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(nickel-iron layered dihydroxide, NiFe-LDH) £.£%
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Fig. 1. XRD patterns of the NaCu;S;, NaCu;S;@NiFe-
LDH, NaCu;S;@NiFe-LDH, NaCu;S;@NisFe-LDH and
NaCu;S;@NiFe-LDH.
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Bl 2 (a)—(e) NaCuzS3 NaCusS;@NiFe-LDH, NaCu;S;@Ni,Fe-LDH, NaCu;S;@NisFe-LDH il NaCu;S;@NiFe-LDH ) SEM &%
(f)—(i) NaCu;S; fil NaCu;S;@Ni,Fe-LDH f§ TEM fil HRTEM E1%; (j), (k) NaCu;S; il NaCu;S;@Ni,Fe-LDH fJ EDS fig ik &l

Fig. 2. (a)-(e) SEM image of the NaCujS;, NaCusS;@NiFe-LDH, NaCusS;@Ni,Fe-LDH, NaCusS;@NizFe-LDH and NaCusS;@
NijFe-LDH; (f)—(i) TEM and HRTEM images of the NaCu;S; and NaCusS;@Ni,Fe-LDH; (j), (k) EDS images for the NaCusS; and

NaCu;S;@NiyFe-LDH.
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(726.8 eV Fil 713.7 eV) FURFEIE, 53 40 WiA- X
N F Fe 2p ) LA %, NaCuzS;@Ni,Fe-LDH 1)
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Fig. 3. (a)—(c) Na 1s, Cu 2p and S 2p XPS spectra of NaCusS; and NaCusS;@Ni,Fe-LDH; (d), (e) Ni 2p and Fe 2p XPS spectra of
the NaCusS;@NiyFe-LDH; (f) XPS spectra of NaCusS; and NaCusS;@Ni,Fe-LDH.
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REHEATINEND TARRR, M€ HAE 1.0 M KOH
RUAFIRC T B OER AL TE. S T A4 L,
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Fig. 4. NaCu;S;@NiFe-LDH, NaCu;S;@NiyFe-LDH, NaCu;S;@NizFe-LDH, NaCu;S;@Ni Fe-LDH, NaCu;S; and NiyFe-LDH: (a) LSV
polarization curves; (b) Tafel slope; (c) EIS; (d) Cy; (e) ECSA; (f) CP curve of NaCuzS;@Ni,Fe-LDH.
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%1 1M KOH Hf# g LRI OER ik AL
Table 1.  Comparison of OER activity of catalysts in 1 M KOH electrolytes.

Current density

Catalyst Electrolyte Overpotential/mV /(mA-cm ?) Ref.
NaCusS;@NiFe-LDH 1 M KOH 254 20 This work
NaCusS;@Ni,Fe-LDH 1 M KOH 227 20 This work
NaCusSs@NizFe-LDH 1 M KOH 248 20 This work
NaCusS;@NiyFe-LDH 1 M KOH 259 20 This work

NaCusS;3 1 M KOH 271 20 This work

CuyS;/NF 1 M KOH 298 10 [33]
CuS-FSM 1 M KOH 408 10 [34]
CoO@Cu,S 1M KOH 277 10 [35]
Cu,yS/CF 1 M KOH 336 20 [36]
CuNiS 1M KOH 337 10 [37]
Cu-NiS, 1 M KOH 232 10 [25]
Cu,S/TiOy/CuyS 1 M KOH 284 10 [13]

1 173.5 mV /dec), ¥ IEIR BB, 2B S B
B, AT R R T EIS HETITAN, A
Kl 4(c) T & 1, NaCusS;@Ni,Fe-LDH f4 B 47 /)N
T NaCusS;@NiFe-LDH, NaCu;S;@Ni,Fe-LDH,
NaCu;S;@Ni,Fe-LDH, NaCu;S; 1 NiyFe-LDH, %
F M NaCusS;@NiyFe-LDH HA fe bl i) B faf 4 7%
HLBH.

K 4(d) i F CV & Ak il £ 3% 15 4 1k 7 1Y
Oy TEHSEPENMiEAE57 19 ECSA. NaCusS;@NiyFe-
LDH ) Cy fE % 10.0 mF-cm 2, K F NaCu;S;@
NiFe-LDH (6.6 mF-cm %), NaCusS;@NisFe-LDH
(8.8), NaCu;S;@NiFe-LDH (9.3), NaCuzS; (7.6)
F1 NiyFe-LDH (2.3). 31545 i} NaCu;S;@Ni,Fe-
LDH f ECSA 2} 250 cm?, KF NaCu;S;@NiFe-
LDH (165 cm?), NaCusS;@NisFe-LDH (220 cm?),
NaCusS; @Ni,Fe-LDH (233 cm?), NaCusS;
(190 cm?) #1 NiyFe-LDH (58 cm?) (&l 4(e)). BK
) ECSA {8 7] T T NaCu;S;@Ni,Fe-LDH H A
BRIIK T TEA, GESk 8 TE 2 M TE PR A

