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HHE S M Fe-N-C-PANI B N AL & EL T
REEBEZHETHREEFE

RO, F R, W, 5 4k, E K
(RUE TR A AR FF TSR, bl B A 80505, 1RIL 430070)

WE RACHEER MR, LIF127 ABR, F B RN N iR IR, AN B, IR B2 2k Ffik iR
&, Wil T IT 2RI Fe-N-C-PANI 1L, LT A B R SURALLE R W, ZE R4 BEIR & >l 800 °C
W, P FLIN SR B g T, P78 FE 5T I FLIE AN f s 19 LE R TR AL (1007 m*/g) 5 XPS 4rBrds BB, nkie A
ST AT SRR T3 (BEIR M) 3. 86%. PACHR Tt A rf Fe( D) HGA R, MIBLR Fe $i4k, JR{E
T NS, i oh Fe-N IEPEALE, 388 T AL A9 SR TR R L (ORR) fEA A 1, $uah B IR
iK% 900 CHY, i3 2 (1 B BTk L AUA SR TG PE T B AERR IR, Fe-N-C-PANI-800 i £k 71 (19 A i v v 7]
i50.89 V, PN 0.81 V. HIFNFLEM AT 5 A 584k, 385 TR E .

KER YR R ; et RAR T AL SRR

RESES 0643 MEFRETE A

2 e R ( PEMEC ) 3 i Ak 2 07 SO e e i o e, bR | . TAER R | a3
S E R E Y BA K, & —FE R A R BE VR R SR B MR IR E S R | e R
B, JEARHREIRIR S T R G MR RE y mZz—"7 . HAT, PEMFC 75l Ak 4 25 20030 )
BUAS R . o 29 40% B B AR Sk F T St A Jm P AR 5 BHAR A S A S (HOR) A I,
FFAR B 88 J5LR B ( ORR) SRRSO AR, S TRIME , Bl 1240 (ORR 384 L% 107°A/em”,
HOR ZZHHL R HE R 107 ~ 107" A/em?®) , T5ELHETN Pt A9 kML ORR, M2 T PEMFC [ A%
A%, BHLIE TR AL & RC L H bk, BRI RORAR L AP R A A SR 4 R i Ak ) A
PEMFC 5 B AR ] i () T B ik fe 2 — ¢

Hir, M2 rydk i g @bl £ 24 N-C LI H M-N-C (M =Fe/Co) fiE{LF 2 K&, N-C
PEAR TR B ZE B S5 F B R B R ) ORR 36 M, (HRRVE S NI Thi 2. B4R & B Wl (Fe,
Co %) MZJFF (AN, S, P 1 B) BIBA KL A A 20 Pr 3L DR IE = ORR fifLTGHE" I
HZ Fe AN HABZ4RATRL, Fe A1 N Z[0] (4 AH TV BE i 25 42 5 ORR 76 ' (B2, BETA AL
PR 5 4 AEAL T I T 2R BE AT SRR T P AR, 3 oh LA 338 o7 o5 000 R 25 11 o 1% 338
PERERTEC 7. A T ARAS S AT PSR, WA R R i B A AR R G e R ALY L ik
FIAY He A RURIA BL Fe-N TGOS B A O¢, RiY R A ARG AU S s O 055 O, i, 12
AL AL SR RN RS . LA 22 fLB R 2 AT 25 1 Fe-N-C fALT], 7ERRTESME NG 0.82 V
(vs. RHE) , HLFHREHE0E 29 3. 017, Shi 457 G pL T A LA ) Fe-N-C-ABI fELF], EE 0 s ik
KK T (<100 nm) , £1BALHIFRINEIRREZ K 10 nm, PEIKFLERZ N 10~25 nm, RN 662
m*/g, TERRIEF MR, 20N 0.6 mg/em? i, 2KPEHL AN 0. 820 V(vs. RHE), 0.8 V T L i % i
H92.55 mA/em®, WEBRELREREN 4. 71 mA/em®. A FLITHA AL AT DLt — 2541 s A0 o 0 1 R
PN e S B R AL T . 1o BE A A FLAR AL (OMCs ) 5 B I R8BS bR A, = fLAR

