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Preparation and electrocatalytic oxygen evolution performance of
CoWO,/NC composites

WANG Tiantian' , WANG Yu', LIANG Wenjin®, QIN Qing", LIU Xi'en"
(1. College of Chemical Engineering, Qingdao University of Science and Technology, Qingdao 266042, China; 2. College
of Chemistry and Chemical Engineering, Shihezi University, Shihezi 832061, China)

Abstract: Transition metal-based electrocatalysts with abundant reserves and low cost have been widely studied as
potential substitutes for efficient oxygen evolution reaction (OER) precious metal electrocatalysts, but there are still
problems of poor activity and conductivity. Here, a nitrogen-doped carbon (NC) supported CowO, (CowO,/NC)
catalyst with abundant oxygen vacancy was prepared by the pyrolysis of W/Co-ZIF precursor. The feeding ratio and
calcination temperature of the catalyst were explored. OER performance in alkaline medium was tested. The test
results show that the catalyst prepared at a feeding ratio of 1 : 1 and a calcination temperature of 550°C exhibits a
low overpotential (346 mV at current density of 10 mA-cm™), a low Tafel slope (65 mV-dec™) and a high con-
ductivity. The stability of the catalyst under alkaline conditions was tested by the timing potential method. The per-
formance does not degrade significantly within 22 h. This work provides a new idea for the research of transition
metal-based catalyst and has certain guiding significance for the design of catalyst.

Keywords: nitrogen-doped carbon; ZIF; electrocatalysis; oxygen evolution reaction; synergy; transition metal

ASCHELL Co-MOF (ZIF-67) NaiEIA, st AUF PG H & i T RLEIB 24 ik (NC) N 2R Y
FAETITAGIAR (W) LR, P AEER CoWO, (CoWO,/NC) AL, & Lt 2 T ALY ZIF-

BB E: 2022-12-20; fEEIHHA: 2023-01-09; RAHHA: 2023-01-13; WAL EH LA E: 2023-01-30 10:46:42
& B %& itk . https://doi.org/10.13801/j.cnki.fhclxb.20230120.001
HEEWE: IWRARNFFHILETH (ts201712045)
Taishan Scholar Program of Shandong Province (ts201712045)
BIEES: 20, W, 202, WA S0, F52 0710 Ak Email: qinging@qust.edu.cn;
XA B, P, B0, LA S, BFSE 5 L iEfk Email: liuxien@qust.edu.cn

SIAME: EHH, £7, B30k, % CoW0,/NC Z &Rkl # KL AT AIERE []. -8R ER, 2023, 40(11): 6194-6201.
WANG Tiantian, WANG Yu, LIANG Wenjin, et al. Preparation and electrocatalytic oxygen evolution performance of CoWO,/NC composites[J].
Acta Materiae Compositae Sinica, 2023, 40(11): 6194-6201(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20230120.001
mailto:qinqing@qust.edu.cn
mailto:liuxien@qust.edu.cn

LM CoWO,/NC & & b A £ B L i AL i A M fe

+ 6195 -

67 ASEIE A B AL, A RO S T AR
B S E, R Co—wW 2 Ja] (4 Bir [l £ FH A 2% 4R T
TSR ENE ., SAEH WILE KXt
L (CoO/NC) AH L, R T I8 7 13 PR g
SEME, TEBRPEA Bt 10 mA-cm™ HLIR B BT
it AL 346 mV, A2UE MERT LATE 22 h LT TG
FEW

