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Research status and development prospect of solid oxide electrolyzer cells materials
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Abstract: Hydrogen has the advantages of high energy density, clean and pollution—free, and is considered to be the most suitable strate-
gic energy for low—carbon development. Electrolysis technology can be used for the conversion and storage of renewable energy such as so-
lar energy and wind energy, which can convert electrical energy into chemical energy for the synthesis of hydrogen. Common electrolytic
water technologies include alkaline water electrolysis (AWE) , polymer electrolyte membrane (PEM) and solid oxide electrolysis cell
(SOEC). SOEC has high efficiency and does not require the use of precious metal catalysts, making it the first choice for efficient large—
scale hydrogen production. SOEC operates at high temperatures, requiring the materials used to have high conductivity and stability at high
temperatures. At the same time, the materials used for different components should match the thermal expansion coefficient and
have good compatibility. Therefore, the research status of cathode materials, anode materials and electrolytes in SOEC were summarized.

The cathode materials are mainly metal ceramics and perovskite —type ceramics. The high temperature and humidity environment of
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the cathode can easily lead to the deactivation of cermets, and there are problems such as oxidation, loss, and agglomeration of metals
during long—term operation. Therefore, the factors that led to the deactivation of metal ceramics were described, and the methods to im-
prove the stability were discussed. The problems of low ionic conductivity and catalytic activity of perovskite—type materials were briefly
described, and the methods to improve the properties of materials were introduced, such as doped transition metal in situ dissolution,
loaded active metal nanoparticles, etc. Anode materials are mainly perovskite materials. The factors affecting the decline of neutral energy
of anode operation were described, such as delamination, cracks, and other issues that lead to poor long—term stability of anode materials
during long—term operation. The methods to improve anode durability were discussed, such as adding barrier layer, circulating operation,
and preparing perovskite materials with high conductivity and catalytic activity. Electrolyte materials are mainly composed of fluorite—type
or perovskite materials. Two methods of preparing high conductivity materials and thin—film process were introduced to reduce their imped-
ance. Although SOEC is still considered to be in the stage of laboratory research and development, its electrolytic performance has been
significantly improved with the continuous deepening of research on SOEC. Developed countries such as the United States, the European

Union are laying out the commercial application of SOEC. The commercial application prospect of SOEC was discussed and prospected

from the aspect of materials.

Key words : solid oxide electrolysis cells ; hydrogen production ;electrode material ; electrolyte ; high—temperature electrochemistry
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Fig.1 Principle of solid oxide electrolysis cell
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Fig.2  Structure diagram of perovskite type
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Table 1 Electrochemical properties of perovskite cathode electrode materials

[ A A} 1 WE/C HE/NV BREEE/(A-om?)  ERERE/ % S0
Lag,Srg3 VO, 3% H,0/Ar/4.7% H, 800 0.92 — 69.00 [41]
Lag,;Srq.4 TiO5 5~CegsSmg 0, 5 3% H,0/Ar/5% H, 800 2.00 0.050 75.41 [42]
StyFe, sMogsOg 5 95% C0,/5% N, 800 1.60 0.282 95.00 [43]
Lag 55t 25 Crg s Mg s O35 —Fe 3% H,0/At/5% H, 800 2.00 0.110 93.00 [44]
Lag 7550 25 Cto s Mg s O 3% H,0/Ar/5% H, 800 2.00 0.090 67.00 [44]
Cu=Pry , Cegy 0y 5( Cu=PDC) 93%C0,/7% H,0 750 2.00 0.280 94.00 [17]
PrBaMn, O, , 70% €0,/30% CO 850 1.50 0.850 — [45]
Lag 43 Cag 3 Nig s Tigos O, 50% H,0/50% H, 900 130 ~2.750 - [46]
Lag s Cag 4 FeOs 5=Gdy, Cego0,(6 1 4)  60% H,0/H, 850 130 0.702 - [47]
Pry3Srg;TigsFeq 7055 60% H,0/Ar 800 1.85 0.500 — [48]
Lag ;Srg 1 Feqo Tig 055 Co, 800 2.00 2.150 91.50 [49]
SmgoCay FeygCup, 055 CO, 800 1.50 1.200 — [50]
SmFe0, co, 800 1.60 0.760 — [50]
St,Fe, sMogsOg 30% C0/70% CO, 800 1.50 0.710 [51]
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Table 2 Electrochemical properties of anode materials

BEBBA R WEE/C WE/V O MEEE/(A - em™) S 3R
Lag 6Srq,MnO; _;( LSM) 50% H,/50% H,0 900 1.10 0.500 [67]
Lag Sty , CoO5( LSC) 15% H,0/85% H, 700 1.40 0.390 [68]
Lag s Sro, FeO; (LSF) 15% H,0/85% H, 700 1.40 0.500 [68]
Lag ¢Sty 4 Cog, Feg 5 05_s( LSCF) 80% H,0/20% H, 650 1.20 0.200 [69]
Ba,_,Nd, FeO,_; 50% H,0/50% H, 800 1.50 1.800 [70]
SrCoysNby, 05 5 10% H,0/90% H, 800 1.40 0.510 [71]
La,NiO,,; 80% H,0/20% H, 650 1.10 0.120 [69]
Nd,NiO,, 47% H,0/53% H, 800 1.40 0.800 [72]
Lag Srg,MnO,_/Ery,Bi, c05 5 30% H,0/70% H, 750 1.50 1.430 [73]
LSCF 50% H,0/50% H, 800 1.12 1.000 [74]
CaMng oNbg ;05 50% H,0/N,/3% H, 700 -1.70 0.210 [75]
PrBaCo, O, 5 10% €0/90% CO, 750 1.30 0.750 [76]
Pr,NiO,,, 3% H,0/H, 750 1.50 1.070 [77]
PrBay Sty 5 Co, sFeqsOs, 5 70% H,0/30% H, 750 2.00 2.158 [78]
Lag, g Srg,MnO;_5 =Dy 05 Y 0,04 Big.s5 01 5 50% H,/50% H,0 700 1.30 1.320 [79]
LSM/ Cey g5 Smg, ;50,5 ~CuO 40% H,0/60% H, 800 1.50 0.360 [80]
La, 5_, Bi,SrysNigsMngs 0,5 50% C€0/50% CO, 800 1.40 0.570 [81]
CegoCop 0, ,~LSM-YSZ 50% H,0/50% H, 800 1.30 -0.630 [82]
La, NiO,,5~Lag s Sty Cog s Nig, 055 — 750 0.19 0.500 [83]
A B LA SR 2 AL B Z 18] 5 A S RE R 4R 43 2 ) g v L fige T/ B AR TR
figk Jot P AR A R K 28 ORI AR A P 2 A4 AR A A 75
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Fig.3  Structure of Ruddlesden—Popper perovskite type
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Table 3 Summary of conductivity of electrolyte materials

ok L/ °C /(S em™) 27 3k
Ysz 1 000 1.00x107 [110]
Sc08 Yo.08Z10.84 01,02 (454YSZ) 700 1.20x107! [111]
CeggSmg,0; 4 5(SDC20) 800 1.00x107! [112]
Lag ¢St Gag s Mgy, 0,45 LSGM) 800 9.19 x 1072 [113]
Lay St Ba, Gag s Mgy, 0, s(LSBGM) 600 4.60x1072 [114]
Bag o5 Cag 05 Zro Yo, O3 600 1.24x1073 [115]
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Fig.4  Preparation methods of YSZ thin films
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