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T3 (proton exchange membrane , PEM ) #AEHL R —Fi S 2L B T I RE R AL 28 B ok i
9340 75 B v P i 118 480340 Ji S2 7 (oxygen reduction reaction, ORR) #iE AL 712" 0 4% 4 J& ( platinum group
metals, PGMs ) /1 ORR PEBERT , AT HIAE PEM #08H  BIARAEAL 7], (H PGMs A2 77 A 29 (5 PEM AR b
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WP TRV, HATHFFE R Sio, FARUE Tl % Z LA R — R sas 42 B TR0 i o R vk
5, PCMs B A TR IAEE it A M B a  (H e U 4 S PR M A T A 22, 8 T X Lt PGMs 1 M-N-C ()
ORR PERE , A SCHHEHR KOH BN SOV AY BT, 45 G AR 12 /K I R s R R 5 S 02s , LA Si0, g K3k A
M, 5 HAT ZALE5H1Y Co-N-C 4K A MM, 3R = AR AR 3R % A3 it A ot A []
TR, T MBI B LR ORR PERE B AL rh e A R4, ot i SRR B, 45 SRR W Z Akl
TR MR ORR MERERCAT , HoA RAFAI N AT S, e il &1t =%,

1 L S & R R Tl

1.1 &
1.1.1 Si0, 4kEk

B 4.5 mL IEAERR Z B (tetraethyl orthosilicate, TEOS ) it A T Y BEAR T, 43 5 61. 5 mL Z BEAI
24.75 mL HAK R PSR 10 min /5,00 9 mL 20K, AR2EiHE 2 h S5 8 SO i BT iE W ik
JEIF ALK RN 2 BN DTVE W 78 /0 Ve T3, ZE SRS S 80 C I IAEE if T4 12 h ), 5 A S gl A il
J&H 500 CHERE 5 h,f551] Si0, KBk,
1.1.2 BB mmfEfb i

il AL FIE A Co-N-C-m—t, Hrf Co-N-C B4 R AMEALT , m Ry LA mg kg B 1 1 2 il o o
AL, ¢ SR LA°C Ry B, B AR TR MR R B (R, BUBK AR T2 ANF . 4% 5.0 g XUEUK 3. 43 ¢ i
%K 30 mg Si0, YKERFT m mg FEBRESILIA T 38 mL ¥ (K 28 mL, 2 10 mL) , /K 60 °C fit
$F 30 min, SR 5 IARIRS WAL 100 mL 5 SN 277,180 CARIE 4 hy FHUTTE Wy fft HIHE 4l K Fil £, s
VRS U8 OB T HRAE 60 CHET 12 h Rt T )5 1046 BT M pHE B 5] JF A B 8 X
Preh il AR, B 2 °C/min B9 TR 0K s A SR 2 300 °C L, fRIE 2 h, FELL 5 °C/min A9 T
TR TR 700 C LRI 1 h, FARRRR SRR AR AR IR 8 T RBRER Y Sio, BB e Ak
JEAFIRE SR BE R 2 mol/L (1) NaOH VAW 1,80 CHitk 24 h, Bk ¥E% S uE A T4, 155 Co-N-C-m-
700, 24 ¢ 435124 800,900 .1 000, AKX 145 Co-N-C-m-800,Co-N-C-m-900 ,Co-N-C-m-1000 f1L7]
1.2 #EMseREMBLFENIRFE
1.2.1 YyBpERERAE

& H ZEISS Sigma 500 B4 44% HE - {2 f5% ( scanning electron microscope , SEM) SR TR (extra high
tension, EHT) 4 3. 00 kV, Data zone {55 EAE 1 (B signal A ) PEd3E & R ARE S 19 SE2 ¥Rk | 15 W6 A% it
Ay e I (work distance ,WD) A 5.8 mm, fEA [R5 R A & AL RS0
1.2.2 B Ak vk

K HLAL 2 TAE S R4 T H A 220, A ARV MR B4 0. 1 mol/L () KOH ¥V, >R FH LY (%) = e Al )
RIAR, S Ag/AgCl AR XA R, TAERMCN AN 5 mm WE RSN, T il
5Z AT AR LA, B e A B n iYL R 5% 6 AT 3% A L) (reversible hydrogen electrode,
RHE) HLE Uy, , #ixXH

{Upe} = {U,} +0.159pH + 0. 198 9 |, (1)

KA Upge | WUV LI Uy BB L UL LAV BN Ag/AgCl A HLE U, BI%BUE ; pH N
WeBE R 0.1 mol/L Y KOH ¥ AE 2 IR I RRBRUEE , A< 30 pH =13,
1.2.3  TAEHEMG &