AT H 5™ 5 B Ak RE TR B kG I8 R BT TS g
A, I % ST n A BE R B B R Y TR Y
N BTG PPk R . URE i T AR A A R
U, BN R R R AT A Al A R R B — Rl R
IR AR RB IR H A Ak K 2 figp 2 — A 5
AEA, BAHELIGY . nTEA XA ]
A REVR & B AR WO o R A K o A A AR
ANE R AR AT U N (OER) A BA A BT &0 5 i
(HER). T OER ¥ K 4e %8, RV sh J12¢ K%
8, BRI T H A K Y R RS R R, PR I 5 T
JFH L T P (4 OER i 4k 77 4 Bl 148 i v A /K 3% 14
RO, B4 JE LA AL AN RuO, A IrO, 1T LLA 2L
R {1k OER &3 2 (4 B 1/ gt #4522, 48 S 3%
SR, W T RuO, Fl IrO, 4 i & % A1 4 46 & 5%,
EATE R AN 2 2 EBR & . Fuk, Af1F
U G T A i T LA B AR 1 2o U 4 J A AR
SR A IR, AT B IR BT T LA
F o4 BALF M OER IEME. MIELZ T, ATZ
FH 38 18 0 LA A2 2 v R 0 v DR B
4 JE 5 OER HLAE AL IR A9k TF & by BEAR A AL 57 9
AL AR AR AR R e WA IE, &
MTRA A M i P 4%, AT A S A R ] Il e
AT, R BLE TR AR AT A5
A DU A R A AR TG P . AR, &R
M2 Eh (MWO,, M=Co. Ni, Mn %) 44 K 45 1 b1
VB Sy HLfife K 1) o 8 H A A R A2 31 56 1 79, Zhang
S5O AE 2016 4F A B T B A 45 i M BE Y FeCow
ALY, BEZRBEIEERN, WA LIS 3D
&R E ALY, A OER H [A] (4 45 116 f5 2 1) i
AL 790 L6 Bl P H % B PP 10 mA-em? Y HL R E R
LRI 191 mv Rt AL, PERETE 500 h J5 A
W & Y %208 . Chen %" ] 45 T Co Ml Fe 3L 5 4%
1) WO, 7, ZALIGRILIR G54, LB ZBRAK T W i
B, BT WAL AT A PE, R AR
o B A7 (B i 2 10 mA-cm™ B} 33 B {37 226 mV)
R0 oM, e B rid, &R 75

Z (R Rl T DL w8 I P 3 B 1 R L g
Song %M DL = BEFUE Ry B 24 ik AT DK A 1 45 T A
% 2% Z fL ik 3K 135 4l 3 34 I8 i 1k 7] CoM-NC,
= R v R I WE e B 28 ik R A T DL L4
G oK UKL, T 3E 2 48 4 AN R 4 s oo AT LR R
Co 1Y d 7 HoL 45 A8 R AR R0 5 S i 4 . )
R R 4G, AT NTTE LA 5
Y B RERE T, LR 4 T OER PEfE . b Ay bk
i B e (ZIFs) R & A L E 4L (MOFs)! >
B —ANH 25, Ho & )m e 15 sk Eh B
B PS5 A R IR A . T SBARER, ZIFs R
PR AR L 0 0 A 2 e e R AR M i 32 )
Pz ORERY, BT RS L SR
RIB AR AT AR Wang %52 3 5 A WU 2 1Y
& A A HUHE R AT B (ZIF-67), 128 30 ik Ak i D)
il B 991 K B OB 4 5 43 A T RAB ek B2 1 22808 1
TARGOK AR, 1525 T Co 44K PURL 4 BILTE A
B2 A £ (Co@N-G) MR ERAR 1) Fa S HEL Pk K
BN, AR R R T L A
FAFE

XTI T AR, 68 T U2 IR E B &6 (NC)
h HJEE ) CoWO, (CoWO0,/NC) Hi, 1 4k 771 i & 1 o
il 11 Co-MOF (ZIF-67) 5 & L8 (WClg) Jx b, i
FETEBETERISTBREE, ST Cowo,/NC
LA AR, 7 Bt A IO T A Ak ) Y AR
PEfig. Hd T mmESgw, K
Co—W Z 1] i Up [) 4 FH V&8 2 1 1) v 5 vl 12 %
SRS LI AEAE A R M AR 0F T 3% P s e M 2 7

1 EB#MBEAE
1.1 FE#

ST A Ak 2 i 34 DR M AR ) R A 3R AR O3 BT 9
AT AR St — 2 aifb . 2-H LK (Hmim) F1
INIKAREIR % (Co(NO,),-6H,0) Il H Sigma-Aldrich.,
AL (WClg) & M BTHL T W 3K 1 .

1.2 CoWO,/NC BI&

B4, ¥ 80 mmol 757K A il R 4 5 320 mmol
2-F BE Bk e 7 53115 £ T 50 mL 1 100 mLH B %5
o, K LR AN WOR A OF R T 30s, RS
FEZEM T &4k 24h, s OYEEATIE, M
HHEE PR 3 IR, e Jm L8 TR 38 ZIF-67, Bl )5
4 100 mg WCg % fift 7 25 mL 2% B T /K Fl 2 B TR
AW, 5min J57EBCRE N 2408 W oA
100 mg ZIF-67, K iR & W 7E 50°C T iiHE 1%,



