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Abstract

Electrolytic water splitting has the advantages of high efficiency, environmentally friendly,
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sustainable, etc., and is becoming a leading approach to producing hydrogen. The slow Kkinetics of
oxygen evolution reaction (OER) in the process of water electrolysis hinder the efficiency of water
electrolysis, and it is urgent to design efficient catalysts to improve the efficiency of OER. The com-
posite named FeCo LDH/CoP electrocatalyst was prepared by electrodepositing FeCo LDH onto CoP
on nickel foam. The experimental results show that the nanocomposite displays an outstanding cat-
alytic performance, benefiting from its more reactive surface area, improved conductivity and en-
hanced electrocatalytic activity. FeCo LDH/CoP shows 214 mV overpotential at 50 mA cm-2 and it
demonstrates no significant increase in voltage for continuously operating 77 h at 50 mA cm-2. This
study improves the OER performance by adding a new phase to regulate the charge distribution,
which opens up a new way for related research and application.
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1. 5|8

A RESRRRIRSEHL, W RAT5 e, TFR BT AL GEE] AR RRIR BN 255 2 A 1]-[5]. ARee—F
REEZE e EEE. MORE. LR AR, BN ERTN “EMERIE" [6]. MR
BA B IR PTRREEEA N, IETE SO MM 2 2245 . Pt A Ru (3K Ir) =4 RE93 5l & A &0 B (HER)
FHT A SN (OER) B AL 75 R R MU AR AL 7], (L HL s B R % 55 1 7™ B LA T K IR A2 sk S 1 b i 2 71
[9]. A—AHMEK H T OER MIZEI83) /)%, FHAS T HM/KIER, SEERKREENEL. FIL, FRE
R BT FeoE AR BT G R AR AR AR, R R AT OER fEALF, A2 2% A% 24 AT /K FELAR IR 355 1 A 0%
%,

5t 48 AL YI(TMDs). i 48 S AL P(TMOs) Al I 4 J8 B AL (TMNs)F L, i3 4 )@ R4k
YI(TMPs) LA B4 St . T H 2 IhRsiE AL . FRSS MR 2 1 S s, CoP BF 5 Pt 3R
KA E AL BE[10]. Guo 28 AR B Co MrAi Al P THA #F AT WA M RE f1, JF BAE i v i R
AT, A, RIMAHLLE Co A1 P 2 [AIF P A4 FH S 80 7 L8R HER S&PE[11]. SAT, Bkl
ML PE BT SR AN 47, 430 OER S VERAR, PHAS 7 IAE K B fif b i se BB « TSN 03 ELR AR 3 T
VR AR I 7710 Xu S8 Bl B0 3 5 CoP WAL PERE . MATTAOBF SR, [N 328 F
N REBZIEHE CoP #44k 8 CoOOH, JHigm b PERE[12]. T CoP B RUFHI S HME, Kb HAzD
MBS G 2 M S5 R 2 38 AV PR B — PR AF (0 0732 . BB TH ORI SRIG 45 AR, IRESE
BUEY, MNEBNEY, SHRAS YA, BA I B AR ROR . X R g n] I A
T AR R RN 13]

BT UL B 5, KATIESE FeCo LDH M1 CoP WiFfMf BHEAT R & . @it r TR i i1k, 7E NF L
J )& % T FeCo LDH/CoP &M Kl it X-GF AT H (XRD). 4 B 7 AL (SEM) S50 H AR 4544
TESRAE R AT RAE « [FIBS, R R Ak 2 TAE S M2 1 FLAL 2 M . FeCo LDH/CoP I H A 57 1)
fEALTEE: X T OER, X7 214 mV (5 A7 BIIE F] 50 mA em™ B LIRS o AT 500 i R AT S8 L
AL R A A BB T B A T B I B 7 1
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2. LI
2.1. ARNERR

2.1.1. Co(OH): B9 & R

TESEIGHE B, SR BRUEN = AR S5 FK Co(OH), 4K A L PTRRAETHIFA N 2.5 x 3 em? [ NF | H
o, FAHARCN X HIR), NF A TAE AR, HATH R AR (SCE)AZ Lk . Co(OH): HUTARTE S 70 mmol
Co(NO;3),-6H,O HLfEF ] 100 ml KEHH, #HXT SCE f1-0.9 V HLE/KFAT 30°CHIESE Fiktr, Fra:
ISf1E] Sy 10 Z3h. SRJE B AK i BE3 211 Co(OH),, #£ 50°C R4 6 he