Wk BT 2016-12-27. M4 H R H 3 . 2017-07-10.
AW H ., ERARREIS (HES . 21406173) FEB).
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YA SR FLIE , A FLAAL R i 0 e g AL BE b, H B L R i B A . 324, D
FRRYESAE T A T A LA R AR A2 | Lei 251 LB M &AW T4 F L Fe-N-C fiEfk
F, HRMEA N 416 m*/g, FLEKZEFAELA 5.5 nm, HAFNFLEEHEE W& R a7 1 ORR 1
fie, 7£0.2 V(vs. SHE) FHYHLIREE N 53 mA/cm’, 5 Pr/C(65 mA/cm®) H12 12 mA/em?® ; Wang %512
G T A FAAL C-N R JEAEAER], BRI TG HAL R A 0.72 V(vs. NHE). N T WF5E Rt m A
FEA LA RR YR 2544 T 19 ORR MERE, ASCRH Qe & A%k, DL F127 B, Mg
Bl , AR AR, AT G B R MEERRER T % T A7 ZHALA5 1Y Fe-N-C-PANI 1L, X H4
AP EE AT T AL, PR T AR RIS | TR AR R AR I T Ak 2 PR RE.

1 SRIGERSY

1.1 RKFENEE

F127 (R EBE LW gl A ) Ry, R IR (TR S35 37% ) | IE BE R MU £ TR
(TEOS) | M . 1 WilRER (APS) . /K ZEEFI Fe(NO, ), - OH,0, LU FikF 34 A2 Mrat, W T [E 25 %
b2 AT B A

TL1400 B4 200 (rE HU 28 A SR B AT FRA ] ) 5 D/Max-RB BUFEHE X 2647 5% ( H AR Rigaku
SN, Cu Ka FESHE 4 HE 40 KV, & HLE 50 mA, FTEH 0. 5°~2°; JEM-2100F %137 % 5t 7 9%
B L AR ( AR JEOL A H]) , N Hi K 160 ~200 kV; VG Muhilab 2000 % X 548 H1 7 BE 11X
(32 [E Thermo Fisher A 1] ) ; KQ-100E Y 75 i i e a4 ( B LT B 75 (AR A RN | ) 5 RS-150 18 75 I
MO TAAL (T SRR AR T ) 3 KL-UP-IV-10 U4 KL ( BAREE T 5286 L 2tk i %)) .
1.2 KEHTE
1.2.1 ¥ B EA G FH S 5 0.61 g KB T 40 ~ 42 CHEMMAERIELH A, A 2 mL 2 mol/L
NaOH, #ii$¥ 10 min; FHEZE 50 °C, FHHIMA 1. 05 ¢ HEERR (FEE37%) , EETHRZE 70 C, i
P h, AAIEER, HERERIET pH~7, 76 50 C FEHA T, BREK0, = wE T o, §l
BTN 20% I IER G 2 BEA .
1.2.2  Fe-N-C-PANI & 7 M FLIE A 8 F & K5 1.6 ¢ F127 IMAEIEA 1 20.2 mol/L £hR1Y 8 ¢ L%
o, A6 40 CFHEFE | h, SR IE AR, B 2.08 g TEOS, 5 g B IE Z B IE IR 0.2 g AR i
A, BiFE 1 h, WA 0.2020 g Fe(NO,), - 9H,0, R EIVKKEH, HIA 0.49 g APS, TEHOKIA hHiHE
24 h. F FRIBA Y e IR SR FEFE 5~8 h, JIA 100 CHIEZ TP, UEAE24 h. N
BEFR LA T MR, IS Bk oK. B AR AR A 2 b NH, AR T T3 B8 360 °C R AR 3 h, 43
SFHEZS] 700, 800 5K 900 °C AL 2 h. K H Ak FHd A9 AR IR B 10% (BT 4340 B HF 1 24 h,
Mg, TR, WP, FIRTE FRIBE TR 2 h, B RMEATIERES, 29130 4 Fe-N-C-PANI-700,
Fe-N-C-PANI-80071 Fe-N-C-PANI-900. 457G F127 (AL G s, $RAL PR BE S 800 °C , 1 F % BEAFE M
i M Fe-N-C-PANI-800-no; il £ A7 Fe BYMEAL TR, AL HIE R 800 °C, FE X BEEES:, iCHh
N-C-PANI-800.
1.2.3  TAEmAR & & Rod ik FRBGE /LR, A —E WA B F/KMSHNEE, FmA
25 pL 5% (453 40) Nafion %3, #7 0. 5 h, FCHl AL/ HEA 519 287K, B 20 L 287K i 2035 fis H b
FI. AL RBI R FHARE = AR RS . e B B AR TR AR, BN R X e AR, TR H SR
WS i B CR 0. 1 mol/L 1Y HCIO0, ¥V ; LSV ML HH#ERI M -0. 2~0. 75 V(ws. SCE) ,
FHEHER ) 5 mV/s; CV HHRIEF A 50 mV/s, HEH-0.3~0.9 V(us. SCE). @ik Pr/C fEALFIR H
AT P ERL AR ISR X

