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Abstract

Electrocatalytic COz reduction reaction (COzRR) is considered an effective means of storing inter-
mittent renewable energy and alleviating the energy crisis. Over the years, different electrocata-
lysts such as metals and their oxides, carbon-based materials, and single-atom catalysts have been
used for COzRR and some progress has been made, but the use of rare earth elements for COzRR has
been reported less. In this paper, we summarize the application status of rare earth materials in
COzRR reaction, provide a reasonable prospect for the application of rare earth-based nanomateri-
als in electrocatalysis, and explore the catalytic performance of rare earth element materials in
COzRR, to promote the research of industrial applications.
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Figure 2. (a) Diagram of RE elements with gradually increased 4f occupancy and (b)
Timescale of the progress of RE-based materials in catalytic applications [4]
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Table 1. The semi-reactive formula of CO2RR and the corresponding equilibrium potential
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Reduction potentials of CO2 Eovs. SHE at pH 7
2H* +2¢"—H> —-042V
CO2+2¢—CO2~ -1.90V
CO2 +2H" + 2¢e—>HCOOH -0.61V
CO2+2H" +2¢"—CO + H20 -0.52V
COz +4H" + 2¢"—>HCHO + H20 051V
COz + 6H" + 2¢™—>CH;3;0H + H20 —0.38V
COz + 8H" +2¢"—CHa4 + 2H20 —0.24V
2CO2 + 12H" + 12¢"—C2Ha + 2H20 -0.34V
2CO; + 12H" + 12¢"—C2HsOH + 2H20 -0.329 V
2CO2 + 14H" + 12¢"—C2H¢ + 2H20 —027V
2H* +2¢"—H> —-042V
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Table 2. CO2RR performance of rare earth catalysts

2. B MEMTIAY CORR 1EEE

Catalysts Electrolyte E (vs. RHE) Product FE (%) j (mA em™) Ref.
Cu-Ce-Ox 1 M KOH —0.82 CH4 67.8% 200 [5]
InCe/CN 0.1 M KHCO:s -1.35 HCOOH 77% 6 [6]
Ce02-Sn02 0.1 M KHCO:s -1.5 HCOO~ 93.6% 14.7 [7]
Ce02/CuS 0.1 M KHCO:s -0.5 Car 51.2% 160 [8]
Bi203/CeOx 1 M KOH -0.3 HCOO™ 85.6% 4.8 [9]
Bi/CeOx 0.2 M NaxSO4 -1.3 HCOO~ 65% 149 [10]
Ce02/Bi2S3 0.5 M KHCO:s —0.93 HCOO~ 95.6% 15 [11]
CuoSmi-Ox 1 M KOH -1.1 Co+ 81% 700
Cu1Smo-Ox 1 M KOH -1.35 CH4 65% 500 2
Gdi/CuOx 2 M KOH -0.8 Car 81.4% 4443 [13]
Gd-Cu20 0.5 M KHCO:s -1.2 C2Ha 25.2% 34.66 [14]
SnO2/La0Cl 0.1 M KHCO:s -1.2 HCOOH 90.1% 400 [15]
CuioLaiCs1 0.1 MKCI -1.2 C2H4 56.9% 37.4 [16]
LaxCuO4 0.1 M KHCO:s -1.4 CH4 56.3% 117 [17]
Cu/LaF3 1 M KOH —0.95 CH3COOH 40% 280 [18]
La (OH)3/Cu 1 M KOH -1.25 Car 71.2% 1000 [19]
LaxCuO4NBs 0.1 M KHCOs3 -1.0 C2H4 60% 2.8
Bulk La>CuOs4 0.1 M KHCO:s -1.0 CO 91% 6 20
LasCuos 1 M KOH -1.72 CH4 64.5% 193.5 [21]
La-Cu20 0.05 M H2S04 - Co+ 86.2% 775.8 [22]
E‘ﬁgg}ég’; 1 M KOH -17 CaHe 40.1% 172.4 [23]
Scx-Cu20 1 M KOH - Ca+ 71.9 600 [24]

H A58 G SR, Bl 818 H T CORR 8% . Qiao S5 A A B L5 22 Ak 22 %0 ok 1) 732,
B Co® B F I S NF] CeO, ks, 193] Cu-Ce-Ox BIEAMNE 3a). Ce® 7EiX off 7 A i R {1t () bl
LT AR E ] R ARAE Cu® I, AR B 2 AL 5[5 ] X Fh SRS i IR T AR
Wil Cu M ST ENE, TR E TN S & B B A R E R A, BRI SRR i
AL SN S S8 B IR R I E IR ME T E 53 R . Liang 5 ATEEIS 24 iE i FRihil & 7 HA
PR S T4 B JR AL 55 In AT Ce BT B R T4 467 InCe/CN [6]. FEANATSZIGRAFUEN T In F1 Ce 7 £
(SR 2 o0 B, 3Rl BT 1) 4% (4038 8 JEL T 46 77) InCe/CN 7E—1.35 V vs RHE I % Y AL i R B AT 77%
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Figure 3. (a) Scheme of the self-sacrifice mechanism to protect
Cu?" [5], (b) The proposed reaction mechanism of CO2 to HCOOH
on the Sn-CeO2 [7]
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