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Reversible Performance of Flat-Tube Solid Oxide Cell Stack for Seawater
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Abstract: Solid oxide cell (SOC) plays a pivotal role in the reversible conversion of electricity-gas-electricity. The seawater
electrolysis through reversible SOC is proven to be an effective approach to the intermittent power generation such as offshore wind
power and photovoltaic power generation. In this paper, a flat-tube SOC stack was tested to analyze the reversible performance for
SOC stack fueled with seawater/H, under different operating conditions (i.e., water vapor content and current density). The results
show that the degradation rate in electrolysis mode is minimal at a current density of 100 mA-cm 2, a humidified temperature of 90 C
(volume fraction of water vapor is 65%) and 750 ‘C. The minimum voltage degradation rate in fuel cell mode is attained at a current
density of 100 mA/cm?, a humidified temperature of 86 “C (volume fraction of water vapor is 56%) and 750 ‘C. The efficiency of the
stack in reversible mode is 95.2% at 100 mA-cm 2. It is indicated that this study could provide a reference for the application of
reversible SOC stacks in seawater environment.
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Table 1 Relationship between water vapor temperature
and volume fraction of water vapor content

Humidification Water vapor Hydrogen
temperature/ 'C content/% content/%
76 40 60
81 48 52
86 56 44
90 65 35
94 74 26

R2 FBIEEK BEEY. BRARRTEAS
Table 2 Elemental components of seawater, volatiles, and
exhaust gas condensate offshore of the East China
Sea

Element Seawater/(mgL’]) Volatiles/(mgL") Condensate/(mgL’l)

B 2.605 0.370 0.300
Ca 197.000 0.133 0.050
K 177.000 0.095 0.080
Mg 283.000 0.893 0.000
Na 4987.500 0.869 0.450
S 457.000 0.369 0.120
Se 0.105 0.000 0.000
Si 0.352 1.815 1.700
Sr 2.564 0.000 0.000
Cl 8237.600 1.892 1.130
Br 26.900 0.000 0.000

2 HR5t#
21 EFRSHHEEET SRS T AT EE
K1 750 CL REIRE PRI R Fa(R) SOFC)RE
KT RIS TERE . 4552 5R: 7 3.00 L'min ',
95%4i T IEESR T, MR KT RE H Th R %
N 534 mW-em 2. TEMIEMEER T, Solovyev
2EREBIE g 7 3 e TR EEHE, 10 emx5 em Ok
R E 450 mW-em 2, 10 cmx10 cm i KThH%%
216 mW-em 2o A TAESRFH Tk AR P2 i 4 A 2
o) P L EE A B AT T T N 2% TR TR A R
HiHfE

fHZ: Flow rate of Hy; fy: Flow rate of air.

K1 SOFC BT HIHERT J-V iihi 2%
Fig. 1 J-V curves of a stack in solid oxide fuel cell (SOFC)
mode
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(d) J-V curves of cell 3
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Fig. 2 J-V curves of stacks at different reaction temperatures in reversible solid oxide cell (rSOC) mode

*3 TRIEE TEEMNNARKEREZERE Iy
Table 3 Maximum current density of the stack at different
temperatures

Temperature/ C Charging/(mA-cm ) Discharge/(mA-cm ?)
700 250 258
750 317 350
800 400 416
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Fig. 3 J-V curve of the stack under different water vapor content in rSOC mode
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Table 4 IYIaximum current density of the stack with B 5 R 6 4951 7R [l 7K 26 /5,4 A o 37 2 i

different water vapor content R I R R T, FCE S Sy fh 2
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" o - €] 6 At 2. K 5 SRR R s
48 300 416 FEAEGEE A T3 6 1, G5 IRAT LA H, L 0.6 Lomin '
56 350 408 () Hy 1R 30R, 1ER 7S BT, 24 HE N 200 mA-cm 2,
65 350 383 IKFEIRE B A0%MN T4% 55 AT, FL S I 1) B S 23

