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2 SLIGERS

2.1 UE5iEH

D8 Advance By AR X SFEATHAL (£ FE A & 52 ) ; INCA-Penta-FET-X3 X-5F 26 HL 7 BE 1% 70 HriX
(DA HUAR A F]) 5 F-Sorb 2400BET LR TN (b5t 43R 1ERHEA R A ) ; LabRAM HR800 7
1A (1 E Horiba JobinYvon 24 F]) ; JEOL2000EX % i Hi + b 8% ( H 4< H 372\ ) ; RRDE-3A Jiig
FEIR 5%/ IR BR H AR B A ( HAS ALS 24 H)) 3 CHI 760E HiAL2E T ARG ( i RAEAZSA PR A ) |

F127 B tE R Y (BT T 28w ) 5 7SIE RS DU i TEsK S 5w N CoCl, - 6 (H,0) (Al,0, . KOH
5% Nafion I (53 Hrt, B2 2= A BR AR ) o
2.2 KWHE
2.2.1 HALBHRETIRENH & AERBEESET 1042 ¢ FI127 B Tl & LB KD AR R
A 0. 654 g 3-Z 5L FN 0. 47 g 7S H DU S HE 250 f5 |, e R B LB, T 50°C i 2+
16 h,BEGHE AN S, LA 1 °C/min BERTHRE E 95°C 76 95°C S 8 h, RGBT oK L%
BT KZ B LTRSS, BT 50°C B8 T4 12 h, RIRT A3 8 A FLAR A BT IR
2.2.2 HIEHHESUWHNILBREEAFTOHEE B 100 mg ANFLEBRITIRKESHEA T 75 mL £ 1
K TR B AW A K 1 g KRG FALET G R IE T 20 mL KB T KBS AER B, #
WU A RV B IRA R —E B RS B A SR VRSN 7E 120°C BLHEZR A T/t I, B A] 45 31 1% 5%
R, B E T N, KA, L2 °C/min SRR ZE 750°C 4858 3 h, I AT 15931 2B (4 4
AR B T 2 E AL A FLBRFELAEAL ), BRIC N MC-Co-750, ARt BESZEG | LUAH ] A 4BERE R B8 X A £L
T R AR A AT AL, BR A AL FIFRIC S MC-750,, il &l B an &l 1 s
2.2.3 ORR & EgEMIRK  H 1.00 F10.05 mm(1y
FULSVRIAR RS BB B AR VAT IOCAE B SRS 20 0 i R '
FEB T RMICK B A ST, AR T, & Vel ” S '
o FRECA mg bRl 48 B4 1L 7] MC-Co-750 , B 75 Hesamethylenctetramine

HO NH,

3 HCFE Nafion ¥ W ( 7K-5 4 B2-Nafion, 4 : 1 :0. 1, Fl27Qmi(‘elle * v <3)
V/V) i AR B B S 10 mg/mL B 43 O, B HL (1)Hydrothermal process &
10" L4595 10 0 35 5 T 05T b &
1, B A3 MC-Co-750 fiit {70 48 1 B A , 44 10570 A9 12 MC-Co-750

Bl 0.756 mg/em’ . HERU SR, DAY J7 i
4% TRk Pr/C T MC-750 &6 Ha A o

A B AR 2E TR FE CHI 760F i Ak2 T /E 3% A
A€ ALS RRDE-3A %ﬁiiﬁﬁ,;}éﬁﬁﬁ‘{&i%*&{z{: nanoparticles supported on mesoporous carbon catalyst
R AT BB A A O TAR AR PRI e o0 7s0)
W R X A AR Ag/ AgCl HELRR A 2 HEELA , 76 /S
HIFI 0.1 mol/L KOH ¥ ¥ #4738, 78 F 1K % ( Cyclic voltammetry, CV) I3 19 451 5 3 %
50 mV/s, AR % (Linear scanning voltammetry , LSV ) Il A FIH5 3K 4 10 mV/s,

3 ZER5{Tie

3.1 MRIRME

T W PR AR B AR ZE 8, 5F MC-750 il MC-Co-750 BEA AT X BHEATE (XRD) F4F, 0
B 2A iR, MC-750 BEELTE 20 = 24.7°F1 43. 5° 47 W9 4~ BH 0 119 5 Ak 0G| 0 3 ) o7 A1 38 Ak B 45 44 1Y)
(002) F1(100) fb i, Z BRIl 45 THRA R, XF H MC-Co-750 #£ 5 XRD 3% &l Co,0, FIARIE PDF
AT S R AT L FE 20=31.3° 36.9° .59. 4° 1 65. 2° 4L (AT HHIE 5 Co,0, 19(220) . (311) (511) Al
(440) FHTE G A, W Co, 0, RLF R 6 3% T Fr il 25 Ik 3L b AL I

