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Experimental
Chemicals

FeCl;-6H,0, polyvinyl alcohol (PVA), Zinc chloride (ZnCl,) and aniline were purchased from
Aladdin Reagent Co. Ammonium persulfate (APS), potassium hydroxide (KOH), sulfuric acid
(H2SOy), hydrochloric acid (HCIl, 37 wt.%), and toluene were purchased from Sinopharm
Chemical Reagent Co. Commercial Pt/C (20 wt.%) was purchased from Hesen. Nafion solution (5
wt.%) was purchased from DuPont, Ltd.

Characterization.

SEM measurements were performed on a FEI Sirion-200 field emission scanning electron
microscope. Transmission electron microscopy (TEM) images were acquired using a Tecnai G2
F20 S-TWIN transmission electron microscope (FEI) operated at 200 kV. XRD analysis was
performed on a RigakuD/Max 2500 X-ray diffractometer with Cu Ko radiation (k = 1.54 A) at a
generator voltage of 40 kV and a generator current of 50 mA with a scanning speed of 6° min™!
over the range 5—80° (20). The Raman spectra of samples were obtained on Lab-RAM HR800
with excitation by an argon ion laser (532 nm). X-ray photoemission spectroscopy (XPS)
measurements were performed on a PHI-5000C ESCA system; the C 1s value was set at 284.6 eV
for charge corrections. The gas sorption isotherms were measured via an Autosorb-iQA3200-4
sorption analyzer (Quantatech Co., USA) based on N, adsorption/desorption.



Figure S1. (a) SEM image of Fe@PANI; (b) SEM image of PANI. Both Fe@PANI and PANI
show the similar coral-like morphology.



Figure S2. (a) and (b) SEM, (c) and (d) TEM images of Fe/NPCF-900a; (e) and (f) HRTEM
images of Fe/NPCF-900a. Similar coral-like morphology can be maintained in a certain extent
after carbonization under high temperature. In HRTEM obvious graphitic structure can be
detected.



Figure S3. a) and b) SEM images of Fe/NPC; c¢) and d) TEM images of Fe/NPC prepared by
solution polymerization. It can be seen that the materials are irregularly shaped agglomerates.
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Figure S4. XRD patterns of Fe/NPCF-800a, Fe/NPCF-900a, and Fe/NPCF-1000a. No shape metal
and metal composites peaks can be detected.
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Figure S5. (a) Nitrogen adsorption/desorption isotherms; (b) Corresponding pore size distribution
curves calculated by NLDFT method for Fe/NPCF-800, Fe/NPCF-900, and Fe/NPCF-1000. Both

obtained materials show the high specific surface area and hierarchal pores structure.
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Figure S6. (a) Nitrogen adsorption/desorption isotherms; (b) Corresponding pore size distribution
curves calculated by NLDFT method for Fe/NPC prepared by general solution polymerization.
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Figure S7. Raman spectra for Fe/NPCF-800, Fe/NPCF-900, and Fe/NPCF-1000. Ip/Ig ratios
increased with the raising of pyrolysis temperature, and the materials activation by ammonia show
higher values of Ip/lg, indicating more defective sites have been formed by ammonia etched.
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Figure S8. (a) XPS survey spectra; (b) High-resolution C 1s spectra; (c¢) High-resolution N 1s
spectra; and (d) Corresponding nitrogen bonding configurations for Fe/NPCF-800, Fe/NPCF-900,
and Fe/NPCF-1000.
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Figure S9. (a) XPS survey spectra; (b) High-resolution C 1s spectra; (c¢) High-resolution N 1s
spectra; and (d) Corresponding nitrogen bonding configurations for Fe/NPCF-800a, Fe/NPCF-
900a, and Fe/NPCF-1000a.
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Figure S10. High-resolution of Fe 2p spectra of (a) Fe/NPCF-800, Fe/NPCF-900, and Fe/NPCF-
1000; (b) Fe/NPCF-800a, Fe/NPCF-900a, and Fe/NPCF-1000a. No metal trace can be detected,
indicating that most of Fe have been etched by the acidic etching process, and residual Fe in

materials is below the detection limit.
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Figure S11. CV curves for Fe/NPCFs performed at N,-saturated (dotted line) and O,-saturated
(solid line) 0.1 M KOH solution. It can be found that no redox features were discovered in Nj-
saturated solution. By contrast, an obvious cathodic peak was detected in the case of O,-saturated,

