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Fig. S3. SEM images of FeNi/NC at different magnifications.



Fig. S4. SEM images of (a) FeNi@Ti407;-CNFs, (b) NiI/NC@Ti407-CNFs, (c) Fe/NC@Ti4O;-CNFs,
(d) NC@Ti1407-CNFs, (e) FeNi/NC-CNFs, (f) Ti4O7-CNFs and (g) FeNi/NC.



Fig. S5. (a) TEM images of FeNi/NC@Ti40;-CNFs. (a) Inset, dot-matrix striped image of labeled

area. (b) HAADF-STEM image, and the corresponding FeNi/NC@Ti40,-CNFs EDS mapped image.
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Fig. S6. (a) TEM images of FeNi@Ti4O;-CNFs. (a) Inset, dot-matrix striped image of labeled area.

(b) HAADF-STEM image, and the corresponding FeNi@Ti4,0;-CNFs EDS mapped image.
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Fig. 7. XRD patterns of (a) FeNi@Tis0,-CNFs, (b) Ni/NC@Ti,0,-CNFs, (c) Fe/NC@Tis0,-CNFs,

(d) NC@Ti,0,-CNFs, () FeNi/NC-CNFs, (f) Ti;O5-CNFs and (g) FeNi/NC.
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Fig. S8. Raman spectra of Ni/NC@Ti,07,-CNFs, Fe/NC@Ti407-CNFs and FeNi/NC-CNFs.
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Fig. S9. The conductivity of FeNi/NC-CNFs, FeNi/NC@Ti;O;-CNFs, Fe/NC@Ti;O;-CNFs and

NC@Ti407-CNFs. Error bars indicate at least three independent measurements of the same catalyst.
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Fig. S10. (a) XPS full measurement spectra of FeNi/NC@Ti;O;-CNFs. (b) N content of
FeNi/NC@Ti;07-CNFs, FeNi@TisO;-CNFs and NC@Ti;07-CNFs.
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Fig. S11. Comparison of half-wave potentials (E,,) for different catalysts. Error bars indicate at least

three independent measurements for the same catalyst.
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Fig. S12. (a) LSV curve of FeNi/NC-CNFs and FeNi/NC in 0.1 M O,-saturated KOH solution (1600

rpm). (b) Tafel slope plot. (c) Half-wave potential (E; ;). Error bars indicate at least three independent

measurements for the same catalyst.
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Fig. S13. LSV curves of Pt/C, FeNi@Ti;O;-CNFs, Ni/NC@Ti407-CNFs, Fe/NC@Ti4O;-CNFs,
NC@Tis07-CNFs, FeNi/NC-CNFs, Ti;O7-CNFs and FeNi/NC in O,-saturated 0.1 M KOH solution

and corresponding Koutecky -Lecich (K-L) plots.
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Fig. S14. Endurance test at 1 V (vs. RHE) for FeNi/NC-CNFs and FeNi/NC.
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Fig. S15. (a) LSV curves of FeNi/NC-CNFs and FeNi/NC in 1 M KOH solution. (b) Tafel

slope plot.
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Fig. S16. LSV curves before and after 3000 cycles of (a) RuO,, (b) FeNi/NC-CNFs and (c) FeNi/NC.
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Fig. S17. Capacitance CV curves of FeNi/NC@Ti4O;-CNFs, FeNi@Ti,O;-CNFs, N/NC@Ti407-
CNFs, Fe/NC@Ti4O7-CNFs, NC@Ti4O7-CNFs, FeNi/NC-CNFs, TigO;-CNFs and FeNi/NC in the

non-Faraday region at different scanning rates.
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Fig. S18. (a) EIS Nyquist plot of FeNi/NC-CNFs

and FeNi/NC; (a) Inset, fitted equivalent



circuit diagram. (b) Capacitance current versus scan rate at 1.05 V to assess the Cy of

the catalysts.
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Fig. S19. Charge-discharge polarization curves of liquid ZABs assembled by FeNi/NC@Ti4O;-CNFs

and Pt/C+RuO, hybrid catalysts as air cathodes, respectively.

Fig. S20. Photograph of the open-circuit voltage of a flexible solid-state ZAB assembled with

FeNi/NC@Ti407,-CNFs as air cathodes under bending conditions.



