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Abstract

The development of advanced electrocatalysts for oxygen reduction reaction (ORR) is the key to
improve the efficiency of fuel cells and metal-air cells, and is of great significance for the storage,
conversion and utilization of renewable clean energy. In this paper, two-dimensional nitrogen-doped
carbon nanosheets (2D-NC) were prepared by inorganic salt KCl assisted pyrolysis, and then iron was
doped into the 2D-NC matrix by immersion and two-step annealing to obtain two-dimensional Fe-N-C
nanosheets (2D-Fe-N-C). Compared with the widely reported three-dimensional Fe-N-C, two-
dimensional Fe-N-C nanosheets expose more active sites on the surface, which is conducive to im-
proving catalytic activity. The results show that 2D-NC can be carbonized at a lower temperature
(700°C) by adding KCl, and iron doping can be achieved by immersion and two-step low tempera-
ture annealing, avoiding the agglomeration of iron species. By optimizing the amount of inorganic
salts, 2D-Fe-N-C-5 catalyst has excellent catalytic activity in alkaline solution. The onset potential
is 0.999 V (vs RHE), and the half-wave potential is 0.808 V (vs RHE). The kinetic current density of
its oxygen reduction reaction is equivalent to that of commercial Pt/C. The research work in this
paper has certain reference significance for the preparation of metal nitrogen carbon catalysts.
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AR A G R - R T H AR RS TR RIS A, R Se B AT PR AR T
REVR At 55 e R T R SR B O [1] [2] (X PR &1 2218 1) B AR S8 I S B (ORR) 3l 1S4 AE AR KA FE
BRI T IHAERE, PR ZEFIK ORR I HLAEAL TR SEBL AR HLt . ) - 22 Rt KA
S EE BRI — o 2k, A R ORR HEALTT AL & 8 (PGM)ZERT R, T LA A2 5B I
S PEFNT AT K [3]. ST, PGM I A FIRR BRI IR BERAS 7B A1 2 A . Bk, ab)&2of
FAREAS S s R 58 T A 9 B 280 iR P AL

5 P BB IS IR B M-N-C), el /& F 1, T Hedse R B 1) P 3 v ] A i 1 [4]
[5] [6], sESUEJE M TR L. &R AHIHESE(MOFs), $5hlE A A £ & R E Y1 ZIF-8,
FEFIEE M-N-C FLEALTI RAF-T G [7]. Jedhis, BATimh G 8k s 51 A1 B AT B (= v Ao
(Evo)» AISRDNALHT PUC AIRSE[8] [9]. H AT LR AL 1 3 MR SRNS . K Fe-Nx AL R A ML,
CAER R L L EAGIEE . 9, Chen BREIALH & 1 —Fhmid tERRE I 70 B BT FelN 25 2 FLIK(ISA
Fe/CN)fEALFFI[10]. JEIL 900°CHI miRIAMFRE ZIF-8 Fetky N B2 2 £Lk, [AIIF JE A ¥ Fe(acac)s #¢A L&
BRI MIBRACIE I, T BU R 2 £ R R _E I AR 7o AP RHABL T3 1 ORR HifEALPE
RECHEHLALN 0.90 V vs RHE). Mg R vl DA 5 <5 B 1 A RC AL 358, AT vl BRI i AL PR RE, IE4F
K ZIF-8 AT A= i 8 S HEAL TR BT SRS A AR Rt g, (E B el FE — R #RAE 800°CLA Lo XM E
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X1, MOF M fikgi e A, KEA REMBENE B, 5 EOZISBIMRT f S PRI
[11] [12] [13] [14]. F4b, KZH ZIF-8 2AH A WA R SRR 1), XA R T A, AR T
i L, EFRBTT ZIF-8 A7 A 1 B 51 M A 77 I PR AR AR i P2 2 i) 5% e P i U SR A AR ) SR B

AESR, | R A A1 R IR 22 B A RSB o P (1) Fe-N-C AL i AN Re g 42T H T4k ORR
[15]. 2RI, A7 iE—Sm M rERe, IFEERMHTE L MR, Sun LI [FSA0 Strasser f& 3 [F] 5T
KW 2 SR A A A iR R BE oM R AL 12 BE (1 B BT IR 772 [16] [17]. Ye BREEZHAE Ar F1 NH;
W AT R R R ThREAL Y ZIF-8 [R5 Bl S, DASR s 7E BRI R P A I Hh 1) ORR P RE[18]. i it
AAREE], FefE C-ZIF-8 (42)HEAUFITERME AR PEN P RILH =1 ORR JiEPE, 7EREZSS I A
PEMFC {56 BA R A ttERe, JorhwibiB ks 21 H 192 v] LA — D Hl A kL4 5k M-Nx
[19]. B, PPRMENE R ZIF-8 fiTA K2k ORR AR AL T —ANE RS gt .

