)H 1 AR B S A7 mit S 2 38, R G A
HiE TR = T AL S YSZ i, Hrh, CeO, B4
(¥ MIEC A2 H AR L S i el e — P47,

Mewafy Z5C8RF 90 R, Ni-YSZ BRRE R Ni
AT M RERE M T K, T E Ni-GDC #A R} AR
H, GDC Sk A /N8 U e Al 2 ) I ri f b A 7
AR ER, Ni-GDC 5 Ni-YSZ % Ni &L 5 1)
PEEEXS EL I 1d 7. Papaefthimiou Z5P7HR Y,

Ni-GDC 1 HUA/KZE S, AR A A2 Bk o) Adb
FahA e, G I AR R T AE 45 G & n TPB
KB, WA Bh T 7 Sl 4 s 1 A P
AL A Bh T 18 m RO g i dase il le

FiizR. Vibhu ZPTHERRR B, Mo Al Au (935 44 7] LA
B HE i Ni-GDC HAR I ATEYE, ki) 1
3Au-3Mo-Ni-GDC #AE}HEMAE 900 C. 1.3 V.

63%H,0/7%H,/30%N, i} ] HLI7E 2 7] 35 0.78 A/em’s
BEAN, #E 0.3 Alem’ (R ELIRSEE R TAE 1700 h J&, H
JE# %A 3.3x10°V/h. Puengjinda 2528 & T
60%Ni—~Ce0).5(SmO; 5)0.2/Nig9Cop.1 M = A Bl
W, HMREMMPE If fis. 45R%E, HHZAN
Ni-SDC 4L /Z REME A7 258 I 4b 770 |2 1) F A
AT, A REF Ho F1 H,O SRS HoE S,
ST A Z A U B TAR . 7E 800 'CL 1.21 V.,
Pi,0=4.053x10" Pa (H)IBAT 5 1F 1, % HAR I HLIE
BREAIK 0.5 Alem”s Uchide 252N Ni—YSZ/NigoCop



5551 &5 10 M ZEPERE S [ RS ALY HUR I OC SR R e PR K BRI T < 2715 -

YK TR ATTE SDC T XUZ AR 544, 1iZXUZE PEIRMARGE M 11 h, FARH 11 h)E, JLFEERK
B AEL0.5 AJem® HTFEI S5 FEAT KA 1200 h (9 BB B FER.

(a) Comparison of voltage degradation of Ni-YSZ fuel electrode for electrolysis of pure water and seawater at 800 C, 0.8 A/em*!'); (b) Overpotential-current
density curves of Ni and Ni-YSZ fuel electrodes at 800 C, 10%H,0/90%H,""?; (c) Equivalent circuit model (ECM) superimposed on a schematic
representation of the Ni-YSZ:GDC electrode and YSZ electrolyte structure™; (d) Comparison of properties of Ni—YSZ and Ni-GDC fuel electrodes after Ni
oxidation®; (¢) Surface structure of Ni-GDC fuel electrode under different conditions®”; (f) Schematic representation of double-layer (DL) hydrogen electrode
composed of highly-dispersed Ni/SDC as a catalyst layer (CL) and Ni—SDC cermet as a current collecting layer (CCL)1**)

BT N M AR A

Fig. 1 Ni-based ceramic fuel electrode
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Gd*™, Sc" B Bu™ S FHTB 4, EFTHBI TR, (SSZ)TE 1000 CHIIIEHLN 03 Sem !, 7
S ZE TR RN, B SSTHHEERE 780 CIHAIHRS%E N 0.14 S-em s 58 YSZ 7E 1000 C
. KM 1% (BE/REH0) Se0s 52400 20, INIATSET O,

(a) SEM of LSF electrode cross section before SOEC and SOFC cycling operations®”); (b) SEM of LSF electrode surface before SOEC and SOFC cycling
operations™; (c) SEM of LSF electrode cross section after SOEC and SOFC cycling operations®”); (d) SEM of LSF electrode surface after SOEC and SOFC
cycling operations®; (¢) SEM of P/L65SCIN/CGO/3YSZ cross section after electrolysis at 860 C for 1 000 h'®); (f) XRD of Pt/L65SCrN/CGO/3YSZ after
electrolysis for 1 000 h at 860 ‘C!'®.

