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1. Surface morphology of garnet LLZTO pellet

Fig. S1 Characteristics of the garnet LLZTO pellet. (a) Photograph of the finely
polished garnet LLZTO pellet. (b,c) SEM images of the LLZTO pellet, (b) top view

and (c) cross-sectional view.



2. Morphology of P(AN-co-MA) membrane and GPE

Fig. S2  Morphology of the P(AN-co-MA) membrane and GPE. (a) Mixture of the
LE and P(AN-co-MA) at a mass ratio of 20:1. (b) Photograph of the P(AN-co-MA)
membrane. (¢) SEM image of the P(AN-co-MA) membrane. (d) Photograph of the

GPE membrane.



3. Ionic conductivity of GPE and LE
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Fig. S3 Temperature dependence of the ionic conductivity of the GPE and
separator-supported LE presented in an Arrhenius plot. The electrolytes was
sandwiched between two stainless-steel electrodes for the measurements in a

temperature range of 20-90 °C.



4. Determination of electrolyte 7, ;. values

<00 @
E— — | E
= —GPE
< 0.07-
=
: STy
O 0.054
b4 I ¥ ] L4 ] Ld ]
0 3000 6000 9000 12000
Time (s)
80
lb GPE c LE
—@— Final —e— Final
== |nitial

—&— Initial

0 50 100 150 200 0 40 80 120 160

Z (Q)

Fig. S4 (a) Current—time curves of the Lilelectrolyte|Li cells following application
of a DC voltage of 10 mV to the cells. (b,c) Corresponding Nyquist impedance plots
of the cells using electrolytes (b) GPE and (c) separator-supported LE. The impedance

plots were used to determine the initial (Riy o) and final (Rj,ss) resistance values.



5. Stable voltage range of electrolytes
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Fig. S5 Linear scan voltammetry curves for the GPE and separator-supported LE
with a scan rate of 5 mV s'!. Li-metal and stainless-steel electrodes were used as the

reference and working electrodes, respectively.



6. Current dependence of battery discharge capacities
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Fig. S6 Variation in discharge capacity with discharge current densities (0.05—1 mA
cm?) for the Li|(Al/LLZTO/interlayer)|LiFePO, batteries with interlayers of the GPE
and LE.



7. Cycling performance of Li|(AI/LLZTO/LE)|LiFePQ,
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Fig. S7 Galvanostatic charge—discharge cycling performance of the

Li|(A/LLZTO/LE)|LiFePO, battery at 0.05 mA cm™.



8. Rate capability test for Li|(Al/LLZTO/GPE)|LiFePO,

= 200
(@) 25°C
<
160
E
>
e
= 1204
©
&
o 804
)
o
@
S 404
Q
0
(m) 0 r

5 10 15 20 25
Cycle number

Fig. S8 Room-temperature (25 °C) discharge capacities of the
Li|(AI/LLZTO/GPE)|LiFePO, battery in a series of galvanostatic charge—discharge

cycles at various current densities.



9. Impedance spectra of the batteries
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Fig. S9 Impedance spectra of the batteries Li|(Al/LLZTO/GPE)|LiFePO, and
Li|(AVLLZTO/LE)|LiFePOy obtained at 3.4 V. The solid-line curves are the

0 300

simulations of the impedance data based on the equivalent circuit presented as the

figure inset.



10. Performance of Li|(GPE/LLZTO/GPE)|LiFePO,
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Fig. S10 Room-temperature (25 °C) galvanostatic charge—discharge profiles of the

Li|(GPE/LLZTO/GPE)|LiFePO, battery operated at different discharge densities with

the charge densities maintained at 0.05 mA cm=2.



