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Figure S1. Schematic diagram of the microstructure of ZnP-H.Im powder



Figure S2. Schematic diagram of the microstructure of ZnP-H.Im glass.



15pm

Figure S3. SEM image of ZnP-HzIm powder.



Figure S4. TEM image of ZnP-H-Im powder.



Figure SS5. TEM image of ZnP-H-Im glass.
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Figure S6. Thermogravimetric analysis (TGA) curve of ZnP-HzIm powder.



Figure S7. Photographs of the 0—48 hours permeation experiment using ZnP-H.Im glass.
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Figure S8. (a) Raman spectra of ZnP-H.Im powder, ZnP-H.Im glass, ZnP-H.Im glass soaked in
AICI;/[EMIm]CI electrolyte for 12 hours, and AICl:/[EMIm]CI electrolyte. (b) Contact angle

photograph of AICL/[EMIm]C] droplet on Al foil. (c) Contact angle photograph of
AICls/[EMIm]CI droplet on ZnP-H-Im glass.
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Figure S9. SEM images of the ZnP-HIm soft glass-coated aluminum foil: (a) top view and (b)
cross-sectional view.



Figure S10. SEM image of the Al electrode surface from the ZnP-H.Im@Al/ZnP-H.Im@Al
symmetric battery after cycling for 1200 hours at 0.1 mA/cm? and 0.1 mAh/cm?, with the surface

ZnP-H.Im soft glass layer removed.



Figure S11. SEM image of the Al electrode surface from the Al//Al symmetric battery after
cycling for 1200 hours at 0.1 mA/cm? and 0.1 mAh/cm?.



Figure S12. SEM image of the Al electrode surface from the Al//Al symmetric battery after
cycling for 650 hours at 0.2 mA/cm? and 0.2 mAh/cm?.



Figure S13. SEM image of the Al electrode surface from the Al/Al symmetric battery after
cycling for 210 hours at 0.5 mA/cm? and 0.5 mAh/cm?.
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Figure S14. SEM image of the Al electrode surface from the ZnP-H.Im@Al//ZnP-H:Im@Al
symmetric battery after cycling for 650 hours at 0.2 mA/cm? and 0.2 mAh/cm?, with the surface

ZnP-H.Im soft glass layer removed.



Figure S15. SEM image of the Al electrode surface from the ZnP-H.Im@Al//ZnP-H.Im@Al
symmetric battery after cycling for 210 hours at 0.2 mA/cm? and 0.2 mAh/cm?, with the surface

ZnP-H.Im soft glass layer removed.
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Figure S16. Stress-strain profiles of the ZnP-H-Im glass.
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Figure S17. Long-term cycling performance and post-cycling characterization of ZnP-H.Im@Al
symmetric cells: (a) Cycling profiles at 0.2 mA/cm? and 0.2 mAh/cm?, (b) profiles at 0.5 mA/cm?
and 0.5 mAh/cm?, (c) cross-sectional SEM image of the cycled electrode.
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Figure S18. Long-term cycling performance and post-cycling characterization of ZnP-H2Im@Al
symmetric cells: (a) Cycling profiles at 0.2 mA/cm? and 0.2 mAh/cm?, (b) profiles at 0.5 mA/cm?
and 0.5 mAh/cm?, (c) cross-sectional SEM image of the cycled electrode.
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Figure S19. Electrochemical impedance spectra (EIS) of ZnP-H.Im@Al/ZnP-H:Im@Al
symmetric cells and Al//Al symmetric cells: (a) before cycling and (b) after cycling.
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Figure S20. (a) EIS spectra of the SS//glass fiber//SS cell and SS//ZnP-H:Im//SS cell, (b)

magnified view of the EIS spectra; (c) photograph of the ZnP-H.Im soft glass separator, (d)
photograph of the glass fiber separator.
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Figure S21. (a) Impedance spectra for total electronic conductivity of Soft Glass. (b) DC

polarization curves for electronic conductivity of Glass at 0.01 V.
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Figure S22. (a) Schematic diagram of the chemical structure of DDQ. (b) Schematic diagram of
the chemical structure of TCQ.



Figure S23. Photograph of TCQ powder.



Figure S24. SEM image of TCQ powder.



Figure S25. SEM image of the surface of the TCQ@Mo cathode.