2 ABO; 54K 4514 Btk
Fig.2 ABO; perovskite structure fuel electrode
A, 5 YSZ R ZAMLEL, SeSZ FIFFEARLE  Jit, il & M SrFe; sMogsOss (20 pm)/YbScSZ
) F1 2R BEAE & I R 28, L BCA &R (280 pm)/SroFe; sMogsOs.s (20 pm) HE fi# it 7F
AT IR AT T 111 200, FE LRI . Berbadet 225K 900 T 1.3 V. 90%H,0/10%Ar FIZ 1T 11 HL 37 2
F 75 FH (Zr02)0.9(Yb205)0.06(S¢203)0.04(YbScSz) B it JEATIA 1.4 A/em’.
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Table 2 Typical SOEC solid electrolyte materials and their properties
Material Operating atmosphere/% Temperature/'C Voltage/V Current density/l (mA-ecm™?)  Reference
YSZ Pure water/Simulated seawater 800 800 [16]
YSz Pi1,0=4.053x10"* Pa (Hy) 800 0.07 500 [26]
YSZ 80%H,0/20%H, 750 1000 [17]
CGO020/3YSZ/CGO20 80%H,0/20%H, 800 1.29 480 [18]
YSZ 63%H,0/7%H»/30%N, 900 1.30 780 [27]
YSZ 60%H,0/40%/Ar 800 1.46 302 [33]
YSz Pi1,0=4.053x10"*Pa (H) 800 1.21 500 [28]
YSZ 50%H,0 800 1.20 980 [50]
Lag oSr9.1Gag sMgo .03 20%H,0/80%Ar 800 1.40 920 [29]
900 1420
Lag oSr9.1Gag sMgo.,03 20%H,0/80%Ar 800 1.40 920 [51]
700 360
Lag sSr92Gag.s7Mgo.1303 3H,0-H, 800 1.30 510 [52]
Lag §S192GaggMgo .03 3H,0-H, 800 1.50 394 [53]
LSGM 10%H,0/90%H, 800 1.30 1310 [35]
BaCey5Zro3Y020;3-5//(Li,Na),CO;3 12%H,0/88%Ar 600 1.80 330 [54]
BaCeysZrg,Y0.1Ybo.1Gdo.103-5 20%H,0/80%Ar 600 1.60 24 050 [36]
BaZrosY 02035 50
3%H,0 600 1.30 [55]
BaZry7Pro Y0203 5 237
BaCeysZro3Dy02035 Py1,0=3.039x10"* Pa 750 1.60 1210 [56]
(Zr03)0.9(Yb203)0.06(S¢203)0.04 90%H,0/10%Ar 900 1.30 1400 [52]
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B BT R 092 A/em?, 5 Ishihara 2504
EEE R —5
23 RFSRBRER

I FAE4E O-SOEC, H-SOEC [fjiz 47 &t
— IR, T SRR R BaZrgCeps Yoz
O35 (BZCY) %5 B 3& B M 13X F AR R 2% 1+ -
Rajendran 20N i e b2 % 1 /R4 20 um
i) BaCesZro2Y0.1Ybo1Gdp 03 5 (BCZYYb-Gd10)Hi
fRR, 7E 600 CHIFIHL SR A 1.1x107 S.em ' K
FH 1% HAfi# 5 1) 4% i) SOEC #£ 600 ‘C. 1.6 V.
20%H,0/80%Ar % 14 T 1) HL L % B AT 1A 2.405
Alem®, ASR 1B 0.15 Q-em?, % RZAE 200 h §a5E
PRI FE A (1 FL R 2 R AR S ] 3 TR . Pu
264955 BaZrg 3Ce s Y0203 MI(Li, Na),COs & &5 Hifif
JRHEAT T 5T, RIL4HEEAT CO, A HoO LRI,
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ZR T SRR P H A BT o, B i,
DA IRRL A | Hy AT CH, 197742 o Lei SR R
PR B AR G, I8 A bedh il 4% T B4 20 um
1 BaZrygY 205 s AR, HH-KFH Lag s Sto4C002Fe0803 56—
BaZrysY 02055 1E N BAELH #2, LaggSrooMnO; 5
BaZrosY 02055 NAE BN, HILATER SOEC &
600 ‘C. 1.3 V. 3%H,0 174/ NI SN
50 mA/em’. {EBEAT PriB24)5, BaZrg; Pro Y0205 5
PR R T — D A IR T IR R A 237 mA/em’, A
SEMEMNAE BaZrgPro Y0205 HLM BT IR 5 1 45 1)
WK 4 Frox. SR, BT Ba 2RSS @
HiEIA 1600 °C, HEn T & kA Ba FIHER, Hitk
FEANE BRI

