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Abstract:  The Co3;04/C catalyst with nanoparticles was synthesized by a liquid control precipitation method. X-ray diffraction and trans-
mission electron microscopy were used to characterize the structure and morphology of the catalyst. The electrocatalytic activity of the cata-
lyst was investigated by line-scan voltammetry and cyclic voltammetry using rotating disk electrode technique. The results indicated that the
Co0304/C has electrocatalytic activity for the oxygen reduction reaction (ORR). The exchange current density of Co304/C catalyst obtained by
the Koutecky-Levich theory is 1.1 x 10 A/cm”. The overall electron transfer number for the ORR was determined to be ~2, suggesting that
the ORR catalyzed by Co3;04/C is a 2- electron transfer pathway. The process of oxygen adsorption on the surface of Co;04/C was simulated
through Materials Studio to explore the catalytic mechanism. The state density, electron density, bond length, and adsorption energy of O and
Co were calculated. Restricted by the geometric configuration, O, can only be adsorbed by the Pauling adsorption mode. After adsorption,
the O 2p orbit and Co 3d orbit hybridize with each other and form a new chemical bond. The © bond of O, is mainly weakened by the elec-
tron transfer from Co to O. At the same time, the other O atom is activated. H' can easily bond with the other O and the catalytic reaction
occurs through 2- electron transfer pathway.
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Fig. 1. XRD patterns of Co;04/C catalyst (1) and Co;0; (2).
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Fig. 2. TEM image of Co;0./C catalyst.
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Fig. 3. (a) Cyclic voltammograms of Co;0./C catalyst recorded in
N,-saturated H,SO, solution (0.1 mol/L) at potential scan rate of 50
mV/s; (b) Current-voltage curves of Co;04/C catalyst recorded in N,-
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or Op-saturated H,SO4 solution (0.1 mol/L) at potential scan rate of 5
mV/s with catalyst loading of 0.073 mg.
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Fig. 4. Current-voltage curves for the ORR on a rotating glassy
carbon electrode coated with Co03;04/C recorded in an O,-saturated
H,SO; solution (0.1 mol/L) at various electrode rotation rates at poten-
tial scan rate of 5 mV/s with catalyst loading of 0.073 mg.
ORR-oxygen reduction reaction.



www.chxb.cn A= B AR Cos04/C KSR JR SN (K75 1 A AL 2 627

3 ) Ry B J R A T IR L RS AR AR 0 R
B, i R AT A R T i R WU E ) A R A T
E %t logig 1 K, 1531 Tafel fhk &, 45 R T8 5. #)
P& Tafel #h £k 21 % (2.303RT/(anF)), 7 K13 an, N
0.46; R4 4R EE (E° +2.303RTlogi®/(an,F)), 7] 1558 #i
HIR S °=1.1x 1077 Alem?®. Horp, 22 #e oL 7 25 1 S
Ay 2 AR S PR I 2 S B AR S Co304/C AL 711
HE A AR I S N R AS e LR B S PY/C AL T
(10°~107"° A/em? 6% A3

0.82
0.80 - mg

_ 078} N

=) L

Z 076 RN

> 0.74 Sm

Z
Q0721 S
0.70 | ~n

068 I 1 L 1 L 1 L 1 L
2.6 2.4 22 2.0 -1.8

Logiy (iy in mA/cm?)

5 RIFEHIE (2) LAY Tafel Hhzk
Fig. 5. Tafel plot according to Eq. (2). Data from Fig. 4.

DL b 7E WAk R A Bl ) 2 s B B i
Co30,/C A 571 2% T S8 Ji L Ah 27 S 0 T8 56, RIT i A
IS . R T8 H B R THT 1 S AL

W & H AR AR AR B (0 K (A N T 0.7V vs
NHE ), 6 A4 1 75 28 3 A2 by H 4K 272 31y ) 2 FHI 22 4
TR A P ), B R ZE AR B B, LR, AR
Koutecky-Levich PE ity Jie % [7 45 FE A% L A0 B LU
BPE (ig) AR IR A

i =i +(0.201nFc(05)(D(02) v 0" (3)
i R iR NG () B 7 2 L BE, m Ay G T L A
B, D(02) h O I BL R L (em®/s), v A& %5 RN
J (em®/s), o #& HLME 5% #1134 (r/min).

1 Koutecky-Levich J5 F¢, is ' 5 o™ B IF Hh, BL
47 0.1 VI HLRAE AR BT 6. i i v 515 F
SRR N B n H N 2.0569. X Ui B 4 7E Co304/C
P I TR P 30 5 A2 4 P s 45 T
223 SEEAFIRENERIRE

Co30, Bl PR 9 fib A 45 K4, 0 6 a8 1 T 0o 37
Co MEAMM & +3 F1+2 i, K 7 /& Cos04 A Z
it CASTEP GeomOpt (MS4.0) 14k i 1 s 44 4% A ¥y

1.0
—u—0.1V
0.8 - n=4
U e n=2 L
506} =
o /,’
<ol
£ o4t o
Tz L "/‘
0.2
00 I 1 L 1 L 1 L 1 L
0.01 0.02 0.03 0.04 0.05 0.06
(1)71/2 ((r/min)fl/Z)
Bl 6 EiTREREE Cos0./C B} A Koutecky-Levich
ith £k

Fig. 6. Koutecky-Levich plots for the ORR on a Co;0,/C coated
glassy carbon electrode. The current data were taken at 0.1 V vs. RHE
from Fig. 4.
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Fig. 7. The spatial configuration of the Co;0, crystal.
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Fig. 8. The adsorption modes of O, on the active site of Co;04/C
catalyst.
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Fig. 9. State density of O, before and after adsorption. (1) O, before
adsorption; (2) the adsorbed O; (3) the other O in Pauling adsorption
mode.
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Fig. 11. The change of electron density of O after adsorption on the
surface of Co;O; catalyst. (a) The electron density changes of O, in
Pauling adsorption mode, the adsorbed O is on the left and the other O
is on the right; (b) The electron density changes of bonded Co and
adsorbed O in Pauling adsorption mode. The red ball is O atom and
blue ball is Co atom; Red electron cloud shows electronic enrichment,

whereas, blue electron cloud implies electronic lack.
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