Journal of Electrochemistry

Volume 29 | Issue 10

2023-10-28

Preparation and Electrocatalytic Performance of FeNi-CoP/NC

Bifunctional Catalyst
Si-Miao Liu

Jing-Jiao Zhou

Shi-Jun Ji

Coellece of Transportation Engineering, Dalian Maritime University, Dalian, Liaoning, 3671005, China,
jishijun@dimu.edu.cn

Zhong-Sheng Wen

Recommended Citation

Si-Miao Liu, Jing-Jiao Zhou, Shi-Jun Ji, Zhong-Sheng Wen. Preparation and Electrocatalytic Performance
of FeNi-CoP/NC Bifunctional Catalyst[J]. Journal of Electrochemistry, 2023, 29(10): 211118.

DOI: 10.13208/j.electrochem.211118

Available at: https://jelectrochem.xmu.edu.cn/journal/vol29/iss10/4

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol29
https://jelectrochem.xmu.edu.cn/journal/vol29/iss10
https://jelectrochem.xmu.edu.cn/journal/vol29/iss10/4

ARTICLE

FeNi-CoP/NC M IhgefE 1L s & & B EL M RER

X2k, BRE, FHE",

SR

REBFEAFBEBH LIRS, LT K& 116026

HE

PA ZIF-67 RIIREE, RARRFER SRRALESEH A& T2AZHIERR. FEBRTINE

L REATE-ES

Mg, BIL SEM. XRD. XPS 1L 7 A E ML TS T IR L 2 R AEFN{E

RN, REAEREEMFITRBMEMRESLK . FRKRA, HEH FeNi-CoP/NC B ORR & B i1
XE T 083V, &FE AR PY/C#47; OFR BRZERE 10 mA-cm” R HEALA 290 mV FH A 2R
¥12h, BR7RENELEESREN. 28MMENNREREEBENERZERSHN 150 mW-am”, 73

mA-em” RUREEE TREFT 0.6 V IR ERHER.

KA ZIF-67; FERRE; FATHRE; #ES

1. 5| §

PE-TH B (zinc air battery) F & &£ K.
HRERESNNBRREEENR TR BEIFEME
e, EFkR, IRF-TREMHNELELTR
BHEIEANMXEL 2] AIRFE-ZESEMA
ARENMTERIIRE, 2IXNETFEERRKE
(ORR) EEftikE (OER) MMMHEKRAE
kFiE R, XL, Pt/CH IrO, HHE K7 75 31
SIABAHR LIRS ORR 3 OER R K& M. 2
i, Pt Ir MRu =S BHEEMR, NEHRE
REMZE, AR/ THEIXMENAE (3, 4]. B,
FRMBMEE. EEEESMREMERN ORR
1 OER WMINREMELT, XNIHERNREFER AN KR
BE+HEZEMEXS, 6].

FIFRESEEATSRS, REMHNTE
RBUESVRENKMNKE BREFEMNRRRLET
M ZxRE]. SEERERRP, eRAENER
1t & ¥ MOFs (metal organic framework) & &
tesRmEM. ZAMMERRER ZEATSME
i FRRRBEMAELT [8-10]. &I, MOFs I
TR FAfERTIRAS, I R R R T 2% & MOFs
TTENERE/RESTEHEWLTI [11-14], BRTR
IFfEREEMA R =. BT I ESESLIN

A EREEELT

RIFSHEMEMARMEARPNSREE B RERE
H1[15], BE£BE# Y5 MOFs MR ZE & #
B, FH—DIREELERE 16, 17]. ALk, &
MR ZIF-67 )& Co/NC EA¥MEHIEAM E, A
INBAN. FeMIP TR, B T2EZMHIES
B« ELBH T8 % L5 B FeNi-CoP/NC. M
RERKM, *EM FeNi-CoP/NC BB FHIfE
EMEmMiEEM, HEORR FEHRMUN0SIV, 5
FEAN PYC BLF; £10 mA-em™ BAZBET
OER I A7/ 290 mV FFRMRFT 12h, 4
HTIAFIXE Co. Ni 1 Fe {1 & £ & Co-P
HIMA BRI T LB RB K. KRR
# I FeNi-CoP/NC # 8 E 7] 78 A 8- = S B b4
BRT RIFPOIN A=

2.8 %

2.1. KRN
RF: W E S (Co(NO,),6H,O) « 2-F &

Bk e wY B R (Ni(NO,),4H,0) « # B %
(Fe(NO,);9H,0) « REELH (NaH,PO,) « &
SR (KOH) « FfEE, ¥R rsd.