Fig. S21. Photograph of a flexible solid-state ZAB assembled with FeNi/NC@Ti4O7,-CNFs as air

cathodes used in tandem to power a fan.

Table S1. Metal contents of catalysts measured by ICP (at%).

Samples Fe Ni
FeNi/NC@Ti407-CNFs 1.37 1.34
FeNi@Ti;O7;-CNFs 1.56 1.53
Ni/NC@Ti,O7;-CNFs -- 2.63

Fe/NC@TisO7-CNFs 2.68 --

Table S2. Comparison of ORR and OER activities of FeNi/NC@TisO;-CNFs with other previously

reported bifunctional electrocatalysts.

Catalyst Ei» (V VS§. RHE) Ej=10 (V VS. RHE) AE (V) Ref.

. . 0.87 1.526 )
FeNi/NC@Ti,07-CNFs 0.656 This work
(0.1 M KOH) (1 M KOH)

i 0.8 1.511
NiFe/Fe,N-CB 0.71 1
(0.1 M KOH) (1 M KOH)
. 0.84 1.57
Fe-NiNC-50 0.73 2

(0.1 M KOH) (1 M KOH)



NiFe@C@Co CNFs

FCO~5Nio_5@N-GR

FeNi;@NC

NiFe/Co-N@CNTs

FeNi1;Cx-Pd-7%

FeNi/NC

FeNi@N-CNT/NCS

FeNiCo@NC-P

NiFe/N-CNT

Fe-Co-Ni1 MOF

0.87

(0.1 M KOH)
0.69

(0.1 M KOH)
0.783

(0.1 M KOH)
0.87

(0.1 M KOH)
0.80

(0.1 M KOH)
0.807

(0.1 M KOH)
0.84

(0.1 M KOH)
0.84

(0.1 M KOH)
0.75

(0.1 M KOH)
0.75

(0.1 M KOH)

1.6

(1 M KOH)
1.44

(1 M KOH)
1.522

(1 M KOH)
1.53

(1 M KOH)

1.518(E j=s0)

(1 M KOH)
1.576

(1 M KOH)
1.59

(1 M KOH)
1.54

(0.1 M KOH)
1.52

(0.1 M KOH)
1.48

(1 M KOH)

0.73

0.75

0.739

0.66

0.769

0.75

0.70

0.77

0.73
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Table S3. Comparison of the performance of liquid ZABs assembled with FeNi/NC@Ti4O7,-CNFs

with other previously reported bifunctional electrocatalysts.

ocyv

Catalyst
y )

FeNi/NC@Ti,0,-CNFs  1.52

NiFe/Fe,N-CB 1.565

Fe-NiNC-50 1.41

NiFe@C@Co CNFs  1.44

Power density

(mW cm?)

169.5

66

220

130

Specific capacity
(mAh-gz, ")

802.6

(5 mA cm?)

731.0
(5 mA cm?)

752.14
(5 mA cm?)

694.0
(5 mA cm?)

Cycling stability

320 hours / 960cycles

(5 mA cm?)

280 cycles
(5 mA cm?)

100 hours
(2 mA cm?)

200 hours
(5 mA cm?)

Ref.

This
work



FeosNigs@N-GR ~ 1.482

FeNi;@NC 1.48
FeNiCo@NC-P 1.36
NiFe@N-CFs 1.40
NisFe/Co-N-C 1.39
FeNi@NC 1.49

FeNi-N-C@FeNi LDH 1.497

FeNi@NC-900 1.4
FeNi;@NWC 1.47
FeNi-NCS-2 1.43

85

149.7

112.0

102

68

98

73.9

119

143

109.8

940
(5 mA cm?)

658
(10 mA cm)

807
(10 mA cm?)

719
(5 mA cm?)

649
(10 mA cm?)

749.3
(10 mA cm?)

830.1
(10 mA cm?)

805
(5 mA cm?)

639.71
(20 mA-cm?)

40 hours
(20 mA cm?)

280 hours
(5 mA cm)

130 hours / 130 cycles
(10 mA cm?)

100 hours / 300 cycles
(10 mA cm??)

65 hours
(10 mA cm?)

240 hours
(10 mA cm??)

100 hours / 300 cycles
(10 mA cm?)

70 hours
(10 mA cm??)

800 cycles
(5 mA cm?)

130 cycles
(10 mA cm??)
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