B gt S A =l 94 KORE T 1 S FL AR S (MC-Co-
750 ) fHEA TR il £k A s T

Fig. 1 Schematic illustration of preparation of Co,0,
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N T e 2B ERGEPI) # M AR B FL A5 A, SR T Ui X MC-Co-750 #EAT 1 3R T ¢ B 14 REAF
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K2 (A)MC-750 Fl MC-Co-750 LTI XRD K3l ; (B) MC-Co-750 147 Fr) 48 M/ Mt Wi 458 3k i 2k
i1y MC-Co-750 HEAL R Y FLAZ 534 18]

Fig.2 (A) X-ray diffraction (XRD) pattern of MC-750 and MC-Co-750 catalysts; (B) N, adsorption and
desorption curve of MC-Co-750 catalyst. Inset in (B) is the corresponding pore size distribution for MC-Co-750

catalyst

MC-750 Fl1 MC-Co-750 ¥ &l it 1% 5 B, 7 . 3BE ( TEM) MR /&l 3 Firs . & 3A BT L, MC-750 #
TR TAFAENFLESH  FLAR TR SH 0 4 ~6 nm, 5 MC-750 KE 5L TEM 45 541 b, MC-Co-750 {4k
R B S BB ER R LM R TR, — /

B G K R FIORL A2 29 5 nm 1) 49 K J0RE
(1 3B) , R UIEHFE i 25 o B g il T 5| A3
AfLwtt B, X AT e T A LA EA
KA L 2 AR = B AL 254, RS ZE 4L
T G b i A v A ) IO A i B AR A R 1Y) 42 i A
Be (A4S A ALY KR T RE RS 4 4 [ 2 7R A
LRI, 2 11 $ AL A 22 06 MR A A, DR UE BT Al v

AL AR, o R T

R X-STEEHL T A2 (XPS) Xf MC-Co- Fig. 3 Transmission electron microscope ( TEM) images of

750 FE &L AP OCER AL AR S AT RIE. M Me750 (A) and MC-Co-750 (B)

P 4ATT UL FE 45 A fiE 100 ~ 800 eV 3 Bl N A

4 AR Ry, 23 52X N CLO 1 Co HRHEIE , ] MC-Co-750 L7 h FEZ & A N.C.0 Hl Co
4 FPICE . B MC-Co-750 FE 5L Y Co 2p XPS G 40Kl (&l 4B) I UL ,779. 6 F1794.6 eV AbAPIANUE, 73
BT RE Co™ 2p,,, 1 Co®*2p, , , ZEARE N 781.1 F1796.5 eV ARG B T Co™ 2p,, M Co™ 2p,,, 7, I
SR —LUEW] T AL TP AR A EE IR E LA Co, 0, TEFEALE , 5 XRD 43Hr 85 RAHST

3.2 BUFEMEEESH

T WIHARIE MC-Co-750 (9 ORR HEALPERE , HF MC-Co-750 AL 7143 I 7E 48 S5 AU AR A H
(0.1 mol/L KOH) Hri#47 CV Mk, 4nf&l 5A Fis , A M s CV - AETE— R0 AR
PRLFTIE R T e I i 28 R LR B4R | B MC-Co-750 XF OR 2 i A B W Ak /E ] . S 7 3 — b ¢
JIE ) B B AL TR I Y 22 S0 X MC-750 I MC-Co-750 BEAT T el [ 3 fi il LSV ik, 45 R 4 &l 5B
iR, AT i fLERAEAL T MC-750, 12k Co,0, AY MC-Co-750 HEALT 2K U L A7 Z91EH8 7130 mV,
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Fig.4 (A) X-ray photoelectron spectroscopy ( XPS) survey spectrum of MC-Co-750 catalyst; (B) High

resolution Co 2p XPS spectrum of MC-Co-750 catalyst
XL MC-Co-75 EAA B AT A L ORR {5 1%, X AT HE 2 H T Co, O, GHKBURLTE & L R 1 AR fL ok L 1Yy
RAF5 40 ORR #4758 2 B 6 A7 A, AL A5 R RN Lb 3% 1 FRAT 1) Hi fof BT A% 22, finple 17 4
SIRJERYH A, X MC-Co-750 5 Rk Pr/C #EALF & B, MC-Co-750 By {1k ORR F U L7 IEFE T
20 mV, 3% K] MC-Co-750 HA 5L Pv/C AR SO0 5 B A AL IS 7

0.6 1
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K5 (A)MC-Co-750 HEALFITE N, H1 O, HIFIAY 0. 1 mol/L KOH ¥ i FFHY CV #1Zk; (B)MC-750, MC-
Co-750 I Pr/C ALY LSV ik

Fig.5 (A) Cyclic voltammetry (CV) curves of MC-Co-750 in 0. 1 mol/L KOH solution saturated with N, and
0,; (B) Linear scanning voltammetry (LSV) curves of MC-750, MC-Co-750 and Pt/C

