Journal of Electrochemistry

Volume 26
Issue 2 Special Issue = High Temperature
Electrochemistry

2020-04-28

Materials, Micro-Stacks and Related Applications of Single-
Chamber Solid Oxide Fuel Cells

Zhe Lv
1. School of Physics, Harbin Institute of Technology, Harbin 150001, Heilongjiang, China;,
Ivzhe@hit.edu.cn

Bo WEI
Zhi-hong WANG

Yan-ting TIAN

Recommended Citation

Zhe Lv, Bo WEI, Zhi-hong WANG, Yan-ting TIAN. Materials, Micro-Stacks and Related Applications of
Single-Chamber Solid Oxide Fuel Cells[J]. Journal of Electrochemistry, 2020 , 26(2): 230-242.

DOI: 10.13208/j.electrochem.191142

Available at: https://jelectrochem.xmu.edu.cn/journal/vol26/iss2/9

This Review is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol26
https://jelectrochem.xmu.edu.cn/journal/vol26/iss2
https://jelectrochem.xmu.edu.cn/journal/vol26/iss2
https://jelectrochem.xmu.edu.cn/journal/vol26/iss2/9

#2646 %2
2020 4 4 H

WAL
JOURNAL OF ELECTROCHEMISTRY

Vol. 26 No. 2
Apr. 2020

DOI: 10.13208/j.electrochem.191142
Cite this: J. Electrochem. 2020, 26(2): 230-242

Article ID:1006-3471(2020)02-0230-13

Http://electrochem.xmu.edu.cn

BREERS LWL B MR
RUHE LS F S HH K M A

A SRS S -
(1. W IR Tl RS Wy B B | B YT W RV 150001 52, K S 38 TR 24 4 B 5 B TRR 2% B, L 78 K5 030024)

FEEE s o005 I AR W R R 3t (SC-SOFC) 2 — i 4 A~ rit 3t b 76 B — 252 vl B 0 91 45 23 31 % TR 45 2 A ol
PR PRRE RIS CHEAT B AL 7 25 R S 3 (9 e R 45 A AL B . SC-SOFC A L o1 14 it 381 01 235 44 T HL A I v 2
oy THER T LR S 2l A1 B) S A RO S5 08 22 00 a5, A AR DR 8 L T 3. A5 35 7 SC-SOFC 14 J5U 3] A1 A3 1) % fi
b RGBS T SC-SOFC Ft IR KL i 285 40 i S 1B MLl B 107 ) J 1T ) 8F 5 30k e 5 LA 42 SC-SOFC it 1y
S LA D) A F G, BCHEBUR UM BRI N A AT I RO S5, SR RO A SR 14 DU L vt R T A o 2 4R v #)
420 mW ; B 2 20 B S 25 A T R AR T S BB R IE , $2 1 T A 2 i R U £ i U
BT A B~ SC-SOFC RHEAS B iy i 1 D R 4R 2 8.178 W, HETAT FF I T AR M AL B A1 341 £ I 106 A1 5 9K Be 5 119 45
B IAIE. W5 85 R K], SC-SOFC 1T LIAR {5 H 3l 3% 42 RO A e ™ A= BCRL i tH D %, oRORA BT LM
Py F2 R B TR R . AT A A B D7 v BEL A T B v T ) DA [ A5 I3, BT T N 7E CHL-O, U I R
AT SRR FR & SC-SOFC &A= AN T iR i) FZEHLH , 3 — & B A M 2R Hh AL 30 ok ) 4 22 L 42 J 1 BT 2
R

RGEIAD e G A AR o Bt 5 B B TR A

B 42K S: TM911;0646 XERARIRAD: A
[l 4 S8 AL B Rk} HR, s (SOFC) J2& — i 5l 1 1 Ha, BRI B o o5 i T TR B 2) 2 5 S /N LR Y R v

fb2f BE A e | ATV T R A S ol T T
LA B AT B R B IR AR AR A 0, L S8 1 SOFC HL A FH )
FUBARE B A S 2, 78 TAE 43590 38 AR RLS
RANE A KR AT R CnZs =), A
A W E o SO A ORI B A R R, DLk
o Rk IR SRS S FE R ILAh A —Fh BT 45 4
(A BRRE L | AR R A — AN, LB AR R B
e [A] B 2% 5% MR RS S AL R ALl IR A R 2
i o 15 4 i T IR A E AT Rk e K A
PRMR I, R G BRR Dy B S AR SRk R R
Hi 3t (SC-SOFC). & 2 I FH BH A% 1 BF A% 23 551 X A
BERARAG T A B AL AR T, 76 PR R AR 2 ) ™ A
LA 22 AT T AR Y B