28 XA Cu$EXS £ 67 H N Xray
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diffraction, XRD, RAGAKU, D/MAX-
Ultima+) 2ATH@PMALEN; RAZLHFHEE
F B M £ (scanning electron microscope, SEM)
BB &M X5 2 S B F BETE (energy-dispersive
X-ray spectroscopy, EDS, ZEISS SUPRA55/
SAPPHIRE) S @B HMIT R 9 H; KM
WBL-8XX 2 Lt 2= 18 FRU T 13 53 47 IR A B FH 2%«
LFAEST, KRAXHFELLBTEE Xray
Photoelectron Spectroscopy, XPS, Thermo
Scientific K-Alpha, X §T43R (E = 1486.6 V) )
DR FER S BTN VersaSTAT 3
H Princeton B {LF T1EEL ESTRY.

22. HFEHNAR

2.2.1. Co/NC+ NiCo/NC #1 FeNiCo/NC HI& K

¥ 4.85 g Co(NO,),-6H,O 7 M F) 500 mL #J
FEzd, BIZIMHEERR, BEERA. REE
5.466 g 2-AEDKEEIIARY 500 mL REZAR, RBIZ
WEE, IB1EAR B, BEEEARBEEBMABRA
RFHEZERTHREI N ERBBREERTE
B24hfE, AFEREEL3R, HEOCT
F ¥R, LA3R1S ZIF-67[18]. 4 0.5 g ZIF-67 5 El
F &5 0.218 g A Ni(NO,),4H,0 HJ 60 mL ZEA
A 30 min, B/OFHFE 60 °C TF#E 8 h LA%K
8 Ni 5 2y ZIF-67 (Ni-ZIF-67) ¥ £ ik /& 7 =
MFE N, S TS5 °C-min™ % 800 °C T##E 2 h
BN 7] 3k 1§ Co/NC 1 NiCo/NC. FeNiCo/NC #J %l
#FHEE NiCo/NCHE, REERF 0218 g HI
Ni(NO;),4H,0 #J 60 mL ZEE A& H MM A 0.05 g
Fe(NO,),-9H,0.
2.2.2. FeNi-CoP/NC HI& R

¥ NaH,PO, #1 FeNiCo/NC &7 3K {4 43 7] LA
1.5:1 RELENEEARAN LEM TS, BEE
BARAERSF DA 350 °C TiBX 3h EIATEE!
FeNi-CoP/NC.

2.3. HENR

TERERFE: 10 mg BAFISET 1 mL
FAEEH 30 uL 5wt% B Nafion SR & & &H, B
5 30 min RIS BK. BL10 uL EikiARH
TNEHh S B R AR AR b o

HAZNIE: ORR 5 OER UIRIY#E 25 °C =
BEMET, M VersaSTAT 3 & Princeton HL{LZ
TEuhidtsT, 2aIAERRBER. 1BRHKRBRFMEA
HEARERNTIEBER. SLERRMTER. BLF
IR BT 4 B #E AR IE A 30 min N, F10,, | F
EERMARZE (CV) BL200 mV-s™ FAERFEERFIH 50

PLE, XEIFRER 457 0.1 mol-L” KOH # 1
mol L™ KOH ;AR BN &M AR =% (LSV)
HITE X R K K (oxygen reduction reaction,
ORR) M#TE &R (oxygen evolution reaction,
OER) Wik, 3EHHA 10mV-se

24. F-SSEBRK
FESHMIL 0.5 mm EFERENANR, BB
RABRKMERAERIEANRR, SSMAKET B
B, iR ELFIE, M 6mol- L' KOH 0.2
mol-L™" Zn(Ac),2H,0 JRAARIEN R R.

