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Abstract The design of non-precious electrocatalysts with low-cost, good stability, and an improved oxygen reduction
reaction(ORR) to replace the platinium-based electrocatalyst is significant for application of fuel cells and metal-air batteries
with high energy density. In this study, we synthesize iron-carbide(Fe;C) embedded nitrogen(N) doped carbon nanofiber(CNF)
as electrocatalysts for ORRs using electrospinning, precursor deposition, and carbonization. To optimize electrochemical
performance, we study the three stages according to different amounts of iron precursor. Among them, Fe;C-embedded N doped
CNF-1 exhibits the most improved electrochemical performance with a high onset potential of —0.18 V, a high E;;, of —0.29
V, and a nearly four-electron pathway (n=3.77). In addition, Fe;C-embedded N doped CNF-1 displays exellent long-term
stabillity with the lowest AE;,=8mV compared to the other electrocatalysts. The improved electrochemical properties are
attributed to synergestic effect of N-doping and well-dispersed iron carbide embedded in CNF. Consequently, Fe;C-embedded
N doped CNF is a promising candidate for non-precious electrocatalysts for high-performance ORRs.

Key words oxygen reduction reaction, carbon nanofiber, nitrogen doping, iron carbide.
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Fig. 12 Fe;C-embedded N doped CNF-0.5 [Fig. (a,
d)], FesC-embedded N doped CNF-1 [Fig. (b, e)] ¥
Fe;C-embedded N doped CNF-2 [Fig. (c, DN]¢] AA
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Fig. 1. FESEM images of (a, d) Fe;C-embedded N doped CNF-0.5,
(b, e) Fe;C-embedded N doped CNF-1, and (c, f) Fe;C-embedded
N doped CNF-2.

Fig. 2. TEM images of (a) Fe;C-embedded N doped CNF-0.5, (b)
Fe;C-embedded N doped CNF-1, and (c) Fe;C-embedded N doped
CNF-2.
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Fig. 3. XRD data of Fe;C-embedded N doped CNF-0.5, Fe;C-
embedded N doped CNF-1, and Fe;C-embedded N doped CNF-2.
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Fig. 32 Fe;C-embedded N doped CNF-0.5, Fe;C-
embedded N doped CNF-1 ¥ Fe;C-embedded N doped
CNF-29] X-A 3434 ZA3E vepin 2e 4&52
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Fig. 4. XPS data of Fe;C-embedded N doped CNF-1 for (a) carbon, (b) nitrogen, and (c) iron species, respectively.
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Fig. 5. (a) LSV curves of conventional CNF, Fe;C-embedded N doped CNF-0.5, Fe;C-embedded N doped CNF-1, and Fe;C-embedded
N doped CNF-2 at a rotating speed of 1,600 rpm in an O,-saturated 0.1 M KOH electrolyte, (b) Koutecky-Levich plots of Fe;C-embedded
N doped CNF-0.5, Fe;C-embedded N doped CNF-1, and Fe;C-embedded N doped CNF-2 at —0.6 V, and (c) Koutecky-Levich plots of

Fe;C-embedded N doped CNF-1 at —0.5V, -0.6 V, and —0.7 V.
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Fig. 6. LSV curves of (a) Fe;C-embedded N doped CNF-0.5, (b) Fe;C-embedded N doped CNF-1, and (c) Fe;C-embedded N doped CNF-
2 before and after long-term stability tests at a rotating speed of 1,600 rpm in an O,-saturated 0.1 M KOH electrolyte.

9= 747 —034V, 029V 2 -039 V9] 7S e}
o 2y, BAUEARC] e A e AR
| Ueht=tl, o= Akaskdnbgo] WASHA] 2%k
ojujgit}. tlSo] AR Y-S FA5] flshed]
AR} olF £ m)E 459, °]& Koutecky-Levich

(]
o B &

1.1 1 1

1 _
J i Ja nFkCL 0.62nFD23v " °Cte'?

o] AoA j&= AFLUE, &= AFe] v HAFUE,
joe S AREE, n2 AR o)F 7, Fe dgde]
4*(F = 96,485 C mol "), k& A=A} o]F A, Cox 3|
2 YolA AAa FE(Co=12x10"mol L"), Do A3l
A ol A Fab AFEDe=1.9x 107 em’s ™), vE
A Ao Ax(v=1x10%cm’s "), o 3A 2T (0 =
2nN, N2 A8 3" £5)E ofv]gitt. Fig. S(hye &
E MEE9] 0.6 VIlA K-L W25 o]&3le] Aatd
AR olF Fm)elH, Azk ol Fm)e] 74-F, FesC-
embedded N doped CNF-0.5= 2.91, Fe;C-embedded
N doped CNF-12> 3.77 ¥ Fe;C-embedded N doped
CNF-2= 1.552 =AUt ESH Fe;C-embedded N
doped CNF-1¢] ¢l @& A=} o5 F(n) FAES
Fig. 5(c)ll YeRAATE. A} o] 4] 749 —0.5V, 0.6
V 2 0.7 VolX 247} 3.52, 3.77 E 3.63082 HEHSY
3, Fe;C-embedded N doped CNF-12] 739 o|&4 o2
FHof Wkl 472} wEgo] A 2T wEb e
AZ T FesC-embedded N doped CNF-12 &= wh
SAIZ A9, Wk de), AR ols R AAEE 7
3L, ol 5 ASkl 5 S on]git). FesC-embedded
N doped CNF-19] e AAsuke A== F 7}
A F8 gz B4 & F ot AAZ, g R
of & kel v ghshEoe] kA FEES FAIFY]

=
HZolth. EAE, B4 Uil £2 B&2] pyridinic-N
< Ax g SAS A Al S

7N Z7] wZoltt.

