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WE  BAF ZAMKCOYTLRE R EE I F & ENERAT AR, RS BHER=MEK, £
RIBHERFT BARK BREAE 5 AR AR, 4R T CO,IE R KR B9 3 o AT M, SEIL WIS v AL SCRT B 3 S 38 1 1L
gh RS R A KRBT . AT, BRI R B LI Em AR E S R B, R SR — Ak
B A TEEN RO B MFEMAT EELS RN KA (N-BINS) B (FE2.41 nm), 4% LI LR BRE
ETCO,meBEURAREN TR, #—FURABEUIKR AR, BREERREANH BT B X E KR
HFER, HET FRCOLE R A& IERS-5 7 AMBE AR LABSHBAFER. TERE0TAcm WY
REREET, "I T BRIEN R MELIR1%, 2,55k = FBIEH B M E£91.0%. ZRehFH/aEREILSE
RRERAEESFHEEE, ATV REREETCOEEMATFEL THERMFALURMET HER SR
ABAE.
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1 5%

R AL — SR IE R [ N (CO, reduction reaction,
CO,RR) ¥ CO A N = B A 2 i, R TR Re IR
i S PR WL — R B 5] ) T R s
FERDY AR o S2 AT 4T ICO,RR, 1% 0 JCHEALE
THRIRNAER  FARH AR o, T ses AN
AT &4 ik, B TR 2T

CO & R pE, 5-% F M AN R, RUFBE ARG, RERUPK T

Thy HRR Y S e B TR Z AN E T
BRI, BT HRFACOM M RER S ik %
PEEL BT R BT TT K A, 3R EECO,RR
FEL 2% B AT AR R A A% O A T T, 1K
— 7] R B R S S I SR T 48 S e B ol AR R
AU 5. SR, BAM M. H BTG HI| 2)CO,RR FE fif 2 B
PEREIRTH I B ET: A% i (oxygen evolution re-
action, OER)Zl JJ2#iR 22, SECKH 43 M N\ L BEAE bt
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FRANEE: ISR BT AL COLE SR S CO,/5-F2 R R 3L AL

FE AR 5RE, FALAE BB INE BRI 5ER(0,), 7584
HLAR R RINISAT AR E A T @5 A B, B
16 & 51 E A 2 HE 5 CO,RRSZI Tl AL AT 47 i FH
s BT B B AL GEOER B FH AR S B #4647,
A AT 2 2 PR IKCO,RRALAERE B M L & . 427 Ae
TR 2R, I Be R0 6= & i A AL 2% i, ICO,RR
HIFIAEAL B FR AL T A SR 1.

EH K ECORRIEfFREMNE =T, IWEAE
ROER [P BAAR S )87 i 2 W B AT AN (E 5 SR 7). 28
T, SRR AN Hh )[R 20 02 AT AT T i B Rk
TR 3R (9 BE 9 AR 75 [0 B I % v 2 A A S R 1
AR &R, L R IR A RS 75 RS v DT G 3 2 B
PR, BT, O &0 S LS o, X2k
TAE¥IRA T30 1535 B3 B I AR %9, wiH
W RIEIRE. FPEE. RE AT gl A
IR s BT, EE I EE R R 2 BRI, FE BB YE R AT R
/1>53%"% T 24 B A% P R 44k 5 COLRREE A I, 1E
10 mA e FHRSE R, T4 I ER(HCOOH)H)
HL R A6 220,93 VUL [k, FE AL CO,RR
S5AMAEA R, T3 FHCO,RRISFE & 5 il 471
BOCHEE, JUFWM, 2SR I SRR AT 52 B X E
PRI — B B AR A i ] BHAR S SR i
B, AR BH BH R R R A Y e B 8] ) 82 2 b R AE
HLERAR AR TE 53