3. &R 58
3.1. XRD FIE

1A AL ZIF-67 A BT £ H Co/NC.
NiCo/NC+ FeNiCo/NC # FeNi-CoP/NC fJ XRD
EiZ, HE AR Co/NC 7 26.2 °« 442 °. 51.5° F
75.8 ° &I TTETIE 43> XS & F C (PDF#75-1621)
9 (002) #1 Co (PDF#15-0806) fJ (111) « (200) « (220)
M. MAE 1B NE R, BEE Ni. Fe TREMMA,
HENTTHIELENERES, X5 Ni. Fe EFG
& ZIF-67 Hf Co U BB X, B/NEFFENEE
RPN, FREESE, BNERNSAERS.
miEEMARNSKEF, BFEFFEERK, FRE
R, BNERRAERE, RPE. ST
AN ZIF-67 H, FBIT A IEF BAB R & €18 [19].
MABTERRE, FIERANJLAREENTTEIEXN N
F CoP HIfT511E (PDF#29-0497) , %A 31.6°
(011) « 36.3° (111) « 46.2° (112) « 48.1° (211) «
56.8 ° (301) . B, BE1A. BEAUELERE
HREBINERE TRAM CIEM Co 1§, 3R
HETZEHMAHAT S E RGN REEE.

3.2. SEM FRA{E

2A-D 43 Bl 5 Co/NC~ NiCo/NC~ FeNiCo/NC
A1 FeNi-CoP/NC {9y SEM E &, WE A HRY
EUET+ _EAEEH. fEE Ni. Fe TEHMA,
HaREBEENFRIESZ., B2D HBAPTER
HmAER, BEP tREERNREEET A
RSN, NERBEMES, RANTNERE
FARSEZBEKR, XATRERZH T CoP KIAEFE
REFEHZEZHER, SEHRNELE [20]. FeNi-CoP/
NCHMX TEEAMER (B3A-H) MXPS 5
EDSHITTE S8 B~ (3:51) , FeNi-CoP/NC H C« N«
O. P. Co. Ni M Fe TRHM, ¥ ZFe. Nix P
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Al _FeNicoPNC | N
FeNi-Co/NC N
Ni-Co/NC R
CoC | A

P PR by w veom s

Fe PDF#85-1410 | | |
Co PDF#15-0806 | |
Ni PDF#87-0712 = | |
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Bl 1 Co/NC. NiCo/NC. FeNiCo/NC # FeNi-CoP/NC A (A)XRD Ei&H (B) £ 40-54 ° §J XRD KA E
Fig.1 (A) XRD patterns of Co/NC, NiCo/NC, FeNiCo/NC and FeNi-CoP/NC, and (B) enlarged patterns at 40-54 ° in (A)

B2 (A) Co/NC. (B) NiCo/NC- (C) FeNiCo/NC 1 (D) FeNi-CoP/NC fJ SEM B &
Fig. 2 SEM images of (A) Co/NC, (B) NiCo/NC, (C) FeNiCo/NC and (D) FeNi-CoP/NC

TRYAHEFH L.
3.3. WSRBLHT LR

UNE 4A 79 FeNi-CoP/NC HI R S W% / Bt B i 2k
HEASERXE (P/P~0.4-1.0) BILEFREIRF 402
m*g o WNE 4B HiEid BJH # £ it & FeNi-CoP/
NC WALEN T, RPFSRPEEREFANLE
Mrl. BAKRERAIRHEEZEMMNS, BRIE

o2,

B R N RE AR Bl

3.4. XPS FiE

BT X LB FREIE (XPS) 434 FeNi-CoP/
NC HTTEAER, B 5A FC1s BLPNRIE, BT
283.68 eV F1284.38 eV Y 1L Bk 5, FE 287.88 eV
#291.08 eV & 2HF C-O M C-N#, BHEH
RERP, NHBRAEREANDBLOELKER FiiEE
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B 3 FeNi-CoP/NC ETH (A) TR HHE. (B)C,

