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T A AETE St mMTELGL, S AR I TR A PEHR H T OB B 223K o SRR BUEATE 2 FL Yo.08Z10.9204.6 (YSZ)
B4 1 4 T YSZ/Erg,Bi; 405 (ESB) & & H fift i Al CazCo,04,s(CCO) % HL H ,  800°C Hf ity #% 1k # FH
0.45 Q-cm®. S HALAE 100 h 1T BAMR S R Ak FE v R LD RAFRAR e M, FRRRCRR [T AR A A XoF Hha AR 1 g L
AR AL, R AR T S AR P R A A5 RE T LA GE A i AR AR LA R . Ni-YSZ/YSZ/ESB/CCO HLH
Hi7E 800°C B (9 Fe R HE D3R 722 mW-cm™,  FRLAR FL RO 1.5V B 74 L AR FL O % B O -1 204 mA-cm ™, XY
=& %N 503.3 mL-cm™>h™, P TS RE R,

SRR T A L s B AR Tt AL L CasCo,Og,s A I HRAbAR e I
B4y S: TB383.1; TM911.4; TB331 XEkFRERRS: A XEHS:  1000-3851(2023)08-4568-09

Electrochemical performance of Caz;Co,0,,; 0Xygen electrode based on

Yo.08Z¥0.920-.5/Erg 4Bi; 03 composite electrolyte

DING Lili, ZHANG Xu , WU Xueying, LI Yuan , TIAN Yanting*
(School of Optoelectronic Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Reversible solid oxide cell (RSOC) is a clean and efficient electrochemical conversion and storage
devices. Due to the Sr segregation in the now available perovskite oxygen electrodes, new requirements are put for-
ward for the durability of oxygen electrodes. Y gZr(920,.5/Erg 4Bi;, 603 (YSZ/ESB) composite electrolyte and
Ca3Co,0y,5 (CCO) oxygen electrode were prepared by solution impregnation method in this paper. The polariza-
tion resistance of CCO oxygen electrode at 800°C was 0.45 Q.cm® The oxygen electrode showed superior durability
in the process of alternating anodic and cathodic polarization for 100 h. Anodic and cathodic polarization displayed
opposite influence mechanisms on the electrode performance. The degradation induced in the electrolysis mode
can be eliminated by reversibly cycling between electrolysis and fuel-cell modes. The Ni-YSZ/YSZ/ESB/CCO single
cell obtained a maximum power density of 722 mW-cm™ at 800°C. The electrolysis current density at 1.5 V was
1 204 mA-cm™, which corresponded to the hydrogen production rate of 503.3 mL-cm™h™". Results showed that CCO
with good reversible polarization performance and long-term stability achieved a high energy conversion rate.

Keywords: reversible solid oxide cell; solid oxide fuel cell; solid oxide electrolysis cell; CazCo0,04,; 0xygen elec-

trode; polarization stability
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0.1 mol/L /) ESB [ B 2R ik . #efb~# it H Ak
B Er(NO5)3-5H,0(99.99%, B[ 1), Bi(NO,);-5H,0
(99.99%, B[HiT). #rEEmM (99.5%, FHiT). &
VU 2 W2 (EDTA, 99.5%, BHiT), K& T
B TFOKAWR IR G WD, Hhirgm - &
J& B T : EDTA(BE /R i )=1.5 : 1 : 1, KA HKE
FIRFIEE R 6 - 4. B 0.1 mol/L f) CCO % A
12 B, B Ca(NO,),-4H,0(99.98%, B Hii T ).
Co(NO;),-6H,0(99.99%, B4 1), #7745 iR #ie fh =%
TR HE T8 TR IR &G RRCD, Hh
PR S &8 & I EE /R i Lk 1.5 0 1, /KA
PR IR A 6 0 4,
1.2 HIFFEMFNEE
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TZJ57E1100°C £545 2h, B8 LZHLYSZ B2, ff
FHFS WG W M ESB 2 150 T A YSZ B 22, 400°C
T J5 7 850°C %4 5 h 193] YSZ/ESB & 4 HLfif I .
FE P FE AL IR 75 CCO W, [RIFELE 400°C #t T )5
1£ 850°C e4h 5h, Ht, CCO ¥ W 4 3= 35t 2.
41 6 W, XT R A9 S HL AR bR iE S CCO2, CCO4 Al
CCO6. il & 1) CCO A MLtk fE N TAEm M, 7F
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JEJE 2 8 um, YSZ/ESB & 4 HiLff# i il CCO 4 Ha,
W A 28 7 1k 5 2 B AR R ]
1.3 MHEERME