SC-SOFC X R RFoR 1) S Z 454, it e A
A LUF — 2L B, 1) 3k 1 3 # SOFC (1) %5 &
SME AL, T LT Ak R i 2 H HE S5 R R SR B, PbL

S M HEAG T SRS M B & Rk 3)
FH 7 BH A & Az 1 R Rk 350 3 4R Ak 2 AR R I, T
VE IR BE AT DAREAR, v LASE I A 445 5 4) )3 sh i B
PR, A IR T B R R T BR > 5) i TR A
SR LR TE R AR, T LATE B Ak
BN D) KA RTINS ; 6) 77 A5 HL fiE /Y W] it
ORI AE by v Ak 2 O #5 2E 7 e B {8 Ak 2 4
K, N$ AR 3k F |, SC-SOFC 75 fi /N 50 5 485 X Hy
Y5 /NTRL AR e I I T e b B R A A LA T
7 (4 o FH AT . {H2, BT SC-SOFC T fE7E = ik
TRA AR, 75 BT 2 1B A )8, 1) WA 2R
JEIRA AR RE & B MR AE T, T 2 S 45 ] <
IR A EL BB 5 2)BRRHR T RAL, R % RS
PRI 3) R & 2%, —se %5 A (1 AR B b 2 I R 5
FOHL T M RE T R R RAIL; 4) AE7E Lk
P, L 2L P i 1 AR I ) A S P T T (1) i 4

Wk H DT 2019-11-18, & 1T H . 2019-12-19 * i@ /3, Tel: (86-451)86418420, E-mail: lvzhe@hit.edu.cn
% 1 R BR# 2430 H (No. 51872067 ,No. 21773048 ,No. 51602213) % 1lf



52

Bl A S AR S R H Tt B B RO 254 5 A0 5 1 T -231-

SC-SOFC 115 i1 & 5 - i Eyaud #2111, 4
I Bk Ry T B S L 0 IR R F 0L B S, Gool MR
Lousi™ i 47 T AHRL A BIF 5, B0 S AR Ha il A
KM FE FEAR K B[R] BE F R AR 2212 . E #) 1990 4F
Dyer fifi H & A2 TR G HE ALO; [ {4 T i
AR A T LV SRR A B A
ITHY ETED. 5 |, Hibino %5 A B B B & 51 A
SOFC, -7t 77 Thi il 7 K & 1 TAES 5. Shao %5
NTE (R 26 6 1 P A A0 R it 2y T BRAS T R
J'& W R A Bl T A SE A SR FE T 10 24
KT SC-SOFC 1y JCHE A4 AL | Tt 25 44 B2 1T Al 2 8K
efl, DL RO 2 G0 i Ry 45 T AR U TR R
(k20

AR SCEAE A 4 SC-SOFC T4 J5L B (1) JEfilt |-,
T 58 DG BE A ) R 5 A b A A ST IR | T
S5 5 R g it DL BB 1A T AT 2R R
I X A S 1) Tk A 1N P AR 5 R O T A R B
1 BRELZH SOFC R IE

& 45 SOFC (1 v gh #nl L)L B i o 5 Ha i I
P AS ] 40 0 40 R 22 77 A 1Y Nernst L #0791 —
Ak, SC-SOFC & i FRA AL Al 28 S (RU) FE A
AN TRV A R 11 R B 1) SR A AR S 1 25 5 7 A 3
23X kR SC-SOFC ) HL A XIR A A4 b il 184
B A AT LAE AT o 8 8 M W B RN BE R A L. A
PSR 7 S = N B O P DO B/ SRR B = R A
5 [T Hy AT CO B AR 6 PR v T X 480 <0 52 30
P 2, A B R O R R B
TR, T X R RE UL AR G 1 1 . Riess FH &~ 420 L Tt
), AE BRI L FEAR ) oA A R R Rt T R
JEFEAT T e R0, i 2000 48 K i B Y [l
A H 5 , vk B A SC-SOFC i FH (W3 1). #
FLZ R, R R M AR BR A X %, A 2
SC-SOFC 1 & ek}, AR AE S B f FH B 75 2 4
il HL e B T B TE R e R K A R DX LA, X R AT
DITER IR T 586 MBE A . Har, EERM
HBE . ke % 12 28 SARAE 9 SC-SOFC KA EL. LA
B CH, AR}, 408 UM 5T A f81) | A G 22
VAN Uy I

F AR Ao

CH, #5344k S -

cm+%0ram+co (1)

H, HL Ao S A SO

H, + O0* - H,0 + 2¢ 2)

CO HL Ak 45 Ak SV

CO+0*— CO,+2e¢ 3)

BFAR AN .