3 4 H(PNC/BCZYYB-GA10/Ni)E 600 ‘C. 20%H,0
ZRIRF AR 200 h B AR s PO
Fig. 3 Long-term stability of the full cell (PNC/BCZYYB-
Gd10/Ni) at 600 ‘C and 20% moisture for 200 h*%

4 BZPY HLfFIBINR S SEM 8 T fwom 45 #45°)

Fig.4 Cross-sectional SEM micrograph of the BZPY cell after

testing!®

3 AR
EHR I OF 840y O, AT, B E& DL

e 1) BORMPUAMEEM: 2) BB TES
Ky 3) EREMALTEE; 4) RO FLER R LUE
FAMASRMY G 5) 5 HBME B A B A
RVE R ULHC AR 2 3(TEC) *°), SOEC 4 i
MELLL ABO; S5k 450 83, HRF LB 2 e
5 LSM HAH H 7 S44(La,,Sr,MnO;) . LSCF JB A& &
T - T F & (La;,SrCoyFe; yO3) F1 LnyNiO; 5
(Ln=La, Pr, Nd)&MW%E. % 3 & HATHF R L 1)L
Tl e 700 S LA AR R LM
3.1 LSM BEHBEFSK

La; «StMnO; (LSM)E A &7 SR CKT
100 S-em'), AMEGIENELF, &4 NIET R RN
Iz B ] RE SR AL i SOEC 48 FE AR A4
BE, IEEREET LSM A S MRHEIRR T 2 M
. RMAFAEE, ERfbKETdRES,
LSM MLl 2 5 [ R IR R A5y 2, BAE AR
B AP A, R T s LSM A ER K
Wik e, E AN E A AR RS I T
EANFZ . Men 257157 LSM/Ceg sSmg 1505 5—CuO-
LSM/SDC. LSM 3 FlA Itk FEAT 7 XF LR FT . 4525
F W], LSM/Ceg 55Smy. 1505 s—CuO & & M B A Al
PERE, HEHI4 ) SOEC 7E 800 'C. 1.5 V. 40%#H
SHEZ ISR, IR E N 036 Alem®, ALK
FiM 0.89 Q-cm®, SRR 3 FASFEIE M H & R 4
£ SOEC Hl SOFC 5z~ Hi [ il FLiL %5 FE (1) 2244 ith
2L WL 5a Bk Liu 2550 5% A 3 A g b Ui
AT T LaggSro,MnO; y/Erg4Bi; 603 5 (LSM/ESB)
A AR % . A BT LB R & A
LSM/ESB (0.075 Q-cm®), &1 5] & ik il 4 (14
LSM/ESB “A HIAR AT AR AR AL FLFEL(0.029 Q-cm?).
XEERLHTG#H LSM 5 ESB 2 [W B i )45
A A RO N X YR, A K
(TPB)SE AN, MM 2B A T B AL BH T

