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Carbon Capture, Utilization, and Storage (CCUS)
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Table 1. Standard electrochemical potentials for CO, reduction.

CO, Reduction Reaction (CO2RR)

Reduction potentials of CO, E°[V]vs SHE at pH 7
CO,+e —CO, 19
CO, +2H" +2e” — HCOOH -0.61
CO, +2H* + 26~ = CO+ H,0 ~052
2C0, + 12H* + 12~ — C,H, + 4H,0 034
CO, +4H" + 4e” = HCHO + H,0 ~051
CO, + 6H* + 6e” — CH;0H + H,0 -0.38
CO, +8H* + 8¢~ — CH, + 2H,0 -0.24
2H'+2e" > H, -0.42

J. Mater. Sci. 2023, 58, 14673-14685.

@ . . () V 30 (c)
Aé ) @0 CeHaO¢ .

H,0

HCOOH...

light reaction dark reaction

6C0,+12H,0 ————=C,H,,05 +6H,0+60,

Figure 2. Analogy among a) natural photosynthesis, b) electrochemical synthesis on electrocatalysts powered by a photovoltaic cell, and c) photo-
chemical synthesis on powdery photocatalysts.

4
Adv. Sci. 2017, 4, 1700194.
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Electrochemical CO2RR

* Cathode: CO, + H* - Hydrocarbons (CO2RR)

* Cathode: 2H* - H, (HER)

* Anode: H,0 - H*+ 0,
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Figure 4. Comparison of Gibbs free energy changes of CO,RR versus HER
on M/GDY and M/HGY in the initial protonation step.
5
Adv. Funct. Mater. 2023, 33, 2213543.
C;N, Nanotube Systems & Metal Decorations
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Geometries of CO,@M,/CNNTs

(a) cO,@Fe/zN-6

(c) cO,@Cu/zN-6
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Summary of CO2RR on M, /CNNT
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Mechanisms of FTS
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Dual Atomic Active Center on (6,6)-CNT
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C-C Coupling Reactions
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Fig. 2 Four possible migration pathways of the [CO + CHjs] reaction
on M;M,/Ngh surfaces. The colors of the elements N and C are blue
and gray, respectively. 2
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ﬁ reactions along the most possible reaction coordinate on different

M;Mz/Ngh surfaces.
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Summary of C-C Coupling on M;M,/N;h Flacher—Tropach Cy4 product
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Scheme 1 Schematic reaction mechanisms of C-C coupling between different adsorbates on M;M,/Ngh surfaces.
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Table I. C lid-state electrocl I reactions.
Name Reaction

Oxygen Reduction
Hydrogen Oxidation
Oxygen Evolution
Hydrogen Evolution

0, + 4H" + 4e~ — 2H,0
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2H,0 — O, + 4H" + 4e~
2H" + 2¢” — H,
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Oxygen Reduction Reaction (ORR)
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The Considered Pathways of ORR
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Intrinsic Functionalization on Fe/CNNTs
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Free Energies & Overpotentials of ORR on Fe/CNNTs
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Summary of ORR on Fe/CNNTs
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