Material Sciences #1EI#12Z, 2026, 16(5), 201-211 Hans X
Published Online May 2026 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2026.165114

B FRR M A < Cos OB L IRV Ha I B B
rE M sEf o

KA R BB SRR BE, Kt

Weks H . 20264F4 250 S BER: 202645 H17H: KA HI: 20264F529H

wm B

FEREEY b AT AL I ER PR A B OER FA AL 77 DR /=5 BE A AL B AR e B 35 30 R 1) IRl R ATS SR B
R, TESRENYHEBEES. BTFEWRTRANSZAE. Fik, RAVFAT BITRBEBKRE. U
%F{Ha‘H&ﬁkﬁ)ﬁ%%ﬁiﬁﬁﬁﬁmsmﬂ/%@ﬁ HLF A5 AT X OERMEREIISL M, BASL T AL ER
VIR - B KA RS . YT A K B X #Cos 04T IRE 5 S A HIR KB HE S T AitHR %A Cos04
HKITE B . XPSSXAFS TR, LB KEMEFBCod+ b S-S ERM, Co3* S B 50ERE M R IEF%.
ED GRS T EBARAER. XEEBIEA SRS B TSR R T 3R OERFAEE K A
EREE. R T R, BTFERRARICos04/5R A B ST MR . MRALKI Cos04 BAELF EA R
R 72 8 1 (19 h) FIBUR AT AL (365 mV), FEEE AR S A AR I BB ELOERRLF BB T AT 3%
AR ERIER SR BEAFTRETEESS.

i

HYTRR, BOMEREE, PrEURBL, S5EEMENR

Fabrication of in Situ Electrodeposited
Co0304 Electrocatalyst and Study

of Its Oxygen Evolution

Performance

Longhao Cui

School of Physical Science and Technology, Tiangong University, Tianjin

Received: April 25, 2026; accepted: May 17, 2026; published: May 29, 2026

SCEG| A R ISR Cos0a RMEALTR R R AT S MERERTT FE 1)), #RLRL, 2026, 16(5): 201-211.
DOI: 10.12677/ms.2026.165114


https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2026.165114
https://doi.org/10.12677/ms.2026.165114
https://www.hanspub.org/

Abstract

The development of cost-effective, low-overpotential, and acid-stable OER electrocatalysts to enhance
overall energy conversion efficiency remains a significant challenge. Transition metal oxides have at-
tracted considerable attention due to their abundant reserves and tunable electronic structures. In this
study, we systematically investigated the effects of key process parameters—such as electrodeposition
solution concentration, deposition time, and annealing temperature—on the morphological evolution,
electronic structure regulation, and OER performance of Co304, establishing an optimal electrodeposi-
tion-annealing synthesis strategy. In situ electrodeposition growth of self-supported Co304 precursors
followed by annealing in an air atmosphere induced the formation of a pure-phase spinel Co304. XPS
and XAFS analyses revealed that optimized annealing conditions led to an increased content of Co3+
sites, and the Co3* content showed a positive correlation with OER activity. Near-edge structure analy-
sis indicated the generation of oxygen vacancies. Through systematic optimization of synthesis param-
eters, a self-supported Co3z04/carbon cloth electrode with controllable morphology and optimized elec-
tronic structure was successfully constructed. Consequently, the optimized Cosz04electrocatalyst exhib-
its excellent acid stability (19 h) and a low overpotential (365 mV), demonstrating great promise for
OER electrocatalysis in cobalt-based spinel materials and providing an important reference for the
design of high-performance non-noble metal electrocatalysts.
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BRI [7]. XKW, N T RBR S A G5 OER A AT K BN , A 06 B0 3 745 #3047 1A
s, DU m SRR e . A T N X ek, T DA A TR Cos0 B KAE TS
R, CAYGSRA LG B AR SRR, ST A MRS PRI ANVE[8] . Bk A FAT =4S SR PIRZ5 48 S R
FIAAE S M, ABOREAGTII itz S AEKER U T s EE R IR 48, G 2097 b T 9K BkL i) 1 5%,
EE N, H S IEE ZA)E R B e S A BT T s i FE AR A IE . Liu 28 NAERRAT B R AR
KT RBAMRALTE ) Cos04 99K F7 F4551(NC-Cos04/CC), MIHE T =4 [ ST RG 4577 fibf . 1EN OER fi
fBF7E, 7E 10 mA-em 2 B N A7 210 mV, Tafel £ 79.6 mV-dec™t. iZ HHAE 25 mA-cm2
KHLIR S N IGH 93 WK Ja TERETC TR, FLiif A PEDL T3k PUC + RuO, flEALFAI[9]. X Fl—1Acfb A B 2544
2 AR T AR SRR (R rELRE, AR T OER I FR Hh M1 RE 08 I I PRI % 48 2 IS A A,
MTRIESR T T WA A5 5) )% . BPTARE AT & AR . 90KEe. 9OKBEDISE TS b, A AL
PERT s 78 7 B i T MU - Sheng S5d i FRUTTRRAE VIR ER BAG T v — 4ok TSR R R A CoFe-
P L, OMRR R SR R S A S AR AL T IRRE 22, 76 10 mA-em 2 ibid -4 A 274.4 mV [10]. H
DURERE S T T W R T LR R0 V2 32 AT S80S R R A )RR B B, AT B A% o i 7 o it
I HE A B AL ORR B %11 FeCoNi A UL M) RAT B SRR AR T, B 9 JAE PO AR, [RI
{23k M-OOH JE P Fh B BR A7 A2 B, 7E 100 mA-cm 2 &b A7 4X 270 mV [11]. EHUbA] L, FATAT Bhidit
YU G TR ERE. 29 @ TSRS ISR EE R AE K Cos04 AL,
XA T REE CosO4 HITES, FFHATIH AL 7254, [FK OER St HLf