{L1ERE [21]. B 5B 2 N 1s &otiE, Ed3p
I (398.28 eV. 40048 eV. 40528 eV) S 3IXKF
Graphitic-N+ Pyrrolic-N+ Pyridinic-N[22, 23]
5C&P2p @aHFHNIE, KRTREFUEFERN
P-O g (133.98 V) 4b, fiiF 129.28 eV By Co-P
BEREHIUEFEAEELAS, BRXtBHE—BIE
BT PITEMB A [24]. Co2p (R5D) A4 A
5MNIE, Z5ERE N 777.98 eV. 781.68 eV. 785.98
eV. 797.78 eV. 802.93 eV 3 4 3 Xt & F Co0-

A 400
~ 300+
A
g BET surface area=402 m% /'
S 200 v 7
£ _ gt
3 r.-f-‘zf.':.zr—"—"
(]
> 100} ] -
g —a— FeNi-CoP/NC
0 L 1 L L L 1
0.0 0.2 04 06 0.8 1.0
PIP

0

B 4 FeNi-CoP/NC i (A) N, T%/Bifi %84k ; (B) FLESTHEIL

(&0, DN,
Fig. 3 Elemental distribution images of FeNi-CoP/NC based on (A). (B) C, (C) O, (D) N, (E) P, (F) Co, (G) Ni, (H) Fe

(E)P, (F)Co, (G)Ni, (H)Fe

Co-O #7 Co-N % [24]. EI5E & Ni2p 59 ¥
3, H Ni's Ni2p,, 1 Ni2p,, A 5%, £ 854.18
eV. 861.28 eV. 871.78 eV 44> 79 3 N &, 854.18
eV HIlET R F£ /8 Ni, 861.28 eV F1871.78 eV Hi
&4 )3 K F Ni** F1 Ni**, FEEENH DX 155
L ERERREETEIEM [25 26 ASF2Fe2p @
SHESLIE, FE 713.78 eV 722.28 eV 9 Fe IFE
&5 33 N F Fe** # Fe*s EIRZEERFKA, Fe™ A
Fe™ £ FeNi-CoP/NC 77 [27]. € Bk FERE

B —«_FeNi-CoP/NC

(0]

E

=]

o

>

o

(@] B

o

sl

3 &

[} =\ n o

_HE " ././.\/./ \ /’. -y
0 5 10 15 20

Pore size/nm

Fig.4 (A) Nitrogen adsorption and desorption isotherms of FeNi-CoP/NC; (B) The corresponding pore size distribution curve
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A c1s| B N 1s
S ‘D Graphitic-N
© ©
E § Pyrrolic-N
2 <
(o= c
2 2
L= £
C-N
280 285 290 295 395 400 405 410
Binding energy/eV
£ 3
O P-0 W
= >
£ i<
CoP 2P, =
125 130 135 140 780 790 800 810
Binding energy/eV Binding energy/eV
E F

Intensity/(a.u.)

860 870 880
Binding energy/eV

850

Intensity/(a.u.)

710 720 730
Binding energy/eV

700 740

B 5 =E4% XPS ti%. (A)Cls, (B)N1s, (C)P2p, (D)Co2p, (E)Ni2p, (F)Fe2p
Fig.5 High-resolution XPS spectra. (A) C 1s, (B) N 1s, (C) P 2p, (D) Co 2p, (E) Ni 2p, (F) Fe 2p

DZHARNE, Bitt, ZMHMTEREFEESNTAIY
BIMERF/RFINES, MMSEDRFELME
fE [28]-

3.5. E{LZAMIR

3.5.1. ORR &L MEEEMN I

797 Mz FeNi-CoP/NC A ORR & 1k M &€,
ERERERSBER EFTHAZNIK. B6A BRT
Co/NC-. NiCo/NC. FeNiCo/NC-. FeNi-CoP/NC
5 A 20wt%Pt/C F£#21E 1600 rpm Y HY LSV HA
% . FeNi-CoP/NC U2 sa B L (0.94 V) « #iF