Fig. 6(a-c)y= A713}8H4 A4 #7115 Adstr] 9
sto] AJAFHE 3,0008] {3 3+ FHoll tpA] A
y olF At F4E& =43k Fe;C-embedded N doped
CNF-0.5, Fe;C-embedded N doped CNF-1 % Fe;C-
embedded N doped CNF-22] %7] tjy] #7|3}st%] ot
A4S kst oty wiak 9] A 32 27t 17
mV, 8mV % 28 mVS YERH o1, o] Fe;C-embedded
N doped CNF-1°0] B AZ 5 v Ao 7H4 =
=< ougitt. oA A7|8l8HA Aol FE ol
= 24 =39 g AR7E Wi gslE S A0
2HY v BeFow 283y yEoz wgwc?

Atk gAauxAdF, Fe;C-embedded N doped CNF-0.5
2 Fe;C-embedded N doped CNF-29} H|:L3}oq, FeyC-
embedded N doped CNF-1:= —0.18 V] WHg-A] 2} A 9],
-0.29 Vo] vy} Aoj2 e Atk S48 2
olm 53] 3779 4tA& olF FE dubdo=m Hy A
b olF 9l 4ol Aol ZHg oA FE A7)
slet7 5A4& Hole= olffre A=, Ak SFE S &F
A7) EshEo]l ehAbe A Wi Y2
2ZA AR, o= A71seE S &4 WS &
INZ 7] WEoltt EME, A4 = 5 pyridinic-N2]
A= Fvlf 2SS AR o 58S FAF
wj ol Bk, 7] tiv] H7)sked PgAd-S H7tst
Aes o 8mve 7 A2 Rig A9
=, ol= 8 A71seH S onlgitt o]"
Al A71818H4 Qg /do] dE ol da =Y '
A7) wzelnh. wEhA, B AhAasklvhg 2

R

=
-
E Babe g gl B S0g Ag



ArghINkg-S- 913 Tshdo] WidlE Ha =g whe] Alx 645

s S WA A4 =38 s fe sk
-8 HlAES SR e Aot
Acknowledgement

This study was financially supported by Seoul National
University of Science and Technology.

References

1. J. Greeley, I. E. L. Stephens, A. S. Bondarenko, T. P.
Johansson, H. A. Hansen, T. F. Jaramillo, J. Rossmeisl, 1.
Chorkendorff and J. K. Norskov, Nat. Chem., 1, 552
(2009).

2. G. A. Ferrero, K. Preuss, A. Marinovic, A. B. Jorge, N.
Mansor, D. J. L. Brett, A. B. Fuertes, M. Sevilla and M.-
M. Titirici, ACS Nano, 10, 5922 (2016).

3. M. Li, L. Zhang, Q. Xu, J. Niu and Z. Xia, J. Catal., 314,
66 (2014).

4. Z. Zhao, M. Li, L. Zhang, L. Dai and Z. Xia, Adv. Mater.,
27, 6834 (2015).

5. D. Y. Sin, G. H. An and H. J. Ahn, J. Nanosci. Nano-
technol., 16, 10535 (2016).

6. H. L. An, G. H. Ahn and H. J. Ahn, J. Mater. Res., 26,
250 (2016).

7. G H. An, E. H. Lee and H. J. Ahn, J. Korean Powder
Metall. Inst., 23, 420 (2016).

8. G. H. An, D. Y. Lee and H. J. Ahn, ACS Appl. Mater.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Interfaces, 9, 12478 (2017).

. Y. G Lee, G H. An and H. J. Ahn, Korean J. Mater.

Res., 27, 192 (2017).

L. Shang, H. Yu, X. Huang, T. Bian, R. Shi, Y. Zhao,
G. I. N. Waterhouse, L.-Z. Wu, C.-H. Tung and T.
Zhang, Adv. Mater., 28, 1668 (2016).

D.-H Kwak, S.-B. Han, Y.-W. Lee, H.-S. Park, I.-A.
Choi, M.-C. Kim, S.-J. Kim, D.-H. Kim, J.-I. Son and
K.-W. Park, Appl. Catal., B, 203, 889 (2017).

G. H. An, E. H. Lee and H. J. Ahn, J. Alloys Compd.,
682, 746 (2016).

G. Panomsuwan, N. Saito and T. Ishizaki, J. Mater.
Chem. A, 3, 9972 (2015).

S. Lee, D.-H Kwak, S.-B. Han, Y.-W. Lee, J.-Y. Lee, I.-
A. Choi, H.-S. Park, J.-Y. Park and K.-W. Park, ACS
Catal., 6, 5095 (2016).

G Ren, X. Lu, Y. Li, Y. Zhu, L. Dai and L. Jiang, ACS
Appl. Mater. Interfaces, 8, 4118 (2016).

G-H. An, Y.-G. Lee and H.-J. Ahn, J. Alloys Compd.,
746, 177 (2018).

Y.-G. Lee, G-H. Ahn and H.-J. Ahn, Korean J. Mater.
Res., 28, 182 (2018).

G H. An, D. Y. Lee, Y. J. Lee and H. J. Ahn, ACS
Appl. Mater. Interfaces, 8, 30264 (2016).

S. Chen, J. Bi, Y. Zhao, L. Yang, C. Zhang, Y. Ma, Q.
Wu, X. Wang and Z. Hu, Adv. Mater., 24, 5593 (2012).
L. Zhang and Z. Xia, J. Phys. Chem. C, 115, 11170
(2011).

D. Shin, B. Jeong, B. S. Mun, H. Jeon, H.-J. Shin, J.
Baik and J. Lee, J. Phys. Chem. C, 117, 11619 (2013).



