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1 Table S1

Metal composition ratio of the reaction solution and prepared catalysts

2 measured by SEM-EDX.

Solution (at.%) Catalyst (at.%)

Co Ni Fe Co Ni Fe
85 5 10 72 6 22
78 15 7 65 20 15
88 10 2 84 12 4
90 5 5 80 6 14
85 10 5 74 13 13
95 - 5 94 - 6
95 5 - 80 20 -

3

4

5
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Table S2

prepared catalysts measured by ICP-AES.

Metal composition ratio of the

Catalyst (at.%)
Co Ni Fe
69 6 25
63 21 16
83 12 5
78 7 15
73 13 14
89 - 11
79 21 -
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1

2 Table S3 Activity comparison of several bifunctional electrocatalysts.

~N N bW

Catalyst b B AE (V) Ref.
(VvsRHE) (V vs RHE)

This
CosNijsFe; (150) 0.87 1.51 0.64

work
MnFe;04/NiCo,04 0.83 1.56 0.73 !
Mn;04@CoMn,04-CoxOy 0.83 1.68 0.85 2
CuCoOy/FeOOH 0.78 1.5 0.72 3
Pd@PdO-Co304 0.75 1.56 0.81 4
MnO,/Lag 7Sty sMnO; 0.76 1.82 1.06 3
Co304@NiFe LDHs 0.77 1.55 0.78 6
MnO@Co-N/C 0.83 1.76 0.93 7
nNiFe LDH/3D MPC 0.86 1.57 0.71 8
MnVOx@N-rGO 0.80 1.65 0.85 ?
FeCoOOH-NS/NF 3D-FeNC 0.855 1.46 0.605 10
Mny 5(Feo3Nip7)osOX/MWCNTs-Ox  0.84 1.57 0.73 1
NiC0,04/Co,N-CNTs NCs 0.862 1.569 0.707 12
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1 Table S4 Activity and durability comparison of several air-electrodes.

Ein Ej-10 .
Durability Current
Catalyst vV vs (V vs AE (V) Ref.
(h(cycle)) density
RHE) RHE)
(150) work
Ca,FeCoOs 0.62 1.51 0.89 200 (100) 20 13
NiCo,04 -0.18 (vs 043 (vs 0.61 20(20) 20 14
@FeNiLDH  Hg/HgO) Hg/HgO)
MnCo,04 0.91 1.57 0.66 20(10) 20 15
NiFeO@MnOy 0.805 1.593 0.788 20(300) 5(0ER), 6
3(ORR)

6/22



Table S5 The ratio of metals dissolved in the electrolyte to

the total amount of catalyst during the durability cycle test.

Dissolution (at.%)

Co Ni Fe

0.032 0.11 0.21
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1 Table S6 Performance comparison of the Cos;NijsFey; (150) and state-of-the-art catalysts.

Open Power B Current

circuit Durability
Catalyst ' density density Ref.

potential (W em) (h (cycle)) A o)

V)
CopyNisFeys (150) - 195 430 (1290) 10 This

work

NP-Co;04/CC 1.58 200 400 5 17
Ce0,/Co304@NC 1.41 117 (350) 5 18
(FeCoNi);04/Mn;0, 1.44 136 400 (2400) 2 19
NijMnO/CNF 1.59 139 120 (350) 10 20
CogSg/CNT 1.3 200 96 (576) 10 21
FeCo-DHO/NCNTs 1.4 193 300 (1800) 5 2
CoNi@NCNT/NF 1.4 127 90 5 2
P—Co3;04 NWs 1.42 72.1 500 (500) 2 24
CoO/CoP 1.4 123 200 (400) 5 2
Co@Co304@NC- - 64 200 (100) 5 26
900
FeCo@MNC 1.4 115 24 (144) 20 27
Co,FeO4/NCNTs 1.43 91 100 (600) 50 28
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2
3 Figure S1. XRD patterns of the Co7;NigFe,;, and Co7,NigFesn(150) (circle: LDH,

4 square: hydroxide, diamond: spinel oxide).
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3
4 Figure S2. XRD patterns of the composite catalysts calcined at 150°C, Cojq,
5 corresponding calcined Co;q samples and CoNi-LDH reference (circle: LDH, square:
6 hydroxide, triangle: oxyhydroxide, diamond: spinel oxide).
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2
3 Figure S3. Tafel slopes of the Co4NijsFe 5 (T) catalysts and Pt/C for ORR in an O,-

4 saturated 4 mol dm= KOH solution.
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3 Figure S4. Disk current, ring current and electron number of the Co74Ni3Fe3 (T)

4 catalysts for ORR in an O,-saturated 4 mol dm-* KOH solution.

5

6

12 /22



0.34

0.32

0.30 -

0.28

0.26 -

Overpotential (V)

0.24

0.22

0.0 0.4 08 12
log |/ | (mA/em')

2
3 Figure S5. Tafel slopes of the Co74Nij3Fe;s (T) catalysts and RuO, for OER in O,-

4 saturated 4 mol dm= KOH solution.
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3 Figure S6. Polarization curves of the Co;o(150) and Co,(0o(200) for (a) ORR and (b)
4 OER in O,-saturated 4 mol dm= KOH solution.
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Figure S7. Polarization curves of the Co74Nij3Fe 3(150), physically mixed sample, Pt
and RuO, for (a) ORR and (b) OER in O,-saturated 4 mol dm> KOH solution. The
physically mixed sample was prepared by mixing equal amounts of the Co74Nij3Fe;3(100)

and Co74Ni3Fe;3(200) using an agate mortar.
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2

3 Figure S8. Charge-discharge cycle performance of the Co74NijsFe 3(150) air-electrode

4 at20 mA cm? in 4 mol dm— KOH aqueous solution.
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Figure S9. XRD patterns of the Co74Ni 3Fe 5 (150) air-electrode before and after cycle

test.
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3 Figure S11.  Metal composition ratio of oxyhydroxide and spinel oxide constituting

4 the Co74NijsFe 3 (150) catalyst after the cycle test.
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Figure S12.  (a) HAADF-STEM image and STEM-EDX maps for (b) C-K, (c) O-K,

(d) Co-K, (e) Fe-K and (f) Ni-K of the catalyst layer of air-electrode after the cycle test.
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