5-¥% H SRR (S-HMF) & — Fh IRt A= 2 ) i A1
ANT, TNEEHLEZ DR, HMFRE
WNIEEL. 239 RS Ak 22 SRR AR IR L S5V 2 B R
PR B TT 45 52 OVE. JUHE, @it 5-F H R 4 1k
S M(5-HMF oxidation reaction, HMFOR)#J #5444
A A 1R B A = P 02, 5- — R E BRI (DFF) . 2,5-
W —HER(FDCA) GRER(MA). & SFR(FA)ZE, 2
W% LS FH 98 3 55T A0 (2 A B A 5 A o s g2,
Frfesumi . mEAMALAL, R 2 ST HME K
HAT B A ek —Y. B, ERZ K
eI, B R AT TEBR PR AR R b 8 R R v
Y HMF AL HFDCAP Y i, 5k AR
BRI EUR A B AL V) (NiFe-LDH) AL 7, fEHMFZAL
HH R T, FDCARIES S E (FEppea) %L
100%. JETNSEMAF R IPERE, BT SA #5
HRRIE B HMFORME N OER I B AL = B, HF
5HCO,RRILHH Lul# A *"7ECO,RR-HMFOR$
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H A 1 SEIFEppca FTHCOOHTFE (FEgcoom) 73 Al 8
1F80%H185%, {H H1fi %5 AL T-0.1 mA em ™. 4l 7E T.
W B Rl m Rl fae i, 2 Ba kg
PRI 7T 1R 8

A TAEEL G A 225 A il T RIS A2l
KA (N-BINS AL IR EE2.41 nm), 7] {E 221520 B iR
S5 N CO, i B HIE 5N R, SR FIN-BINSHI
IR 7 NiFe-LDH (NiFe-LDH/NF)Z HiI1E A B %
FIPEAR AT, -+ Tk A% E N CO,RR K CO,/5-
HMFF: 4L [#1CO,RR-HMFOR HiAL 48 & 2 4. Hir,
BH AR N-BiN S 1k 751 75 it 0 7tk v Hi 7 25 FE 5 M0, 3~
0.9 A cm ™I, FEycoonfRiFFEI0%LL I-; FHHZNiFe-
LDH/NF A FEppcpa 4EFFIE85% LA b BB, 1E
0.7 A cm I TR T, MINEIMBIMFELcoon N
98.1%, PFHAMFEFpcAmiik91.0%. iZHAL2ERE A RG]
T L T e B 2L 4E slRHCOOHMIFDCA, H
A TR ) TS R 5

2 SEERA
2.1 RXFN SN

LKA TR (BI(NO;);-SH,0, 99%). B FR
(Na,CO5, 99.8%). AAMBINaOH, >96%). A Ak
BI(KOH, 95%). H/K(D,0, 99.9%)F1 - F L 7 #HA
(DMSO, 99%)H b LR A IR A 4L B
hE). WRERER(H,S0,, 95%~98%). £ (C,H;OH)F
PR FH R AR A BR A & 3 (1 [E]). Nafion D-520
SN B (FE AR TE A B R R 22 05 wit%e, X%
E>092¢7, PAXHE); RIUR TR 448
(YSL-30T, /= HH ). B 738 ii(Nafion N-117, J&
F0.180 mm, CHZE>0.90 g, 77 £ E) LK I B
T34 (Fumasep FAB-PK-130, 130 pm, = H 3£ )
K E TG IERH A PR A A, AR (CO,, 99.999%)
G S(AL, 99.999%) FHAL 5T 4 BT AU A R 2 w42 41t
(= E H E).

FIFH I %A A B (B 26 W (L (EDS) 135 5
BT R B(TEM, JEOL-F200, HA). #1221
5%(SEM, HITACHI S-8020, HAS)FREL 1" HL A% 10 45
FARIAI4LRL. 7ERigaku D/max-25005+ 2% AT 50 (17 22)
X R ) AR R AT X R AT S (XRD) T, 1%
AX 848 FH Cu-K o 5 (B K 90.15406 nm), 31345 A
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10° min~". {1/ Thermo Scientific ESCALab 250Xi (3£
[ )BEAT X 26 FEL T RE IR (XPS)WT 7T, K200 W Al-Ko
S TR IE R 293107 mbar, A RE G B
VIE0.2 em x 0.2 emMRSF, Jf [l € 76 4 J@ bk kAT
XPSllE. KA Micromeritics ASAP 2420 (E[EH)7E
298 KT #E47 CO, M B 25 28 3.