2.1.2. CoP BI& R

RS T EH, BRTHA Co(OH), 1 0.5 g NaH,PO,-HoO JE PG, Co(OH), £ N,
NaH,PO,-H,0 7 _Eijf. B EG S LA 80 S CHRIER IS 350°C, FHIEZEE FREF 1 /i &%
Ja, IERGHRAH, HEIARER. e 9e fErE NF ER) CoP 49K, fEEL TN REEBA,
2.1.3. FeCo LDH/CoP B9& R

CoP .7 1) NF #3887 e LB/ EL, BRI RS N 1.0 x 1.5 em?. BlJG, 7EMAYH = ki &
~, ¥ FeCo LDH HLUTARTE CoP/NF F b % R %G LU AR AR, NF N TAEHK, SCE Witk AZtl
HH . Ni(OH), £ &4 35 mmol Fe(NOs),-6H,0 1 35 mmol Co(NO3),-6H,O HLfEJF ) 100 ml KV &
B, HFN-0.9V (vs. SCE), N 30°C, KRMEIEICY 10 40-8h. ERE, H@AiKye s 205 6 85E sk
PEE =) B NF, F/°A FeCo LDH/CoP-10, #AJ57E 50°C )% 6 he A T LL#R, FEAIRIMI 24 Tl &
FeCo LDH//CoP-5 Fll FeCo LDH//CoP-20, F & FLyTAX i [] 43 B %y 5 20 A 20 2%

2.2. PRISRAE

K R S W85 (SEM, SU70, Hitachi, H <)X HE 5 TS0 25 K 36T 7 W0 EE, s i | —
N 5~10 kV. K X SFATH(XRD, D/max 2600, Rigaku, HAS)E % e kL. I X St
T-REWE(XPS, ESCALab 250xi., &) 7 HALZA R AN 25 .

2.3. EBULFERR

FIFZE VMP3 B4k 2% TAE % HER F1 OER WAL SAPEREIEIT T = FARICE . 7R 6B, RbE
YERT R, AR A (Hg/HgO)E 2 LA, il 4% IRORE S A S A ra il o dd 0 ) 18 S B AR (RHE) T 55
i oA, AR

Epyr = Ey

e/te0 T 0.098V + 0.059V x pH (1)
OER {3 ()l T 5t -

N = Epy— 123V )

FE AL SR BT, P EARERE T — MR 50 MNELEIEIR 245 (CV)RIGE L FE . % OER,
AEXT T Hg/HgO HIHALVERIN 0 2 0.55 Ve RN ZELSV)ME DL 2 mV s (IHE R H#1T,
LSV HZLERHAT T 95%1 IR M. N 7 RAEH AT 32, AL FHPTIE(EIS)FE 0.001 Hz & 100 kHz [
AR AT
3. &R5itie

KH TR T Co(OH), BTIRAR . 24%F Co(NOs), HUMHBIE INFRIRIN,  7E R R ™/E T OH,
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[FR NO3 /b 1X T8 7 X pH AK-FP I FE, filk T Co(OH), 7E NF R MU . Ffi)5, 7E NaH,PO,
FAE T, BITIRKIRTF T CoP NS. #HKH SEM BRI R, 7E NF K E 1) CoP # i IR GIK Fr ke
FIRITERS o B )5, 38 PR B TR Y FeCo LDH Fff & 7E CoP-NS I, &% | FeCo LDH/CoP-10. FeCo LDH-
5 #1 FeCo LDH-20 [yl #% 75125 FL A RE d AR [R] o e AT 12 A1 IX 3 A — >, RN FeCo LDH HRY [A].

