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Abstract

With the progress of modern society, the massive use of fossil energy causes a large amount of CO;
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emissions, and CO;, as a greenhouse gas, can cause serious changes to the climate; electrochemical
CO; reduction (COzER) technology has a greater advantage in recovering CO,, and research has
shown that many materials have unique advantages in catalyzing the conversion of carbon dioxide
into valuable fuels and chemicals. As electrocatalysts, it can be categorized into several groups in-
cluding metals, metal alloys, metal oxides, metal complexes, polymers/clusters, enzymes and or-
ganic molecules. Low carbon fuels generated by electrocatalysis include CO, HCOOH, CH;0, CH,,
H,C,04, C2H4, CH30H, CH3;CH,0H, and others. Copper (Cu)-based catalysts are a class of catalysts
capable of directly reducing CO; to high value-added chemicals (e.g., hydrocarbons) with high effi-
ciency, and thus are one of the research focuses of ERC technology. In recent years, Pd-based ma-
terials have demonstrated a unique catalytic performance advantage in CO; reduction reaction,
which is not only capable of efficiently reducing CO; to generate CO; in a certain negative potential
interval, but also the relevant Pd alloy catalysts can be highly selective in reducing CO to generate
formic acid/formate at near-equilibrium potentials. Catalysts can also reduce CO; to formic ac-
id/formate with high selectivity at near equilibrium potentials.
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Figure 1. Mechanism of electrochemical reduction of CO, in water soluble electrolyte [2]
1. KA RERRELFEERE CO, 2]

3. Pd E L5

A NI, M TS5 REHIM CORR 5% Cov Co i bh. WATRIER, —%ALiR(CO)F
FEREESE Cp /7 B RO E s mim M AR BVE[3]. BbAh, JETFHMUBR BE, Cp 7= ih I BEVR R M
BT Cou i, BRI, BN R ET RS 2K CO Kt —FE W5 J1ir= 5, RN AT L fERE
AU ER. ik, FFE T CO, -IRJFEN CO M Ak HLELAT A R 35 i B Ak 1 LA W51 /7.
BTG T e AT JE SN B — B AR B SR AL 70 . R . — R B A SR R T AR G 1 A R
TH] = (VR B TR 4 J8 (A TR AN )5 04N [0 10 b AT PR A e PR 7= S e R 2 (AU) . R (AQ) FIAE(Pd)
ST A E BT B fb 2. CORR 774 CO HAFIEFE 4], — M s, L CO NESWHIME
CO,RR MM ZLEAT LA AR A, Ao s . KRR IR Ry CO VA 58 ROR A (1 Fe ff AL AR e
. Ak, ©F KEXT Pd 3 CO,RR HAEMLFIRIWT 7T TAERIRIE[S]. #5al2, KO Pd R ik sm it
PAR 7 A 7242 CO Fll Hy 78 CO,RR HIHAL 2 AL T AL N S AL (PAH) » RS ik, Pd EEA1ELH R
AR AR A TGV L e e = S i, PR s Tk — b S RE. Bk, Kok
FTAERREE HAEEA %%ﬁwﬁﬁmrﬁﬁ?m) Pd 5. 7EXT71H, &@-BAbPscE st e)sm & et
TE B T3 2450 BATE I8 /D Pd S FIE =) COLRR V&7 L&A 24 . RAEFEUR T — Lo 24K, (HH
KA Pd FEM A A RS, =10 Wil R AR . [Ftk, X MZeHEidE CORR A 7t LAR 5
BA B/ Pd 5O A A i

EAE RN, Pd A2 H RTME—BERETE IR Z2 ok B T SEB g B 1 A S C O, A2 B HR R 1Y) 4 S A1 R o
AR P FEAPRTEAR I B IX 8] A= il R (FF IR 38 (v 57 2003 1T LA 78 ~100%, {H 1 Pd Xt CO A
SRIIPHEE S, OB AR B ) CO 23 (48 P W5 PEAL SRR SR T PAHX 4514, 5804 s IR 15 Hr