+ 6196 -

EEMRER

By E TR A O L (TF55035K-1,
FERCRHABRA ), SRSTE Ar P Ll 5°Comin™
[ i #4  R % 550°C, JFAE 550°C FiB Kk 4h, %
HEERG, BWEIFRA"Y, idh CoW0,/NC.
R TG, S8 H AR5 ZIF-67 il % CoO,/NC.
1.3 CoWO,/NC B R1E

fifi FHl Rigaku fi7 4 & 4t (D/Max2000) % 1l £ Y
AL UEAT T XRD K . 38 o 4 R B
(SEM, H 37 S-4800) Wi 5 i L M B & .
JOEL JEM-2100 F # 17 3i% 5 fL F W 7 5% (TEM) Mz i
Ay % 5 MU (HRTEM) R1E . X 5F4tH
T-fE1E (XPS) M4+ 7E ESCALAB 250Xi X § 48 % it 1
fIEI% Y (Thermo Scientific) [ #£17 .
1.4 BAZENR

T B (0 = B FR G0 R IS T A R AR R
[ H i Ak OER Mk B, JH: b i 4 R0 AT 30 &0 L 1R
(RHE) 43 51| /6 % i ) Fn 2 e LA, BB A% (GC,
HA% 3mm) FHE TAERM ., B 2 mg LAY
5] 4 #L #| 275 puL & P A1 25 pL Nafion (Sigma-
Aldrich 15%) %, # 7 30 min DL £ 3 51 11
BaK o HLAR 3 F % A 1 mol- L™ KOH ¥ W o
1£ 1.0~1.7 V (vs RHE) [ L #GE B P, LL 5 mVs™
4 Al R ) R PR AR (LSV) k. I F
Bl 44 8 i o R R (IR, 95%) A2 3RAS . AUHL 2

(€Y

2
Z ZIF-67
Q
E
x ZIF-67 simulated
10 20 30 40 50

20/(°)

L2 AE (Cqy) A2 MG BB AR 22 3 T 2 rp 1330 H R 1
HL 1k 2 BB 3% (EIS) Ml & £ 0.01 Hz~100 kHz 45 R
00 1B P ) E B P B R R AT o TR A 0 3 3 o e
HLAV EEAE 10 mA-cm ™ L i % 8 T k47,

2 ZERE5iTie

ZIF-67 J238 i3 56 w4l 36 1) faf SRR 5 & i el
 1(a) o ZIF-67 1 X 51 A7 5 (XRD) &3 5 45 4l
W SRS W) G, R R (SEM) XF
ZIF-67 TR AR ML S AT RAE . FTLLE Y, W)
A BT R SF 258 200 nm AYZEIE+ iR (41 1(b)).
3T XRD X1 % () CoWO,/NCHEFT T 437 (K 1(c)),
7 51 % 5 CowO, 4 B — 2 (PDF#15-0867)!,
[F] B 0, W0 58 3] T B W I AEAE . NIRRT LA
CoWO,/NC W 45 i E# 2%, Xl RBZ&H T ke )5
A7) v B P A7 A 0 45 O B A . 38 5 SEML 3RAIE
T A WA SRR S B SRR, 1 2(a) R
CoWO,/NC H it 2y JZ AR HE R Btk B 4 00kL , B
ARAFLI B 3 A5 A4 5) 3 S i e T
(TEM) W58 T 94 K &2 & MBI TE 28 R R0OUL 25 44
E 2(b). Kl 2(c) Bras, M TEM Bl 52 B
B JZARHEFLZEH . CoWO,/NC 44K 45 #4 1) HRTEM
B AN & 2(d) Frzn, 0.291 nm (Y & 16 6] BE % 5 T
CoWO, Yy (T11) T, X5 XRD 53—,

©

CoWO,/NC

Intensity

CoWO, PDF#15-0867
H I bk o wglil bub g
20 30 40 50 60 70 80
20/°)

&1 ZIF-67 /) XRD 3 (a) 1 SEM [E1% (b); (c) CoWO,/& 57t (NC) [ XRD &l

Fig.1 XRD patterns (a) and SEM image (b) of ZIF-67; (c) XRD patterns of CoWO,/nitrogen-doped carbon (NC)
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d—Distance
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Fig.2 Characterization of CoWO,/NC: (a) SEM image;
((b), (c)) TEM images; (d) HRTEM image
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Fig.3 XPS spectra of CoWO,/NC: (a) Survey spectrum; (b) Co2p; (c) O1s; (d) W4f; (e) N1s; (f) Cls
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Fig.4 Oxygen evolution reaction (OER) performance of CowO,/NC and CoO,/NC in 1 mol-L™' KOH: (a) Linear sweep voltammetry curves; (b) Tafel

slopes; (c) OER overpotential when the current density is 10 mA-cm™ (d) Chronopotentiometric measurement at the benchmark of 10 mA-cm™
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