2 GRS

2.1 XRD FEAF
WAL AT R TT DU /I XRD BAE7 . [ 1 AN ) B ik 3 B2 A Ak 770 A /N F XRD 1 1.
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& 1 AL, JCFFH Fe-N-C-PANI-800-no 345 XRD Ai5f, iiA A FLAE AL 44 57k 0 S Ay
XRD i, 00 F25 20=1°4b, FIXF R 47T 4546 19 (100 ) AT 51 1. Fe-N-C-PANI-800 4 k.7 41T
SPPUGE SR B Fc i, R 4R T G TE 800 °C T ARAF IR SE e ;. Fe-N-C-PANI-900 k77 14 177 5 e iR JiF e
55, FRWITE 900 CF A IFALEHZ BN, #5301, FBeRHEERIIE il e 5 BRI 5 AH K.

" FeCs or FeN;
“a-Fe

0.5 1.0 1.5 2.0 10 20 30 40 50 60 70 80
20/(°) 20/(°)

Fig.1 Small-angle XRD patterns of Fe-N-C-PANI Fig.2 XRD patterns of Fe-N-C-PANI catalysts at
catalysts at different heat treatment tempe- different heat treatment temperatures
ratures a. N-C-PANI-800; b. Fe-N-C-PANI-700;

a. Fe-N-C-PANI-800; b. Fe-N-C-PANI-900; c. Fe-N-C-PANI-800; d. Fe-N-C-PANI-900.

c. Fe-N-C-PANI-700; d. Fe-N-C-PANI-800-no.

(& 2 AN [l Ak B B B AR AR S0 ) F XRD 3518, JC Fe 19 N-C-PANI f4L55] HAE 260=20° ~30°
F1 40° ~50° Z [BIAETE ST AT ST, WTXF N R A S84k Ik, A Fe TG BIMEAL I BR T I 9117 S04 51,
YIEZ) 43, 740 R T 1 AN 2RIE , TR HIAI A FeC, BU# FeN,, Al LA HZ 800 °C UK HS | ILAT
SPUETR B AR, PR FeC, AT FeN, 19 XRD Sk o7 B AR BRI, A BEHHE LRI FeC, A1 FeN, M7
B/ ARG ARG (XPS) SFH B R Ay 2t — . S IR B TR & 900 C R, AL
LT &8 Fe.
2.2 N, WRBft- B B SRAE

