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1.1 SEBMR M-NJ/C 89%) & 5 R1E
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B4 T 25 mL /K LR 25 mL — AL
k1 (DMF) A3 2% B ARG I8 A L 2 §iii/s 1
AW B 2, BRI G HAE 40 C4
PE RIS FFERE 30min. BF75 3 R Ik Rl i 0
Y B RNEAR, FHOMEDEGZ W57 80 C R4 2h
B FT YRR M-ZIFs. JL 500 mg FT4K{A M-ZIFs & &
Rz, BRSO E A E . A
Ar/Hy(10%, ARAEO)LRY S, KA 5 K/min [FFHR
TETHAE 350 CHEARIR 1 h UGBS PR 7K 23 R 2% it
B, G LA S K/min FHE S 800 C, fRif# Y 3 h
Ja HARAH R =, 531585 7% M-N,/C.

K H A H 2242 77 1) Rigaku 2500 (18 kW)RT S
BORAEHR) S A2 R 5 S5 R34 7T 24k R A FEI Nova
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T 55 T B (HRTEM) X 44 B} R B 3 1E 4T R AE s SR
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X SR HL T RS S HroRE A R R T 6 3 A A
AT T KA 6 s 2 54711 Monosorb L
FMAR LG FLAR AT DRSO AR ) LR T AR A F LA
ATy
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2.1 MIRRAE

B 1 B Ak M-NL/C () XRD 3%, 1 R 72
F SRR bR e . N 1 FATA, Zn-NJ/C 7E 25°
440 /A7 HILPH AN AT T C(002)F1 C(101)IF U, U4
PR, UL SRR RGBT Rl UG,

FEIR N 5780, IAE Zn-N,/C 1] XRD i 1 #4571
BXINT Zn 1. Co-N,/C 11 44°F1 S1oHH BLIATST
e 55F I8 [T 2 @-Co [FI(11T)AN(200) & T8I, 11T 7E 26° HEL T
BB 6 B F C(002) 1 92 0, B A 1R A7 A i
Co-N,/C A st PR P 7.
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Fig. 1 XRD pattern of M-N,/C

Bl 2(a) FI(b) T 43 5l b 5 B kL Zn-Ny/C
Co-N,/C [f] SEM 1%. W 27w, Zn-N/C PikifT
R, VOISR 5 Zn I 28 R AR 7 51 22 101 35,
ANRITRL AT RL A A ISR IS . [ 2(b) Co-N,/C Fil
RS ARGE, (FOEHRMMAS AR & 20k
Co-N,/C 1f] TEM &, Bl 5izs Co-N/C FUbi EAEH
100~150 nm, Ko KRN L. B 2(d)0) &R
PEL Co-N/C AELE SRR R 0.2 nm [ AfA%, XAV (1) 4
Co(111), "EMMMHEAAAEMIEEA 0.34 nm ¥ fhA%, X
M2 C(002), HE—30 Ut AL A AE e T MR A
SRR

Kl 3(a)F(b)FT7r 43 i Zn-N,/C Fil Co-N,/C 1%
Uy e e & RN B P S P DA B
oAl 1B 3 PRI AT R T ZEAEAR S T (p/po<0.1)EBAF
FEW S (R BERS , M5 TUPAC 1977325 4 ML (1 type-TV
SV, XL M-NYC R LA 2
LA k. R4 BET v:7H 55433 Zn-N,/C. Co-N,/C
L AR 904 580 Al 436 m*/g. M LEZETHIFR B
F» Zn-N-C (LR TALL Co-N/C 1K, 1t A 76 i
AR, Zn B AL, B T R LLER
AR . Ak FL42 % FT B Barrett-Joyner-Halenda (BJH)
ke, wE 4@ M) NE TR, Zn-N/C.
Co-N/C I/ fLor A #EE P AE 4 nm 24q, PR IT1Y
FLAR53 504 3.8 nm AT 1.5 nm, M A LAHEWT H Zn-N,/C
LI L IE AN, P DL AAR BN, AR
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Bl 2 Zn-N,/C Fl1 Co-N,/C [ SEM 1% LA K Co-N,/C [f] TEM 1%
Fig. 2 SEM images of products obtained for Zn-N,/C (a), Co-N,/C (b) and TEM images of Co-N,/C (c, d)
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Fig. 3 N, adsorption-desorption isotherms and corresponding pore size distribution (inset) of Zn-N,/C (a) and Co-N,/C (b)

TEOE U R TP AU UE T, 1T Co-NJ/C I FLEL 1 #8
b, AT R R R AR

A XPS W H45153] M-NJ/C thé)d. Ut
TR R Koo RSGENE 1Y, Hh
Zn-N,/C 1 Zn & 5T 02%, WA CLIEA B
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(Ng» 401.2 eV)IIFFALE, Redemi B, ik

A5 AL, T E (298 .4 V)T Co-NL(399.2 eV)#i b
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ST, WIEPE ) N 1s 2006 K (LK 4(a)F 4(b)),
AT EA B AN S AR S AR 2 140,
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F1 M-N/CH&ITHERNE =
Table 1 Elements contents of M-N,/C

Element Mole fraction/%
Co-N,/C Zn-N,/C

C 91.86 90.26
N 2.90 3.01
0] 3.86 6.62
Zn - 0.08
Co 1.36 -

(2)

396 398 400 402 404
Binding energy/eV

(®)

400 402 404

Binding energy/eV

396 398

(©)