Figure S26. Photograph of the TCQ@Mo cathode electrode.
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Figure S27. (a) Charge/discharge curves of the TCQ@Mo//ZnP-Hdm@Al full cell. (b)
Charge/discharge curves of the DDQ@Mo//ZnP-HIm@ALl full cell.



Figure S28. Photograph of DDQ powder.




Figure S29. SEM image of DDQ powder.

Figure S30. SEM image of the surface of the DDQ@Mo cathode electrode.



Figure S31. Photograph of the DDQ@Mo cathode electrode.



Current density

(mA/cm?)/Areal Life
electrode Electrolyte . . Year Ref.
capacity of Al time(h)
deposition(0.5mAh/cm?)
0.5/0.5 10000 This
Znp-HyIm@Al  AICl;/[EMIm]CI --
0.2/0.2 10000 work
0.5/0.5 210 This
bareAl AlCI3/[EMIm]C1 --
0.2/0.2 650 work
Al soaked in
electrolyte for 6 AlCl3/[BMIM]CI 0.04/0.4 1200 2017 1
hours
Zn-supported
2 M AI(OTF); 0.2/0.2 1500 2020 2
Zn— Al alloy
Porous Al AICIy/[EMIm]CI 5/0.25 360 2020 3
0.5/0.5 300
NCRA AlCI3/[EMIm]C1 2020 4
171 300
a patterned
4/0.8 3600
substrate
AlCI3/[EMIm]CI 1.6/3.2 3600 2021 5
composed of
1.6/8 3600

carbon fibres




E-AlI82Cul8 2M AI(OTF); 0.5/0.5 2000 2022 6

Al@a-Al 0.5 M Aly(SOy); 0.05/0.1 800 2022 7
0.4/5 3000
SA-Co/NPCS  AICIy/[EMIm]CI 0.4/10 1000 2023 8
40/0.4 1500
AICl3/[EMIm]C1
0.5/0.5 300
Al with CTAC 2024 9
3/1 1200
additives

Table S1 Electrochemical Performance Comparison of ZnP-H.Im@AI Symmetric Cells with
Previously Reported Systems

Melting
Synthesis time ~ Mechanical
Sample temperature (T Year Ref.
required/h properties
m) /°C
This
ZnP-H,Im glass 160 20 Soft --
work
a-[Cu(ipim 185
[Cutipim)] 115 -- 15 10
B-[Cu(ipim)] 146
ZIF-4 590 100
Hard 16 11
TIF-4 467 130
[Zn(im)1.62(5-
Clbim)0.38](ZIF-76) 451
130 hard 18 12
[Zn(im)1.33(5-mbim)0.67] 471
(ZIF-76-mbim)
ZIF-62 440 160 Hard 20 13
Zn-P dmbIm 176
Cd-P-dmbIm 172
11 soft 21 14
Cu-P-dmbIm 166
Mn-P-dmbIm 162

(TPrA)[Mn(dca)3] 271 150 Soft 21 15




(TPrA)[Fe(dca)3] 263

(TPrA)[Co(dca) 3] 230
Cobalt-ZIF-62 270 110 Hard 22 16
agr ZIF-62 378 100 Soft
23 17
ZIF-62 414 90 Hard
MUV-24 482 100 Hard 23 18
G-Mg-adp 284
30 Hard 24 19
G-Mn-adp 238

Table S2. Comparative Analysis of ZnP-H.Im Glass Synthesis Conditions and Mechanical

Properties with Prior Studies.

Waste  disposal

Sample Cost (USD/kg) toxicity productivity Ref.
methods
Electrocatalytic This
Znp-H,Im 292 Low 95%
oxidation work
Electrocatalytic
Zn-P-dmbIm 2065 low 90% o 20
oxidation
Chemical
MoO; 21188 Medium 92% precipitation 21
method
‘ Chemical
Ti0.9530.0501.79 . o
616 Medium 88% precipitation 22
Clo.0s(OH)o.13
method
Chemical
ZIF-62 (Co)
7233 Medium 85% precipitation 23
Crystal
method
Chemical
FeFe(CN)g 1921 Low 91% precipitation 24

method




Chemical

CoHCF 767 Medium 83 precipitation 25

method

Table S3 presents a comparative statistical table of ZnP-H.Im soft glass and previously reported

materials in lithium-ion and aluminum batteries, analyzing parameters including cost, toxicity,

yield, and waste treatment methods.
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