Kl 3 7t T AN [ BRAh B T A5 41 A0 700 1) 0 BB B i 26, 4R 4% BDDT ( Brunauer-Deming-De-
ming-Teller) 732, AL IRZI IR T4 IV RIS R 4, RS D EA 2~50 nm 4 FLISTEAE. [H]
IF, W EE I ERE Ha 7 KU )T Fe-N-C-PANT AL (0 7L 45 44 2 i R 45 0 7= A i #L. AR AR
BET( Brunauer-Emmett-Teller) 7738, Fe-N-C-PANI-800 f1k57 it L 2 1 FR 7 ik 1007 m®/g, Fe-N-C-
PANI-700, Fe-N-C-PANI-900 #1 Fe-N-C-PANI-800-no A9 kb2 i #1351 &y 918, 786 F11 510 m*/g. R4
BJH ( Barrett-Joyner-Halenda) 75, H 45 Tt 2 W B 0 2 AT 358 Fe-N-C-PANI-800 i Ak 551 i FL A% 43 A1
(B 4), AT WA EA b oA N FLAATE, FLIRZ02H 6.2 nm.

& 700 M FeN-C-PANI-800 0.035 |

w1 600 F ——Fe-N-C-PANI-700 =

- —— Fe-N-C-PANI-900 = 0.030

& 300  ——Fe-N-C-PANI-800-no = 0025 F

5 400 - 2002 -

E 300 W g 0.015

.g 200 :;"‘5 0.010 F

o 100F = 0.005 |

;; 0+ \ 1 | ) 0 [ 1 1 1 1

= 0 02 04 06 08 1.0 0 20 40 60 80 100

Relative pressure, p/p, Pore diameter/nm
Fig.3 N, adsorption-desorption isotherms of Fe-N- Fig.4 Pore size distribution of Fe-N-C-PANI-800
C-PANI catalysts at different heat treatment catalyst
temperatures
2.3 TEM XfE

K5 7~ T Fe-N-C-PANI f# 4k 77 76 A [6] #4440 BHR B F 19 TEM B8 /. W] DL, Fe-N-C-PANI-700,



1426 5 ¥ F

&

A F F IR Vol.38

I

Fe-N-C-PANI-800 Fl Fe-N-C-PANI-900 ¥J 23 A ¥ A FLAGHE , X R ESRINA T R8N, {H 2 B i
REIRIARER F127 AHEAER , (HAELFDE A P A FLESH. BB 5(A) FI(B) AT UL, Fe-N-C-PANI-700 F
Fe-N-C-PANI-800 ¥R M 4 554 [P A FLFLIE , PATHESI R B 4F, 0 Fe-N-C-PANI-800 () FLE5HE
S, B S AN LIS . I 5(C) AT UL, Fe-N-C-PANI-900 Hi F#ih ¥R i
B, SRR Z A P LA R IR AU, FLEEASIREAY, WA P ILE A TE, A%
TERRREFEAR , X5/ XRD AT 50745 5 —3. 1fij Fe-N-C-PANI-800-no %4 4 FF A fL45H, R —L
FAELICTE AL, DO R A .

100 nm g . 100 nm

Fig.5 TEM images of Fe-N-C-PANI catalysts
(A) Fe-N-C-PANI-700; (B) Fe-N-C-PANI-800; (C) Fe-N-C-PANI-900; (D) Fe-N-C-PANI-800-no.

24 BUFMHEERIE

K 6 7 THEAE RN e AR 2t 26 K], AT IR i, Fe-N-C-PANI-800 4434 i A 4 ik &8 & 1L T
N-C-PANI-800 1Y, X Uil 4 )@ Fe MYUSINAE Il E 42 S AL 1Y ORR TEfE; MWKl 6 v LI, BAH
JFAFLE5 1Y Fe-N-C-PANI-800 % ORR {1 1 55 T JC)F Y Fe-N-C-PANI-800-no k7).

FAN, PAE BRI EE X Fe-N-C-PANI AL ORR WHPER WA K, 7EHUb IR B2 800 °C I, fi
T 2B R LB ORR AL VERE, EAAHLA75F] 0. 89 V(ws. RHE) , i #5455 0. 81 V(ws. RHE).
XL TEM RAE (& S) H AR R A BRI B S AL B SR T & s, AR50 %) 000 SR AL 6 1 5 ik
FIFLES I A AL s b —%, ¥4 Fe-N-C-PANI-800>Fe-N-C-PANI-700>Fe-N-C-PANI-900, A ¥4k
FEEE A, SR ARG PR . PR, 78RR AP BRL B R AR RITE B T SR P B2 (L4 H ,
FAEALF Y R AR, 23 AR S Fe-N-C-PANT A Ak 77 420 T AL 16 AN [ i) o 8 B PR 22
— BT, AR R P SRR TR LA SRS R RS AU Fe-N TG PED s R0 A C.