Co CoO, or CoC,N,
Co-N,

778 780 782 784
Binding energy/eV

B4 Zn-N,/C [f] N 1s 7} Kl Co-N,/C I N 1s 43U DL &

Co-N,/C [f] Co 2p 3/2 /U]

Fig. 4 N Is spectra of Zn-N,/C (a), N Is spectra (b) and Co

2p3/2 spectra of Co-N/C (c)

BT 3 ANME, 35108 Co(778.5 eV). CoCN, ik CoO,
(780.3 eV)HFIl Co-N(781.6 eV)"¥, @il i+ 15X 3
AT A BB & 2 A 0.42%+0.51%11 0.45%( &
IRITED), 3 3 s, Hhfehy ORR S g A7 s
] Co(Co-N,) 5T K] N(Co-N )M, 4R E 1
i, AR x=1.29,

&2 M-N/CHPRITESMAEAEA &
Table 2 Contents of N-6, N-5, N-Q and Co-N, in M-N,/C

Mole fraction/%
Component
Co-N,/C Zn-N,/C
N6 0.69 0.64
Ns 2.90 0.80
Nq 3.86 1.57
Co-N, 0.58 -

F3 Co-NJC &R BN =
Table 3 Contents of Co, CoC,N, or Co,0,, Co-N, in Co-N,/C

Component Mole fraction/%
Co 0.42
CoO; or CoC,N,, 0.51
Co-N, 0.45

2.2 EENMERENIK

5@)IT 7~ A Co-N,/C 7L T LU AU 0.1
mol/L KOH ¥ MR 2 th (#1148 50 mV/s).
Kl s Co-N/C AER AN 241 N TG W] AL
W, TR R 2 A I R AR g, 40id
JRHELAT K 0.82 Vo [ 5(b)FT A Co-N,/C. Zn-N,/C Al
Pt/C 7EAAN 0.1 mol/L KOH VAR IR Ak Hh 2 (5
1600 r/min, 1344 5 mV/s). I 5(b)h ] %1, Zn-N,/C
R AR R TERE, Co-N/C IZRILH L4
R AL PERE, RARIE A LGIE AT £5(0.92 V)
=30 FELAV(0.83 V) LUK B K FELI 4 18(5.8 mA/em?),
LT PUC MIPEREGRAGDI AN 0.95 V, BN
0.85V), UL Co [IA7AEXH A S JR ) FE 2

6() T AN A HGE T Co-N,/C LTI
thek. B 6(a)r %, P& RN, WY
MR, HEREER K. T ORR BT —%sh
2E R, ol PR AT Ll i Koutecky-Levich J5F2
(CEP

Koutecky-Levich 77 F2 U1 N i 7 :

1 1 1 1
- =4+
JL JK Ba)l/Z JK

(M

1
J
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Fig.5 CV curves of Co-N,/C (a) and LSV curves for Co-N,/C, Zn-N,/C and Pt/C (b)
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Fig. 6 LSV curves of Co-N,/C at various rotation
rates (a), K-L plots (b) and chronoamperometric

response (c)

H(1.9X 107 ecm¥s); o A& HMT 30 )1 2 56 5 (0.01
cm’/s); kA HL TR RS R L

R4 LA A3 K-L thgkin & 6(b)fin, it
HE— D5, 15 304E 0.4~0.7 V AL R IPER o 7388
ok 3.95, BLHIZMEA R AL R B T 4 WL
EFR I R R SRR Y. o MR AR e M
TN AR (LK 6(c)), 7E 0.6 V I, it 10000
s, LR E R ELE 94.2%, 1 PY/C FHL I 25 ) 5%
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1) $2th Ml K% M-ZIFs(M=Co, Zn)
7510, K GRS (LIREE) 5 IR I K M AE £ —
FF 5 P O e 1100 5 0 DT s KA 31 M-ZIF, 22
Jo E R AU R AR 1 B 2 ALERCIRIY M-NY/C
R

2) MR EA RS A ST L Co-N, %
W JFIE AT SAFAE, Co-NJ/C U8 Jr AL iz g
Zn-N/C HJ: BIE L R HA7.(0.92 V)R ik HLfr
(0.83 V), HZix T riMvefk: (e, &M RHE
SV 10000 s JE A RECRRF 94.2% 1 LIRS &, 32 = T+ 7
AP A ] 80.8%
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benzotriazole/CNTs catalysts towards the oxygen reduction

M-ZIF; derived N-containing carbon material for
oxygen reduction reaction

ZHANG Li-li, LIU Su-qin, HE Zhen

(School of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China)

Abstract: M-N,/C was obtained by pyrolyzing the M-ZIFs through quick liquid phase reaction of cobalt (zinc) acetate
and organic ligand (Benzimidazole). Then the morphology, composition and electrocatalytic activity were characterized
by X-ray diffractometry (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray
photoelectron spectra (XPS) and electrochemical measurements. Compared with Zn-N,/C, Co-N,/C has higher
eletrocatalytic activity for possessing high graphitization and CoN, active sites for oxygen reduction reaction (ORR). The
onset potential and half wave potential of oxygen reduction on Co-N,/C electrode are 0.92 V and 0.83 V, respectively,
which are close to those of Pt/C. As for the stability, the Co-N/C maintains 94.2% current density after 10000 s, while the
Pt/C maintains 80.8%.

Key words: N-containing carbon material; oxygen reduction; active site; eletrocatalysis
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