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Fig. 1 Schematic procedure for the fabrication of MCFes
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Fig. 2 A. Nitrogen adsorption/desorption isotherms of MCFes; B. Corresponding pore size distribution curves; C. XPS survey of

the MCFe-10/10/2 (the inset: chart showing the percentages of carbon, nitrogen, oxygen and other elements according to
XPS data); D-F. XPS data for the N1s, Cls and Fe2p regions of MCFe-10/10/2
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1R A BRBLR 257 R XPS 23 #7152 i 45 S 8

Tab. 1 Summary of textural parameters obtained from nitrogen adsorption analysis and chemical compositions from XPS analysis

Chemical composition/%(by atom)

Seer/ Total pore volume/  Micro pore volume/

Sample (m*-g") (em’-g") (em’-g) C O N NI N2 N3 N4
MCFe-10/10/1  546.1 0.2952 0.1779 84.88 13.83 010 293 247 186 274
MCFe-10/1022 7807 0.2678 0.1790 83.81 1352 149 225 259 238 278
MCFe-10/10/4 5210 0.4908 0.1883 8529 1220 0.17 238 187 187 388
NMCFe-10/102 5337 0.4208 0.0875 8321 1328 272 273 168 239 320

A —— MCFe-10/10/1 * CFe,, | #520512
—— MCFe-10/10/2 +Fe,C #350772
—— MCFe-10/10/4 0Fe,0, #653107

Intensity/(a.u.)

&1 3 A, K MCFes X S £ AT 1% 151 s B B M250 49148 B8 45 BE A ; C-D. £ it MCFe-10/10/2 35 ) B 58 it
Fig. 3 A. Powder XRD patterns of MCFes over the 260 range of 10° ~ 80°; B. SEM image of M250; C-D. TEM images of MCFe-10/10/2
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RRE S N N B2 3 0 | BT o i 1 7 ST
% B 9 AN R T F R e T 23 5 A A TRl S OC
FRANKE AT A [A) % 3 N MCFe-10/10/2 % R
HEL A 2 T HIORE b Al R N A B 5 3 R
W TAETh IR GBS B4 24T B T8 1 1 028 B

H B4 = ORR 1 BE AT 1 L, o 3 J2 150 v 34 56 4
S DI P 07 0 4R R AR TS R AR SRR R T Fe
i T EL A AR B e LR AR A LS
¥, RIS B T 1% PE R Fe,C 4544

€ 4B % th MCFe-10/10/2 A [} %% % T i ORR
WAk R 2. 12 2 B B Ol 1% W RIS R 0 22 B ol 5ok
{4388 I T30 T A 5 7 A 2 P57 AS B . Koutecky-
Levich (K-L) 3l Jj % J5 #& & Bl™ ORR — B 52 Iz 3l
T M AW EA & NE 4AC F HAATE R IR
etEX &, HAE 0.05~0.55V 0] 300 & L (vs.
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Fig. 4 A. ORR polarization curves for MCFes and 5% Pt/C in 0.1 mol-L" HCIO, solution at a rotation rate of 900 r-min™; B.
Linear sweep voltammograms for oxygen reduction on the MCFe-10/10/2 catalyst in 0.1 mol - L' HCIO, at various rota-
tion speeds with a scan rate of 10 mV -s™; C. K-L plots for the ORR in O,-saturated 0.1 mol - L' HCIO, solution for
MCFe-10/10/2 (the inset is the electron number calculated from K-L plots); D. Hydrogen peroxide (H,O,) yield obtained
from RRDE curves for the MCFe-10/10/2 in 0.1 mol-L" HCIO, with a scan rate of 10 mV -s, at a rotation speed of 900

r-min” and the electron transfer number as a function of potential
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Fig. 5 Acidic PEMFC performance at 80 °C using MCFe-10/
10/2 (4 mg-cm?) as the cathode catalyst and Pt/C
(60% ,JM 0.2 mgpt-cm?) as the anode catalyst. Hy-
drogen was supplied to the anode at a flow rate of
300 sccm. Dry oxygen was supplied to the cathode

at a flow rate of 800 sccm.
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Recycling MF Solid Waste into Mesoporous Nitrogen-Doped
Carbon with Iron Carbide Complex in Graphitic Layers as
an Efficient Catalyst for Oxygen Reduction Reaction

ZHAO Can-yun'?, HUANG Lin'*’, YOU Yong'%, YAO Ying-fang'*, SU Xiao-gang'?,
WAN Hong'?, LIU Jian-guo™***, WU Cong-ping'**
(1. College of engineering and Applied sciences, Nanjing University, Nanjing 210093, China;
2. Eco-materials and Renewable Energy Research Center, Nanjing University, Nanjing 210093, China;
3. Kunshan Innovation Institute of Nanjing University, Kunshan 215347, Jiangsu, China;
4. Suzhou High-tech Institute of Nanjing University, Suzhou 215123, Jiangsu, China)

Abstract: Nitrogen-doped carbon materials with iron ions are known as catalytic growth agents for the oxygen reduction reaction
(ORR) in fuel cells, but the design and synthesis of high-performance and low-cost catalysts still remain a significant challenge. Here-
in, we present a cost-effective approach to dispose of MF solid waste as the precursor for the synthesis of MCFes catalyst with the fa-
vorable structure features such as the high specific surface area, abundant active sites and suitable pore structure. The results showed
that the MCFe-10/10/2had specific surface area as high as 780.7 m*- g and high efficient catalytic activity comparable to commercial
5% Pt/C catalyst for the ORR in acid media. Furthermore, the influences in the contents of N through heat-treated at NH; atmosphere
were also investigated in detail. It was found that the catalytic activity was sensitive to N type, particularly the ratio of pyridinic-N to
total N atoms. The large N contents did not lead to higher ORR activities ofMCFes and NMCFe-10/10/2. While the pyridinic N con-
tent improved the onset potential for ORR. Furthermore, iron carbide nanoparticles were well encapsulated in N-doped graphene-like
layers, which determined the limiting current density. This judicious transformation of organic-rich waste not only addresses the dis-
posal issue, but also generates valuable functional carbon materials from the discard. The as-synthesized carbon will certainly have

greater economic ramifications by creating value added materials from wastes.

Key words: melamine-formaldehyde; proton exchange membrane fuel cell; oxygen reduction reaction; FeNx/C; catalyst;

waste utilization
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