Figure 1. (a-b) SEM of FeCo LDH/CoP-10
1. (a-b) FeCo LDH/CoP-10 f4 SEM El{%

NT MBS E SRR IE S 5458, H SEM Xt FeCo LDH/CoP #ET 1 #4iE. & 1(a)fiR,
MRS S B G EIRAR B E 2L b N T SR BAT T MO R B gk s g1z 4k, sl 10w, RIFE
MR AT A AT B PR, IR BN B9 KA Bt 2 1 Th & )il FeCo LDH. FeCo LDH-5 1 FeCo LDH-20
KIHMIESH S FeCo LDH/CoP-10 FLLo iZJESIE K T A4 RE 1S VLR THIAL , {515 A4 8 108 A0 v P A 5 38,
M e HAE AL 1 e

o
lr
Bl co

I Fe
I Ni

Figure 2. Atomic number ratio of main elements of the FeCo LDH/CoP-10
2. FeCo LDH/CoP-10 #1#4 R E9 E R T R R T L £

H EDS REVEACKT ] 1(b)HEAT 1 ik — 2240 M, 4531 1 KL 2 B0 3 10 J5 7 B e il WL 2 ] 2 FRATTR B,
T O J&¥1E FeCo LDH 1 KEAFAE, Kt GIbiEE. P ETA/ET CoP . ELEETH, BT Co
7E FeCo LDH 1 CoP #i/77E, AL thimrs Fe JR FIEEARM B 5N 11.8%, ATREZ H T35
R . FRATTR I EDS RENGACINAF I S5 L] 58 2 45 TRARM RIS B0, M THIIEBA 1 AR i h &
o

N T IAE iR Se T 450 - YEREAHSSMERI BRI, 76 1.0 M KOH FLF i A K b v = r AR e B SR PEAS
m X OER FTHLMEALPERE. WA 3(a)f7R, & iR KIER LSV WAGHT 5 bR B, 15 Fo A i) 25 A
Et, FeCo LDH/CoP-10 EF &3 5% ) OER itk . FeCo LDH/CoP-10 7E 50 mA cm 2 HL % R (it Hy
1 214 mV. ZAEAUE T FeCo LDH/CoP-20 (260 mV), FeCo LDH/CoP-5 (261 mV)#1 CoP (308 mV),
i B AR T 2 940 L AL 7). b4k, 5 H AR EIHAHEL, FeCo LDH/CoP-10 15 %] 100 F1 200 mA cm 2
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(17 R P T B R /N I FELAT 229 R 248 mV.e AP, MEHO AL EMERE S H B SR A RHENEKR,
N TR R AR TR P B I B R R Bh J0 5, HEAT T EIS M. ZRZE kR B ih 2 IR BLAR I RN ek T
FEAE AL AR 2R LT 6 A2 FLRELI K/ [14] . FERTA AR, FeCo LDH/CoP-10 ()42, BB HA /M1
FLff 4% 4% FLPH, iX 3R] FeCo LDH 1 CoP [ & A i358T EA 11 B S 2 AI7E OER I A2 1) L%
Fefe ). BT MRS, T R TR N — MRS . MORMRRRIR R P AR AT FLAR )
P IR],  RoE T S BR B B B e H B R A, AT S e HLRR K R RAR o O TR FU AR i A AR e 1, 38
o i LA EERE A FeCo LDH/CoP-10 #H4T Tt & 3(c)&n, 1€ 50 mA cm 2 HLRSE T, 458 77
h FL i FLAT BB R AR R AR AL, ARG 1R AR e
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Figure 3. OER performances of CoP and FeCo LDH/CoP were measured in 1.0 M KOH electrolytes, respectively; (a) LSV
curves; (b) Nyquist plots; (c) Chronopotentiometry curves

[ 3. 7£ 1.0 M KOH H &+ 535X A CoP #0 FeCo LDH/CoP IR M RE(a) LSV BiZk; (b) EHFE; (o) it
AR LA RR 2k

4. g

gi bRk, i PR HAL S DRI B A AL B & B T FeCo LDH/CoP S48}, FFXS EE 1 U [) %)
EEMEHARN 8 SEM 2T BOMMRHEAT 1R AL, AP RA Sl R AR A 00 oW &5 44 « Bt
SO BHIAT T AR . 78 AL 220, FeCo LDH/CoP-10 AT S A 75 1) AR A P RE RN S5 /1N ) P
RS I . EAE 50 mA em 2 (R FIATEE R HOIE B Y 214 mV, B VR RIS OER ML . I
H, 1£50 mA em? HUREE &L 1 77 ANV BALZINR, BAKIF RS E, I T 58K
R AR E R o ASHE T ] 50 A T BERIAS T — FloBT R SR A AR, A R AR AT SRS N T A
R, T VIR Z FIR R AT A R A AR A 3R 0t T — Mo %, A
LA (AR SCHIE FERTR ISR (4 1 9T i 7 17
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