Mahata 255251 LSM 2 T AR A, WK
LSM 7E i e &5 YSZ N TR S H )G
B4 e, $2HRA Ca Xt Sr #HATHE /s B AR
S5REW], 2 Sr R BACK (R LSCM),  HiARH
FHBE Ca BER BN REIG; 24 Sr e B
IR LCM), L FZRMBE Ca BE/R 4> 38 hn
Pem. A, LCM M E 8k By, H5 LSM A
A I TEC ME[(11~12)x10 °K '], LSCM. LCM.
LSM % Hitk SOEC 7EAN AR FE R =& L Wi & 5b.
Fan 252 ] Fe X LSM H1f#) Mn #E47 7 % ¥,
BRI 45 ) NiO-YSZ/YSZ/Lay ¢St 4FeO3_s~YSZ FHfi
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HWAEAS [R5 (700 7504 800 C). 1.3 V. 50%H,0/  0.66 A/em®. KWk E MEMNR 25 3R BoR, HRRER B
25%H,/25%Ar 2 R B E 2508 0.45.0.56.  {RFRFaE, AKEI0 B30,

%3 HE SOEC SRR RE 4R
Table 3 Typical SOEC oxygen electrode materials and their properties

Current density/

Material Operating atmosphere/%  Temperature/ C ~ Voltage/V > Others Reference
(mA-cm™)
LSM 230
LSM/SDC Relative humidity: 40% 800 1.5 240 [67]
LSM/Ce s5Smy 150, 5—CuO 360
Lag gSrgoMnOs_s/Erg 4Bi; 603_s Relative humidity:30% 750 1.5 1430 [68]
(La.75510.25)0.0sMnO;._s 60%H,0/Hy/Ar 800 1.46 302 0.25 Q-cm? [33]
700 450
Lay ¢St 4FeOs +YSZ 50%H,0/25%H,/25%Ar 750 1.3 560 [69]
800 660
LSCF 63%H,0/7%H2/30%N, 900 1.3 780 3:3X107 Vi ) [27]
(1700 h,0.3 A/em®)
1.05 500
Lag 6Sr94Cog2Feps05-5 50%H,0/50%H, 750 1.12 1 000 [70]
1.26 1500
LSCF/CGO 80%H,0/20%H, 750 1 000 1.0x107° V/h (300 h) [17]
LSCF/CGO 80%H,0/20%H, 800 1.29 480 [18]
LSCF-SDC Pr,0=4.053x1 0 Pa (Hy) 800 1.21 500 [28]
Lag gSrg>CogFepg03.5— Pure water/
0.8C;);G(;;2021 3) Simulated seawater 800 50 el
LaosSto2ConaFeo0s-- Pi0=4.053x107* Pa (H,) 800 0.07 500 [26]
(Ce0,)0.8(SmO; 5)9.2/SDC 2
Pd-Lay ¢Sr94Cop2Fep 5035 50%H,0/50%H, 800 1.5 1670 2.2x107h [71]
LSCF/GDC 1.92x107* V/h (0.016%/h)
80%H,0/20%H, 800 1.8 P [72]
LSCF/GDC-6%C 2 000 8.2x107 V/h (0.0071%/h)
Bay ¢Lag4Co0; 20%H,0/80%Ar 800 1.4 920 [29]
BaZr;,Co0 3035 50%H,0/50%H, 800 1.3 1430 [73]
Bay 5Srg.sCoogFeo 2035/
BeCen ZraeosOns [74]
PrBag.sSro.sCoy sFe 5055 10%H,0/90%H, 800 13 1310 [35]
Smo 510500505/ 90%H,0/10%H, 800 13 400 1.1x102 V/h [75]
Smp2Cep 5019
Smy 5Sto sFe0;_5—Gdy1Cep 9075 20%H,0/80%N, 800 2 1560 [76]
Pry¢Cap4FeOs5 60%H,0/40%H, 800 1.3 277.14 Lz production rzatetl [77]
115.84 mL-cm “*h™
PrNiy 5C005035 20%H,0/80%Ar 600 1.6 2405 [36]
Pry sBag,NiOy4:5 70%H,0/30%H, 800 1.3 723 [78]
10%Dy—Pro sBag sMnOs_s 3%H,0/97%H, 850 1.5 0.554 [53]
(PrBa)g.o5(Feg.9Mog.1)20s:+5 3%H,0/97%H, 800 1.3 510 [64]
LSCF 800 675
LSM-YSZ 50%H,0/50%H, 820 1.2 480 [50]
PNO-CGO/PNO 800 980
Pr;NiOg:s Rp: 0.03 Q-cm’
La;NiOg: 5 Rp: 0.14 Q-cm® [79]
Lay sPro5O4+5 Rp: 0.09 Q-cm®
La;NiOyss 21%H,0/79%N, 750 0.107 500 [80]
Ag-GDC(4:6) 100%H,0 800 1.3 720 [81]
SryFe; sMog 5065 90%H,0/10%Ar 900 1.3 1.4 [52]
Nd, 95Bag ¢sNiO4-5 Pu,0=3.039 Pa 750 1.6 1210 [56]