2.2 N-BiNS{H#il#

H5EA BT AT IR A B A R B B1,0,(OH)(NO3)
(BON). 43 mmol Bi(NO,), SH,O¥&f#7E40 mL 2= 51
KANT0 mLZFEEH, HiPE1S min OB I A QBT 2R
JE A8 F1100 mmol L™ NaOH/K AWK pHAG #4254, £
SR FE10 min, KRGS PEFS B R VUG LR BN
BRANZ (100 mL)H, 180°C FAEm E2ehhn#k12 h.
P21 A =it B0 58, Bl s KA 2B
BROIR, ARJGTE R AF F60°CTH#12 h.

BEf5, #10mg BONMAKAI40 pL Nafions; %
3mLHEEF, TR ST HEATIEEK. 28, #4300 uL
(1 227K 38 SJR AR SR B (GDE) |, i FLRIAE
TAEEN, MEALFIF R E N1 mgem ™. JE¥BONEE
an I HLAL 5 5 A B DL SR N-BINS AL ). A —
FEH =R ARG s, I TAERE A ACO,
ff11 mol L™ KOHWW, (45 TE B (BON). X HL i
(f0h, POFIZ LR (EY FALER B . Ag/AgCl). A
T TAERMR, 7505 A cm ™ F#EATHLA#10 min, A
FRAFN-BINSHELL 7).

2.3 BRYIK R (BINS) il %

RNT R, SR EA RIS LA T KB AR
FUR T IBINSHALT, PfE— 1 DX 51 2K 7T D% A 25 Ay
Bi,0,CO,"". ¥4, #4600 mghkIEEAFI1 g Bi(NO,);:
SH,O fEAE40 mLE B Tk, RIZUAHE30 min. BH
Jei, K ] G P T SR AA TR A (BN S0 mL I SR VU 4 &
IR EEF, E160°C Rn#24 h, SRJ5 HRA A
F R, B B0 RS BL0,CO ML, BE G 28 1
IKFNZEL RIEVE, FEAE60°C I B A 5 N 1 1k,
SR F B T A E A 20 RS B ) A HE T BINS fRE
TR,

2.4 NiFe-LDH/NFH 454
T, PNFHSRERM R DL L BRR Ay, S8

Ji5 8 IR AL AR K RN 25 B KA T O, Ak
PR A) 415 min. BJE, KA BUTRNEAE = Hapk f it
il % NiFe-LDH/NF A%, J4NF (1 cm x 2 cm). Pth Al
Ag/AgCIHLIR Ay T FAAE ARl %o B AR AN 2 LE AR,
HL AR N 243 mmol L™ Ni(NO,), 6H,OF13 mmol L™
Fe(NOs); 9H,O40 mL/KIER. 564 N\ BRI H (1)
NFfE-1.0V vs. Ag/AgCI1E & AL N BT TR,
L ORI 8] 652 800 s. HJ, KN A H Mgt 7 B H,
7E60°C HHEFE T 425 h.

25 SHIik

F A 11 CO,RRIN E I 1E W A = L R G 13 3)
AT, FFECHI 660E Hi Ak 2% T AE i #E47 K.
ZE R RGN R (P AN E AR Ak
(N-BiNSHIBINS) PA & — M2 LU IR (Ag/AgCLHLIR). 7
eI, SR B 7 A2 el (Fumasep  FAB-PK-130)3K
Y B I RRANBEAR R 4. 7£25°CF, 1 mol L™ KOHZKA
(30 mL)AE >y B #% A0 BH A% H A% 3 4T CO,RR.
1 mol L™ KOHIK ¥ WE i i 3 % 76 16 % Wi ik
(5 mL min~") FAEFRE T AR AR 3. i 5 R
2% DUE S Y33 (40 scem) A4 = ERCO, 5 AT. fEAR
[ PE R T, @R R T IR, $F4E1000 s,
AT RRARRS . A 245 B R Az g () 5
A I S M (RHE)BEAT 1 v
Egpie = Engager + 0.197 V + 0.059 pH (1)

