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Methane-assisted Solid Oxide Electrolysis Cell for Hydrogen and Synthesis Gas Production

WANG Yao, LIU Tong
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Abstract: High-temperature electrolysis via a solid oxide electrolysis cell (SOEC) is considered as one of the most potential energy
conversion and storage technologies due to its high energy conversion efficiency, modularization and easy assembly, and flexible
application. Methane-assisted SOEC mode, which combines the state-of-the-art SOEC system with partial oxidation of methane
(POM) reaction, was used to effectively reduce the energy consumption and produce a high-quality synthesized gas (i.e., a mixture of
CO and H,). This novel SOEC mode can utilize different energy networks including electricity, heat and gas, which can efficiently
and flexibly transform different energies and realize the optimal utilization of energies and resources. This review represented recent
developments on methane-assisted SOEC mode. The thermodynamic parameters, the Nernst potential, electrochemical performance,
products compositions as well as energy structure and efficiency of methane-assisted SOEC mode were summarized. In addition, the
research status of the electrode system for methane-assisted SOEC mode was also reviewed, and the future prospects of
methane-assisted SOEC mode were discussed.
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Fig. 1  Schematic diagram of conventional and methane

assisted solid oxide electrolysis cell (SOEC) mode
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Fig. 2 Thermodynamic parameters for conventional and partial oxidation of methane (POM) assisted SOEC modes.
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Fig. 6 Energy transfer processes for conventional and methane assissed SOEC mode
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Table 1 Electrochemical performance comparison for methane assisted high-temperature electrolysis processes recently reported

Cell Configuration Working Conditions

Electrochemical performance Ref.

Cu—CeO,-YSZ/YSZ/Co—CeOr-YSZ Anode: CH4~3%H,0

Cathode: 80%H,—20%H,0

Anode: CH4~3%H,0

-Ce0,-YSZ/YSZ/Co-Ce0r-YSZ
CoCu-CeO;YSZIYSZ/Co-CeO:YSZ ) hode: 80%Hs-20%H,0

Anode: CH4~3%H,0

PdC—-CeO,-YSZ/YSZ/Co—-CeO,-YSZ Cathode: 80%H,20%H,0

Ni-YSZ/YSZ/Ni-YSZ

Ni-YSZ/Ni-SSZ/ScSZ/Pt

SFM-SDC/LSGM/SFM-SDC

Natural gas assisted steam electrolysis

Anode: Ar-3%H,0-3%CHy,; Cathode: H,O-Ar
Anode: 38.8%CH,-58.2%N,-3%H,0

Pw=0.4 psi, Onz=30 sccm; Qcng=20 scem Ry 159 Q-em® @800C, Voc ; 126 Q-cm’
Cathode: 15%H,0-48.6%N,-16.2%C0,-20.2%H,

Voc: 0.035V @700 C; 0.065 V @800 C; J: 256[11]
mA/em® @700 °C, 0.5V

Ry: 1 Q-cm”> @700 °C, —140 mA/em®; 0.90 Q-cm’

@700 °C, Voc

Voc: 0.027 V @700 °C; 0.028 V @800 C; J: 354
mA/cm® @700 °C, 0.5V

R: ~1Q-cm® @700 ‘C, 140 mA/cm®

Voc: 0.021 V @700 °C; 0.018 V @800 C; J: 530
mA/cm® @700 °C, 0.5V

R: 0.26 Q-cm®> @700 °C, Voc ; 0.3 Q-cm” @700 °C,

—140 mA/cm®
Voc: —=0.250 V @900°C; J: 2 800 mA/cm’® @900°C,[12]
0.5V
Voc: 0.5V @800 C [14]
Voc: —0.19 V @800 °C [22]

@800°C, Voc +0.3V

Pw =2.2 psi; Onz =24 scem; Qcop=8 scem; Oyp=10scem  J: 350 mA/cm2@800 ‘C,04V

Ni-SFM-SDC/LSGM/SFM-SD
I-SFM-SDC/LSGM/SFM-SDC Cathode: 74%H,-26%H,0

Ru-SFM-SDC/LSGM/SFM-SDC Cathode: 74%H,-26%H,0

Ni-YSZ/YSZ/SFM-YSZ Anode: CHy

Cathode: 45% H,0-45% H,0-10% H,

GDC-Ni-YSZ/YSZ/YSZ-LSF-GDC Anode: Wet CH4Cathode: CO,

SDC-(LSCM-NigsCug s)/LSGM/
Anode: CH,Cathode: CO
SDC-(LSCM-NiosCug.s) node: L4 Lathode: L0
(LCT-Rh)-GDC/GDC/ScCeSZ/GDC/ALCT Anode: 40% CHy/N»
Rh)-GDC

Anode: 5.8%CH4-91.5%N,-2.7%H,0

Anode: 5.8%CH4-91.5%N,-2.7%H,0

Cathode: 25% CO,—-25% H,0—50% N,

Voc: —0.03V @850 °C; J: 1022 mA/cm*@850 °C,
0.5V

Ry 0.52 Q-cm® @850 C, Voc ; 0.36 Q-cm’
@850 °C, —170 mA/cm® 0.33 Q-cm”® @850 C,

—340 mA/cm?

750 'C: —0.015 V (Voc), 0.93 Q-em’® (Ry), 366[31]
mA/em’ (J);

800 C: —0.0036 V (Voc), 0.52 Q-cm® (R,), 486
mA/cm*(J)

850 °C; —0.012 V (Voc), 0.38 Q-cm® (R,), 790
mA/cm*(J)

Voc: —0.077V @750 °C; ~0.099 V@800 °C; —0.112[32]
V@850 C

J: 190  mA/em’@750°C, 0.4V; 340

mA/cm*@800 ‘C°C, 0.4 V;

520 mA/em’@850°C, 0.4 V; R, 04 Q-cm’
@850 C, Voc

Voc: =0.28 V @800 ‘C; Ry: 1.95 Q-cm® @800 C,[16]
Voc

J: 573 mA/em* @800 ‘C, 0.5V

Ry 022 Q-em® @800°C, 0.9 V; 0.13 Q-cm’[54]
@800°C, 1.1V;

0.06 Qcm®> @800°C, 13 V; J. 840
mA/cm’@800 °C, 1.0V

Voc: —0.34V @850 ‘C; Ry: 0.62Q-cm® @850 °C, Voc  [55]

J: 1570 mA/cm* @850 °C, 1.0V

YSZ: Yttria stabilized zirconia; ScSZ: Scandia stabilized zirconia; SFM: SryFe; sMog 506 5; LSCM-NigsCugs: (Lag75St0.25)0.9(CrosMng s)o.9(Nig sCug s)0.103-5;
LCT-Rh: Lag43Cag37Rho06Ti00403; ScCeSZ: Scandia-ceria stabilized zirconia; LSGM: LaggSro2Gagg/Mgo130;3; Voc: Open circuit voltage; GDC:

Gadolinia-doped ceria; SDC: Samaria-doped ceria.
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Fig. 9 Performance for the electrolyzers with various SFM-SDC electrodes operated in methane assisted SOEC mode
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