— 0 | =-Fe-N-C-PANI-800 i
£ ~Fe-N-C-PANI-90( €
5 1 B EZ 5 a
T 2 NS E
z 3f =
g 4| 5
- =
£ st § b
el :
g 3
? 1 1 1 1 1 L 1 1 1 L
0 0.2 0.4 0.6 0.8 1.0 ] 02 04 06 08 10 12
Potential/V(vs. RHE) Potential/V(vs. RHE)
Fig.6 ORR polarization curves of catalysts in O,- Fig.7 Cyclic voltammograms of Fe-N-C-PANI-800
saturated 0. 1 mol/L HCIO, solution in N,(a) and O,-saturated () 0.1 mol/L

HCIO, solution

&7 78 T Fe-N-C-PANI-800 f# AL FI I IE MR 2 i 2. 762 URAME R (B 7 354k o) , fE1LF)
A B AR IR RN, AR AR, SRR B i b A e R AT s b (|7
WL b), 290.675 V(vs. RHE) &b LAY SR04 U BH e A AL 1) HLA S T A A TG 12

Bl 8(A) /R T Fe-N-C-PANI-800 7EA R4 T A ORR ZetE4adih<k. K 8(A) FILLE Y, Pl
(5] 25 FEL AR 2P S P B4 I, A7) %) S0 D R S i RS A, i LS B R i R L T . R A Y
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FI[0.2~0.4 V (vs. RHE) ] PN JiE &% [R]85 s AR b 0% B A FRL I %% BB i, 5 5% B 2Z I £ & Koutecky-Levich
T,

1 1 1
P P (1)
e, 02nFc, D3 vew?

Ay i NEIR N BN T 2 R FE 5 n R B TR RN FORTE B S 2 (96487 C/mol ) ;
co, NIRRT RYHRE (1. 2107 mol/L) 5 D, AR HRE(1. 93x10 7 em’/s) 5 v AR 3 177
FHEE(0.01 em®/s) ; o J& B BERE M1 FE (rad/s) . MR Fe-N-C-PANI-800 7£ A [H %% F 0.2, 0.3 F
0.4 V B9 %153 Koutecky-Levich (K-L) f£EE [ K 8(B) ], 1 Koutecky-Levich i A 1158 ) Fe-N-C-
PANI-800 7£ 0.2, 0.3 F10.4 V '~ ORR ¥ &L 745050510 3.9, 3. 88 F13. 88" | iX M Fe-N-C-PANI-
800 Ak 1) 480 I Sz Ny i B 20k 4 L RO R RO RFER 4 H, 0.

0k (A) Rotation rate/(rad-s):

—— 400
i +— 800 y

—— 1200 ]
L —— 1600 /
—— 2000

= 0.35 L)

030 |

025

Jl(mA-cm?)

L “/ = 020 -
6 0.15 |

0 0.2 0.4 0.6 0.8 1.0 .06 0.08 0.10 012 0.14 0.16
Potential/V(vs. RHE) o (82 -rad V%)

Current density/(mA-cm %)

Fig.8 ORR polarization curves at different rotation rates(A) and corresponding K-L plots of
Fe-N-C-PANI-800 in O,-saturated 0. 1 mol/L HCIO, solution(B)

Scan rate; 5 mV/s.
2.5 EUEFIARSS T
Fe-N-C-PANI-700, Fe-N-C-PANI-800 FI Fe-N-C-PANI-900 #: AL XPS FHEFITC 2431 4% 4251 T
1. XPS TR &9 2 H LA AU Ab2E M A DL A TC R B B, TR ST FH TR I A Ak 5] 2
RHICR SR HITR I (EA) BRI A S = B/NT XPS A A AR T & &, RPN FEf AR 2= m
AR EE, XA THE S A A fE A k.