AL (0.85V) UMRMBREARZE (5.5 mA-cm™)
BIETEAPYCHIEIBHENM (096 V) « ¥iFEH
I (0.84 V) FIEIRHEARZE (5.2 mA-cm™) o It
oh, EBRFER P R RIFHRIN M R AL B 1122,
6B & 7~ FeNi-CoP/NC E B & /N FE/RF K
(54 mV-dec?) , & F Co/NC (71 mV-dec™") -
NiCo/NC (67 mV-dec") . FeNiCo/NC (62
mV-dec!) FPt/C (80 mV-dec") - B 6C AXRE
LR T FeNi-CoP/NC B LSV %k, FEREEERIZK,
EIREMNEREEEL, BRERAZEEEE K,
REBAEHNTERIENHRT, EMERZER
EZHK. B, K-LABRITEBEFEBRERIAE
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A —CoINC B 1.1
OF —NiCo/NC
— FeNiCo/NC 1.0} 71 mV.dec™
— FeNi-CoP/NC 054 mydec™ "= ssssanny,,
—~ -2 —PtC m 80 mV-dec
g T 0.9t M
e TR ridppaa ., , , 52 mV.dec’
<") ! @ —=— CoINC 67 mV-dec”
£ ‘2’0.8 - —s— NiCo/NC
= o —s— FeNiCo/NC
B} 07| — FeNi-CoPINC
S R e}
- : : : 0.6 : ; ;
0.2 04 0.6 0.8 1.0 -1.0 -0.8 -0.6 0.4 -0.2
EN(vs. RHE) lgi-J(mA-cm2)]
co D 0.8
—= Co/NC
2F —o— NiCo/NC
0.6l — FeNiCo/NC
= &~ | ——FeNi-CoP/NC
& ' _ =317
g ) g 0 —— Pt/C n=3.7 ;:3-5
- <<
E £
=8 —rw | <
—— 900 rpm 0.2} n=3.9
- L —— 1600 :
10 — 2500mm n=3.9
-12 ' : : 0.0 ; : - - -
0.2 04 0.6 0.8 1.0 0.00 0.02 0.04 0.06 0.08 0.10 0.12
EN/(vs. RHE) W 2frpm2
E O
At
2t
g 3t
< 4 )
é 5l 5.06%
=
6r — Initial
=7k — After 5000 cycles
12 0.4 0.6 0.8 1.0

E/V(vs.RHE)

B 6 Co/NC. NiCo/NC. FeNiCo/NC~ FeNi-CoP/NC F Pt/C 7£ 1600 rpm K (A) EXER (L #h4k; (B) EiRREZIE/RMEL; (C) FeNi-
CoP/NC SRR L HIZZ; (D) 0.6 V THI K-L #iZk; (E) FeNi-CoP/NC £ 5000 B CV &3 FEH) ORR R 1k ik

Fig. 6 (A) Oxygen reduction polarization curves of Co/NC, NiCo/NC, FeNiCo/NC, FeNi-CoP/NC and Pt/C at 1600 rpm; (B) Oxygen
reduction Tafel plots; (C) Oxygen reduction polarization curves of FeNi-CoP/NC at different rotation speeds; (D) K-L plots at 0.6 V; (E)

ORR polarization curves of FeNi-CoP/NC before and after 5000 cycles

6D Frox, Frl& M LM EATIESBEENETFER
KR, FeNi-CoP/NC MaEEZE R 55l Pt/C 1%,
RPELFIREIFYFEER D, FEH—SIERREL
FIEH RIFH ORR s 1% ERE. 5 Co/NC #8EE,
FeNi-CoP/NC Bt Sk 4 8ES Fe. Ni HIIBRAE
REMREREM. PTEREMT Co-P EEMM
M UAK Fex Ni. Co« PTREWMEERSE %,
o, KA CV IR T A FRAE FeNi-CoP/NC By F2
EM, 1E 6E, TE 5000 &I E AN ORR HY &