4 4 mg Co-N-C-m-t LKA T 1 mLIBG W (615 710 pL KB 7K 240 wL 5 NEEF 50 pL 5T
IR 5% Nafion VW) BB 0 E4 4T, B 28] DL A G BV VA5 B 10 ol YA V0T I 21 JE % B0 2
b ERIAEE TS A AR A R £ TR R 200 pg/em®,
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1.3 {4k ORR MEERAE
1.3.1 ##25 ORR EfE

KRR 21 (eyclic voltammetry , CV ) F U AL AL 5 572 ORR PERE , 8 K5 2 A /A
W0 CV G TOW I SR AT VA o 5 120 h PR P 3t 8 A W S D, T AR T A0 R
ORR PEBELS, CV BN 50 mV/s, 8 (1) 115 Uy =0.07~1.10 V,
1.3.2 3% ORR A

R LR 2292 (linear sweep voltammetry , LSV ) ZRBURALFIRE i 2175 ORR PERE, 8 & & & H
PR, AT 44 . ORR SN A 32 A2 A Bl ) 27 Sl A A A b A8 S 3 HIGHE R 52 ey, LR £
LSV {1y Ry ah Ty 45l IX R -G 3 XA Ha il X

W SR AT A ] DR IR 2 B, (B A o) DX e O v It 785 B8 ) 2 T F Ao ( RP s o DX A
P FEL I 285 B2 14— BT XTI R FELAE ) PFAN B2 ORR PERE ., U A7 8K, i B H 70 285 5 B K i K% ORR
RS, B (D) Upye =0.1~1.0 V, TAEHRRFLHE K 1 600 r/min B, 5384 A0 R it e b i B2
ARl o £ ) FHE A7) ORR PEREAYSZ I . S F a5 J T 54 Bk il IX A i 25 %, 3 24l X g
T T RRAN

=+ T =UBH el ) T+ T, (2)
K T S AR L A/ em® BRI T, BIBUE; {B) =0.62n{F}{C, 1D, | v V00
HH{F LA C/mol S B ATE AR H 8 F BRI, | F| =96 5005 { C, | LA mol/em® Sy B0 48R FEE C,
OB MR 0.1 mol/L 19 KOH B 1 €.} =1.2; 1D, 1KLL em®/s KB YA ST B R B D, %K
(W FE D 0.1 mol/L B KOH T D, | =1.9x107 5 [ v} Lk em®/s Sy 3o B0 A b A B E v (OB, vk
FE4 0.1 mol/L i KOH VAW { v} =0.01; {w} KL rad/s PN H) TAE B A E o EUE ; n NEL
JFad R AR RS A, AR AN [R5 R A LSV 2R, i id Koutecky-Levich (K-L) 727 Xf J7' Al 0™
PTRAERLG, R A R R L PR 8 n

2 MRERS S

2.1 EUFYEREER

KH SEM WLEE Si0, GKERFIZBR SiO, FEHUS B Co-N-C-50-900 #EALF, Wi 1 i, HE 1 alAl,
Si0, YHKER ELAEZI N 400 nm; £BR Si0, BJE Y Co-N-C-50-900 fiAb I rT AL H £ 1) ORR PEAEAL A, 32
AR AL TERE

b) £B& Si0, AR Y Co-N-C-50-900 fiE k5
B 1 Si0, #hK#A= Co-N-C-50-900 #E1L 7 &9 SEM B

2.2 EUAFIBLFHEEST
SR BE A 0.1 mol/L 1) KOH HLf# AW BF Y Co-N-C-m-t fEALF ORR PEBE., 434 Sl iy i 2%
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FERZE R AL T ], LA X E BEAT 4387 . LA Co-N-C-50-900 AL 5], R FH CV J ik, B A M A B A<
AIFREE T Co-N-C-50-900 ALY CV HIZEXT i 2 BTk, TAEHIBLEL N 1 600 o/ min B, R Pt
O 5T R 3 B8R 20% 19 Pr-C AEALFRIME AR MERE IR, 456 LSV J7¥E 70 #r Co-N-C-30 fEAL TR TEA [ B2
LB T #Y9 LSV fhZ i 3 fiiz , Co-N-C-50-900 fE AL I FIFR AR ALY LSV fthZext L&l 4 Fis
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2 Co-N-C-50-900 fEALA] CV #y 2%, 3 BARALA LSV oy & Af it Bl 4 Co-N-C-50-900 Fo A7

TEALF) LSV th £ 2t bt

A 2 Al J SR, Co-N-C-50-900 AL 15 A B ik i3 B AR A | 380 U B A2 5 78 S UM A
HLF A BE T, Co-N-C-50-900 ffb 71 HLA 1 35 0 148 i 0 | B DA it A P AR V0 %) B80SO T 2 IR A L 3
I & A TR R RN, 467 ORR HERE R 4T,

