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C02 Electrolysis by solid electrolyte having iron catalyst
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Reductions in C02 emission can be achieved directly through C02 capture and
storage (CCS). It is effective method for the large CO2 emitters such as electrical power plants and iron
and steel mills. Solid-oxide electrolysis presents an alternative means of reducing CO2 that can use some
of the C02 captured by CCS as a source of electrolysis. In addition, unused heat generated by steelmaking
and through renewable sources (e.g., solar and wind) can be utilized for high-temperature electrolysis.

This study investigated the effect of applying a high voltage of between 2.5 and 4.0 V to common
electrolytic materials (YSZ and Pt), and found that although the initial current density is very low, it
increases drastically upon application of a high voltage. The results of FE-SEM observation revealed that
the interface between the YSZ and Pt electrode moves into the YSZ by about 70 micro m, and consists of a
nano- and micro-porous structure that reduces the resistivity and gas diffusivity.
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Fig.1 Thermodynamic evaluation on the reactions of CO, and CO decomposition.
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Fig.2 Reaction system in the present study.
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Fig.4 schematics of reaction furnace and quartz tube setting the electrolytic cell.
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Fig.5 Schematics of experimental apparatus
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Table 1(a) Experimental conditions for EXP-1 and EXP-2

EXP-1 EXP2
No 1 2 3 4 567 s
Notation T1000-0 T1000-1 T900-1 T800-1 T100023.4 T1000-5
Teamp (°C) 1000°C 1000°C 900°C 500°C 1000°C 1000°C
i 14-20V 14- 20V 14-20V 14-20V 14- 20V 14- 20V
Voltage -1 (SteB) | (0'2y "Simin) 02V, Smin) | 2V, 5min) | (02V, Smin) | (02V, Smin) | (0.2V, Smin)
- 2540V 2535V
Votage 2 (4B) | 05V, Smin) (O5V, Smin)
Current (at 2V) FimA 6lmA 25mA 5mA | 78.,161,267mA | 31SmA

Table 1(b) Experimental conditions for EXP-3

EXP3
No. ] 10 11 12 13 14
Notation |  T1000-6 T1000-7 T900-2 T800-2 T900-3 T1000-8
Temp.(°C) | 1000°C 1000°C 900°C 800°C 900°C 1000°C

Voltage-1 14-20V 14- 2.0V 14- 20V 14- 20V 14- 20V 14 - 20V
Gstep) | (02V, Smin) | 02V, Smin) | (0.2V, Smin) | 0.2V, Smin) | 0.2V, Smin) | 02V, Smin)

Voltage-2 | 2.5- 3.5V
Gtep) | (0.5V, 5min)
z‘:’;'\';‘ 309mA. 356mA 189mA. 96mA 193mA 340mA
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Fig.6 Illustration of basic experimental conditions for clarifying the
effect of Voltage-2.
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Fig.8 Relationship between voltage and current density in 1000°C.
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