BRI, R 7 B s I 4 IR S A4 CosO4 71 OER M HLMEALVERE, AR Fdid YTARTE B A 55 A A K
T Co304 HLIEALF, SN HSCHE CosO4 BHATIR KALER, KA EANEAHE R, [FH B EMIIR S
s AR A A . FRATR G IR T T HUTRR IS HORIR KL S AN (R S5 A S 4% CosO4 HLEALTRIIITE
P GEERFE. T AR AL SRS . S5 S IR TESRAE AT FL 458 A AT RAE,  FRATAT LA E B
XA¥ Cos04 AR A S T & i, I RA S HRIAIES . B XPS 1 XAFS L [RIZE R EW], 7 Cos04
HHXTREHZ ], Cos04 ) Co B T Ak, Co* 5 OER iR . A AT AL N tral Ak
W B HETE 10 mA-cm 2 LR 25 ()3t FiLA7 h 365 mV, I HLATLAFERL fiLf7 R RS sE iz 4T 20 h.
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Figure 1. (a)~(f) SEM images of self-supporting Co304, C0304-350 and C0304-450
1. (@)~(f)B 3 #& C0304, C0304-350 F C0304-450 BY SEM [Elf%

Figure 2. (a)~(b) TEM images of self-supporting Co3O4
2. (a)~(b)B X #& Co:04 #J TEM &
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Figure 3. (a) Phase structure of self-supporting CosO4; (b) Phase structures of C0304-350 and C0304-450
&l 3. () B31E Co304 HI4HEZ54; (b) C0304-350 Fll Co304-450 HI4IHELEH

