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Abstract

Developing efficient CO: electroreduction catalysts is of great significance for reducing carbon
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emissions and achieving carbon neutrality. Single metal catalysts such as single atom catalysts have
been widely studied in the field of CO: electroreduction due to their excellent catalytic performance.
However, single metal catalysts have disadvantages such as single active sites, slow reaction kinet-
ics, low product selectivity, and insufficient stability. Bimetallic catalysts have attracted great atten-
tion due to their unique structure and excellent performance. By introducing another metal, the
electronic structure of the catalyst can be altered, promoting the formation of new active sites and
optimizing the interaction between intermediates and active sites. This article presents the re-
search progress of bimetallic-derived materials in the field of electrocatalytic carbon reduction, fo-
cusing on the preparation strategies of derived materials and the application of dominant agents of
bimetallic materials in the field of electrocatalytic carbon dioxide reduction.
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BE 2022 4, AR AR 368 12, Fd ik Tl vtk 7Y 52— R[]
AL, DD BRHEBOEAE A B . & Fh AR BOR O 2 i 58, R [2]. AR A3 A Ha fi
15 [4]. AR TR, 80% LA 1 KM R B, ORI E T AR Tk e, Fodr bR 1
32 N F R AR o A A RS, 22 A BE fEHL[5] . HL AL CO, ik Ji S W (CO2RR) AT #4 CO, F44k
N AIMEAE i, B IR CO HEBM MR T2, Rl 5 ] AL AR R 45 & N [6]. BRE M
ARG R, W IR N R AR B SV A s I RSk, o T AL R A & B B v RO e AL 3 i
MR e BAA B OCE R R o HBUNEAFIZRT 0 B SE A s TR AR, A AT 2 3)
AW, I HAEMA R PO R IR E R 1[7].

ER 2T, CA&FFRE T KERTMRAFIIT R TAE, T8 S s 5h C1 r=1[4]
[8] [9]. E&FREALTH, JET Pd. Ag Al Au 14 BARLRILH R AP AL PERE[10]-[12]. SRTM, X484
JEBAEATII SR THIIG VR 22 [0/, anfssE VAR, Pk Bt 2255 [13] [14]. IRAER, X& B Rl ik ik IR
TR A BTS2 —, (BLE T AE B FAT RS e ARE 2 BRAER[15] [16]. i, fa] 2 )T E 2
i HLG 22 H AR R AR FR TR T — RGN K AT 4 SCH (X0 4 SR & - HR 16 771 (CoxCu/CFs), Jd i
7 CoxCuy/CFs W4 @ Lbl, 7& A BIC JE B 3RAT TASE =P 50 AT AL PERE[17] . 2 TR
AH B KL T CuSn & &gURBIRL, BERAR R FTHIR, SCILE S9URBURIIY &) 43 B
TERB A SBIA(NG) o RS FAITERE Y, SEBL T IR 93%I1) CL Pk S AR (FE), & =T Cu
A1 Sn LB FE {8 (32%7F1 58%) [18].

2. WERITEMRIEHIZ R R EEBRELTR S AP
21 BUFERABEME

JEUAT T 0] T B B A A R R A CO, HLIE SR HEALFTI[19]. Inl&] 1 P v s fb o
SR LA ARAL I Sl . i, B 2 IR AL 4 1 B 28 8KIK) SraFeqsslroosMoosOs” (SFIrM)FS kAT £
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CO, HfiR I FErh e I I Zh A siAL S B RAE, SFIrM F I b s B 280 IrFe &4 90Kk T K& HIA.
P T35 1 4 R A ) T (A T A rRE AT M, (R BB DR R & B KR AN W] gt
Rlpe b o is, FEUE Rl FYERE TR, TRIR AR 238 i 5 ™ 41 0 it b 380 R T 19 iR 978 HE SRR NG 1
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EH BB, 5 SrFersMoosOg? (SFM)XS RIAIARELER =) T 25.8%. HABELMEALFIFE CO2 I8 5L I N 77 A2 vy
TEVERI Z R =4, AR RSP A R e B v A AR e M D ARAEAE B KB R . [201 002 TR 2 & X T Cu-N At
Ff MOF MEMEAHTR, @i A= B, & 1 & TER Cu/Cu 0 9Kf%E, 7£-1.03 V vs RHE
N, XF CoHa MERIZERUEE N 70.2% + 1.7%, B4 L FE N 12.38 mA-cm 2. 3@ WLEEAH DG a4 1) )5
PEAAMEIEIESE T CoHa T BG&AR, T RALRL 2 Y. JR A7 XPS Fl HRTEM iE B 347 ) Cu0 i Cu 44
KAV 5o [21]

