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Performance of carbon dioxide electrochemical reduction with

carbon felt loaded Sn gas diffusion electrode
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Abstract: Gas diffusion electrode can enhance mass transfer of CO, for CO, electrochemical reduction. A

carbon felt loaded Sn-graphene gas diffusion electrode for electrochemical reduction of CO, to formic acid.

Effects of CO; reaction condition, electrode thickness, Sn loading and electrolytic potential were studied.

The results showed that the performance of CO; electrochemical reduction was better under the gas phase

CO; reaction condition than that under dissolved CO; condition. Increasing the electrode thickness or Sn

loading within an appropriate range led to an improvement in electrochemical reduction of carbon dioxide to

formic acid due to the increase in the gas-liquid-solid three-phase interface. The production of formic acid

was raised with the negative shift of the electrolytic potential, while the Faraday efficiency increased at

first and then decreased. The average current density of (12.7941.27) mA-cm ? and highest Faraday

efficiency of 41. 55% +2. 50% for electrochemical reduction of carbon dioxide to formic acid were obtained
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at —1.8 V (vs Ag/AgCl) using the carbon felt electrode with the electrode thickness of 5 mm and Sn

loading of 5 mg*cm ™.

Key words: carbon dioxide; reduction; porous media; carbon felt electrode; catalyst loading; electrolytic

potential
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Fig. 1 Schematic diagram of CO, electrochemical

reduction reactor

R AR (Faraday efficiency) %=
D

J;Idz

:—th:" T HCOOH %fﬁ%@m%%ﬁﬁﬂ/ﬂi’ mol;
n JEHTEREE (CO, 858 HCOOH, n N 2);
F RBEHIE a8 (O 96485 C-mol ') T ZHLL,
As ot W], s,

AN, SRFHA R L AT R R T R AT R
fiEs R Tafel &I THRAR 2 MK 2l J1 2% S 8058 4
ERVTR -2

2 EWERLG LM
2.1 €O, REISHR CO, BALZEE RIERER R

FWHR T CO, T K, HEEM AN 0.033 mol -

L7, S Y SR AE K e 3~4 4
Bomg, FILE Xt CO, 78 WA B A AH &N 4 A
T H AL AR IR RE A TN XY B AR
N—1.8 V (vs Ag/AgCD fHHLA, TN
5mgrem 7, HMJEEN 5 mm, EEAEIEER
R AE A CO, 52V i A s vy 451, 52

oai Az 1 a2 fros . AR 1 el LA A
CO, BN AR T B IR ™ 45k 1 F U 2805 00 3ol e AU A
VARAS CO, VLY 4.1 F5F0 4. 8 %, X FEH
TAKEE A CO, IR T CO, RN H
JZEMEAR R T, AR A SN A T 25
AR P A 1) CO, BEATHEAL SO . T
fit CO, By AR, 7Em BRI CO, R PAE
R, T H R AR W R R I AL, HAT R B
SORARTSAH CO, » SZAETT AR RER 2

F1 CO, REEHRE LT EM AR
Table 1 Effect of CO, reaction conditions on performance

of CO, electrochemical reduction

CO; Current . . Current
) . Formic acid .
reaction density efficiency
. . /mg- L~
condition /mA+cm 2 /%
gas phase 12.79+1. 27 271.5+19.5  41.55+2.50
dissolved 15.97+0. 14 65. 8143. 82 8. 6040. 50
s 0 dissolved CO,
o o gas phase CO,
g
Q
<
e 18
2
2
515
E
g
12+
1 1 1
0 300 600 900 1200

time / s

Bl 2 A CO, SR AT B RS B 2k
Fig. 2 Current density curves under various reaction

conditions of CO,

SKHHERE T B (SEMD X HL B 109 F T
JESHAT T 2AE, WE 3 Fras. mE 3 al, o
HR A4 2 TC I 3 A, BEOK AL B JS PTFE K&
FERRET e, (HIFARIE SR 1 FLBE, Bk b3
(A B mT LA R B Lk H A R B T TR A T
CO, [MRM L5 .

SR FE S 12T 0 T K Ak B R S R R R T
FIREf AR, AN 4 BIT7s . Zead I mT JH K A B i
e/ 119°, T PTFE H A7 18 38 19 1% K 2k,
AEBRE A il 3k 145°, MEL 3 (o) FTE 3 (D
ATLAE s AT SIS Tk dE3Rm . i HE
JE A K LB R F A VR 478 3 AR I A%
B, FESAH RN S5 A 7 B A P 3B 5 T B S - T
VA T T



. 228 . 1k

68

(c) catalyst layer (X 100)

(d) catalyst layer (X 1000)
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Fig. 3 SEM images of carbon felt electrode
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(a) before treatment

(b) after hydrophobic treatment

A R e I

Fig. 4 Measurement of contact angles
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