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Fig. 1 XRD diffraction patterns of FeN/BP catalysts prepared

with various weight ratios of phen/BP in catalyst pre-

cursor
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Tab. 1 BET surface area, pore volume and average pore size for different FeN/BP catalysts

Sample/(weight ratio) SBET/(m*- g") Pore volume/(cm?- g*) Average pore size/nm
FeN/BP(10/90) 962.98 1.85 14.14
FeN/BP(20/80) 824.48 2.17 10.54
FeN/BP(50/50) 178.42 1.4 20.14
FeN/BP(80/20) 87.08 0.79 17.38
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Fig. 3 TEM images of FeN/BP catalysts prepared with various weight ratios of phen/BP in catalyst precursor
A-B:FeN/BP(10/90) ;C-D :FeN/BP(20/80) ; E-F : FeN/BP (50/50) ; G-H : FeN/BP (80/20)
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Tab. 2 Element contents of FeN/BP catalysts with various weight ratios of phen/BP in catalyst precursor sample/(weight ratio)

Sample/(weight ratio) C/wt% N/wt% O/wt% Fe/wt%
FeN/BP(10/90) 98.2+1.67 0.09+0.03 1.35+0.06 0.36+0.04
FeN/BP(20/80) 98.01£2.55 0.31+0.06 1.46+0.10 0.22+0.05
FeN/BP(50/50) 95.81+1.86 0.25+0.04 3.42+0.10 0.52+0.04
FeN/BP(80/20) 95.92+2.32 1.26+0.06 2.24+0.09 0.58+0.04

Ak R0 SR A TP OR S IR IS, T A A Ak R A
IS JE T R 2 AV T R 2R U N T R S 1 A Ak 7).
PRI, TR 14 7 A 8 R 4 e i Ak 300 19 4008 D
PE, H B AL R Y R R A R R
M. 31X A GE & B T phen/BP &y 20/80 i, 78 A 4b #f
b TP T D) 9 IS D S R 9 A T B
1) ORR .
2.5 FeN/BP /. FIEIIRMEA TGA KA

Ry B — 2 43 A A A TR i S A R X R A
7 ORR P BE 1 52 ), % AS 7] 08 2 dk 04 4 £k 550 i
IR HEAT A A3 AT, UL Ak TR ) A o b A BT
A AL B 5 AN T AU 0 Ak R TSR
P P 2 N IET S AT i Ak ) i B4 174 S5
5% B U O = A 1 N RS B AE 420 °C LAF,
phen/BP 41K 50/50 ,80/20 )4 Ak 751 i 318 44 7 B
A RS, 2 R 29% & 60%, 1fii phen/BP

20/80 114 4 Ak 791 Hir 9K 1A 119 2k T RAL LY 3%, 5 H
HIFIR A A R & AT G, 1T 420 °C Ja AR AR
B AR TSR AR A W] g BT R, XA]
ABRAE SR AE F T, A 700 A 9 A ) 20 i S
NI 5| S A AR 0, 7E 420 °C J5 |, i A6 5
9K A B S5 H R B L Y 8 e 2>, Y
phen/BP 1 HL 1 R 20/80, i Ak 751 iy 4R 4 8 1t 3R J3E
JE B R E R, A 28.1%. VEFH A H = i o 4
ENLINT P = I o i G I R NG RS e 7/ R
il , 2805 e 22 ) 0 IO A6 TG A4 A R 1 3 6
B I R B A O R A SR A L, S i AL
FIHTRAA B phen/BP &y 20/80 I, 78 #Afi ik #2 |
A R 1 e B DX TD P, A ) T R A T 2 v T O
042K AT R ol B A T A5 A A ) EL A A v 1Y) L 2 T AR
FFRWA G &, TR LA 5 2 0 AT
L, AR A B B8 ORR 1 .



-134-

b 2020 4

W F
{1t i L PR 2R AR AR TR Y A A A o A

g | o 9 S S S B T AT . 5 B

[+

< -1

£

B 5 % X #k (References) :

2 ) FeN/BP(10/90) [1] Debe M K. Electrocatalyst approaches and challenges for
% [ —— FeN/BP(20/80) .

