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Figure S1. Cross-section SEM images of LLZO membranes sintered at different sintering
temperatures and times: 1150 °C, 10 sec (a), 1100 °C, 20 sec (b), 1150 °C, 50 sec (¢) and
1200 °C, 20 sec (d).
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Figure S2. Comparison of X-ray diffraction patterns of LLZO tapes after de-binding at 600 °C
under O flow and in air (without flow). X-ray diffraction pattern of c-LLZO (ICSD:235896)
is given for comparison.
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Figure S3. Charge-corrected Zr 3d (a) and O 1s (b) spectra of ultrafast-sintered LLZO
membranes after heat-treatment in air and a followed heat-treatment step in an Ar-filled
glovebox at 900 °C. The absence of the Zr 3d peaks and the concurrent presence of C 1s peaks
associated with both the LLZO structure and Li>CO3 indicate substantial surface contamination
by Li2COs3 on ultrafast-sintered LLZO membranes after heat treatment in air. Conversely, the
XPS data for LLZO membranes subjected to a subsequent heat-treatment step in an Ar-filled
glovebox at 900 °C present a contrasting scenario, demonstrating the presence of Zr 3d peaks
and the absence of C 1s peaks associated with Li2COs, thus confirming the successful
elimination of LiCO3 after Ar heat-treatment.
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Figure S4. Comparison of pore size and porosity (a) and specific surface area (b) of fabricated
porous LLZO membranes (this work) with reported LLZO scaffolds.!!®
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Figure S5. Cross-section SEM images (a-¢) and corresponding pore size histograms (d-f) of
porous LLZO membranes prepared using large [10 um (75 vol.%)] and small (1.5 um (75
vol.% and 86 vol.%)] pore formers.
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Figure S6. Impedance spectra of porous LLZO membrane with small pores (2.3 um) measured
in the temperature range of -30 °C to 10 °C (a, b) and 20°C to 60 °C (¢, d) using Au/LLZO/Au
configuration.
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Figure S7. Impedance spectra of Li/LLZO/Li symmetrical cell based porous LLZO membranes
with small pores of 2.3 pm, measured at room temperature.
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Figure S8. Voltage profiles of the Li/LLZO/Li symmetrical cell based on LLZO membranes
with small (2.3 um) and large (4.7 um) pores measured at a current density of 0.1 mA ¢cm 2 and
an areal capacity limitation of 0.1 mAh cm 2 per half-cycle at room temperature.
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Figure S9. The change of the interfacial resistance of Li/LLZO interface during galvanostatic
cycling at a current density of 0.1 mA cm 2 and the areal capacity limitation of 0.1 mAh cm 2.
The interfacial resistance at a given cycle number was calculated by summing the initial
interfacial resistance value (determined from the EIS spectra of the as-prepared Li/LLZO/Li
symmetrical cells prior to cycling, see Figure S7) and the increase in the interfacial resistance
of the cell at a given cycle compared to the initial cycle. The interfacial resistance of the cell at
a given cycle was calculated by applying Ohm's law using the current density of 0.1 mA cm>
and the observed overpotential at the given cycle number. Voltage profiles of the Li/LLZO
membrane/Li symmetrical cell cycled at a current density of 0.1 mA cm 2 and an areal capacity
limitation of 0.1 mAh cm™2 per half-cycle are shown in Figure 4e.
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Figure S10. Voltage profiles of the Li/LLZO membrane/Li symmetrical cell measured at a
current densities of 1 mA cm ™2 and 2 mA cm 2 and an areal capacity limitation of 1 mAh cm ™

per half-cycle at 75 °C.
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Figure S11. SEM images of small (a) and large (b) pore formers along with their size
histograms (¢). (d) Size histogram of the pores inside the LLZO membrane.



Figure S12. Cross-sectional SEM images of LLZO membranes at different processing stages:
after (a) tape-casting and drying, (b) de-binding and (¢) sintering.



Table S1. Comparison of pore size, porosity and specific surface area of fabricated porous
LLZO membranes (this work) with reported LLZO scaffolds. The specific surface area of
LLZO scaffolds was calculated using equation (3) considering their pore size and porosity,
which were determined by ImageJ from cross-sectional SEM image shown in Figure 3a (this
work) and reported cross-sectional SEM images (references [1]-[15]).

Ref At Ap Pp (0} 8mean Se
(pm’) (pm?) (um) (o) (pm?) (pm™)
This work 1939 930.039 2529.164 48.0 24 1.304
[1] 32400 17574.1 9276.82 542 44 0.286
[2] 1642 351.839 436.478 21.4 22 0.266
[3] 14760 3590.13 4397.11 24.3 25 0.298
[4] 1167160 530679 77595.2 45.5 20 0.0665
[5] 8347 2522.09 3050.58 30.2 11 0.365
[6] 5465 1967.70 2586.93 36.0 9.0 0.473
[7] 91139 33911.5 36782.7 64.0 10 0.404
[8] 3839 1582.31 1701.34 41.2 11 0.443
[9] 64562 40881.0 6175.75 63.3 52 0.0957
[10] 16886 6162.89 6423.71 39.5 12 0.380
[11] 84299 27322.8 11938.1 60.5 103 0.142
[12] 44887 14601.0 6416.95 39.5 153 0.143
[13] 128254 51496.1 20481.3 40.2 63 0.160
[14] 63643 7690.70 5988.67 12.1 47 0.0941
[15] 2565 1069.43 2583.55 41.7 33 1.001

Table S2. Porosity analysis of sintered LLZO membrane with small pores of ca. 2.3 um. The
analysis was conducted using GeoDict software, based on X-ray computed tomography data.

Parameter Value Parameter Value
Sample size (um) 383 x 328 x 39 Number of Pores 12596
Overall Porosity (%) 51.3753 Number of Open Pores 1560

Open Porosity (%) 51.152 Number of Closed Pores 11036

Closed Porosity (%) 0.2233
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