Ca—LaMnO;

TEC: 11~12x10°K™!

[82]
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(a) Current density-voltage characteristic curves of the cells with different oxygen electrodes (LSM, LSM/SDC and LSM/SDC-CuO) at 800 “C'*”; (b) Hydrogen
production of LSM, LCM and LSCM anodes after being tested in a SOEC set up®™; (c) Scemetic representation of oxygen diffusion paths through the porosity

optimized LSCF/GDC-Graphite 6% cell and simple LSCF/GDC cell’?

K5 LSCFiRGE - 1 3HIA BN

Fig. 5 LSCF mixed ion—electron conductor oxygen electrode

Ai ST Lag Sro4Co0,Fe0z0s 5 AR 5
YSZ Hf# T T SOEC 4 %:, K I LSCF % H
W5 YSZ Wi A REFHIAHZNE, XF T LSCF %
HLRR UG, St (IR BT A2 AN T8 o SR 17 7E BH AR AR
%48, £ LSCFE A1 YSZ Hfi# 5t 2 M — 2
ANHELE . WA IS Sr )2, IX 8 W P AR AR AL 52
br BAEZE T Sr [iflAT, MITRER T 7E FEAR/ FAR T
Fr SrO fwfr = A I ARIFZ I . Ktk 1% SOEC Hifi#
HAE 750 °C. 1.0 Alem®s 50%H,0/50%H, I i) i i
fIFELE M 1.12 V. Vibhu 25271 % 1) 3Mo—-3Au-Ni—
GDC/8YSZ/GDC/LSCF HififtitsfE 900 C.0.3 A/em’.
63%H,0/7%H,/30%N, 2 FKIi247 1700 h J5,
BB BEIRRAUA 3.3x10°mV/h, R RIFHIFEE
Y. Bausa 25V LageSro4Cops FeosOs (LSCF).
La,NiO4 (LNO). Lag g7S10,13CrO4(LSC)+ LagsSro.MnO;
(LSM) J Bay sSrg sCog sFep .03 (BSCF) 5 # A Jii 13
PR LR A B BaCeo2Zro 7Y 01035 (BCZY27)IRE )5

HHAT 7B A BRI 45 . 45 R KB, LSM A1 LSCF
%15 BCZY27 HABIF A, 24 LSCF/BCZY27
HAE AR 50:50 B BA R AEMERE .

N T BB IR EACEERE, Yang 25U 10t
LSCF #1T Pd M54, HIILHI#& 1 Ni-YSZ/YSZ/
GDC/Pd-LSCF Hiffith7E 800 C. 1.5 V. 50%H,0/
50%H, 261 T IR E A 1.67 Alem®, FEIRE N
2.2%/100h, Ib4h Pd B4 )5 AL B 2 F# K. Yang
s 4yg LSCF "iff La 4N Ba, #4177
Bay 5Sr sCog sFe,0;55/BaCe 4Zrg4Y 205 & & HLK
(il 4, FEEKZES M 0 B IN3) 20%, ZHK
ITEALBREM 0.35 eV FRIKE 0.26 eV, 47E LMK Lt
IORALSG , Toe R AE T & & K& F T, ASR
BHRIIRE, TERAET NEREHE, N 10%
JK7ES ASR 1H T FEAE I 7 £, R & B R A Fh 254
HAMIC pr,yo 25 1F T2 —FA LK .