FECO,MIA1171 mol L™" KOHH, LA50 mV s~ {14
I, £0~—1.8 V (vs. RHE)HJHAITEE K, XLkt
R 22 (LS V)HEAT T 1EA.

HL A COL N S-HMF L5 A0 1 7E 5 A = Bl
RGNS R #E4T, i CHI 660E FLAL 27 T AF w3k
TR, %= Wt RGUEHE— AT AR (NiFe-LDH/NF).
TAE MR (N-BINS) LA L — S Ll (Ag/AgCLH
). TESEEGH, SR FH BH RS A8 48 M5S0k 43 25 BH A% A BH
W4y, 7625°CF, 1 mol L™ KOHZK¥A (30 mL)F14
100 mmol HMF[#1 mol L™ KOH/K¥W (30 mL)%3 5
B BH AR AN B A FE ARG AT CO,RR.  HA A VR T i 5
FEAEEE IE (5 mL min”") FOEFRE T R . il
o A 4 o) 2 DATE S8 U (40 scom) ) S MR == AR B
CO,. EARFMEHN T, @ E LTI, FF
42500 s, AFEATERAES IE.
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3 FR5HNE
3.1  N-BiNSHAGF P RAE S5 5H

FH T BB (SEM)EE 7R, N-BiNSHAL
SRR H BRI G (Bl 1a). B BT
TBE (TEM) % 1 36 BAN-BINSHE AL 771 52 B9 K Fr 45
FI(ENb). S TR K A R, SRR T
BB (AFM)XN-BINSHEAL AT RAE.  f & 1em] A
EWH, Ak REELN2.41 nm. 7E 52 PEETEM
(HRTEM) EHZ A m] DLW E2 Z 06 BT Bi(012) & [ 1 1]
P 50.332 nm ) A% AR SU(EILd, o). [HFERKIZ, H
X F-4liBi(012) ) il A% 45 80(0.328 nm), N-BiNSHE{L
RAME R SAE 5K, X ATRE R TNB A5, X5
L Re1E T (EDS)EHE BoR, Bi (ZLE)FIN (4RE) LR
TEN-BINSHEA IR H AR 21 (). dE—DiEid i
JEHE A2 B TR 6 1 VR (ICP-OES) I 58 T AN Al #
MmN ER SR, N-BINSIEAFITNITER S & A
1.1 wt%. X—450 K, fERfFERERES, oo
Z A5 4 ABINSHEAL .

FHN-BiNS{H AL 7 B X5 2 A7 55 (XRD) B 3 7] LA
H(El1g), 26.4°F154.5°K0 PN SRAT T BT 47 52
f£1(002)F1(004) 54 T (JCPDS PDF 41-1487), ‘EA1J5 H
GDEXJE. B T GDERLJRIATH IS, FHARATHIEH
BT & BE012). (104). (110)F1(003) & 1H
(JCPDS PDF 44-1246), iX & BIBONH{ 3k 4 i i J5i A7

B2 BRI N AT 2 xT T, K
TUN-BiNSHE A6 751 F AT 5 Ve A 5 T 4 4 Ja ik ) 1 A 2
WA FE(£0.4°, FEIST, ML RN FE AR, X AT BE 2 H
TREFIBANFE. ZUR T 1E4£(0.075 nm)/h T35
T AR 2 18] .(0.394 nm), 3% AHFE7E B4k 2 B R i A
HRUR T REEHE NS & B A I YT, TG S 82 1 B
WS A K, RATEEN-BINSMEALA. X431
HRTEMWL %2 EI| ¥ 25 2 — (K 1d, e).