NT 5 T RRE R O T P IR, FRATHFE S XPS s i 3k 4T /b & 4 M A
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Co%*, IX J& R THI ] Co304 M ANFREE Y BUAN [F] (1) AR AL, o i 25 18 U B 1 2408, 3B KA i C0304-350 1 Co304-
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Figure 4. XPS spectra of self-supporting CosO4, C030s-350 and Co304-450; (a) Co 2p XPS; (b) O 1 s XPS
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Figure 5. XAFS spectra; (a) Co K-edge XANES spectrum; (b) Co K-edge FT-EXAFS
& 5. XAFS EiZ; (a) Co K &1 XANES ¢i; (b) Co K i1 FT-EXAFS
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Figure 6. OER catalytic performance of self-supporting Co3zOs, C0304-0.08 and Co304-0.125 in acidic electrolytes; (a) LSV
polarisation curves; (b) overpotential
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Figure 7. OER catalytic performance of self-supporting CozOs, Co304-5 min and Cos04-15 min in acidic electrolytes; (a) LSV
polarisation curves; (b) overpotential
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Figure 8. OER catalytic performance of self-supporting CosO4, C0304-350 and C0304-450 in acidic electrolytes; (a) LSV
polarisation curves; (b) overpotential
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4.1 BEXTINSZSZE

AR 1 T SRR FH SR B TRV S e 4« FRUTRS AR IE S — R R R T, R G s
TGS TAESE(CHI 760E, Lifg/R4E) I, DUANER S (FIBk A (o TAE A, BpRlEAxt itl, Ag/AQCI Ha
WAE AZ Rtk . TUARVACY 0.1 mol/L 1] Co(NO3)2-6H,0 KA . FRITAIE FEAE—1 V (FEXT Ag/AgCl)
[ 1E 8 HL R R EAT 600 FPATHLTAR o FTAS BT 3R AA FH 25 85 /K R JE K ZBEATF A%, Bl S 7E 60°C B M AH
6 /N SRR I R BL 5°C/min FHEE 2T 400°CHE 2 /N, BTfS LA dr 4 Cos04.

C0304-0.08 Fll C0304-0.125 il 771k 5 Fik i Fl, R yiAE Ry 0.1 mol/L 1) Co(NOs)z-
6H20 7K AR FE I AZ B 0.08 mol/L A1 0.125 mol/L, T AL FRE i 2373l 52 XN C0304-0.08 FlI Co304-
0.125.,

C0304-5 min Fll Co30,4-15 min [l 75 LR 7 AR, 2R PRI [E A 10 min 2224 5 min
A1 15 min, BT AR 540 50l € X9 Co304-5 min #1 Cos04-15 min.

C0304-350 Fll Co304-450 (1)l & J72: 5 Lk 77 ikAH A, H 24418 KGR BE M 400°C74E 24 350°C #l1 450°C,
FIT A3 HEAGFRIRE i 20501 7 XN C0304-350 FH Co304-450.

4.2. RAEFTE

18 ] H A B 22k X 2 4 (Rigaku) 42 77 1 Ultima 1V B X SFHERATHHC (XRD)HEAT AR AR 45 FAa il . %
WA K Cu Ko #E, {3 FH 7 [ 22 5] (ZEISS) A2 7 ¥ Sigma 360 %417 % 54713t o 1 B B (FESEM) A H 2 H
FR S EOL) A=A 528 JEM-F200 (1) 2 Dhfg iz i B+ R A8 (HRTEM) X &l AR} 00 45 +4 1
A R ZE R AR AT IR N S ST AT MORMAOB I SR AE o A5 FH 5% [E F8 R K /KRB (Thermo Fisher Scientific)4:
721t ESCALAB 250Xi B X I 2k % i 7 Re il SGHAT M RIER T AL #2570 H . 41 Rapid XAFS 2M (Z#IH%
WA B B PR A B RS, 0B S0 N 347 X BRI ORS 41 45 /) (XAFS) e ikl &, Hr, Co ot
FAE A 2122 500 mm (1) Si (533)ERTH 2 #h f A BT, =i 20 kV, HIN 20 mA, T Ce gt
%, TE 30KV 40 mA IR, BT TR MR B TS5 M AL

4.3 BHLFEMASGE

FELAL 2T SR O IR S TR (25°C)iEAT AR, M = H ik R, 7E CHIT60E HLfb2: TIEuL Bt
TR Hodr, TAEEM(WE)E B, BTt PR 1S5k iAm & T sk b, DA A i d AR
A lem?, LR Ag/AQCI FEFR(RE), %I HZ(CE)VE I fisekE. HERMEH 0.5 M IRERIER.
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