suggesting the electrocatalytic activity for ORR.
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Figure S12. RDE polarization curves for as-prepared materials and commercial Pt/C at rotation
speed of 1600 rpm. It can be seen that the Fe/NPCFs show better activities than that of Fe/NPC.
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Figure S13. LSV curves of NPCF-900 (a), Fe/NPCF-800 (c), Fe/NPCF-900 (e) and Fe/NPCF-
1000 (g) in oxygen-saturated 0.1 M KOH solution at different rotation rates. Figures (b), (d), (f)
and (h) show the corresponding Koutecky—Levich plots at different potentials. Scan rate: 10 mVs!,



a) T 225mm NPCF-900a b)°'5 . o1V
L]
rF Y
044 «
= «
<
E 031
£
L2
F“) 0.2
T T T T T T 01 T T T T T T
02 00 02 04 06 08 10 002 003 004 005 006 0.07
Potential (V vs. RHE) ©° (rpm®?)
c) —fj: Pm Fe/NPCF-800a d) - 01V
—400mpm
01— 625 pm 04{ ° 0.2v
——500 rpm
——1225 pm v
.2 ——1600 rpm — 4
& " ——2025 pm <
E E 0.3
(3]
< ~
E 4 s
= T, 0.2
64
T T T T T T 01 . i . . . i
02 00 02 04 06 08 1.0 002 003 004 0.05 006 0.07
Potential (V vs. RHE) @5 (rpm ™)
e) :i:g:zm Fe/NPCF-900a f) - 01V
0-—525rpm 044 = 02V
———900 rpm -
——1225rpm v
=2 {— 1600 rpm - i
- ——2025 < 034 *
E £
© ~
£ 5
= I, 02
64
: , , , . , 0.14+— . : . : .
02 00 02 04 06 08 1.0 0.02 0.03 004 005 006 0.07
Potential (V vs. RHE) @9 (rpm™?)
g) — 225 rpm Fe/NPCF-1000a h) = 01V
0 J——400rpm -
— 625 rpm 044 |
[—— 900 rpm v
—— 1225 rpm ‘
— -2 J—— 1600 rpm — «
"-"E [—— 2025 rpm < 0.34
3] 13
< ~
E -4 s
= T, 0.2
64
T T T T T T 0.1 : : T . T T
02 00 02 04 06 08 10 002 003 004 0.05 0.06 0.07
Potential (V vs. RHE) @°F (rpm %)

Figure S14. LSV curves of NPCF-900a (a), Fe/NPCF-800a (c), Fe/NPCF-900a (e) and Fe/NPCF-
1000a (g) in O,-saturated 0.1 M KOH solution at different rotation rates. Figures (b), (d), (f) and
(h) show the corresponding Koutecky—Levich plots at different potentials. Scan rate: 10 mVs-!.
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Figure S15. RRDE current—potential curves for NPCF-900 (a), NPCF-900a (b), Fe/NPCF-800 (c),
Fe/NPCF-800a (d), Fe/NPCF-900 (e), Fe/NPCF-900a (f), Fe/NPCF-1000 (g), and Fe/NPCF-1000a

(h) in O, saturated 0.1 M KOH solution. All samples were measured at an angular rotation rate of

1600 rpm.
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Figure S16. (a) RRDE current—potential curves for Fe/NPCF-900a in 0.5 M H,SOy solution; (b)

Corresponding electron-transfer number (n) and peroxide yield.
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Figure S17. OER performance of Fe/NPCF-900a and Pt/C in 0.1 M KOH solution. Fe/NPCF-900a
exhibit better activity than that of Pt/C.
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Figure S18. (a) Photograph of open-circuit voltage testing; (b) Blend batteries to different angles
during charge and discharge testing. The open circuit voltage was measured to be 1.420 V. And
as-fabricated battery can be bended to different angles, only a very slight voltage drops at the
moment of bending battery to 45° and 90° during charge and discharge testing.



Table S1. Elemental analysis of obtained materials based on XPS analysis
and ICP (wt.%)

Sample C N Fe
Fe/NPCF-800 93.72 6.28 /
Fe/NPCF-900 96.43 3.57 /
Fe/NPCF-1000 98.17 1.83 /
Fe/NPCF-800a 96.45 3.55 0.21 by ICP
Fe/NPCF-900a 98.24 1.76 0.30 by ICP

Fe/NPCF-1000a 98.92 1.08 0.32 by ICP




Table S2. Comparison of ORR performance with reported iron doped carbon materials in 0.1 M