Table 1 Percentage of C, O, N and Fe elements on the surface of catalysts

Elemental content( %, molar fraction)

Catalyst N N . ol Fe,z‘,,
Fe-N-C-PANI-700 5.87 6.32 83.47 4.75 0.58
Fe-N-C-PANI-800 4.79 5.54 87.74 4.36 0.60
Fe-N-C-PANI-900 2.96 3.09 85.60 5.94 0.56

a. Obtained by EA; b. obtained by XPS.

W AN ) AL BRI B T A AR B9 N I EA T4, TT AR AR AR R0 0 N D82 AT L2 4 B e e 4
(398.1 V), M-N_(399. 18 eV) . MEIEZ (400. 1 V) FIATHRE (401.2 eV)4 FlE[ [ 9(A) ~(C) ].

F AR 4 FORFEIFPSERY N 40 WL 2) &8, Fe-N-C-PANI-800 {1k 71 2% f mit i 20 A A1
RRFZ I, Fe-N-C-PANI-700 X2, Fe-N-C-PANI-900 f:{i%, X 541k 5 0 4008 AR AL 3 1 (2F
WAL E, ) A2 K 9(D) ]. P, mrg U047 & A Y S i A 5 44655 ORR TG PR UIAE G,
53CHR[29,30] 458 —3K.

WTHTITA , V8 4 I8 70 38 B FLAUAb 0 o) i Ak 700 9 4e0ia S s M 2 SR LA . &1 10 A ARl 3R im
Fe, 1) XPS i&% &, Fe(Il), Fe( I )Fl Fe(0) RY45GHESMHK 710.8~711. 8, 707.1~708.7 F1706.7 ~
707.2 eV. AJLAF i, MR ZHUY Fe, VL Fe( 1) JERFEAE, &MU FIEEE 30, Fe (1) %
WA SRR Fe(0) , M 4R A Fe SFEARMEILTIH ORR M HE. Fe-N-C-PANI-800 1 ORR i ¥ & F
Fe-N-C-PANI-700 /9 J5 PR AT B2 A8 /U BVE BTSN 76 R T BB i s s b iRl rpr , B RZE3R
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Ifii Fe-N-C-PANI-900 F 4 B L RE T FE 2 K Fe (1) KA EJEE Fe (0), BEMKT Fe-N 1)
K.

; —— Pvidinic N
(A) —— M-Nx (B) = Pyidinic N
—~—Pyrrolic N == M-Nx
) ~ = Pyrrolic N
! = Graphitic N

1
404 402 400 398 396 404 402 400 398 396 394

E/eV E/ev
(C) - Pyvidinic N 7 (D) - Half wave polential| 0-9
i - P\ ridinic N and

£ P\ molie N ; o Graphitic N

Molar fraction(%o)
(%] =,
I I
1
=
Half-wave potential/V(vs. RHE)

404 402 400 398 396 700 800 900
EvleV Eu/eV

Fig.9 N, XPS curves of catalysts and curves of nitrogen relative content and E, ,

(A) Fe-N-C-PANI-700; (B) Fe-N-C-PANI-800; ( C) Fe-N-C-PANI-900; (D) N element and E, .

Table 2 Nitrogen content with relative intensities on the surface of various catalysts

Distribution of N( % , molar fraction)
Catalyst

Ny, Pyridinic N Graphitic N Pyrrolic N M-N,
Fe-N-C-PANI-700 6.32 2.54 0.56 2.77 0.45
Fe-N-C-PANI-800 5.54 2.52 1.34 1.18 0.50
Fe-N-C-PANI-900 3.09 0.82 0.95 0.44 0.88
(A) Fc(lllll (B) I‘C{]II)FC(”) () Fe(Ill) Fe(0)

. Fc.{ 18]

| Fe(©) { Fe(ill)

! Fe(0)

35 730 725 720 715 710 705 700 735 730 725 720 715 710 705 700 735 730 725 720 715 710 705 700
Ev/eV EweV Eu/eV

Fig.10 Fe,, XPS curves of catalysts
(A) Fe-N-C-PANI-700; (B) Fe-N-C-PANI-800; (C) Fe-N-C-PANI-900.