AN, Lim 252 LagsSro2Coo2FeosOs s/
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CeogGdo20, s B A A H M4 21 Ni-YSZ/YSz/
LSCF-GDC Hif#IB7E 800 °C . 800 mA/cm? [ HLI 2%
FE R o BT T AL K B Sl K F AR S B . 45 IR AR
B, SE%HRAE 2 MR NI B EERES N
0.015%/h, Ak FLBH A2 T Bl FELBH 22 S 3397 10% LA
PN, EE I B I A AE 6 R R v RE T R A
2 R Kim 25 7PE A B i S A I A1 = AR D AR
KRR T, RO A 258 %) LSCF 4 H il it
177 8/, WK Sc. Mok SBMmsI AR
DLURAERA: 1) @k fLB i, Seal 7 ik fi
PERERIHE s 2) &% T SrIal GDC PHA4JZ AT
O AT B, M ) PR A 5 AR SRR S T
DA MREE R R, SR S8 1K B ARAH L,
BEAT 6% A1 8295 N () LSCF/GDC 48 L% FEL AL 2 1 g
T T 29 30%.

FA e, AR AT DAL AR Bl 712,
I E = A8 % . Riedel 25O B il i S 3% 10
LSCF/3YSZ/GDC/Ni-GDC &5#4), 2H3& 7 H 10 4~
JEALK I SOEC HiMfE, ZHIHEAE 800 C. 1.4x10° Pa
KR, KB HN 70%. IR EN 0.5 Alem’
AT, B 1000 h 5, HLUE 3 k24 0.000 56%/h.

B LR MRS, LagsCag,FeOs s tH AT 1FE A% H
WM k. BRI, 5 BagsSrosCoosFe 05 5
(Kehen=1x10" cm's ™", Depen=8%10"°cm's™'; 700 °C,
Po,=1 000 Pa)FHLL, LagsCag,FeOs s A A HARMIAL
Wz 71%, 1£700 C. po,=1x10" Pa i F1L24 R H
SE W B (Kenen) N 1.5%107 cmes ™, 283 B0 Z 50(Depen)
H6x10°cm's !, HLSEEREIA 112 S-em P,

3.2 LmNiOs ; &1L#

B T AR, BARER S RS F LnoNi Oges
(Ln=La. Pr. Nd)A B EA MIEC F¢iE, #ifEN
A STIZ R . £ LnpNiOgss (LnNO) 44k 1,
LnNiO; F54k57 21 LnO EHJEWH C iz B2 N
TR G REE M, 7F LnO # )2 il ARkt
A, FRE N SR B T R £
r R, AR T IE R R R S R S L,
11132 AT B HL 7 4% B9,

W7t & ¥), LaNiO4s (LNO) B A L LSM #
LSCF HUF AR A GE, 3 # AR AL R
¥y mlh 2.5x10* emes™ (800 °C). 9x107° cmes™
(1000 C). 8x10° cm's ' (800 C)BY, 4R 7E 750 °C.
LY O 500 mA/em® 9464 T #EAT 48 184G )
LNO HIARIPEREA IIT T B, X 32 B i T P AR R AL
S LNO 7 B LasNi,O, Fl LagNiz0;9, LNO 4,

H AR SR TR ] 5 1 XRD 3 @1 6a TR

Zapata 2P R I, ProNiO4.s (PNO) 5444
LSM-YSZ. LSCF A HtiktHIbEae L, KH PNO
S LA 1) 25 IO R SOEC 7E 800 °C . 1.2 V.50% H,0/
50%H, %1F FEIREE N 980 mA/em®, & T
LSM-YSZ (480 mA/cm?, 820 ‘C)F1 LSCF (675 mA/cm’,
800 C)Hit. Ramasamy 25fE Nd,NiOy.; 2 HEHK
M YSZ MR ZIEGINT CepsGdor0s ,+2%(BEIK
5330 Co 5L CeosTbg 0, o+2%(FE /R 73 %) Co HHEJZ/
SEMP R, EA s AR AL B AR B R, X
FEREHTRMEZEARRIBEAHESTE, B NE
W R AR GEA AR 12, AR R B N R N B
W 6b Fizs, Hob i i i PR EK. BE
SZ R a). b)s )7 i AR FELA 2 T B
By KEBT AR RN G0 2 J5 HI P AT 845