HA 2 Dy REIE AT 50 7 B 45 M S8 IV E N — RS0 CO, AL AR S AL 7, FE TAERME RS
RAGER T, XA S SRR B TR Ok 7 Pk . 222 MR KIE B T CuO/SnO,
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SE AR R, JFURE) CuO/SnO2 E A Cu0/Sn0,, H & /& A . X HCOOH AA mik £k
(PR 54.81%) « H BRIV 2, #£-1.05 V T EH A Cu/SnO2.x, X LB HVERL 23 W25 12 5 31 39.8% .
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Figure 1. (a) Summary of the reconstruction control strategies; (b) Strategies of the reconstruction optimization.
& 1. (a) EMITHIRIEHIRL; (b) EMHNLKRES

2.2. RIREIIREE

ZAUBREEA B S LS R B R T B S A RN L AR, IR POV EA TR
R AL AR . B AL A e PR IAR B, T HLRE R AR AR R 58 (0 7 SR AT & B BLTH[23]. W0l 2 B
e R AT HURE SR AT AR AR S0 2 [ A e o S . 5B HLAEZE(MOFs) & — 28 th < 25 7 B A1 iR A
N RS Z WAL SV ERALUR R Z Uk T IR BRI S5 AL, MOFs KB S FEE:
#Z NS, WIEARE. BALEEMILREA, rIHUORERIFLERI . ARt RS LR 2 R
ke, eTe R BRI WM B ETEMORL, RERIF AL AL SEIE 2 AR R 1T
N I[24]0 — BRI, )@ A HUEZE(MOFs) il ELI1B0E LLFRAG DhREPE 1T MOF AT AR R},  Jo i AR LA &%
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ARG RO IR, T HAagF R HAe i, ERAWRERY 2 M T %3¢ MOF fiTZEA RN &k, #lin%
LM B B2 R ay. BIEvECLAEAL T L S S RIAE . [25]-[28]

Figure 2. Synthetic technique of MOF derivatives and the corresponding regulations of composition, structure, and performance
2. MOF TR E R AR R EARK . SMF0H s E

3. NERMPMMBREEHEMTE _SHxPHNA
31 WEREEMH

W4 A & AR — SR PR 6 B e s A R A AR RE o 3K A A U 7E F Ak 22 A B F B
M, JEFRAE AL IRRL Bt B R 1 [29]. &8 & S Rkis I 5I N8 M), R F45H, M
AR LA RE[30]: BRI BURT VG TR i, 42 8 S S (e B AR [31] s Ak Hh [al4A S50 VA A
ZIAIM EAER, BRARRSIREZR [32] 0 X1 It 2E 3@ ik v b JR - BSR4 i iy SR 1) L 18 1 L2, i)
#% 7 HA WA R FLBE (~320 F1~20 nm)ATA] i & 44181 HMMP Cu/Zn &4:. HMMP Cu/Zn &4 fiEfk
T AR T COp TR FE HLIE JFUNAR C2 724, [RIRF 3 1 5 S+ MR 1. Foh, HMMP CubZn8 &3
HH B R AL e B (FE 0.8 V I 25 7 B il 6.6%) AN S i i PE[33]. BRI, X4 )@ & 4 bl e i
T PR & R T R A I A AR, B A B T A MR R TR, 7E P AL AT R I R )
e A R AR S B (B B F A RS A 3 22, SE45 AT 1HE 22 P e A B S PP SR B0 HE B o (1 3 P R I
o NERAEEMEIFLEEM .. RIFIESEEMRREEmNZ R 2 8%, SRS ERRM S B~
IXE 2 P E EE R ARG R N . SR, RS RS SRR RAA 1 2 0N, (R RS R A AT T
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3.2. WERE IR

W4 EAIAE AL — AR S5 R AR 3 R BAARTRAE LA LN T : 1) YhRIsgsmtEre: {2k —
EALBRIEAL, FT 05 AP R0 PRI B B 2 1 5 R [34]; 2) TSN : AN[R] AN K 45 4 FE IR HE AN R AR 34 (171 [35]5
J)FI N : i i 25 5 5 I OV AT DU — SR S5 [36]: 4) FHm LA : W4 @ AR5 AH S i vl i
FER AL B . RS BRI B4R [37]; 5) HLTFAN: fieik C-C {HEE[38]; 6) HERRLN: HEA
20 R N R AL FIVERE[39] o X LE PR AU 45 W& R S ALY TE COLRR SIS B R Ty, & Sl
T A THT . 510, Aarthi Pandiarajan #82H i) £ 1 X4 & CuZnO-45 YRG5 fETR], 204 R E )
Refig = 88.39% M i K FRIERI S 2E, #£-0.86 V vs RHE AL FS2Hl T 35.3 mA-cm2 (IR FELIL 5%
%, FFFRIE$E R T *CO A s R IR FEME[40] . [FIRE, E MG A e v 7 75 50 43 18 J& (1) & S8 AL AR
KBEFI(NRs)H (AUZN/ZnO), I8 3 X4 & S8 7 25, P LASEIL 58Kk - & 4 . 5 90K BURL(NPs)
ANF], —4E NRs 54 HA 56 5 88 OB TH . 25 R e E . BRI o e A8 TR S MR R, A 80
fiE it 7 NPs VETEFNFRE MEG BRI IR, i — B4 E T AT AL TERE . Zn/ZnO B KRG (EF) AL T
Zn/ZnO {1545 Fe/INCBM)FI 7 B R (VBM) REZ I IX (7], = BHEAG - SARRHE . AHLLZ R, AuZn/ZnO 1
EF FRIMHER S DOS, RPHEEMEI, KRB 7 HE BN BT, AR T HAE Auzn/E s
LR . [41]