N T HE—2RIE MC-Co-750 HEALFRITE ORR 3 A2 5% 78 v 185, 7E AN IR 3% T SR FH e 2 (Bl 48 v,
WHEAT T LA R RN (18] 6A ) | A5 R II] A BIR A A H vt 8% B I Pl R P s g 4 i i o, 458 A
[7i) Fi, 34T )M IR P, 2 8 A P AR B LR 7R3 MC-Co-750 AL 7E ORR S R Y 36 % v 1
Al i Koutecky-Levich FrR A,

1 1 N 1 1 N 1

- = = - 1
J 0 J Ber (1)

B =0.62nFC, (D) 1™ (2)
o RIS A F U 2 B L RN A iR B ) 2 F T B TR R BRI . w o n KL Cy L Dy v F K
Sy R 7R B 5% 34 ORR o B2 v 7 B8 Fa 7 0800 V6 7 58 % 21 (96500 C/mol ) | AU MR B (1. 2 x
10 mol/em’) BUSAE 0.1 mol/L KOH T BURE (1.9 x 107 em®/s) | HLAE T 2l ) 274l B2 F g 4%
B HURE R, BAK(D) A(2) 1A ORR ROVt B8 L F 302 R 3.9, 8EHEIE 4, Ui B MC-Co-
750 FESHEMEAL ORR S (i 2 o S AR S B T 48010 DU HE -3 it , ELAA R 8okt B i B A ORR #4657
NI,
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X MC-Co-750 FIF H Pr/C AL T2k 3500 B AUNGER R 2243948, IR LA e k. fi Il 6B AT L, 7
3500 FEIEIMR LIRSS , MC-Co-750 iy i 4= FEL 7 %A & A BH WA A% | B FIR FL 3 2% B N R 24 9% 5 i
Rk Py C AEACTI I A RS T 2919 mV W PR HL U2 B 08 129 12% , SRIIPTTS MC-Co-750 fifL
R FE L TR Py C fEFRF

4 A 1 B
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Fig.6 (A) LSV curves of MC-Co-750 catalyst at different rotating speeds, Inset is Koutecky-Levich plots at
different potentials; (B) Oxygen reduction reaction (ORR) polarization curves of MC-Co-750 and commercial
Pt/C catalyst before and after 3500 cycles
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e 5 f7 B AT B R RRR 4 5 v IEMBOGR T 1 5  T B3 Co, O, AAKE T4 e L e T A FL A SE A1 R
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FHAT AHELL ORR Sz 0~ 0 v 7 AR BR L 5 8, H S B L-F-o8 2RYPU L 5~ ORR JONzigAe, [RIA, Frf
AL A IE IR E PEOL TRl Pr/C L, HA R TR BB ORR Sz 1o AR A5 A 98 7, A B IRl
P BEAEALTI AN T,
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Cobaltosic Oxide Nanoparticles Supported on Mesoporous
Carbon as Highly Efficient Electrocatalysts
for Oxygen Reduction Reaction

ZHANG Zhen, SHAO Xin, HUANG Ming-Hua "
(School of Materials Science and Engineering, Ocean University of China, Qingdao 266100, China)

Abstract Fuel cell, as a prospective energy conversion device system, provides high conversion efficiency
and cleaning products. However, the development of fuel cell is significantly hindered by the sluggish kinetics
of the oxygen reduction reaction (ORR) in the cathode, so high-efficiency cathode catalyst is highly required.
As the state-of-the-art electrocatalysts, platinum-based materials are still the primary choice for ORR, but a
series of issues including high cost and scarcity of raw materials make the large-scale applications of fuel cell
difficult. Consequently, the development of non-noble metal catalystsis is becoming more urgent to solve the
issue of the fuel cell. Herein, the mesoporous carbon precursors were first synthesized by the soft template
method. Then the mixture of cobalt salts and the carbon precursors was heated at 120°C to evaporate the
solvent, followed by the calcination at 750°C. X-ray diffraction (XRD), transmission electron microscopy
(TEM ), X-ray photoelectron spectroscopy ( XPS), transmission electron microscopy ( TEM ), ecyclic
voltammetry (CV) and linear sweep voltammetry (LSV) were used to characterize the obtained catalysts. The
results showed that the cobalt oxide nanoparticles were successfully supported on the mesoporous carbon
materials with high surface area. In an alkaline medium, the as-prepared catalyst exhibited high
electrocatalytic activity for ORR, which was comparable to that of commercial Pt/C. It also showed a higher
stability than the Pt/C catalyst. The catalyst was expected to replace the expensive Pt as a new cathode
material for fuel cells.

Keywords Mesoporous carbon; Cobaltosic oxide; Oxygen reduction reaction; Non-noble metal catalyst
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