9 T3k CCO Al ESB Z [al fyfb 2 A 25, R
FH 55 32 350 VR TR) () Ak =4 T He il 46 T CCO A1 ESB #;
#, B HIRAETE 850C FHkess 10h #47 X
528 75 55 42 F (XRD, XRD6100 Lab, Shimadzu).
fdi Fl CHI660 E H k2% T /s, (11 CH [ 2s A FR 2
) W3k A R AR A Rt Y Al g R R AR, BT
T 00 428 714 4 # 90 E  0.1 Hz & 90 kHz, Jite il 1 58
MmiE5 A 10mV,

¥ NiO-YSZ/YSZ/ESB/CCO .1, ith %%+ 7 & 1k
AW &S LR T H Ak BRI, B SEAE 650°C
i) P W% 8 A H, 38 i 1h, fii NiO it J& 4 Ni, 7E
SOFC £ 20 3k B, Ni-YSZ Hi #% 4t T 50 mL-min™
1) Hy(3%H,0) ', il F @ e 2 s, 78
SOEC #% =C IM i if , Ni-YSZ Ll 4b T /K 285 . H,
LA IR &SR, b H, 5 Ar iR L
751 25, KBRS 100 mL-min™', K ZESH)
W 2 50%.
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Bl 14 fr il % CCOBy & ) XRD 3% . 5
CCO HY JCPDS & (PDF#21-0139) A [t 29, i % fy
CCO e fF G An a7 it , RWIFRTE T HAH CCO
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Fig.1 XRD patterns of Ca3Co0,0q,5 (CCO) and CCO & Er, 4Bi, ;O3 (ESB)

mixture after calcination at 850°C for 10 h

[ 22 YSZ B %42 . ESB F@ )2 Al CCO % Hi i
By SEM KM% . MIE 2(a) HP AT DL 3] YSZ 5 242
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i, & 2(b) M2t ESB J5 ¥ AL AY YSZ/ESB & & Hi
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(a) YSZ scaffold
=

(b) ESB isolating layer

2 Yo08Zr09:04.5(YSZ) 4% . ESB [ 2 M1 CCO 4 Hitl ) SEM ElIf

Fig.2 SEM images of Y ¢Zr 9,0,.5 (YSZ) scaffold, ESB isolating layer and CCO oxygen electrode
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Ca3Co,04,; oxygen electrode impregnated with 2, 4, and 6 times were labeled as CCO2, CCO4 and CCOG6, respectively
3 CCO2. CCO4 Fil CCO6 S HUMAEA IR T BB ALBHE T %
Fig.3 Impedance spectra of CCO2, CCO4 and CCO6 oxygen electrodes at different temperatures
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Table 1 Electrode performances of CCO electrode based on different preparation methods

Synthesis condition Electrode details

Electrolyte T/°C R,/(Q-cm®) Ref.

Sol-gel proteic synthesis 900C/2 h

Screen-printing 950°C /2 h+900°C/12 h

CCO, 2 um GDC 700 2.74 [6]
. . . . . 700 3.44

Solid-state reaction 800°C/10 h Hand painting 850°C /5 h CCO, 20-30 pm SDC 800 058 [15]
Electrostatic spray deposition (ESD) ESD-coat ing CCO, 25-33 pm GDC 700 3.32 [16]
Solid state reaction 880°C/2 h Screen-printing 900°C/1 h CCO, 30 pm GDC 700 4.58 [16]
Electrostatic spray deposition (ESD) ESD-coating CCO, 20 pm GDC 700 3.40 [17]

L . . Solution impregnation method 850°C /5 h 700 1.15 This
Solution impregnation method 850°C/5 h CCO, 30 tm YSZ/ESB 800 0.45 work

Notes: GDC—Ce ¢Gdy ;0.5 SDC—Sm, ,Ce, gO; o; T—Temperature; R,—Resistance.
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