KOH.
Catalysts Onset potential Half-wave potential Limited current Reference
(mV, vs RHE) (mV, vs RHE) density (mA/cm?)
C-FeHZs@g-C3N, 0.97 0.845 ~5.40 I
NGM-CN-Fe 0.97 0.810 6.42 2
Fe-N-C HNSs 1.05 0.870 5.95 3
p-Fe-N-CNFs 0.91 0.820 5.51 4
Fe-N-DSC 1.03 0.84 4.50 3
Fe@C—NG/NCNTs 0.93 0.84 5.0 6
GL-Fe/FesCy/NG800 0.98 0.86 5.60 7
Fe0.3C00.7/NC cages 0.98 0.88 6.1 8
COP-TPP(Fe)@MOF-900 ~0.90 0.84 4.7 o
SA-Fe-HPC / 0.89 5.4 10
Fe/Fe;N@Pd/C 0.937 0.81 ~5.2 1
1.5%Fe-N-GDY 0.94 0.83 5.4 12
FeSA-N-C 1.0 0.890 6.0 13
Co—Fe/NC-900 0.92 0.82 5.6 14
Fe-N-C 0.84 ~0.60 3.8 15
NFe/CNs-700-800-NHj; 0.930 0.859 5.45 16
FeN,/NOMC-3 / 0.863 ~4.90 17
FeBNC-800 0.968 0.838 5.51 18
PpPD-Fe-C 0.826 0.718 ~3.60 19
Fe-N-GC 0.970 0.85 4.5 20
Fe;C/C-700 0.91 0.83 4.1 21
Fe-N/C-700 0.956 0.840 5.8 2
Fe-N-C 0.923 0.800 6.06 3
FeNxC/C-S 0.91 0.72 5.30 1
Fe/NPCF-900a 0.907 0.827 5.76 This work




Table S3. Comparison of ORR performance with reported nonprecious carbon based materials in

acidic media.

) Half-wave potential Limited current
Catalysts Media ) Reference
(mV, vs RHE) density (mA/cm?)

C-FeHZy@g-C3N, 0.1 M HCIO, 0.78 5.4 !
p-Fe-N-CNFs 0.1 M HCIO,4 0.74 55 4
Fe-N-DSC 0.5 M H,S0, 0.65 4.6 5
GL-Fe/FesC,/NG-800 0.5 M H,S0, 0.60 / 7
SA-Fe-HPC 0.1 M H,S0, 0.81 55 10
1.5%Fe-N-GDY 0.1 M HCIO, ~0.62 45 2
FeSA-N-C 0.1 M HCIO, 0.78 ~5.7 13
Fe-N/C-700 0.1 M HCIO, 0.67 59 2
Fe,-Zs-C 0.5 M H,S0, 0.805 ~5.5 2
N/Fe-CG 0.1 M HCIO, 0.73 5.1 2%
(Fe,Co)/N-C 0.1 M HCIO, 0.863 ~5.8 27
TriCB-Fe/N/S/C 0.1 M HCIO, ~0.78 5.1 2
FesNDC-9-W5y-9 0.1 M HCIO, 0.73 / 2
Fe/SNC 0.5 M H,S0, 0.77 43 30
FeNC-S-FexC/Fe 0.1 M HCIO, 0.82 58 31
FePPy-900 0.5 M H,S0, 0.74 5.7 3
Fe-N-C 0.1 M HCIO, 0.75 4.1 3
Co/N/C 0.1 M HCIO, 0.63 38 M
NPC-F 0.5 M H,S0, 0.66 4.7 3
N-OMC-1050 0.5 M H,S0, 0.62 3.7 36
N-F-CNFs-950 0.5 M H,S0, 0.61 55 37
F, N, S-1GO 0.5 M H,S0, 0.39 3.1 38

Fe/NPCF-900a 0.5 M H,SO4 0.632 5.1 This work




Table S4. Comparison of Zn-air batteries performance of this work with recently reported similar

catalytic materials.

Peak power density Specific capacity

Catalysts Reference
(mW cm?) (mAh g)

NFe/CNs-700-800-NH; / 750 16
FeBNC-800 10.6 / 18
Fe-N/C-700 / 682 2
Feo.5C00.5s0x 86 756 39
Fe@N-C-700 220 / 40
N-GCNT/FeCo 89 872 4
CosN/CNW/CC 174 / 2
Co-NB-CSs 100.4 / 43
rGO-IL/Mn;04 120 / 44
a-MnO»/XC-72 61.5 / +
Cu-Pt / 560 46

Fe/NPCF-900a 158.5 717.8 This work
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