SRR ATNEH IR LR, XA H AT A RE IR IR CO, 25 FH R s N HH i A3 i 1R A1 25 )
SRl ) [ 6] o 2438 J5 HATAE—0.25 $1-0.45 V vs RHE 2 Al , Pd AR 1 & 42 1) CO,RR 2],
BN G FERM HER, AR Hy NEZERILE Y. BEAE SN0 i — 28 6175 (-0.45~-0.95 V vs
RHE), Pd b7 4h 2ot IR i CO, Ak CO k. R H T Pd ZEA4 K} CO,RR 78 LAE K AR

DOI: 10.12677/aep.2024.141004 19 SR AT T


https://doi.org/10.12677/aep.2024.141004

Bz

SRR CO IR, (HEWH A RIFA T B, SI Bl CO RMEMLFI(In Au. Ag 45)
HAEL, Pd FEAELLFIA A CO W i BRI s Bk et — . PRtz b, R Pd k&S
T PUIfEE, (BN LA & R AP R PR B, A KIH & 5t

— MR, Pd 3 COER HUMEALT A ALV BEFT LLE R 48 RS I Gam Ay sl ice . SRV AL
Seit AR WEER S SE . AR, iHIT COLER FR1F K E CO 1E Pd R A REMEARES), FHPd
Fer AL CO thREAITERE PR, BHUL, SEEf) Pd K H LTI N BA LR CORR % P AL #E
P, BN EAT BRI CO i 52 ML (U5 (1) CO Wi Bt o F52) LA A2 T ML XTI AL 2R . 11k, TR AN
XS Pd FERRLK T 4, R T 2 R RORIS TR T Pd ST AL SE COL 3 SR IR PEAT AR E
ko XTI IR B IR BRI RO KNS HTES, SISt &R A st % 745, BLK
WA T A R MR R S iR ISR AR, I (e BT Pd ) B B R T 2
WREVERL AL, SO Pd (7454, R 5ETH LU COL B SR TERE[7].

4. Cu B A&

1E ERC RN,  HLAEAL AR B e F AR AR B . 7EFT A &8 bR, Cu Bk
A M — T LE K VA AR AT s COy e 3 1 L A 3 SR A BB S AL B AN 2R AL 7). £ Cu
SR, CO, AT LLUAJE K CO. HCOOH. CHyv CoHgy CoHy & EMREML &Y (8525) % 16 FiASH
ISR F= . AR Cu SEEAFIH T ERC [N, I8 JE =453 Aa AR o 55000 J5 7= 47 3k 438 14 R JiR 33
FHZMAR, GREAFINER. B, Wil RF A, RIRIESE. & 0 TR N Y B
SR RIEE G, feiE— DR COL AL IS HER = e Bk, F T LLR/D RERE,  [RI HAA om
MobTEad AL, BEREAA RENHIE R MR A . (HS2, S04 )R Cu B AIAEMATE AR I Bh s
Rt . Ak, KRR TR T, Cu AL A IS PE AR B B BT R K. Y. Hori 25 A
WU R D8], Cu SEMEALFIZRH 7 55 10— 2 Hi A SR A Cu B R By iR fAS 7 CO, 5 Cu St
A E I ATE A e, AT S B L e &R0 .

WML CO, L AA A AN EM Co BRI, JUHEk— B AR . HAl,
2 {oft PR S A AL 7R - 485 4 T RRL B R I, CO, BIR R O RS IE IR Z = T 1 A-om 2 i fL & R
Co=Wo B 2 MR 13 F 45 Rl S ALK CO, IR JE AN Cou= ST . R ILERAETFREL
Co B HEME Cu AT T TS T PR R, (R 75 2R B AATLER 7 AR SR 15 B B N SR ETH T AL 7).
MUER 05 BRI AL RO, RENE S S AT 50 OB AL . AT, 76 & PR R A 2 AR B
BRI, EOLFERT Al Fe . RTVREE . RIS (a]r e, RIS 3 TSRS B k(5T GDE)) CO, Al CO Hi
R RS T B RIPRAR, AR X AL AR S R G, FHEEEM RN BB TR S ik
BetE. ARG E, KUk, EERE CO, Al CO IR JE I 5e BN LER B /R AL RAEB A AN AL R 587 TH
TH I PR PR AR AR A5 E ST 5T

