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Fig. S1 (a-b) Photographs of Nickel foil (4 cm % 1.4 cm x 0.02 mm) used for the Joule heating.



Fig. S2 (a-c) Photographs of clip used for the Joule heating.
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Fig. S3 Temperature curves of Joule heating at different currents (15 A, 20 A, 25 A, and 30 A).



Fig. S4 (a-d) Photographs of the power supply under different voltage and current.
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Fig. S5 EDS result (Insert: elemental ratio) of the synthesized Fe-CoO (a), Mn-CoO (b), Ni-CoO (c), Zn-
CoO (d), and Mg-CoO (e) according to the EDS result.



a b ¢
Ou.o O1s B O1s
3 3 El
s s s Qo
= = = .
2 2 £ 8
c c (=4 \
@ @ o9 \
= E £ \“O20
528 530 532 534 536 528 530 532 534 536 528 530 532 534 536
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
d e
S 3
s S
2 =
2 2
= s
g 8
= £
528 530 532 534 536 528 530 532 534 536
Binding Energy (eV) Binding Energy (eV)

Fig. S6 O 1s XPS spectrum of Fe-CoO (a), Mn-CoO (b), Ni-CoO (c), Zn-CoO (d), and Mg-CoO (e).
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Fig. S7 LSV curves of the synthesized NiO, MgO, ZnO and CoO for OER.
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Fig. S8 LSV curves of the synthesized Fe-CoO and IrO, for OER.




4
. 81 Fe-cod

3 &
g o -
§ 7] 5, § «
£ ] £
g o I.;'I:iii?' W ) £ o]
g '-:.;.' g $2

aq
| I i
3 2 150 mv 5" 3 3

110 mv s
3 v . . . . - . . . . v -8
1.18 120 122 124 126 1.18 120 122 124 126
Potential (V vs, RHE) Potential (V vs, RHE)
d e f

4 4
a I 4 e
A 5 3,
g i g
g 0 E 0 g 0
£ i £
a Isomv s’ a S0mvs’ a3

l1omy 5" - 1W0mvs’ 10mvs’
TR TR m m Ve 1k im i im [ Y T} " VI
Potential (V vs. RHE) Patential (V vs. RHE) Potential (V vs. RHE)

Fig. S9 CV curves from 10 mV s to 50 mV s! of CoO (a), Mn-CoO (b), Fe-CoO (¢), Ni-CoO (d), Zn-CoO
(e), Mg-CoO (f).
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Fig. S10 Linear fitting of Cy of CoO, Mn-CoO, Fe-CoO, Ni-CoO, Zn-CoO, Mg-CoO.
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Fig. S11 TOF trends as a function of potential of CoO, Mn-CoO, Fe-CoO, Ni-CoO, Zn-CoO, Mg-CoO.
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Fig. S12 OER stability tests of Fe-CoO, Mn-CoO, Ni-CoO, Zn-CoO, and Mg-CoO at a current density of
10 mA cm2.



Fe-CoO after OER stability testing
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Fig. S13 XRD pattern (a), HRTEM image (b), diffraction pattern (c), and HAADF-STEM image and the
corresponding elemental mapping distribution (d) of Fe-CoO after the OER stability test.



Mn-CoO after ORR stability testing
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Fig. S14 XRD pattern (a), HRTEM image (b), diffraction pattern (c), and HAADF-STEM image and the
corresponding elemental mapping distribution (d) of Mn-CoO after the OER stability test.
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Fig. S15 Open-circuit voltage of AZAB with the mixed catalyst of Fe-CoO + Mn-CoO.
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Fig. S16 (a) The photograph of the all-solid-state Zinc-air battery; (b) A LED screen that was powered by
three Fe-CoO+Mn-CoO-based all-solid-state Zinc-air batteries.



Table S1 Metal activity order

Number
Element
Number
Element
Number
Element
Number
Element
Number
Element
Number
Element
Number

Element

1
Li
11
La
21
Y
31
Pu
41
Mn
51
Ni
61
Os

Cs

12

Pr

22
Mg
32

Th
42

52

62
Pd

Rb
13
Nd
23
Dy
33
Be
43
Zn
53
Sn
63
Ir

14
Pm
24
Tm
34

Np
44

Cr

54

Pb

64

Pt

15
Sm

25

35

45
Ga
55
H2
65

16
Eu
26
Lu
36
Hf
46
Fe
56
Cu

Fr
17

27
Ce
37
Al
47
Cd
57
Po

Sr
18
Gd
28

38
Ti
48
In
58
Hg

19
Tb
29
Er
39
Zr
49
Ti
59
Ag

10

20
Am
30
Sc
40

50
Co
60
Ru




Table S2 EIS fitting parameters from equivalent circuits for Fe-CoO, Mn-CoO, Ni-CoO, Zn-CoO, Mg-

Co0, and CoO
Catalysts Fe-CoO Mn-CoO Ni-CoO Zn-CoO Mg-CoO CoO
R/Q 1.9 1.76 1.84 1.92 1.95 1.81
R./Q 1.41 5.74 5.86 3.92 7.25 7.49




Table S3 Summary of the electrocatalytic and ZAB performances of recently reported electrocatalysts

Durability Time
OER Overpotential |(ORR Half-wave Power
. . (h)/current
Catalyst at 10 mA cm?vs. | potential vs. Electrolyte density Reference
density (mA cm-
RHE (mV) RHE (V) (mW cm?) )
Fe/Fe;C-N-CNTs 290 0.83 6 M KOH 183 195/5 [1]
6 M KOH + 0.2
ZnCo@NCNTs-800 350 0.85 194.3 311/5 [2]
M Zn(OAc),
6 M KOH + 0.2
Co0925Nig 7s@NCNT 410 0.84 167 36/5 [3]
M Zn(OAc),
more than 180
NiCo-MOF@ZIF- 6 M KOH + 0.2
406 0.856 163.7 cycles at 2 mA [4]
L(Zn) M Zn(OAc),
cm?
more than 300
6 MKOH + 0.2
Co-O-ZIF/PANI | 351 at 50 mA cm? 0.7 123.1 |cycles at 10 mA [5]
M Zn(OAc),
cm?
6 M KOH + 0.2
Co/CoS/Fe-HSNC 250 0.9 213 50/2 [6]
M Zn(OAc),
6 M KOH + 0.2
C0304-Co@NC 350 0.86 158 200/10 [7]
M Zn(OAc),
6 M KOH + 0.2
0.05CoOx@PNC 320 0.88 157.1 200/10 [8]
M Zn(OAc),
6 MKOH + 0.2
Co,P@NPC 350 0.83 157 140/10 [9]
M Zn(OAc),
FeCo-PC — — — 61.3 70 [10]
Fe-CoO 280 — — — — this work
Mn-CoO — 0.71 — — — this work
more than 450
6 M KOH + 0.2
Fe-CoO+Mn-CoO — — 305 cycles at 5 mA | this work
M Zn(OAc), R
cm-
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