BT 5.06%, FEFFEMILFREELE
BZE, 1B FeNi-CoP/NC A B Ri#FHI ORR &1L
FREM.
3.5.2. OER & MHEREN IR

BT 5 ORR 1488, FrHl& A FeNi-CoP/
NC th B R & FH OER MEE. B 7A BT =
AR & R 1.0 mol.L™ KOH £ T Co/NC-
NiCo/NC. FeNiCo/NC. FeNi-CoP/NC #1 &
IrO, L FIM LSV M. HE 7B A LEH, M4
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HRZE N 10 mA-em™ B, X F Co/NC (375
mV) « NiCo/NC (377 mV) « FeNiCo/NC (313
mV) MEH IrO, (337 mV) , FeNi-CoP/NC (290
mV) EEERBRHNENTEEAERE, XTaIEHRE
F MOF #l&HZ MR A5 BEFN KA LERE
A KERFEMEA ST, Tafel NEZRRITE
REHDFHA—DPEESE, HH FeNi-CoP/NC
1 Tafel ;1 ZE A 83 mV-dec’, BEFH L rO, 1
111 mV-dec”', 3 H§ FeNi-CoP/NC & F B IRE
BFH%BIE. Fe 5| AJE FeNi-CoP/NC HJ fE 1k
MRE KRR, HE@BEEMEHRJIEF Feu

Cos NiZEHFEND. CoPEREHTEZS
WA, METHNSHERF/BFERSE, HE
CoP RIFHISHEM, hBRHMIRE T RERELT
A OER J& 4 [29]. BILZFEMERER (electroactive
surface area) BIINERLFENEHA (double-
layer capacitance) &8, AILUBE AT ATLIRS:

ECSA=R;xS, H1 S HEBHJLAER,; R BEE
FHBEEERT (40 uF-em™) EWNEHRRE (Cy)

K F R= (Cy/S)/40 #E, HILGH Cy 5 ECSA
FLIELE. Coy RALHIAFER EXBM 0975V T

A100
—_CoINC
— NiCo/NC
80 __ FeNiCo/NC
_ — FeNi-CoP/NC
‘}‘E 60_ —Ir02
G
<
£ 40}
§
20+
12 13 14 15 16 1.7 18
EN(vs. RHE)
C 40l . conc
A 35 ° NiCo/NC 20 mF-cm?
< 77 . FeNiCo/NC
€ 3.0f . FeNi-CoP/NC
Tw2.5]
[i'4
22.0
g 1.5 8.3‘mF»cm'2
21.0 A Y
805 %FW
- ‘Mcm“z
ool &——= . . . .,
0 20 40 60 80 100 120 140

Scan rate/(mV-s™)

F#EEZE (20 40~ 60« 80 100 F1 120 mV-s™)
E5RRTEENEMXRZBEBE, NEHA Cyo W
7C, FeNi-CoP/NC L 20 mF-em” I 5 EH &
INEA B BN D S =1 O = IR =By et vape] 2
AURBEEZNEMMNSR, XNMERIEFRER
OER T8¢, RIS bR EIRAE L TIX OER
MYEEBHEN. AT IRRFEM FeNi-CoP/NC HIF2E
M, EEFIFE 100 mA-cm™” 133 12 NI, 3
XF L AT /& OER 1 fL 1 8E. 20 7D Frr, FeNi-
CoP/NC HJ OER B{EXEREF R ZEAKRKT,
R AAFE A FeNi-CoP/NC M £ EHTEE RITH
3.5.3. & HN

&E, Fi#E—HE R FeNi-CoP/NC #YSLFrR
&N, BRET/NESEFTSEMD, WIXINE 8A FTor.
B A PLEH, FeNi-CoP/NC &L K50 A9 F b
HE 138 VHIREFEEE, EIETF PY/C+HrO, Y
142V, AN ZEYAEBR/NNFTHEBREEE,
8B & AP 72 3L Fir 1l %% AY FeNi-CoP/NC & 1L 7| Kz

AAERML EEABELE R LRI FATEEE,

8C th B/~ FeNi-CoP/NC &4k FIMIhEZE (150

—=— Co/NC
—e— NiCo/NC
—— FeNiCo/NC
—v—1IrO,

1.8}

130 mV-dec™
18 mV-dec™

\

-
111 mV-dec” 1, meries

83 mV.dec™

i\

12 16
IgrJ(mA-cm2)]

0.8

— Initial cycle
— After cycle

18

—— FeNi-CoP/NC

100 mA cm?