N T2 T AEN-BINS AL T 1 2R 1 R4 R 2R
MES, KX EEETRIEXPS)FAT /4. W
EIhFTR, £77399.5 eVARINIERTHE TN 1s, 1X4&
N-BiNSHEALFIHNFIRFIEE, X —45 Rt —DAiEsL T
N-BiNSHEALFIFAZE S BNICR. fER 2 HERNBI 4f
it b (&), AT 158.5H1163.8 eVALHIBil& AT 4T Bi
4f5, FIBi 4f, ,, 1% 545 BBilfI R EIE— 5. gbah, BT
FINTNIGE, Bi 4GNS T & @BimK4 &R T
M 30(0.26 eV). ZREHNE T S5BiZ [AfFEHT
R A AR,

S ARB A EJE T HIBINS o BERE ST T %
fIE. TEMAIXRDEE L RE ], BINSEILGIK A 4544
(KS2).

HLEALCO,RR: B
CORRAE MY B LIt 2t o EAT (BIS3). &
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B 1 (ML El) N-BINSHEAL I FAE. (a) SEMEE. (b) TEMEE. (c) AFME. (d) HRTEMEIZ. (e) Kl(d) T B EHE X %
N FIN-BINSJE 747 (f) EDSEIE. (g) XRDEE. (h, i) N-BiNSHIN 1sHIBi 4f XPS)Hitk

Figure 1 (Color online) Characterizations of the N-BiNS catalyst. (a) SEM image. (b) TEM image. (c) AFM image. (d) HRTEM image. (¢) Atomic
model of N-BiNS corresponding to the white framed region in (d). (f) Elemental mapping images. (g) XRD pattern. (h, i) N 1s and Bi 4f XPS spectra of

N-BiNS.
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2 FEEHWACO,E A1 mol L™ KOHVEWH, %
N-BiNSHIBINSH# AL f AP REHEAT T 3RAE. M
LSVZE Rl LI H, N-BiNSHIBINSIEILFIZEMEAICO,
FEL AR P 11 PR JAE 5 B v T 0 LR A R AR R 1 LA
BRE, IXUESE T AR ES X CORREA T 1 (K2a).
I H, N-BiNSTEMFICO, A A AL 4h A AR
(=0.37V vs. RHE), M%&), XK PIN-BINSH
B EHCO4 4.

N T W R AL CORRIGTERE, 7EHIAICO, HLfi#
Wi, XIN-BiNSAIBINSHEALFIE0.1~0.9 A cm ™[] Ha
WG T TE R AR SE G, RN )R, @i
BHREE(H NMR, EIS4)FIAHGH(GC, ES5)
SRR AV P 0T T B AT, S5 SRR, M1
WA= =HCOOH, [FIi & /b & ICOFIH,.

K2b, ¢ 7 T N-BiNSHIBINS AL 7] () HLfif
HIE RN =i $E 1. FEpcoon Pl HLIA %5 B2 1) AR 40 2
P k2R, 760.7 A em CBF, N-BiNSHEAL A
FEpcoont 5, AJi%%)98.7%. M COMIFE (FEco)ATH,
IFE (FEu,) 7 il N1.5%F1.0%. Mtz T, 7&
0.7 A cm ™I, XFHRFE S BINSHEAL FI I FEycoonfH

80.4%, I FEoN9.3%, MFEL U Eik10.4%. 45 R %
B, N-BiNSf#1L 7 fE (L HEHCOOH ¥ L Rk, FH-4i
CORIH, A fl. 7EAH [F] B2 B2 T, N-BiINSH#AL 7 1)
HCOOH fhi FELIL % P (jrcoon) BA 2 =i T BINSHE A R AF
(F2d), XFHHLMIESEAS T BERS. B, £
0.9 A cm™ B}, N-BiNSH A 1/ cood& £10.83 A cm™,
T BINSZEAH [E] AL T HjicooniX H0.66 A cm ™. 53¢
BRRE B AL IR L, FEARIE 2 4E S, AR TR
% HIN-BINS X CO,RRHIHCOOH J 3 B A1k B i Ak,
PERE(EI2e FN ST, ML RRANTEHTELD.