&L 3 AT X AR AE A AL R FD Co-N-C-30 TEMR B I BE 4351 24 700,800,900, 1 000 °C i 4 4 £, 5l
ORR Mg, K I Co-N-C-30-900 A L. 75] frt S e, 37t 285 F A4 A B de B b A AER) , ORR PR RB BT, AR SC
rh Ak B AR RE IR R 900 <C

FH &1 4 AT Co-N-C-50-900 fiit A 3514 ik Fo A 488 v, 7 04 i XA BR F A % B2 7, WK T A iR 71
i Co-N-C-50-900 fifb 7| B AT &847 %) ORR TEHE

BAELFIRYEIZS ORR PEAEMNZE 1 s, i 1 Al.  F1 FAEEAFMHE ORR HAENIKER

Co-N-C-30 i Ak 77 d5e A A 1 & 2l 900 °C 5 Co-N-C-50-900 AL BV T/ (mAem ™)
WAL T Co-N-C-30-900 M L7 1) ORR PEGE, HHEIEFR  coNc-30-700 0.741 3.448
HEMEAL] Co-N-C-30-800 0.755 4.083
TERRIEVE I D ARAL R SR VA 4 FBF A2 BT nc30.900 0.759 4180
PR B, 4 TR 0, I35 OH 2 BT L\ 30-1000 0.755 3 025
SR G S A AR TR L AR AL ORR PERE . . (<000 0,799 4700

Co-N-C-50-900 1 71 76 A [7] TAF Ha il A 3 T 9 LSV i £k
WK 5 Fros, i Koutecky-Levich J7 F2 & 1155 A [) %% 3
T T 0™ e (B K-L fh4) , Upye 28591240 0.2.0.3.0.4.0. 5 V i}, Co-N-C-50-900 4L 7 1) K-L 804 ih
LR E 6 FR,

Rt Al 0.817 5.293
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H1& 5 AT : Co-N-C-50-900 A7) AT FL AR e st g , FlL U2 B BOK, ORR PERE LS s BEE Uy B
TR, P BE BN FE Uy 4909 VI, FLSEAEBE LT O, BEHH LI S0 45
11 6 W AN TR AR R T TR B LA B BEE U,y K, PR ECEWIE 2 | Uy,
4392 0.2.0.3.0.4.0.5 V B, Co-N-C-50-900 HHL T4 8 5531 hy 3. 65.3.70.3. 74 3. 79 ; fE AL F S8
JE R AR LA 4 RN R 3 AF A RO F vl I A A T 7R 4 i S B K

3 Zig

1) 38 A AR 7K BRI R 7 R A 8 TSR W ) 45 Co-N-C AR 7R, T2 A A 790 4 A JEL A 5 K ) He o T
TR, RS A A S5 R N B 22 1 Co-N i 8,

2) AERBE HL M b AL R RS R B B HE ol 50 mg, MEEBETELEE K 900 °C, il £ Y Co-N-C-50-900 fi 1k
TR 20 R B A7 S ) DX AR B P 900 %880 B e A b v AR AR I R 7 1 R AR

3) Co-N-C-50-900 1k 1) A8 It S B i FR LA 4 H s 0y oy = i 2 ARk b it P AR A A 351 4 e it sz v
HEER
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Analysis of the oxygen reduction reaction performance of
Co-N-C nanocomposite materials

NIU Fu, LUAN Weiran

School of Automotive Engineering, Shandong Jiaotong University, Jinan 250357, China

Abstract:In order to study the oxygen reduction reaction (ORR) performance of the cathode catalyst of proton
exchange membrane fuel cells, Co-N-C nanocomposites are prepared by template method, hydrothermal method
and high temperature pyrolysis reduction. The ORR performance of the catalyst samples at different cobalt
nitrate mass and calcination temperatures is studied by cyclic voltammetry and linear scanning voltammetry with
a three-electrode testing system, and the Pt-C catalyst is used as the standard catalyst for comparison. The
experimental results show that the optimal calcination temperature of Co-N-C catalyst is 900 °C ; the half-wave
potential and the limiting current density of the diffusion-controlled region of the Co-N-C-50-900 with a cobalt
nitrate mass of 50 mg and calcination temperature of 900 °C are to those of the standard catalyst, and the ORR
performance is better; the catalytic process is dominated by 4-electron reaction, and the preparation method of
catalyst is simple and convenient, with the low cost and meets the requirements of ORR for catalysts.

Keywords :fuel cell ; catalyst ; oxygen reduction reaction ;calcination temperature ; half-wave potential
(TS . IBEae)



