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Fig. 1 (a) XRD patterns of Ni,Fe;V samples obtained at different calcination temperatures (the green line at the bottom is the standard
lines of intermetallic compound Ni;Fe: Ref.01-088-1715) and (b) an enlarged view of (200) crystal planes in (a); (c) XRD patterns of
samples with different element ratios calcined at 700 °C and (d) an enlarged view of crystal planes (200) in (c).

HEEAEEKEEEHKEE. B1 (o) IFETER
fid EEAE SR 700 °C RIS 2R XRD BIE, #FmiY
BB NisFe € BECEYHE O FEHE. A,
# i NiFeV-700 TS I8 EREBE L F, SHft
HRERAER, HBTZHESNERERE, 3
REEREF€BEKET. ME1 (d) HAEL
EHBHE NiFe,V-700 S AERBERNPRE, i
At TRELETHERNESKERE, 62ERES,
ZESEMBITEATINBFERRL, MMmig
FHE{L A OER 1HAE.
3.1.2. WM AZIR o #7
ATHRYVBLEMBEEEXN THEATRE
EHEm, XARFERFEME (SEM) X
e BT MR R AE. @I X EEFE 700 °C. 800 °C
#1900 °C T 18 )& 15 F HY NiFeV & & 1L 7 9 SEM
B K A4, #E 800 °C #1900 °C TE 3 A& (b FI+E
mEIERRNPIRES (B2 (b<) ) , X
AREEHTRIEEESS, SETHLKEHAR
FTEL; 700 °C THREINFEAENEBDIRIKE
(B2 (@) ) o ko, B # dm NigFesV-700
5 NiFe-700 WA R E B A X EL AT &0, #F &

Ni;Fe-700 IR R KA DHEARE (B2 (d) ) ,
5 NiyFe;V-700 (I SRBLE B R RES, WAV
TEMTEATFNNSE, FEEATHONEE
ms, ZRREWNEFEATIEEMARARE,
MRS B R ELE .

BITE S B F BB — 25 X 1 T AR
FEsmdtiTRIE, A3 firc. HE 3 (a) ATAN,
# & Ni FesV-700 Y NiFeV £ B HR 2T 55
IR, PR RFRLAAN 100 nm. BREHEI ST
FEAFIFRE, HBRKINX NiFeV €8 FA LI
TEE (B3 (b) ) . BIE 3 (c-h) 740,
& NiFe;V-700 B Ni TR A EEH S, 9HR
REF; MFeMV TREMHINH, BXR
B, WHITE NiFeV BEEATHIIT V TRH
BEBZ. C RN ISH T EATIRE, H—
SRR T SRR E fF R NiFeV E LI SLI
T BRERE S
3.1.3. XPS 434

ATHRV TEX NiFeV EELFIREHLKSE
RSTEFEWRR, KR XPS B AR 1k 7
BTN RIE. DAL NiFe V-700 J 51371516



Journal of Electrochemistry, 2023, 29(11), 211103 (4 of 9)

B2 SEMEF : (a) NigFe;V-700 ; (b) Ni;Fe;V-800 ; (c) Ni;oFesV-900 F (d) Ni,Fe-700.
Pig. 2 SEM images: (a) Ni; Fe;V-700, (b) Ni,Fe;V-800, (c) Ni; Fe;V-900 and (d) Ni;Fe-700.
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B 3 (a-b) Ni, Fe;V-700 B TEM B F, (c-h) Ni,Fe;V-700 B Ni. Fe. V. C JTEMEE &,
Fig.3 (a-b) TEM images of Ni,,FesV-700, (c-h) Mapping images of Ni, Fe, V, C elements of Ni,,FesV-700.
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Fig. 4 XPS data for (a) Ni 2p and (b) Fe 2p spectra in Ni;;Fe;V-700 and Ni;Fe-700, and (c) V 2p spectra in Ni,;Fe;V-700.



Journal of Electrochemistry, 2023, 29(11), 211103 (6 of 9)

TTEERESF A 6:1:1 12:3:1. 3:4:1. 10:5:1 WL
X 9:6:1 B9 5 LAFES, FXL EHESFT T BHLSE
ke HE S5 (b—c) AT HI, #H M N110Fe5V 700 &
W BIFELEM, 3518 20 mA-cm™ BIRBREN
%381 mV I B, oM, & NiFeV-700 &
MERREAENE, TR THEHYHEERMEE, &
MR T EFEBETE. AT HR NiFeV E#&
FIPTER I ZSRE, EELSV HEFPR
BRI (E=1.6-1.7V) 31T Tafel RZRIUEG 17
HE S5 (d) AT%1, #£ 5 NigFe,V-700 8 E/NH
Tafel &4 (191.8 mV-dec") , A TEERLLET
S EE RN OFR 1 2R, XS5HEEM
RU—E, HIETHE Ni. Fe. VHRETR
EE/REE ST 10:5:10
3.2.2. SRR E X E M AE R

BB R E R AR E LT P B RS R
E MR FBER, MMM NiFeV EELTIRE
fEfL M RE. £ EIRFFREM FIRIT T TR,
fR¥F Ni. Fe. VBITTEE/RLEN 1051, 95 F&E
600 °C+ 700 °C. 800 °C P} 900 °C JIESFs0e
M, 2% %% N NiFe;V-600~ Ni,Fe;V-700+

Ni, Fe;V-800 1 Ni, Fe;V-900. XX Lef F3 1T
(a) 60
—— Ni;Fe;V-600
50} —— Ni;gFesV-700
—— NiyoFesV-800
&\40 I —— Ni,oFe;V-900
!
<
gzo L
~
10+
0 L.

