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1.1 #&

F1 ZRERSUFLF

2y R fe2EX FAK %
WK G S mRA Co(CH,C00), -4H,0 AR Aladdin
LKA R W2k FeS0, -7H,0 AR Aladdin
P123 PEO-PPO-PEO GR Aldrich.
BT NH, CN 50% w/w aq. soln Adamas
Bile — A4 NH, H, PO, AR Aladdin
Nafion - 5.0 wt % Aldrich
Rk Pr/C AL Pi/C 20% Pt R
rRaticda KSCN AR Aladdin

1.2 tFmisl&E

Co,P@ NCNTs 1 b5 i il % . TERE I +E T,
Bk —E i P123  Co (CH, CO0), -4H, 0 Fi
DICY FESMAMHTE H,0 th, IREYH P123 Co( CH,
C00),-4H,0 DICY 1 H,0 [JEE/RH A 1:9:55:
3222, SRIGTEIRGYIEW P INA 15 mg 1Y GO (FAT]
R EA B RE R & co™) I fk s, ZE,
PR G YERAE 60 °CIlis 9 h 78 1 LUIRAS 5 6l
IRAA, RTOKARTE N, 40T & R L5 C/min
A THEE R THE 2 900 °C, IR 1 h, FFARAE
EERIRG, H RS R A Y44 R Co,P@ NC-
NTs, (Coy g5Fey o5),P@ NCNTs  ( Cog o5 Fey o75 ), P@
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¥ 2580, Ak B B3 5054 0. 32 nm 10 21 nm, 43 5
XTI 8 Ak 19 (002) & I AT Co, PR (112)
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S, UERHFRATT I & i 9 oK 8 A N PE B 2450,
I — 2L UL FRATT R 6 25 T (Cop g5 Fey 75 ) , P@
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FELE SRR B AR 1) FL AT 43 A, A R T R AR 2% SO0

HBE AR XPS 43 M K € Co, P@ NCNTs
F1(Co,_ Fe ),P@NCNTs H)FRHALFEH N (F 4),
WA 4a S RE S 0 4TS ], AT LAY A s I 5] 43
Bit4s N,C,0,Co il Fe( (Co,_ Fe ),P@ NCNTs {1k

F) AU B 4b BoREY C 1s T E AT LS R =456
51,285. 4 eV b C—N WIFEAER A B 58 A
JCEUEB AN D)5 4% 20 ik A1 KL, 287.5 eV Ak I
XIREF 0—C =0, J& H TR R I AEAE & 8 E fig
A, 0 1s(El 4c) MG ZE R BR 7 T 531.5 eV fik
BB WX N W R TE 4 2R T A R I AT 532, 7
eV I T C—0 #5535, 5 eV A — A8
55 P 0 AR 14 2 A 2 TR 1) T2 MR 4 ( L dn o,
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eV 400. 99 eV 402. 42 eV Fl1 404. 38 eV Ab771E DU Fil
W , 43 0T o7 b B 8L Mg A A AR RN SR Ak
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THESMEITI Y ORR W1k, & 4e 2 P 2p iEEIW
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eV F1795.75 eV ALK IE Y Co 2p,, Fl Co 2p,,, FHXF
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KA, 5 Co, P@ NCNTs A I, (Copys — BIHLT, AT RAREAR O, MW 1 B BE, 42755 ORR 1
FeO.O75>2P@ NCNTS ':Fl CO 2p3/2 m%%ﬁ?o %‘:_{EU% FC %’ftjﬁll\io
BIRME O AE T HEAGSR) Y T L 545, I Co 15

#F 2 Co,P@NCNTs #1( Co, y,sFe, s ) , P@NCNTs N FIpMFMEBRETLELEFHNENSE

it e M 1 2L ML & AR FALA

Co, P@ NCNTs 44.31% 36. 18% 15.67% 3.84%
(Coy,gsFeg, 05) , P@ NCNTs 43.89% 50. 78% 4. 47% 0. 86%
(Coy g5 Fey, 75 ), P@ NCNTs 43.23% 48.36% 7.37% 1.04%
(Coy gpFey 19 ), P@ NCNTs 45.61% 45.08% 8.45% 0.87%

2.2 BUERE AN 0.5 M H,SO, m WPy v i<k, ir
Kl 5a f&(Co,_ Fe ),P@ @ NCNTs fEfLFITER  AMEFIIEE IR 0.5 M H,S0, ¥ 3] 2
— |Co,p@NCNTs =0, =N, & or Co,P@NCNTs 09= Co,P@NCNTs
' == § (Cogze, ) P@NCNTs ~ | = (CopFe,,),P@NCNTs
:E C:;—ﬁ g-1f (Cogs=Fe, ), P@NCNTs é — (Coygpsley 75, P@NCNTs
fﬁa (CoygsFeq ), PENCNTs E 5 (Coyze, ,),P@NCNT = 0.8 L= (CoyFe,,),P@NCNTs
= —=z S - mV/dee
2 |(CoggysFe g75) ey 13 53 g \ -
(5] e —= = 119 mV/dece
% et z | —
£ [(Copgqfey,),P@NCNTs g4 & 126 mV/dee
p=m=== = == 3