= Ik FeN/BP(50/50) automotive fuel cells[J]. Nature, 2012, 486(7401): 43-51.
g o FehVER30/20) [2] Ding W( T %), Zhang X (3K T7), Li L(Z#i), et al. Recent
O -4 0.5 molL"' H,S0,, O,. 1500 rmin’ progress in heteroatoms doped carbon materials as a cat-

02 03 04 05 06 07 08 09 1.0
Potential/V(vs. RHE)

Fl 4 7E O, AR 0.5 mol- L H,SO, HLff i 7 AS [l AL 75
I HEAL ] ORR A AL 2R ; 143 % . 10 mV -5
Fig. 4 ORR polarization curves of FeN/BP catalysts prepared
with various weight ratios of phen/BP in O,-saturated
0.5 mol-L" H,SO, solution

[0]3 § S————

=
S a
= £ Ty
2‘0 80 weight loss=28.1% ' .
g O
=l T
E 60 weight loss=16.7% -
1= | A o TywA e
o
5
o~ 40+ a: FeN/BP(20/80) .

= b: FeN/BP{50/50) | weight loss=9.5% '

c: FeN/BP(80/20)

200 600 800
Temperature/°C

200 1000

[l 5 ANIA] phen/BP it it Fb il 75 FeN/BP A Ak 551 if 9K {4 1)
TGA Hhk

Fig. 5 TGA curves of catalyst precursors with various weight

ratios of phen/BP
3 % it

AR S T AR IR 1R &L X FeN/BP
AR A SR A AL TG M i 52w, A TEMBET .
XRD %577 1 RHEAL ) A 25 M R AT R AE , SR TRk
48 IR 22 okt i Ak 7 1 S0 T P R AT 3k £
FH TGA 431 i Ak 700 1) 4 2ok R v ) i Ak 750 i 9K 44
149 728 Ak A b 00 i B i G Y e AR A
TR PR B0 A A R 3 ka4 | L T AR M R A
CETREAEZW R LW, 24w oK A
phen/BP [ fit LRy 20/80 B, FTASHEALFIA 54
) ORR 7 1. ALt R A S5 L4500 | ik
7 e 1H A T R MY A B S R 5 A fL R ORR i 4

=
2

alyst for oxygen reduction reaction[J]. Journal of Electro-

chemistry(FiL 1L.2#), 2014, 20(5): 426-438.
[3] Chen C(Wr3th), Zhang X(7K %), Zhou Z Y (Jil & A7), et al.
Experimental boosting of the oxygen reduction activity of
an Fe/N/C catalyst by sulfur doping and density functional
theory calculations[J]. Acta Physico-Chimica Sinica (47 #!
fb24241), 2017, 33(9): 1875-1883.
Lin L (#k¥). Synthesis and evaluation of PGM-free Cata-
lysts for proton exchange membrane fuel cell cathodes[D].
He Fei(#5 A): University of Science and Technology of
China (1 R} H AR K, 2017.
[5] XiaB Y, Ng W T, Wu H B, et al. Self-supported intercon-
nected Pt nanoassemblies as highly stable electrocatalysts
for low-temperature fuel cells[J]. Angewandte Chemie In-
ternational Edition, 2012, 51(29): 7213-7216.
Kong J F (fL# &), Cheng W L(## 3 J£). Recent advances
in the rational design of electrocatalysts towards the oxy-
gen reduction reaction[J]. Chinese Journal of Catalysis(ff
1k2E M), 2017, 38(6): 951-969.
Zhong G Y% [ %), Wang H J(E 2L 48), Yu H(4% i), et al.

A review of carbon-based non-noble catalysts for oxygen

[7]

reduction reaction[J]. Acta Chimica Sinica(fk 2% 2% 1R),
2017, 75(10): 943-966.

[8] Gupta S, Tryk D, Bae I, et al. Heat-treated polyacryloni-

trile-based catalysts for oxygen electroreduction[J]. Journal

of Applied Electrochemistry, 1989, 19(1): 19-27.

[9] Koslowski U I, Wurmbach I A, Fiechter S, et al. Nature of

the catalytic centres of porphyrin based electrocatalysts for

the ORR - A correlation of kinetic current density with the
site density of Fe-N, centres[J]. Journal of Physical Chem-

istry C, 2008, 112(39): 15356-15366.

[10] Liu Q, Liu X, Zheng L, et al. The solid phase synthesis of
an Fe-N-C electrocatalyst for high-power proton-exchange
membrane fuel cells[J]. Angewandte Chemie International
Edition, 2018, 57(5): 1204-1208.

[11] LiJ, Shraboni G, Liang W, et al. Structural and mecha-

nistic basis for the high activity of Fe-N-C catalysts to-

ward oxygen reduction[J]. Energy & Environmental Sci-

ence, 2017, 9(7): 1-50.