RS e M AR AL 7R 1) B PP bR e 2 —. 7E
0.7 A cm R R, XN-BINSHEALFIHFT18 h
FICO,RRMIK. 41 E2fHT7R, FEpcoon Pl B A ZE K BE A7
BEA, TEARZARFFTEO3% LA b o S5 b7 Jig o ffE AL R 3R 4T
T XRDAISEMZEAL(KIS6, S7). 45 RE M, N-BiNSfi{k
FRAT RIFAIASEVE. FEpcoon PR AT AEAE B 1Bk
CO,RREEFEH (1 ER 4T AT EL.

3.3 CO,RRHLEWF
FFN-BiNS i 2 4L CO, 544k HHCOOH K ML 2

HCOOH ™ CO  H, P HCOOH ™ CO H,
(a) - —N-BiNS (b) 120 (C) 120
—BiNS - = . =
041 NBiNs-Ar o B B I'l“ q & o] * = =
&0.3 . F l | . = - -
: 2 e BB N B
202 o 60 < 60 W
= - = =
0.1 30 30
0.0
0 0
00 -02 -04 -06 -0.8 -1.0 -1.2 0.1 0.3 0.7 0.9 0.1 0.3 0.5 0.7 0.9
Potential (V vs. RHE) j(Acm?) j(Acm?)
(d) 08l ™ N-BiNS = (e) 100 _— This work (f) 2
2 BiNS /,/ @ VON-Bi505-2h * 100
P + 9 —~ 14 >
% 06 i 3 BiT10,,@ V-8 QBITA w &
g */ i 8\-; 95 a@crmw‘)v BiAg600 @BiCa é g
<04 e 9] BiPIL@  BOC@GDY o 04 3
5 / g s BOC-NC-900 c 90 7
T . BUBI0Br-D @ > . w
§0 2 /* E %0 SOR BI@C oS ; .
= 1_/ =t
0.0
. T T v T & v - - - -2 T T T 80
0.1 03, 05 > 0.7 0.9 0.0 0.2 20.6 0.8 0 5 .10 15 20
Jiotal (A €M) Jucoon (A cm@) Time (h)

B2 (MahREl) CORRIEREDMIRK. (a) N-BINSHIBINSHE AL FITECO,BLAr LA HLAR BT H LSV I ZZ. (b) N-BiNSEAFITEAR
[l FLR 2 B R =043 A6 (c) BiNSIITEAN B By % FE T HIF= 4040 4. (d) N-BiNSFIBINS{E AL FI7E A R FL i % R THCOOH
i FLIRBS L. () VAN T BiSE AL 77 i 16, CO, BIHCOOHMERELL L. (f) N-BiNSEALFITE0.7 A em™ N A2 M 10 1522 4%

R AL I B PR R v O 22

Figure 2 (Color online) CO,RR test. (a) LSV curves over N-BiNS and BiNS catalysts in CO,- or Ar-saturated electrolytes. (b) Product distribution
over N-BiNS catalyst at various current densities. (¢) Product distribution over BiNS catalyst at various current densities. (d) HCOOH current densities
over N-BiNS and BiNS catalysts at various current densities. (¢) Comparison of the CO,RR to HCOOH by Bi-based catalyst in flow cell. (f) Stability
test of N-BiNS catalyst at 0.7 A cm™. The error bars suggest the standard deviation of three independent measurements.
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FRANEE: ISR BT AL COLE SR S CO,/5-F2 R R 3L AL

