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Abstract — Iron and nitrogen coordinated carbon catalyst (Fe-N-C) is the most promising non-precious metal catalyst
(NPMC) studied to alternate the Pt-group oxygen reduction reaction (ORR) catalyst. In this work, Fe/N/C type catalysts
are prepared by four different nitrogen precursors; N, N, N’, N’-tetramethylethylenediamine (TMEDA), 1,2-ethylenediamine
(EDA), m-dicyanobenzene (DCB), dicyandiamide (DCDA) which can chelate a transition metal; In addition, the
catalysts conducted the pyrolysis process at four different temperatures of 700, 800, 900, 1000 °C to investigate the ORR
activities depend on pyrolysis temperature and to find an appropriate temperature. The characterizations of catalysts
were investigated by scanning electron microscope-energy dispersive X-ray spectrometer (SEM-EDS), X-ray diffraction
(XRD), and element analysis (EA). The electrocatalytic activity was measured by ORR polarization, also the electron
transfer number was calculated from the slope of the K-L plot. The FeNC-EDA-800 which were prepared at pyrolysis
temperature of 800 °C with EDA showed better ORR activity than the other catalysts.
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Fig. 1. LSV curves of (a) FeNC-TMEDA, (b) FeNC-EDA, (c) FeNC-DCB, (d) FeNC-DCDA prepared in the range of 700-1000 °C. LSV curves
were obtained in O,-saturated 1 M HCIO, at the rotation rate of 1600 rpm and scan rate of 5 mV-s™.
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Fig. 2. SEM and corresponding EDS mapping images of (a) FeNC-TMEDA-800, (b) FeNC-EDA-800, (¢) FeNC-DCB-800, and (d) FeNC-

DCDA-800.
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Fig. 3. Mass ratio of Fe and N contents in the catalysts, investi-
gated by SEM-EDS and EA for Fe and N respectively.

Table 1. Mass ratio of the C, H, O, and N atoms investigated by EA

Atoms [wt%]

Catalysts C H o N
FeNC-TMEDA-800 83.347 1.457 14.258 0.938
FeNC-EDA-800 82.897 1.117 15.059 0.927
FeNC-DCB-800 81.630 1.7574 15.314 1.299
FeNC-DCDA-800 88.492 1.662 8.441 1.406
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Fig. 4. (a) XRD patterns of FeNC-TMEDA-800, FeNC-EDA-800,
FeNC-DCB-800, FeNC-DCDA-800, and NKB. (b) Enlarged
XRD pattern from 20 to 30° (black vertical lines are graph-
ite (0 0 2) and (1 0 1) plane peaks of NKB respectively).

Z7] 39 M NKBE] C (0 0 2y 71 AR Agle 2F 0360 nmZ
Zul) g4 % 2+2} 0351 nm (FeNC-TMEDA-800), 0.342 nm (FeNC-
EDA-800), 0.341 nm (FeNC-DCB-800), 0.346 nm (FeNC-DCDA-
800)= B5F Attt Frllo] 1 A4 wgelA ExlE Ho]
A3} g0 Fr|E 2g3to] SAst ) FUlsh o] 2 Qs
Bk QIAE A7} 717k 7] Wizl ARRE AR 7F A AEkAl |
tH30,31]. 43°014 YER= ¢(1 0 HE F 3= $F50 2 o) o]
53} 43.6%04 UERFIL a-Fe 32 44.7°004 LERTE
A718hetA EAS A8 913l N,223kE 1 M HCI0, oA



A AT A7E A

4
2

o

£

(5]

< 0

E

iy

&

5 2

=

N

=

@

o 4 —FeNC-TMEDA-800

E .

&) —FeNC-EDA-800

—FeNC-DCB-800

P —FeNC-DCDA-800

0 0.3 0.6 0.9 1.2
Potential [V vs. RHE]

Fig. 5. CV curves of the catalysts measured in N,-saturated 1 M
HCIO, at the scan rate of 100 mV-s™.

o

g

S 2

E

£

@»n

£ 4

=

-

=

£ —Pt/C

R —NKB

o —FeNC-TMEDA-800
—FeNC-EDA-800
—FeNC-DCB-800

. —FeNC-DCDA-800

0.1 0.3 0.5 0.7 0.9
Potential [V vs. RHE]

Fig. 6. LSV curves of FeNC-TMEDA-800, FeNC-EDA-800, FeNC-
DCB-800, and FeNC-DCDA-800 in O,-saturated 1 M HCIO,
at the rotation rate of 1600 rpm and scan rate of 5 mV-s™.
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Fig. 7. Koutecky-Levich plot of FeNC-TMEDA-800, FeNC-EDA-
800, FeNC-DCB-800, and FeNC-DCDA-800.
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Table 2. Onset potentials of catalysts

Catalysts E e [V vs. RHE]

PY/C (20 wt%Pt) 0.9
FeNC-TMEDA-700 0.65
FeNC-TMEDA-800 0.72
FeNC-TMEDA-900 0.70
FeNC-TMEDA-1000 0.70
FeNC-EDA-700 0.70
FeNC-EDA-800 0.80
FeNC-EDA-900 0.70
FeNC-EDA-1000 0.70
FeNC-DCB-700 0.74
FeNC-DCB-800 0.74
FeNC-DCB-900 0.70
FeNC-DCB-1000 0.60
FeNC-DCDA-700 0.77
FeNC-DCDA-800 0.79
FeNC-DCDA-900 0.60
FeNC-DCDA-1000 0.74
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