2.6 BEMESH

MR AR E PR T LR FHAE AR 22 s 45 ( AAT) SR PFfr. K 11(A) 2 Fe-N-C-PANI-800 £ i
1000 CVs A/ H LSV XFHEZE, K 11(B) 2k 20% (B 4340) Pv/C Zead AAT MU HT S 19 LSV X He il
2. XTELE 11(A) FI(B) FTLAE Y, Zad s ial/s , A5 fL Fe-N-C-PANI-800 f# £k 71 2 i H 3% 52
WA /N T 20% PY/C, BUE T 0.02 V, Ja# WA 7 0.05 V, KA P LA R
U, IXAT BRI A A FLAE AR b Al B ELAT B R A SR AR R, TR TR B 3 7 o5 e B
TR TEA SBAEE R T XELABE R .
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= = 0, ~ v
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g ™ e AAT 2 1 [===20% Pt-C after AAT
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Fig.11 ORR polarization curves of catalysts before and after AAT in O,-saturated 0. 1 mol/L HCIO, solution
(A) Fe-N-C-PANI-800; (B) 20% Pt/C. Scan rate; 5 mV/s.

3 &% e

PVRIR I IR, it =i BER A LG T AT 2R LA 1Ak 5 & @ kR, 24t 800 °C
AL PR 5 2 () 4 £k R Fe-N-C-PANI-800 H. A7 = 40 i J5 A b 1% M. 40340 J5 kS 4f fa A 7T 3K 0.89 V
(vs. RHE) , PN 0. 81 V(ws. RHE) . #ACBRE TRl fe b Fe (D) B0 5L, 9] 5L Fe #54k, FF
EHET N B4, ML BAB LR Fe-N TEHEALE, ?%%Tf&%*ﬂé’ﬂ ORR ik ifi M, T4k 3 B 3k 3]
900 CHT, i Z By TRl HAUAR I TG PE T B, AP A LAt AL R TE 5y A b, 18 TR 7E R
PR IR 1.

2 % X M
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Synthesis of Ordered Mesoporous Fe-N-C-PANI Catalyst via
Self-assembly and Its Oxygen Reduction
Reaction Activity in Acid Medium'

KANG Huan, LI Shang” , LIU Chang, GUO Wei, PAN Mu
(State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Key Laboratory of
Hubei Province for Fuel Cell, Wuhan University of Technology, Wuhan 430070, China)

Abstract Highly ordered mesoporous Fe-N-C-PANI electrocatalysts were synthesized by ethanol evaporation
induced self-assembly using triblock copolymer Pluronic F127 as template, phenol-formaldehyde resin as
carbon precursor and polyaniline as the N precursor. XRD, TEM, BET, XPS and RDE techniques were used
to characterize the composition, morphology and electrocatalytic activity of the catalysts. The results show that
the catalyst pyrolyzed at 800 “C has distinctly ordered mesoporous structure and straightest channel, and its
speci-fic surface area is as high as 1007 m*/g. The results of XPS show that the percentage of pyidinic N and
Graphitic N of Fe-N-C-PANI-800 is 3. 86% ( molar fraction). In the process of heat treatment, Fe ( I ) was
reduced to metallic Fe, and the introduction of N was facilitated, which made iron carbide turn into Fe-N,
active sites, and enhanced the ORR catalytic performance of catalysts. But when the temperature rise to
900 C, the formation of metallic Fe decreases its ORR activity. In the acid medium, Fe-N-C-PANI-800 has
an onset potential of 0. 89 V(vs. RHE) and a half-wave potential of 0. 81 V(wvs. RHE). Ordered mesoporous
catalyst had higher graphitization structure, which improved its stability.

Keywords Proton exchange membrane fuel cell; Non-noble metal electrocatalyst; Ordered mesoporous;
Oxygen reduction reaction( ORR)
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