09101112 13 14 15 16 1.7
EIV(vs. RHE)

(€)0.50 —— NiygFesV-600
0.48 | NiyFezV-700
—— NiyoFe,V-800
> 0.46 -—— NijFe;v-900 /
©
20441
[}
2042t
e
20.40¢t
@)
0.38¢
0.361

12 14 16

10
log(j/mA-cm™2)

0.8 1.8

ZMWIR ST, ME 6 (a—b) AN LSV HiIZ 3T EE
AILEH, 600 °C 1700 °C TS RN LE
AERE, £ LSV ML &S BAIXS b E AR
R, BEBHETF 800 °C F1900 °C T FrEHES;
HE 6 (c) Tafel RESHTAIEN, £ 700 °C TH|S
HIEE SR B/ N Tafel £ (191.8 mV-dec™)
BNEHB ERHN OER & 1 ¥ IR, EEMTVM%E
700 °C A {EBIEEE . H 10 mA-em” BRZE
THEMITRHEREZ (B6 (d) ) Ara, &3¢
10000 s WiX &, Ni,FesV-700 B9 B 7% 22 3R 12
ER/N, RIERIFTEREME. ZITERENS
ERHRKEZEVIAX, BB ERMES
W ZIHE, MESECTEKBZETHNAER

REFFEM.
4. & i
AR BB EROEB R SRR K

NiFeV BEL T, FABSEREREPETNADH
BRRBIRERHEEE, ﬁtﬂd&ﬂﬁ TR B EM

FREM. 23 VISRMBEREIRE, ik
TR NS S, FIT R,
(b) 600
500 | 509 mV
>
§ 400} 375mv 381mv 396 mvV
o
& 300
o
o
@ 200+
>
(®]
100+
0 L . . !
600 700 800 900
Temperature/°C
(d) 30
20+t

NioFesV-700

£
Stofb—ur ]
<
E

4k ek 8k
Time/s

0 2k 10k

B 5 (a-b) #£ 700 °C \BIRFAEARRTR L HIFERM LSV BLL; (o) EERRZE 20 mA-com™ THIHEAL; (d) Tafel #4k.
Fig.5 (a-b) LSV curves of samples with different element ratios calcined at 700 °C, (c) Overpotential as a function of element ratio at the
constant current density of 20 mA-cm?, (d) Tafel plots of various samples calcined at 700 °C.
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Fig. 6 (a) LSV curves of Ni, Fe;V samples treated at different calcination temperatures, (b) Overpotential as a function of calcination
temperature at the constant current density of 20 mA-cm™, (c) Tafel plots of Ni;Fe;V samples treated at different calcination
temperatures, (d) Chronoamperometric curve of Ni,,FesV-700 sample.
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Abstract

The development of green and sustainable water-splitting hydrogen production technology is beneficial to reducing
the over-reliance on fossil fuels and realizing the strategic goal of "carbon neutral". As one of the half reactions for water
splitting, oxygen evolution reaction has suffered the problems of sluggish four-electron transfer process and relatively
slow reaction kinetics. Therefore, exploring efficient and stable catalysts for oxygen evolution reaction is of critical
importance for water-splitting technology. Metal alkoxides are a series of compounds formed by the coordination
function of metal ions with alcohol molecules. Metal alkoxides possess the double advantages of organic materials and
inorganic materials, which makes them reveal a promising application in the electrochemical field. In view of the poor
activity and stability of the current oxygen evolution reaction electrocatalysts, this study has adopted the alkoxide-based
self-template method to prepare the carbon-encapsulated NiFeV-based electrocatalysts through using the solid NiFeV-
alkoxides as precursors. The organic components in solid metal alkoxides are employed to achieve the graphitized
carbon encapsulation after the high-temperature calcination process, which is beneficial for improving the conductivity
and corrosion resistance of catalysts. Through adjusting the V doping amounts and the calcination temperatures, the
electronic structure of NiFe nanoparticles and carbon encapsulation were optimized, which are both key influence
factors for oxygen evolution performances. As a result, the oxygen evolution catalysts with high activity and stability
were obtained successfully in this work. The experimental results have shown that the NiFeV-based catalysts presented
a uniform spherical structure with carbon encapsulation. The current density of 20 mA-cm™ could be obtained at the
overpotential of only 381 mV as an electrocatalyst for oxygen evolution reaction in water electrolysis. After the continuous
10000 s durability test, the NiFeV-based catalyst exhibited slight reduction in current density but still maintained the
catalytic activity almost similar to the initial one, revealing a good oxygen evolution stability. The excellent catalytic
activity and stability of NiFeV-based catalysts are believed to be mainly attributed to the uniform spherical structure, the
optimized regulation of V on the electronic structure and the protective effect of carbon encapsulation on metal particles.
The V element in the catalysts exhibited the rich redox states of V* V* and V¥, which can effectively adjust the electronic
structure of adjacent atoms and optimize the binding energy of oxygen reduction reaction intermediates, thus improving
the electrocatalytic performance of catalysts. This work provides a useful guidance for improving the electrocatalytic
performance of oxygen evolution catalysts through the V-doping and carbon encapsulation strategies.

Key words: Oxygen evolution catalyst; Solid metal alkoxides; High-temperature calcination; Carbon encapsulation; V-doping
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