1T THRFE. B S0l I XUZ B (Cg) WAL T FeLAL 2
TR ITAECSA)EAT 7 &E(&3aF1#S8). 5BiNS
FEL, N-BiNSHEALFIHICEHE H(10.0 mF cm™, %
S2), XK AN-BINSHEAFIEAE mMECSAME. XAJ
RE A T 176 FL A 25 FE R 0o R A o A 5 4 T R HE 91
NJCZ I 5] N EN-BINSHHAL TR H A 2 g AL
A, A BT S CORRIIEE. TR IT Al 5 Ha Ao
FHHPERT, 34T 7 AL 2EBE BT RE(EIS)#F 7T, N-BiNS
FIBINSHEA I 23 ZE s v an SO, AL 25
P UNEIS10F7~. EISE R, fECO,RRIGFEH, N-BiNSfH#
AT LT LA i R HELBEL(R )9 1.8 Q em’,  HUBINSfi#
WHINQ2 Qem’, FS2). %45 H K PIN-BINSHEALF
TECO,RRFE i B A S IR M far e #2 it A, ] B 242
I CO,RRITE M. BhAk, Wl 7298 K FN-BiNSA!
BiNSHEAL I CO, M B 55 iR 26 (EI3b). AT LLE H,
N-BiNSHEAL I FICO, W it B8 77378 =5 T BiNSHE AL, LA
A RERM, 51 ANTG R AT B A B I R
B EARAIE FAT . R T R B S R COL T
FgE 71, XA FI T CO,RR.

N7 #RCO,RRAE RHCOOHK AT REMLA], FE—0.1~
—1.1V (vs. RHE) N#AT 1 A7 32 9ok 4 S Sk 3 11 1 8

(@)os

(b)

2L AN IO i (ATR-SEIRAS)HF 7R (EIS11). &3
R, TEN-BINSTEALA I, BEE A7, 1394 cm™' 4k
HEL—/NMRFEVE, B g, 206 X) BT *OCHOY)
FhhO-C-OfI A AR 4R 50, X R HI*OCHOZ [
A R G B R AR, IR — DR R AR
HCOOH. fHFER NI, TEBA AL 1 P AN
FIW B I *COB RICONIME S, XS5 Z M LAk
KIUFEqo (<2.5%)— X, WFSE T N-BiNSH COE il % 1%
(A M (KI2b). EBINSHEALF b, 1551 em™ A4
H 2 *COOHYR NI (I3d), KA —EREE LA
COAE I IE, X HIMEEF— B (K2c). LLEgEH
FEUH T PRI AE SO B ARk B ZE R, I,
CO,RR4 {HCOOH ) X M. #4152 8CO, — *CO,  —
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Figure 4 (Color online) (a) Schematic diagram of the CO,RR/HMFOR
electrochemical coupling system. (b) The yields of the electrochemical
coupling systems FEycoon and FEgpc, at different current densities.
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Abstract: The electrochemical CO, reduction reaction (CO,RR) usually accompanies a slow oxygen evolution reaction

(OER) at the anode, which results in low value of the anode products and high reaction cost. To optimize the economic

feasibility of CO,RR, it is important for both electrochemical half-reactions to produce value-added chemicals.

However, achieving high efficiency simultaneously in both half-batteries is extremely difficult. Here, we synthesized

ultrathin nitrogen-doped bismuth nanosheets (N-BiNS) for CO,RR, by which CO, can be converted into HCOOH with

high selectivity under ampere current densities. Furthermore, an electrochemical coupling system combining cathodic

CO,RR with anodic 5-hydroxymethylfurfural oxidation reaction (HMFOR) was constructed, with N-BiNS as the

cathode and the nickel electrode of nickel-iron layered double hydroxide on self-supported foam (NiFe-LDH/NF) as the

anode. At 0.7 A cm , the Faradaic efficiency (FE) values of HCOOH and 2,5-furandicarboxylic acid (FDCA) reach

98.1% and 91.0%, respectively. This electrochemical coupling system performs exceptionally well in terms of product

activity and selectivity, providing a new system and route for the efficient conversion of CO, and biomass

simultaneously at industrial current densities.

Keywords: CO,RR, HMFOR, electrochemical coupling system, nitrogen-doped bismuth nanosheets
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