%1

o A RTIKAR b N S X FeN/C i Ak 1) 480520 LT 1 104 5% mi I 5%

- 135-

[12]

[13]

[16]

Wu G, More K L, Xu P, et al. A carbon-nanotube-sup-
ported graphene-rich non-precious metal oxygen reduc-
tion catalyst with enhanced performance durability [J].
Chemical Communications, 2013, 49(32): 3291-3293.
Hua'Y Q, Jiang T T, Wang K, et al. Efficient Pt-free elec-
trocatalyst for oxygen reduction reaction: Highly ordered
mesoporous N and S co-doped carbon with saccharin as
single-source molecular precursor[J]. Applied Catalysis B:
Environmental, 2016, 194: 202-208.

Wang K, Wang Y, Liang Z X, et al. Ordered mesoporous
tungsten carbide/carbon composites promoted Pt catalyst
with high activity and stability for methanol electrooxida-
tion[J]. Applied Catalysis B: Environmental, 2014, 147(7):
518-525.

Lefevre M, Proietti E, Jaouen F, et al. Iron-based catalysts
with improved oxygen reduction activity in polymer elec-
trolyte fuel cells[J]. Science, 2009, 324(5923): 71-74.
Liao S J(B it %), Pen H L(# £ 52), Zhang B Q(5K N
7). A novel n-doped carbon-based metal-free catalyst
prepared and its oxygen reduction performance[J]. Journal
of South China University of Technology(Natural Science
Edition)(fe Fd B T K 2= 22 4k (H R BH 2 1R)), 2012, 40(10):
121-127.

[17]

[18]

Yang W(#f1i), Chen S Z(¥k = ¥1), Zhou H B(4B 3L ij%),
et al. Progress in nitrogen-doped non-noble catalysts for
oxygen reduction[J]. Chemical Industry and Engineering
Progress(fk T.if Ji¢), 2010, 29(11): 2085-2089.
Bouwkamp-Wijnoltz A L, Visscher W, Van Veen J A R,
et al. On active-site heterogeneity in pyrolyzed car-
bon-supported iron porphyrin catalysts for the electro-
chemical reduction of oxygen: an in situ mossbauer study
[J]. The Journal of Physical Chemistry B, 2002, 106(50):
12993-13001.

[19] JaouenF, Lefevre M, Dodelet J P, et al. Heat-treated Fe/N/C

[20]

(21]

catalysts for O, electroreduction: are active sites hosted in
micropores? [J]. Journal of Physical Chemistry C, 2006,
110 (11): 5553-5558.

Charreteur F, Jaouen F, Ruggeri S, et al. Fe/N/C non-pre-
cious catalysts for PEM fuel cells: Influence of the struc-
tural parameters of pristine commercial carbon blacks on
their activity for oxygen reduction[J]. Electrochimica Ac-
ta, 2008, 53(6): 2925-2938.

Zitolo A, Goellner V, Armel V, et al. Identification of
catalytic sites for oxygen reduction in iron-and nitrogen-
doped graphene materials[J]. Nature Materials, 2015, 14(9):
937-945.

Effect of Nitrogen Content in Catalyst Precursor on Activity of
FeN/C Catalyst for Oxygen Reduction Reaction

YANG Zhi, SHEN Ya-yun, ZHOU E, WEI Cheng-ling, QIN Hao-li, TIAN Juan"
(Scchool of Chemistry and Materials Science, Guizhou Normal University, Guiyang 550000, China)

Abstract: Non-noble metal catalysts with high activity and low cost have attracted increasing interest as potential catalysts for
oxygen reduction reaction (ORR) to replace Pt-based catalysts. In this paper, the effect of nitrogen content in catalyst precursor on
ORR activity of FeN/C catalyst was investigated by X-ray diffraction (XRD), Brunauer-Emmet-Teller (BET) surface area and pore
size distribution measurements, transmission electron microscope (TEM), thermogravimetric analysis (TGA), and rotating disk elec-
trode (RDE) techniques. The results show that the most active catalyst was obtained by pyrolysis in argon at 1050 °C with a catalyst
precursor containing 20wt% 1,10-phenanthroline, 1wt% Fe and Black Pearl 2000. The particle size and distribution, BET surface
area and pore size distribution, surface nitrogen content are key factors affecting the catalytic activity of catalyst. The difference in
ORR activities may be explained by TGA data of catalyst precursors with different nitrogen contents, where the pyrolysis of catalyst
precursor with phen/BP ratio of 20/80 resulted in weight loss of 28.1% at the temperature above 420 °C, which may generate most
of the catalytic sites for ORR.
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