M 4(f) ] LAF 1, NaCuzS;@NiyFe-LDH H,
PP/, 26 NaCusS;@NiFe-LDH B A B
i ke E PE . A, OER MK AT S , NaCusS;@
Ni,Fe-LDH AL Y SEM (WAbFEAELHE S2(a),
(b)) L& TEM (& S2(c), (d)) 12 B4k H B
$1, F W NaCusS;@Ni,Fe-LDH i1k 7 B A K4
EEEE.

i 5(b) AE 5(e) AT LAA H, OER ik
J&i, NaCusS; Ml NaCusS;@NisFe-LDH ) Cu 2py s
I 5 OER MHARTAH L, W& 4s&Reh m s, Jf
H NaCusSs AL FIAS Cut/Cut HLIE M 0.99 $2 15
#1.47, NaCu;S;@NiyFe-LDH 71 Cu2t /Cut
FLMEA 0.34 #2555 1.09, X AL IATE OER 1
TR B kA T8, ATRETE I Cu A fE TR 2.
1£ NaCu;S; Fll NaCu;S;@NiyFe-LDH ) S 2p jiH
(K1 5(c) FE 5(f)), HHXF T JH NaCusS; Fil NaCug
Ss@NiyFe-LDH, OER M4 Ji5 W v B 7] = 45 5 e
T gl A EL T S H R E] OPTL Xt F OER
M5 ) NaCusS; Al NaCuySs@Ni,Fe-LDH, S 2p
TEWEAE 168.9 eV ALBA YK, i — 0 R GR AR R
FIES F T AR 3. Ni Il Fe 2 5 BRER B 2 T L
BURERBRIRERASE, X 7T LA B Ik R B Ak, R
TRERER & S B AR 1Y, R R AE IR A i AL
S B339 NaCuyS;@NiyFe-LDH 7£ OER i 5
FIAEAk, Ni 2p 3514 (& 5(g)) MRS & RETT M #8
3, i Fe 2p i (K 5(h)) 10 w45 & RET M #5h,
&R MM AL B NaCusS;@NiFe-LDH 77-1E
e 1) BH B8 7 AH BLVE A o4 OER S, Nizt/
N3+ B AN FEAE A 2.08:1.00 F [ 0.93:1.00, 1
Fe2t /Fed AN HAEM 2.03:1.00 FFEE] 1.54:1.00.
FHAE RN, AR AL R, AR 2R &
AT A HE, A R R % I R fE R
# OER 3l J12# 142,
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Abstract

The oxygen evolution reaction (OER) plays a critical role in energy storage and conversion devices such as
zinc-air batteries, fuel cells, and electrolysis water. However, the OER, process involves a four-electron transfer,
leading to slow reaction kinetics. Therefore, it is necessary to explore an efficient, inexpensive, and durable
electrocatalysts to accelerate the OER process. Noble metal oxides are considered the most advanced OER
electrocatalysts, but their high price and scarcity limit their commercial applications. Thus, researchers have
started exploring other low-cost materials as alternatives. Nanocomposite materials have emerged as a
promising alternative to expensive and scarce noble metal oxide electrocatalysts for OER. Therefore, this work
synthesizes novel nanocomposite materials, NaCu;S;@Ni,Fe-LDH (z = 1, 2, 3, 4) nanosheet array via
hydrothermal and water bath methods. The structure and morphology of each product are characterized,
indicating a tightly integrated interface between NaCusS; and NiyFe-LDH, which facilitates rapid charge
transfer and enhancement of electron regulation at the interface. This changes the local structure characteristics
and promotes the OER catalytic performance. Electrochemical characterization results show that in a 1.0 M
KOH electrolyte, the overpotential of NaCusS;@Ni,Fe-LDH for OER at a current density of 20 mA /cm? is only
227 mV, significantly lower than that of the original NaCusS; (271 mV) and Ni,Fe-LDH (275 mV), with
stability duration reaching 72 h. Electrochemical results also reveal that with the increase of overpotential,
NaCuzS;@NiyFe-LDH shows a significant oxidation peak between 1.35-1.45 (V wvs. RHE), which leads to the
activation of Ni** to Ni** high oxidation state. The high oxidation state of Ni will promote the OER. The
NaCu;Ss@NisFe-LDH composite electrocatalyst exhibits lower charge transfer resistance, higher double layer
capacitance value (10.0 mF/cm?), and electrochemical active surface area (250 cm?), which are also beneficial to
promoting OER. This study highlights the potential of nanocomposite materials as cost-effective alternatives to
noble metal oxide electrocatalysts for OER. The NaCu;S;@NisFe-LDH composite electrocatalyst exhibits
excellent OER performance with a low overpotential, high stability, and favorable electrochemical properties.
This research provides a valuable insight into the design and development of efficient and sustainable

electrocatalysts for energy conversion and storage applications.
Keywords: oxygen evolution reaction, electrocatalysis, composite electrocatalyst, nanosheet array
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