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Table S1. Chemical composition of the metakaolin geopolymer.

Element Concentration Oxide wt. % Ref!
Si 17.70 mg/L SiO, 58.1 54.5
Al 13.72 mg/L Al,O3 39.8 40.2
Ti 0.65 mg/L TiO, 1.7 1.4
Fe 0.19 mg/L Fe,0; 0.4 1.8
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Figure S1. EIS spectra of various electrolytes at room temperature.
Table S2. lonic conductivity of various electrolytes
Sample lonic conductivity (S-cm?)
0.1 M KCI 1.223 x 102
Aqueous 2M ZnSO, + 0.5 M MnSO, 4.328 x 102
2M ZnSO, + 0.5 M MnSO, / MK (1.1 ratio) 2.457 x 1072
2M ZnSO, + 0.5 M MnS0QO, / OPC (1.1 ratio) 1.339 x 102
Water / OPC (0.6 ratio) 1.049 x 102
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(a) Cyclic Voltammetry (Cycle 5) (b) Cyclic Voltammetry (Cycle 5)
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Figure S2. CV plots at 0.2 mV/s for cycle 5 (top) and the corresponding second derivatives for the battery
with the MK electrolyte with 28-days curing time (a) and the battery with the aqueous electrolyte (b),

allowing to identify all critical points in the measured CV curves.
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Figure S3. CV plots at 0.2 mV/s for cycle 5 (a) and cycle 30 (b) for four different cells: aqueous Zn/MnO, with
a liquid 2M ZnS0O, + 0.5 MnSO, electrolyte (blue), solid Zn/MK/MnO, with no curing time (orange), solid
Zn/MK/MnO, after 7 days of curing (green), and solid Zn/MK/MnO, after four weeks of curing (magenta).
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[a] (Zn.Mn)S0, aqueous electrolyte [b] MK/(Zn.Mn)S0, solid electrolyte, no curing
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Figure S4. Evolution of the CV plots at 0.2 mV/s corresponding to four different cells: aqueous Zn/MnO, (a),
solid Zn/MK/MnO, with no curing time (b), solid Zn/MK/MnO, after 7 days of curing (c), and solid
Zn/MK/MnO, after four weeks of curing (d).
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Figure S5. Experimental powder XRD pattern for EMD-MnO, and simulated XRD patterns for selected MnO,
polymorphs: e-MnO, 2 (b), B-Mn0O, 3 (c), and R-MnO, * (d).
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(a) Theoretical: ZnMn*,0, Hataerolite (spinel type)
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Figure S6. Simulated XRD patterns for selected Mn-containing phases reported in the Zn/MnO, system:
ZnMn,0, ® (a), HyMn,0, ¢ (b), y-MnOOH 7 (c), a-MnOOH 7 (d), and ZnMn30,(H,0); 8 (e).
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(a) Pristine EMD-MnO, cathode

(b) EMD-MnO, cathode at charged state (2.05 V)
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Figure S7. Phase identification in experimental ex situ XRD patterns of the MnO, electrode at different
voltages upon electrochemical cycling, and comparison with the theoretical simulated patterns for H,Mn,0,°
(b) and ZnMn,0, > (f).
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(a) _Pristine Metakaolin (1)

(b) Solid electrolyte (after cycling, cut-off at 1.2 V)
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Figure S8. Phase identification in experimental ex situ XRD patterns of the solid electrolyte at different
voltages upon electrochemical cycling, and comparison with the theoretical simulated patterns for Zn ° (e),
ZnS04(H,0)s * (f), and Zn,SO4(OH)s(H,0)s ** (g).
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(a) after
31cycles

Figure S9. (a, c) Photos of the cell after 31 charge/discharge cycles. (b) Observation of Zn deposits on the
negative electrode and in the metakaolin solid matrix with a cut-off voltage set at 0.3 V vs Zn. (d) Almost no
Zn observed with a cut-off voltage set at 1.2 V vs Zn.
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Figure S10. Specific capacity (in mAh/g of loaded MnO,) versus cycle number in thee voltage ranges at C/25:
2.1-0.3V (a), 2.1-0.8 V (b), and 2.1-1.2 V vs Zn (c).
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(@) MK, nocuring (E>0.3V) (b) MK, 7-day curing (E >0.3V) (c) MK, 28-day curing (E>0.3V)
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Figure S11. Charge/discharge curves at C/25 of the Zn/metakaolin/MnO, cells with different curing time and
under various cycling conditions.
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Figure S12. Current rate capabilities at C-rates from 0.04 to 1C for the cell with 28-days of curing time.
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Figure S13. Mass loss of the metakaolin-based batteries over time.

Figure S14. Powering red (a), green (b), blue (c), white (d) light-emitting diodes by two geopolymer cells
connected in series.
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