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Fig. 1 Schematic diagram of molten salt CO, capture and electrochemical transformation (MSCC-ET) process driven by renewable

energy.
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Tab. 1 The equilibrium pressures of CO, in M,0O-containing molten carbonates and the Nernstian potentials for

different cathodic reactions at 450 °C.

Equilibrium pressure of CO,/ Deposition potential of metal Deposition potential of C  Evolution potential of CO

Ec/V(vs. CO-0,/CO%)  Eqo/V(vs. CO»0,/COP)

Blectrolyte . aM,0=0.001 mol-L")  Ey/V(vs. CO-0,/COF)
Li,CO, 1.039 3.183
Na,CO, 2.462x10° 2757
K.CO, 2.054x10" 2.829
CaCO, 2.309%10° 3.230
BaCO, 1.793x10° -3.266

-1.883 -2.284
-2.681 -3.378
-3.251 -4.107
-1.523 -1.804
-2.181 -2.681
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Fig. 2 (A) Schematic diagram of static CO, absorption appa
ratus", (B) CO, absorption kinetics in different molten
salts at 450 °C[™,
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Fig. 3 (A) Cyclic voltammogram on Ni working electrode in molten Li,CO;-Na,CO;-K,COjs at 450 °C with a scan rate of 100 mV -s,
(B) Cyclic voltammograms on HGB electrode in molten Li,CO;-Na,COs-K,CO; under different flow rates of CO,, with a
scan rate of 100 mV -s'\. Schematic illustration of the hollow gas bubbling (HGB) electrode: (C) A photo showing the

HGB electrode with detail of its joint connection; (D) The depolarization mechanism of the HGB electrode.
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Fig. 6 (A) Anodic behaviors of Ni working electrode in molten Li,CO5-Na,CO,-K,CO; under different working temperatures®”. (B)
Anodic behaviors of different working electrodes at 650 °C*. (C) Real-time monitored E-t curve during galvanostatic elec-

trolysis using Pt-coated Ti anode at 650 °C!*2.
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DA AR (AP 5 i [l 86 7 el L), A 7R AR SE 56
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Tab. 2 The theoretical cell voltage of CO, reduction in molten Li,COs; and energy consumption for production 1 kg-carbon

with energy efficiency of 50%

AG/(kJ-mol™)

AG/(kJ-mol™)

Energy consumption/(kWh-kg'-C)

e 2Li,CO=2CO(g)+0y(g)+Li,O EaolV Li,CO=C+0y(g)*+Li,0 EeV @50%EE
50 855.157 2216 566.998 1.469 26.25
450 660.625 1.712 505.931 1.311 23.42
750 527.734 1.367 466.199 1.208 21.58
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2% 3 ARSI BRI CO, HEk 4 & K HH LIS 8)) MSCC-ET 1 CO, 55 /b 3R

Tab. 3 Average amounts of equivalent CO, emission generated from different electricity sources and

the corresponding CO, reduction efficiency for powering MSCC-ET.

* Average amount of equivalent CO,
emission in 50th percentile™/(gc,, - kWh™)

Electricity source

CO, reduction efficiency/%
(6.4 kWh-kg'-CO,@50%EE)

Hydroelectric 4

Wind 12
Nuclear 16
Biomass 18
Solar thermal 22
Geothermal 45
Solar PV 46

97.44
92.32
89.76
88.48
85.92
71.20
70.56

* B U 71 Moomaw, W., P. et al, 2011: Annex II: Methodology. In IPCC: Special Report on Renewable Energy Sources

and Climate Change Mitigation (Ref. page 10)

D75 5 4) IS s SR 2540 Mk v AT O e £
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Highly Efficient CO, Utilization via Molten Salt CO, Capture and
Electrochemical Transformation Technology

DENG Bo-wen, YIN Hua-yi, WANG Di-hua’
(School of Resources and Environmental Science, Wuhan University, Wuhan 430072, Hubei, China)

Abstract: The molten electrolytes exhibit high CO, absorption capacities, wide electrochemical windows and excellent reaction
kinetics, which are promising electrolyte candidates for efficient capture and electrochemical conversion of high-flux CO, driven by
renewable and clean electricity sources. This short review introduces the recent advancements of CO, electroreduction achieved by
the authors using molten salt CO, capture and electrochemical transformation (MSCC-ET) technology, involving CO, absorption ki-
netics, cathodic kinetics, controllable synthesis of carbon products with unique nanostructures, development of inert oxygen evolu-
tion anodes and CO, conversion efficiency as well as energy efficiency. The challenges and prospects are also discussed based on

the critical review.

Key words: molten electrolytes; CO, reduction; cathodic kinetics; carbon materials; inert anode; MSCC-ET
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