DRI, X4 S A ) A )2 R PR AN [ 6 8 e Bl S e T A &4, X PRI T T
EATIHRE () LA LIRS o XSS A IR R I LB — & B A SE i s 1 L e MRS E 1
X2 R A P 4 i G 3R AR AR FH AT DAL B A oA, o5 1 IROSEP IR B A A

3.3. WERITEMH

R4 JEAT A A FTE FRfE AL — A B S A 5 B L, B BA s SR
A 71308 o R P LT 5 R R A B P WO PR AR R — S A B R R T4, ROKER T T A PERE[42]s TRAL =5
AR PR B AR 5 Re 22 [43]s WS AR IS DAL SE M [44]; SemfEfbmmtae . @l s
]I JiR BRI R, G T S T B0 17 % B 52 BE KA e e M [45] s IR AN FRRR AL i A7
itk 2 RAE R — D IR R N R AE[46]. BN, FRZITRBA S T BEEm A HHESE(MOR)ATAER Ag &
i) Cu A4 7T(CuO/Ag@C), REEA &t CO b 2475 . MOF T4 2 FLIR R T T 4@ 4N
KBURL RN, BER T IEVEAL s 78 7 B ik o (HAVEREISE, CuO/Ag@C fEALFITE-0.7V TXT CoHa 1%
P ZRIER T 48.6%, RILH T HEMERE M. SLeas RAMEIRTHEIERM, Ag gt 7 CO 14
F[47]. FREIMEREHIRE | CuS-BizSs 7 /it 45 il SRR LE CORR i #Hm] DL E A4y Cu #5244 (CDB)
HL LT, CDB [ Tk e it % A-1.1 A-cm2, 5 CO,RR H S AL, 75-0.86V N RA
HEA 21.0mmol-hem™2, BT HATHE KM HEERE, EnT LS 1050 mV 1R HE AL
5, EATEE 90% ) HI IR 4 2R FILE—400 mA-cm 2 T3 100 /N IR S 1A% s 1 48]

gi b, WEJR - APHEZATAE AT R — B MM A RSB T RE B E SR - AIHESR
(MOR)&E iy, FHiBid J5 b B AR B B ARl X4 R MOF #TAE AR A KA KRt R AR . FLER AN
SER PR Z B2 0% ST, MOF MPRHEAG IR 5 FE MR BEAS T B ATIAE HL AL Ak ) i — 2D B
Mo BT MOFs AN &8 5 7 el mmdin, i Sae08Es, XMRE T IHIEf ML
RIS R . IR, MOF K HATAEMI & BUd P H BN 2%, 75 ERE I I s BL Ak PR R 77
WA, b4, MOF )5 Ab B PR T REd Rk 2 /D BR, 90 T il e fE A A . R MOF B skt
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Table 1. Summary of the electrocatalytic performance of bimetallic materials for CO2
= 1 WEBMRBEEC SRR

F B AL SRR R R BHEHR
1 Cu-Ag/NC CHaq % 55.3% [49]
2 M-CuCo/C c2 79.2% [50]
3 Pb@Cu co 80.3% [51]
4 Cu-In co 90.0% [52]
5 BiCu/CP HCOOH 85.0% [53]
6 CuzoSn1 co 95.3% [54]
4, BEE

LR EPTA, W BRIV LE R (T AT R 2 TN L. ASCERIR T B A AN

R < o A R FL AL BOR SR TSI TE Bk . %G, T RTAE A R A AT R B AN AT EERL RO 4,
MASCERIR T X RATAERM R H] 2 50 JLU 2838 T SRR SN R AR L3 S AR B A IE T
TRMERPIN . RERE H AT A KRR SCHERIGE XU JE A RHE LA On R U B, EiE
R T SRR A AR, AT R AT S AN VAT B R BRI AT, b R AR S R BRIEAR
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