Z PR TAERIE K, FRATERER TR TOHLER 40 B # AR AN 25 1R K 45 G 1SR I 75 2R e i MR A A ) )
FH R AR A5 07 o AT B S KCI Al B AR AR BRI IR AR BE R il 2% T 4 &35 ALK (2D-NC) .
FIH 2D-NC fER#k ik, PIAS/K =SB, 89 IR KA A i T T30 R A — 48 iR Fe-N-C
HI /AL 77)(2D-Fe-N-C). it KCI FlERIt4k, KI5 g KCI #]4 KRB Je i B2l i 538 K45 31
) 2D-Fe-N-C-5 AL fI7E 0.1 mol/L KOH i J 3L H LB S PR AHE A0 3% 12k (B FRAE Eyjp = 0.808 V)

2. SCIGERSY
2.1, 15

INIKE IR [ Zn(NO3)»6H,0 ]« 757K & =& Ak (FeClsy-6H,0) . 2-H FEBK M (C4HgN,) « ZALHH(KCI).
ERBR(HCI) . /K LEE(CHgO) s H Mot ai. SEa AT FH R AR AT BB, SEEG KIS N 55
F7Ko

2.2. 2D-NC By$I&

FREX 1.275 g Zn(NO3),6H,0 1 2.915 g 2- F BRI 43 AIE ARAE 100 mL 22851 7KH, SR HRERE P
PR, FERIZANERE 2 ho FPT= AL B AUTERE 12 he BLOUREE™ ), )5 H 28T /KMToK B
Ve, fF 80°C N T, 552D ZIF-8. HL 0.59 2D ZIF-8 5—E &/ KCl AT 40 mL &£ B 1K
o, ARG HERE AR TR TETR0120°0) %G, F KCIRA BRI R TE Ny KB IHAE 700°C (In#hE
4 5°C/min), 4E¥F5h, 25 HCI 2 M), EBETFK. K OEEBEEMEL, SRIG1E 80°C N THRIE R,
JERB MBS IRILIR, %N 2D-NC. 248 KCI [f &, H 59 A1 10 g KCI il 4 (1835 2255 43 HlbR
14 2D-NC-5 # 2D-NC-10.

2.3. 2D-Fe-N-C By%I&

# 174 mg FeCl3-6H,0 5 100 mg 2D-NC 73 Bi7E 20 mL Jo/K ZBEVEW T, #A 10 min, EoGheiER R
T, SRIETE 8OCCIMEAR 118 . B SETE Ny R IN#AE] 300°C (IN#GHE 2N 5°C/min), 4EFF5h; %
BT IK-ToK SR SRS G, TR R (80°C)E N, I T BA 550°C (In#uE =y 5°C/min), 4E4F 5
ho 753 31 f 2 (PR 71 — 4 otk Fe-N-C BLAEAL T, iy 44 4 2D-Fe-N-C-x (X R/~ NIIATEALER KCI ).

2.4. HEmEHAFEHFMEREMR

ARSI A T BB (SEM)BT T 1 RE R A ROWTESF Bl X S AT (XRD)WFTE 1 i ) 5
IREs
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AL IR A8 FE A2 TAE 35 (CHI 760E), a4 — AR A RFEATAHCINR,  DAEE: [ 2% A% (RDE)
RTAERRR, X BRI 2 e H AR 23 i A S H AR R Ag/AQCI i,  HEURECA 0.1 mol/L KOH ¥, I
B P A A A O AT I R R (RHE) LA, e 2K

Erue = EAgIAgCI + 0.0591 x pH + 0.964 (1)
Ht, Egpe AAEX T RS S BRI (V), Eagage ARG HIARXT T Ag/AQCH Z: L AR ¥ FLAL(V),
pH EH FLAAR ) pH WIS
3. R 5L
1(a)~ 2D ZIF-8 RyRAARM) 49Kk R TES . @it i 28k T1&, K Fe JEB A2 515211

2D-Fe-N-C-5 43R BA5 4kl K A iTES (] 1(b)). b, 2D-Fe-N-C-5 (R B N TIE, HI 4B Fik
R

Figure 1. SEM images of (a) 2D ZIF-8 and (b) 2D-Fe-N-C-5
[# 1. (a) 2D ZIF-8 #(b) 2D-Fe-N-C-5 9 SEM [E]

MRS T LG, 754 K 2D-Fe-N-C i, @ddin KCI, fEALFIFITESBEA K AE B A1,
EARRSHARR /N (EARERERE, BREE AR R B EEPkH%, H 2D-Fe-N-C-5 £
F R IURAR 4B IR SR, Fe J0 3 1T Ae 2 DL BT Fe-Nx AL sUr A ZERRIE R, 1T sy 25 15
(0 B B AL TS PR A B AE AL ORR A SR B ARDRHE S O M BB o 10 ELAEDG T SR 2 i i = 4
Fe-N-C, 4k Fe-N-C 9K F 58 2 HvE VRO s R B AR 3R T, A R T Ab g 1