O, W HL A4 38 J R

0, + 4e — 20> 4)

SC-SOFC 5 b ¥ % i, & 38 %K T BIS (H | iX
F2 2 T B A R BH AR # N EL A B AR 3 B
BP0 & 1Y S Ak S I O AR 58 A, T FH AR R 4R
WAT — @ W AR, HAEBA MR b SePrik & A4 3L
by ) 52 7 AR AU R EL AR ] 1) S0 2, 1 T R TG PR
bR At A R R AR A R L D e
P AR I14) B2 30 A A P s 2 56 T B (15810,

FHB I 2 2 1 3 4 S Al B A B 2 TR SN
JIT AAE A 1A A ] e 38 2 5 50 8 A L B 1 T
i, oA LT SE PRI B T PR R IR BE . 40, Hibino
I Shao %57 5% 56 H1 437 2 B0 3] HR b Vet B 22 L 0
IREF R 150 °C ~ 250 °C, P b 3 PRI L £
{14 A L 7 11 EL AR 1 A A1, 1] I, SC-SOFC J&—
Fpa] LA A 55, B b 647 i RCEA s g ] LA
T A PR S B [R] e i O T 2 A AR R i T AT
DS Bl 3 () 3 B R T AR NI e 3 X o i
U5 5 R A PL AL Y8R | i SEPRIE AT AN
AEIt g, 2 B0 R BE R A T T R
7T 3 50 P vl %) T 8% P, S AR R i 1 2 58 e L
4 SC-SOFC Wiz A7 B € 1 600 °C ~ 750 °C, 1]
DAARAR 35 15 0 TF 1% H s R i 1) 6.
2 B5E SOFC Mk

SC-SOFC 1 T J5 B 1 5 #E 1 B<, %= SOFC
AT, T I 7 % &, SC-SOFC #.0 #4 FH AT LA 41

F 1 DAL M A £ K A R
Tab. 1 Explosive limits of typical fuels

Fuel Molecular formula 1]13;:11;1/2/501:12
Hydrogen H, 4~75
Methane CH, 5~15
Ethane C,H; 3~155
Propane C;Hq 22~95
Butane CH, 1.9~8.5
Carbon monoxide CO 12.5~74
Ethanol C,H;OH 34~19
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Fig. 2 The perspective view of the SC-SOFC stack with dual-gas supply method!
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Materials, Micro-Stacks and Related Applications of
Single-Chamber Solid Oxide Fuel Cells

Lii Zhe"”, WEI Bo', WANG Zhi-hong', TIAN Yan-ting’
(1. School of Physics, Harbin Institute of Technology, Harbin 150001, Heilongjiang, China;
2. College of Physics and Optoelectronics, Taityuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: Single-chamber solid oxide fuel cell (SC-SOFC) is a special type of fuel cells, in which both an anode and a cathode are
placed in one chamber. Its working principle relies on the selective catalytic activity of the electrodes towards fuel and oxidant in a gas
mixture, leading to the generation of an electromotive force. Because of its unique principle and structure, SC-SOFC has many advan-
tages such as sealing-free, easy stacking, quick start-up and no carbon deposition, thus, it possesses large potential in application.
Herein, the principles and characteristics of SC-SOFC are introduced. Furthermore, the SC-SOFC materials, micro-stack design, de-
generation mechanisms and potential applications in recent years are reviewed systematically. In order to improve the output voltage
and power of SC-SOFC micro-stack, the structure of micro-stack running in pre-mixed gas environment is modified, and the output
power of four-cell micro-stack with star-type is increased to 420 mW. Then, the gas supply mode of SC-SOFC micro-stack is also im-
proved step by step combined with the numerical simulation of computational fluid dynamics, and a single-channel/multi-point gas
supply mode and a double-channel/multi-point gas supply mode are proposed. The output power of a single SC-SOFC micro-stack
module is as high as 8.178 W. In addition, either external series or parallel connection of the micro-stack module, and the experimen-
tal verification with the burners are carried out. The results show that SC-SOFC can be easily connected into micro-stack module
which produce several watts of output power, and are expected to be used in the combined heat-power system with heat supply prior
in the future. By means of the simultaneous measurements of in situ resistance and open circuit voltage, it is also clarified that the re-
peated oxidation-reduction cycle of Ni at CH,-O, atmosphere is the primary mechanism for the irreversible decay in SC-SOFC. This

discovery later has promoted a new technology for the preparation of porous metals by oxidation-reduction method.

Key words: solid oxide fuel cell; single-chamber; micro-stack; selective catalytic activity
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