74 375 283 B384, 3.69 Ve FTLMGR, e FEAVERT,

(a) EIS curve of cell 1 (b) EIS curve of cell 2 (c) EIS curve of cell 3

K4 R fE A FDKZE S BRI EIS #iZk

Fig. 4 Electrochemical impedance spectroscopy (EIS) curves of single cells in different water vapor content
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Table 5 R, and R, of single cells in different water vapor

content
Single cells  Vapor content/% Ro/(Q-cm?) Rp/(Qcmz)
Cell 1 40 0.98 0.20
48 0.91 0.19
56 0.92 0.16
Cell 2 40 0.40 0.19
48 0.41 0.18
56 0.42 0.15
Cell 3 40 0.48 0.23
48 0.47 0.20
56 0.48 0.16

(a) Stack constant current charging V-t curves

(c) Cell 2 constant current charging V-t curves

IKFER S REI RSB R, B o e
(7S B RE . AE K IR A BN 65% FLIAE 100 mA -cm
AN, HERERED, 475 0.004 Vi,

A NN RN EE S RN i) G N S R 5 E=2
F3& 7. RER, ERBEE, BREEAE, K
RSB SRR TR, KR EEAT,
FEL YL 2 FEE TR 10 2 398 K e AR I 8 1 AR e S S A I
71, FECEMERIRARI R E MRS . iR 6 AT AN,
FMELETE IR, 24 HIR 2 EAE 100 mA-cm .
IKZEIR B BN 56% M), St BE ) HE B2 e /N, 290
0.002 V/h.

(b) Cell 1 constant current charging V-t curves

(d) Cell 3 constant current charging V-t curves

K5 AMEAEAF KIS R RIS T A REIYMER 7S i V-t 2k
Fig. 5 Short-term constant current charging V-t curve of stack under different water vapor content and current density
*o6 BEAETREREEFMKEFASETHRERE

Table 6 Charging voltage of stacks at different current densities and water vapor content

Volume fraction Charging voltage/V
Sample No. = = = B )
of vapor/% 100 mA-cm 150 mA-cm 200 mA-cm 250 mA-cm 300 mA-cm

1 40 3.36 3.84

2 48 3.30 3.76 4.00

3 56 3.28 3.50 3.73 3.96

4 65 3.25 3.48 3.71 3.93 4.17

5 74 322 3.45 3.69 3.94 422
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(a) Stack constant current discharge V-t curve (b) Cell 1 constant current discharge V-t curve
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(c) Cell 2 constant current discharge V-t curve

Time/h

(d) Cell 3 constant current discharge V-t curve

Ko HMEEANFKAITE R, RIS T RRIMERUCE V-t 2
Fig. 6 Short-term constant current discharge V-t curve of stack under different water vapor content and current density
R7 BEETRBEREEFKESSETHRERE

Table 7 Discharge voltage of the stack at different current densities and water vapor content

Discharge voltage/V

Sample No. Vapor content/% > > > >
100 mA-cm 150 mA-cm 200 mA-cm 250 mA-cm
1 40 2.63 2.48 2.34 2.20
2 48 2.59 2.46 2.34 2.22
3 56 2.57 2.45 2.33 221
4 65 2.51 2.38 225 2.12
5 74 2.49 237 2.24
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Table 8 Fuel utilization rate, hydrogen power generation consumption and hydrogen production output of stacks at different

current densities

Current densities/ Fuel utilization rate for power

Electricity generation H,

Electrolytic H,

(mA-cm?) generation/% consumption/(L-min"") yield/(L-min™") AN/(L-min™)
100 20.9 0.120 0.137 0.017
150 313 0.190 0.206 0.016
200 41.8 0.250 0.274 0.024
250 522 0.310 0.343 0.033
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|
Up=—2l x100% ()

ideal

PxF nx f
ligeal = x (3)
RXT x60x1000 N

Xrf: POARRMERSUE, 101.325 N-ecm?; R A
JEEIR R, 8314 J-mol K T NFRAEIRSE, 273.150 K;
F A Faraday % %1, 96 485 C-mol '; n N#E# H 14,
2; NCAHIME%, 3; f AR E, 0.600 L/min;
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% 8 fn. Hy VHAER AT eHIARRI F 23815 .
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AT
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LR vEs
Fig. 7 Efficiency of stacks in different current densities. water
vapor content and reversible states
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