T T
E/N(vs. RHE)
i

o

o3
B

9 14 15 16 17
ENV(vs. RHE)

2 13 1.8

B 7 Co/NC. NiCo/NC-. FeNiCo/NC. FeNi-CoP/NC F11rO, (A) ZEEHARZE N 10 mA-em™ R EMTHIRLHL; (B) EAMHEIERML;

(C) Cy18; (D) #t& FeNi-CoP/NC F&E 14 OER fh4k

Fig. 7 Electrochemical properties of Co/NC, NiCo/NC, FeNiCo/NC, FeNi-CoP/NC and IrO,. (A)the oxygen evolution polarization
curves at 10 mA-cm™; (B) the oxygen evolution Tafel plots; (C)determination of Cy value; (D) OER curves revealing the FeNi-CoP/NC
stability
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A1.8 B 3.0
1.6¢ —FeNi-CoP/NC
: 142V 2.5¢ —PYC+IrO,
1.4
138V I
> =20
?5’1 2F 3
1.0t €15
S k)
>0.8r ool
0.6} —— FeNi-CoP/NC
04} —— PY/C+IrO, 0.5¢
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i o £
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2
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€ 1100 2 €15
g1.0 29
o g9
o5} . 0 g 18 FeNi-CoP/INC
S —— PHCHIrO,
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0 50 100 150 200 0=y 20 a0 80 &0
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B 8 Co/NC. NiCo/NC+ FeNiCo/NC. FeNi-CoP/NC #11rO, (A) fEERZE N 10 mA-cm™” RIS E R, B) E
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Abstract

Rechargeable zinc-air batteries have gradually attracted much attention worldwide due to their high capacity, high
energy density and low price. Oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) correspond to
the charging and discharging processes in rechargeable zinc-air battery, respectively. At present, commercial Pt/C and
IrO, catalysts hinder the large-scale application of zinc-air batteries due to low reserves, high prices and poor stability.
Therefore, exploring high performance, low cost and high stability with dual functional catalysts is important for the
development of rechargeable zinc-Air batteries. The metal-organic frameworks (MOFs) have high specific surface area,
structural stability, good catalytic activity and application prospects. Transition metals have high catalytic activity, but
they are easily corroded in alkaline solutions. Non-metallic materials are inexpensive and have catalytic activity under a
specific structure. Taking the advantages of the above-mentioned materials, ZIF-67 was used as the precursor, along with
heteroatom doping and high temperature heat treatment to prepare a porous carbon material FeNi-CoP/NC containing
multiple transition metals and non-metal particles as a zinc-air battery catalyst. Physical and chemical characterizations,
and catalytic performance testing of the catalyst were carried out by SEM, XRD, XPS and electrochemical methods, and
finally assembled into a full battery for charge and discharge performance experiments. The results showed that the
prepared FeNi-CoP/NC catalyst had rhombohedral dodecahedron structure and specific surface area of 402 m*g™'. The
half-wave potential went up to 0.83 V when used as an electrocatalyst for oxygen reduction reaction in zinc-air batteries.
After 5000 cycles, the current density only lost 5.06% and the half-wave potential changed little, revealing a good
stability; the overpotential of OER was 290 mV at the current density of 10 mA-cm™. And the catalyst could be kept stable
for 12 h at 100 mA-cm™. The performance test of the full battery demonstrated that the peak power density was as high as
150 mW-cm™, and a narrow potential gap of 0.6 V was maintained at the current density of 3 mA-cm™. The good catalytic
activity might be mainly attributable to the fact that doping with multiple metal elements can provide rich valences
to accelerate the four-step coordinated proton/electron transfer step, and the good conductivity of CoP also effectively
improves the catalytic activity of FeNi-CoP/NC. This work provides useful guidance for improving the electrocatalytic
performance of the catalyst through simple doping and heat treatment strategies.

Key words: ZIF-67; Oxygen reduction reaction; oxygen evolution reaction; Zinc-air battery; Non-precious metal catalyst
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