B R A LA AR 2R PRI — A R S5 . 9140, Chang 5 A\ KR % 471K Cu,0 BURLITRAE
AR B BT ZEAGBRIE R, FEHET T CV llE; 453 B R CHLOH 2 EZ /=4, Ohya & il
il Zn FKL(B7 Z£2K)F1 CuO B Cu,O ¥R (B100 44K) I & 4Kl % CuO-Zn S& ik, LT —% 1k
WOk . WFFRIL, TERH A BRI, R EEJE R HCOOH 1 CO, T1fiff ] CuO-Zn K& Hifk,
AT LASRAFIR S B, W1 CHy A1 CoHgo CHy AT CoHy IS5 KT AR 3 731 7.5%71 6.8%. 7E CO, FEIE 5
H, &AL Cu &4) T LARILH m S R = ik 80k, I B e A mr= 546 Cu Btk -
FEERIFE e AN, oA CHy F1 CoHy IITERR S = S A7 . 4 H Cu &4 WMk, &I HCOOH. CO
AT CH30H & ft FL A 35K EL LT T H A B nl 38 s AT (724 o B IHE 0.05 M ) KHCOs /KT, 4R

DOI: 10.12677/aep.2024.141004 20 SR AT T


https://doi.org/10.12677/aep.2024.141004

Bz

41 PLF= 4 CH;OH #1 HCOOH, HiEah A7 ) 8—0.38 V #1-0.5 V, IXEL=4: CO FTiE [ 0.90 V R1R
Z. T Cu-Au B4, BEE Au =8N, FEAR CO MILLBI BTSN, 1 CH,4 F LA U2 5 ik
DT EFTAEREMHEIRY, Au-Cu A&l 2% AL AL R & ST i 1A SEAL A .

Major product Reaction Catalyst Faradaic efficiency Current density Electrode configuration Reference
[%) [mA cm)
Ethylene CO, reduction Abrupt Cu 70 100 Gas diffusion electrode (GDE) no)
Pyridinium/Cu 72 320 m
Cu 50 200 N2
Nanoporous CuAg alloy 60 300 n3)
Cuzionomer heterojunction 60 1300 4]
Fluorine-modified Cu 65 1600 [s]
In situ electrodeposited Cu 70 580 8]
Cu-Al 80 600 9]
Nanodefective Cu sheets 83 60 Non-GDE electrode [21]
CO reduction Cu 40 144 GDE [25)
Cu 70 1250 (27)
Ethanol CO, reduction N-doped C/Cu 52 =300 GDE 6]
Ce(OH),/Cu 43 =300 n)
FeTPP(Cl}/Cu | =300 120)
N-doped graphene quantum dots 45 282 [23]
on oxide-derive Cu nanorods
Cu,, cluster 9 =13 Non-GDE electrode [23]
Cu/N-doped graphene 63 =0.4 [24)
CO reduction Oxide-derived Cu 40 035 Non-GDE electrode [30]
Cu nanoflowers 60 =0.9 28]
N-Propanol CO reduction Ag-doped Cu 33 14 GDE B
Acetate CO reduction Triangular Cu nanosheets 48 273 GDE [26]
Cu nanoflowers =35 =0.6 Non-GDE electrode (28]
Acetaldehyde CO reduction Cu nanoflowers 60 =0.4 Non-GDE electrode (28]
CuAg nanoflowers 70 =0.67 29

Figure 2. Summary of recent advances in the electroreduction of CO, and CO to various C,, products using copper-based
catalysts [8]
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