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COMSOL simulations

We simulated CO, distributions on the cathode surface in 1D with COMSOL Multiphysics
package based on the finite-element-method solver. The HCOj;™ concentration was set to the range
of 0.1 M to 1.8 M, simulating different amine blends as catholyte. The flux of H" was set on the

membrane boundary according to the applied reaction current.

The concentrations of CO,(aq), CO;*, HCO; and pH were calculated using the following

homogeneous reactions:
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The following equations were the electrochemical reactions on the cathode surface:

CO,(aq) + H,0 + 2e~ 2 CO(g) + 20H " (S7)
2H,0 +2e” 2 H,(g) + 20H" (S8)
R

The rate of each species i was broken into carbonate equilibria as follows:
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The phase transform rates from aqueous CO, to gaseous CO, (RPT,COZ) were calculated via:
0 im0 0
RPT,COZ = Kjec(ccoz - Ccozf(aq)) if Cco2 < CCOZ(aq) (S14)
The values of the rate constants for reactions S1-S6 are given in Supplementary Table 3.
The CO, saturation concentration was calculated using Henry’s law:
0 0
CCOZ,aq = Ky CCOZ,g (S15)
0
where X# is Henry’s constant and was given as a function of temperature 7
0 100 T
InK =93.2417 = -60.2409 + 23.3585 * In (—) (S16)
T 100
where T was assumed to be 298.15 K in this study.
The saturated concentration of CO, in an electrolyte was giving by the following equation:
0
CCOZ,aq
log =KCs (S17)
CCOZ,aq

where Cs was the molar concentration of the electrolyte, and Ks was the Sechenov’s constant that

were calculated using the following equations:

K¢= Z (hco2 + o) (S18)



heo, = hcgz + thZ(T -298.15)

Values of 4 for all species can be found in Supplementary Table 4.

Supplementary Table 1 | Diffusion coefficients in m’s ™!,

Constant Value References
D+ 9.311x 10~ ° (1)
D + 1.957 x 10~° (1)
Dou- 5.273 x 10~° (1)
Deo, 1.91x 1072 (1)
D -9
HCO 3 1.185 x 10 (1)
Dio2- 0.923 x 10?7 (1)
3 :
Supplementary Table 2 | Solvation sizes in ™.
Constant Value References
a,+ 0.56 x 10 ~° (1)
a. + 0.662 x 10~ ° (1)
Q- 0.6 x107° (1)
o, 0.23x10°° (1)
a  _ -9
HCO 0.8 x 10 (1)
Teo?- 0.788 x 10~ ° (1)

Supplementary Table 3 | Rate constants used for modelling.

Constant Value Units References
kyf 3.71%x 1072 st (1)
ki 1.99 x 10* st (1)

ko 59.99 sl (1)
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Supplementary Table 4 | h parameters used to estimate Sechenov’s constant in m’kmol ™",

Constant Value References
h 0.0922 3)
hon 0.0839 3)
HCO3 ™ 0.0967 (3)
hos2- 0.1423 3)
hcgz ~0.0172 3)
heo -0.00038 (3)
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Supplementary Fig. 1 | XRD spectra of Ni-N/C and pyrolysed ZIF-8. The Ni-N/C powder
sample showed no characteristic peaks associated with Ni or NiO(4). The two broad peaks
observed in both powder samples were attributed to carbon planes(5,6).



Supplementary Fig. 2 | Scanning transmission electron microscopy (STEM) images of the
Ni-N/C catalyst. a — b, HRTEM images. ¢, high-magnification HAADF-STEM image of the Ni-
N-C catalyst. d, HAADF-STEM image of the Ni-N-C catalyst and corresponding EDS elemental
mappings of C, N, and Ni.
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Supplementary Fig. 3 | Change in CO; loading over time during CO, absorption of 5 M MDEA.
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Supplementary Fig. 4 | FE towards CO and full cell voltage of 5 M MEA, 2.5 M MEA +2.5 M
MDEA, and 5 M MDEA solutions at the CO, loadings of 0.56 mol CO,/mol amine, 0.56 mol
COy/mol amine, and 0.29 mol CO,/mol amine, respectively.
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Supplementary Fig. 5 | Comparison of the bicarbonate-to-carbamate ratio for 5 M MEA and
several 5 M MEA/MDEA blends.
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Supplementary Fig. 6 | Experimental setup for amine-based CO, capture under industrial
absorption conditions.
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Supplementary Fig. 7 | Aspen HYSYS model for amine-based CO, capture under industrial
absorption conditions.
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Supplementary Fig. 8 | Absorption time to reach respective CO, loading capacity purging with
flue gas stream (15 vol% CO; in N,) at 40 °C and 1 atm.
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Supplementary Fig. 9 | Stability test with 4 M MEA + 1 M MDEA solution at its saturated CO,
loading purged at room temperature and with 100 vol% CO, at atmospheric pressure, and
electrolytes replaced every 3 h.



Supplementary Table S | Electrolyte conductivity of MEA/MDEA solutions and their series

resistances during electrolysis measured using EIS.

Conductivity (mS/m) Series Resistance, R, (Q)
5M MEA 30.5+0.03 2.10£0.01
4 M MEA +1M MDEA 21.4+0.02 2.45+£0.01
2.5M MEA +2.5M MDEA 11.84 £0.01 3.04 +£0.01

1M MEA +4 M MDEA 5.21 £0.01 4.05 £0.01




Supplementary Table 6 | Comparison of the electrochemical performance with amine-based
reactive CO, capture reports.

CO Current Jco Cathode Fullcell CO
Capture solution FE density (mA cm- potential potential EE Ref.
(%) (mA cm?) 2) (-V vs. RHE) %) (%)
2 M potassium .
glycinate (K-GLY) + 44 200 89 3.2 19
0.1M (7)
monopotassium 64 50 ) 2 1o
phosphate (KH,PO,) 3 7 3
65 50 32
5M MEA (8)
78 2.6 2 0.63
) ) 35 100 35 3.5 13
3 M triethylamine )
(TREA)
70 20 14
1 M 2-amino-2-
methyl-1-propanol
(AMP) + 91 11 10 0.91 (10)
cetrimonium
bromide (CTAB)
1 M AMP in
polycarbonate (PC) 45 15 7 1.6 D
SMMEA+2M
potassium chloride 72 50 36 0.8 (12)
(KC1)
0.4 M MDEA-based
deep eutectic solvent 71 20 14 1.1 (13)
(DES)
Ethylenediamine
(EDA) 58 18.4 11 0.78 (14)
1.25M 1-
cyclohexylpiperidine 26 104 27 4.2 8 (15

(CHP)




39 10 4 2.0

3 M Piperazine 75 50 38 23

31 100 31 2.2

25

44v

19°
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a. These electrolysis experiments were performed at 40 °C.

b. These electrolysis experiments were performed at 60 °C.
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