A, Pr. Ba S H B ANE LNO MMM
B 15 3 3k — B . Vibhu 2 U BB AT
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(LP5NO) 3 Mt Rkt pe. 558K, 7£
700 ‘Ciz4T 1800 h Ji&, La;NiOys HIFAL B B3 0 1
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PERETEARL, 3 PR HARTEM RIS T AR, BB H 1)
Ak th £ & 6c Fiam o Bl » Li 278355 PNO
HARHEIT T Ba JCERBA, MUBAH RE x=0.2
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GDC/Pr; sBag,NiOy.s HLARILTE 800 C. 70%H,0/
30%H,. 1.3 VI RIHFHE N 723 mA/em®, ik
HLFH A 0.06 Q-cm®, 544524 ProNiO,.s FEHZ A LL
B T 66%. Danilov 2513 T Ba #5421 Nd, 95Bag o5
NiOy.s FHEALHEAT T SOEC #il4%. Z5HEH, HR
HAE 750 Ty 1.6 V. pryo=3.039x10° Pa i ff) HLT 25
JEILF] 1.21 Alem’s 24 puyo H 3.039x10° # %
5.066x10" Pa i}, PRI Z T 1.4 Alem’,
WAk FBELAR TR 4 0.03 Q-cm’s

B T FRJURM A FRR AL, AR — AN B AT
FRELE B M. Tong P01 Gd $54% CeO,
(CGOYE AE L, 7347 91K LageSro4Co0;3.5
(LSC)F1 Gd/Pr 2% CeO, (CGPO)¥R)Z VTR, Hk
TR 49K LSC-CGPO-CGO H & HIHAE 750 'C.
1 Alem®s 90%H,0/10%H, FiZ4T 900 h J&, Hififits
(1) HyO—H, #4 FRARKRAE 56%, H AR BRI
H AR R IR 3 R R 6 A Fe e M . Zhao 2 TPVEE R
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Ni—YSZ/YSZ/GDC/BaZry>Coo 505 2101 e fift it 13k
1T THEAL, SRR 2L B R AT A e 1
7£ 800 'C. 1.3 V. 50%H,0/50%H, I, HLIi%E N
1.43 A/em?, H7E SOEC/SOFC #::F#E47 100 VX 1E
HIR G, bR & A TE R . Yang 25

JRAL A B AE SmgaCeo 010 28 L EAT T 42K
Smy 5Sry5C00 5035 PRI ELTE, HILHI & E A Bk
BAB SIS TE R BOK M) TPB KB, 15 800 C

(a) LNO electrode XRD spectra after different times at constant 500 mA/cm*®”;

HTE’J*&%EEBH% 0.17 Q-em®, K & ¥ N
13.62x10° K (200~800 ‘C). B4k, Tan ZEBUs5RH
Ag-GDC TE R FR AR HAT THEFT, 4R, 24
Ag-GDC (Ag:GDC=4:6){E N kT, HATH M
RE I LSCF-GDC S B my; 124 Ag-GDC fE
NIRRT, HATEUR MR X Ni-YSZ R
AR . 10 Ag TS, ARG oA I,
R AE— e FE R PR T LR .

(b) Schematic of the oxygen reduction and incorporation reaction via potential

electrode surface path (a), bulk path (b) and additional buffer layer parallel path (c). (i) Electrode (ii) mixed conducting layer (iii) electrolyte™; (c) Additional

polarization resistance ARp for PNO, LNO and LPsNO vs. time during ageing at 700 C, i3.=300 mA-cm™>

, in SOFC or SOEC mode!™!

Bl 6 Ln,NiOss(Ln=La. Pr. Nd)% HH
Fig. 6 LnyNiOg45(Ln=La, Pr, Nd)oxygen electrode
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SCILIR E BEVR LM R B L HERE XU H bRt R H A
AHEEE L.
ASCEERHREH M . [ SRR AR 3 K
REEEAF A RLERE . ISR RESERT FABUIR R IT 1
RG0Tie. RIS, AT SOEC
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