5 ﬁ ——= - ) -5 ! I ! L I I I L 1 I
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900 r/min -3 900 r/min =900 r/min
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—1 600 r/min 1 600 r/min — 1 600 r/min|
—2 025 r/min =4, 2 025 r/min — 2025 r/min
_ I L L L L ! 1 ! -5 L ! L i
40 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 0 0.2 04 0.6 0.8
Potential(V vs RHE) Potential(V vs RHE) Potential(V vs RHE)
(d) (e) U]
. 0 2 100 4 _
s 6‘.: 1 — ‘E’
g 5 5]
S S OIToCoP@NCNTs "N 80 — copancar: 13 2
E q:E - (COO 95Fe°'°5)2P@NCNTS S - (Coo.asFeo.os)zP@NCNTs E
‘.\; i; =1 (Coy, Te, ujs)zl;@l::CNTs Eﬁ 60r — (CoygysTey g7 ,P@NCNTs 2 _.Z
G _ — 400 t/mi @ | (Cogyfe, ,),PANCNTs <, — (Coy,Fe, ,,),P@NCNTs 1~ E
£-2 — 625 t/min g2 = 40r : =
2 900 r/min T3 ] -
= 1225 r/mi = <
£ .3 — 1600 min| E 4 201 ~Z 8
= — 2025 r/min = = R
&} < 5 0 0~
0 0.2 04 0.6 0.8 0 02 04 06 0.8 1.0 0 0.2 04 0.6 0.8
Potential(V vs RHE) Potential(V vs RHE) Potential(V vs RHE)
® (h) 0]

BE5 (a)Co,P@NCNTs F1(Co,_ Fe ),P@NCNTs i CV Ei%; (b) ORR R4 B £ ; (c) Tafel # K fh%k; (d)
Co,P@NCNTs; (e) (Co, s Fe, s ) ,P@NCNTs; ( f) ( Co, s Fe, 475 ) ,P@NCNTs; ( g) ( Co, o Fe, ) ,P@NC-
NTs ZEAREHE TR LSV 4k, fEE 28R A K-L B; (h) Co,P@NCNTs #1( Co,_ Fe_ ),P@NCNTs f#
1L 7 RRDE #2 FEi FIIRER ; (£) Co,P@NCNTs #1( Co, _ Fe, ),P@NCNTs BT EH 7% ( T ) F0HE 5L
HIRBFHEBH (L)
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fF—F+45 . (Co Fe,

_),P@ NCNTs fHEAT ] 5 B HAE R A R it o v 114 e D e o

) A4 S | USRI R 100 T A RS 3540 e
5 Co,P@ NCNTs , ( Coy, o5 Fe, o5 ), P@ NCNTs , ( Coy o
Fe, o) ,P@ NCNTs AH L, ( Coy ops Feg 75 ), P@ NCNTs
A BB JFIE T IE (0. 67 V) |, UL ( Coy ops Fey grs ), P
@ NCNTs H A HH1Y ORR WM, N T #F— 058
(Co,_ Fe,),P@NCNTs f#{L 5 #) ORR PEfE, #4171
MR L (LSV) WL (Kl 5b) . i 5 0,
(Coy ops Fey g5 ), P@ NCNTs {1924 I8k A0 FIAR B2 B i
A3 40.69 V H4. 52 mA-cm 2, ¥ 5T Co,P@ NC-
NTs(0.61 V,3.51 mA -em ™) . (Coyos Fey o5 ), P@
NCNTs(0. 65 V,3.75 mA-cm ™) fl( Co, ,Fe, | ),P@
NCNTs(0. 61 V,3.00 mA -cm ) L], DL [ 455
FHH | (Coy o5 Fey 075 ), P@ NCNTs #EAL 7 1Y ORR i
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The Preparation of ( Co Fe, _),P@NCNTs and Their Application for
High Efficiency Oxygen Reduction in Acidic Medium

FU Yi-dan, PENG Xian-hui, HAN Li-na®, DONG Peng, ZHANG Ying-jie "

Abstract; For the widespread use of proton exchange membrane fuel cells, it is crucial to enhance the
oxygen reduction (ORR) performance of non-noble metal catalysts. By using a simple one-pot method
we have synthesized a catalyst for Fe-doped cobalt phosphate nanoparticles in nitrogen-doped carbon
nanotubes ( (Co, Fe,_ ),P@NCNTs). It is found that Fe ions can promote electron transfer, enhance the
synergistic interaction between ( (Co Fe,_ ), P and N-doped carbon nanotubes, indirectly regulate the
content of pyridine nitrogen and defect sites in nitrogen doped carbon materials, and thus improve the
ORR catalytic performance of Co,P-based catalysts in acidic electrolytes. In comparison to Co,P@ NC-
NTs, the onset potential, half-wave potential, and limit current are significantly higher, and the methanol
resistance and stability are both greater.

Key words: (Co, osFe, o;5),P@NCNTs; N-doped carbon nanotubes; ORR; Acid medium A
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