AR @ETE XRD BEFT 1 FE S AR L5 R . tHIE 2 Biis, 2D-Fe-N-C-5 fEAFFIFE 25°F11 43°4b4 W5~ B
BRI 2), e A — BRI A B BREE R, 23 %S BT A S8R IR (L00) A1(002) -1 . B 1
ANF B BRIESS, &R ER BN HARE T2 20, X R FT & BUAK R REAS A7 E 2k R o Bk
BRI o

FAHE O, AN 0.1 M KOH HLARA P4l 1 BT e A 7RI 0 i& 1 o i Ze M s AR 2k (LS V)i — 2
W T T A B S AT 1, R R A R A I BN 5 meVes Al 1600 rpm. 4 3(a)FoR,
2D-Fe-N-C-5 R I H AL ORR MEAIENE, H AR LA FLAL (Eonser) ¥ 0.999 V, i HLAL(Ey) 4 0.808 V, 1
B IR 25 FE (i) N 5.06 mA-cm 2 #id T 2D-Fe-N-C-10 (Eoneet = 1V, Eyj, = 0.725V, ji = 3.9635 mA-cm 2),
H TSR TR AR E AN I KCL R NC (Ey, = 0.77 V) [20]. 248, FRIIE B KCI XF 27 Fe-N-C [k
YA —E A, AT VAR K 5 A Bh TS AL i R e, I R S A . B KCI A
BB, 27 ORR MEALIEREN T %, Kk, A#FITH KCI R fEHEN 5 g.
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Figure 2. XRD patterns of 2D-Fe-N-C-5 and 2D-NC-5
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Figure 3. ORR test performance of 2D-Fe-N-C-5 catalyst. (a) Polarization curves of 2D-Fe-N-C-5, 2D-Fe-N-C-10 and 20%
Pt/C catalysts; (b) Polarization curves of 2D-Fe-N-C-5 at different speeds; (c) 2D-Fe-N-C-5 electron transfer number; (d)
Tafel slope of 2D-Fe-N-C-5, 2D-Fe-N-C-10 and 20% Pt/C catalysts

[&] 3. 2D-Fe-N-C-5 {&{£FIA) ORR Mk |4 AE. (a) 2D-Fe-N-C-5. 2D-Fe-N-C-10 &% 20% Pt/C #E{LFIAIRILBRZE; (b)
2D-Fe-N-C-5 fTE R ESE R THIMR (L EIZ ; (c) 2D-Fe-N-C-5 FIEE F45 531, (d) 2D-Fe-N-C-5, 2D-Fe-N-C-10 K 20% Pt/C
BLFIRY Tafel R
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N TSR ORR WIBh 1545 2, BATBEFIFH LSV HIZiF 7T 1 2D-Fe-N-C-5 fEAN A R
TA& #3115 . 2D-Fe-N-C-5 MR IR R P 2 88 I e (R 3 i 38 n, 5 50O PR Ui 2 B rEl R
[, MR ORR Bzl 735 #E (1 3(b)). Wl 3(c) s, HFH#E(n)Z ORR AN 5 —4
FAESH. AR K-L 7R, 78 0.3~0.55 V (R HIASE Y, 2D-Fe-N-C-5 H#5H Hi 1740 7F 3.68~3.82 2
], PiEH 2D-Fe-N-C-5 fif{t ORR & — LAY HLF45 88 R BN F R AR . A T E— B IS TE RSB 71 %,
R LSV 4532 1 Tafel ®2, 1% 3(d)Fim. EEREBRKIERES, A KCl 4B, {15 Tafel
RIZBWR/N, 2D-Fe-N-C-5 (I ZABI N 77.46 mV-dec ™, LT PY/C (113.81 mV-dec ). i8] KCI 4B
PR LR K HAE ORR 3l 712 75 T H A L F I 25

4, gEip

g EATR, FeA Tl KClARBI#IR ZIF-8 #4517 2D-NC, )5 X &t WiR kAFE & i T 50 KB4
f) 4k FrolR Fe-N-C HLfiE4L771(2D-Fe-N-C) .. 7£ & % 2D-NC I, A TENLEE KCI, BRAR T BRAGIEE(700°C),
HIESRME A R AR 76 Ar SR IS — D iR AR T 4 8 i O R 2 RIS, BT DAAN R
A R E T, 2F HRECE G R R BT — IR, o] LAty Fe-Nx, {3
FRAY A, A SRR . 195 T TS AES R SR EVE R, BTS2 B4k 2D-Fe-N-C-5
FEMTRAY ORR Vi PEH R 0.808 V KK fifr, H 2D-Fe-N-C-5 B/~ 1LV B Fid 2. (A,
KCI %l Bl FAfif SR m TR 2008 K 72 mT DAS iy L F AT M, 3O LB OB AL R o B — e (R 4

1EH .
S|
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