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Butler-Volmer Equation for CO; Electrolysis

The electrolytic reaction on the electrode is show as

€O, +V;+2¢ <> CO, +0;, ey
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Based on the report in the literature!, elementary reaction processes are proposed for CO, electrolysis on
Cu-SDC electrode as shown in Table 1.
Table 1 Elementary steps for the CO, electrolysis reaction at the three phase boundary (TPB) of Cu-SDC

composite cathodes.

Step code Elementary process

(1) CO adsorption CO39)=C05(rrp)

(2) Charge transfer COxrps) + Oocrpsy T €~ (C03)ocrpp)

(3) Charge transfer (CO)orpry + Vorey + €~ ©COrppy + 200 7pp)
(4) Desorption co (rPB) HCO(g)

The derivation of the Butler-Volmer (B-V) equation for the kinetics of reaction (1) comes from the
literature reports for the multielectron reaction process?. If the elementary step (2) is the rate limiting step,
regardless of the mass-transfer effects, B-V equation derived from the elementary step is shown as
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where #1 is the charge transfer coefficient ( < 1), Jo the exchange current density, j the net current
density, 1 the overpotential, T the temperature, R the gas constant (8.314 J mol"! K'!) and Fthe F araday

constant (96485 A s mol!). If the elementary step (3) is the rate limiting process, B-V equation is
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where %2 is the charge transfer coefficient (0 <a< 1). Comparing eqn (2) and (3), it can be seen that the

charge transfer coefficient of the forward current term of the B—V equation of the CO, electrolysis reaction
is different due to different rate determining step, i.e. the former is less than 1, and the latter greater than 1.

Eqn (4) can be used to represent either Eqn (2) or Eqn (3), shown as
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where @ is the transfer coefficient (0 <a< 2). The value of the charge transfer coefficient derived from
experiment data can be used to determine which, step (2) or (3) in Table 1, is rate-determining step.
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