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Fig. S1 (a) The SEM images of BTO and (b) SEM mapping of the BTO.

Fig. S2 (a-b) SEM images of BP; (c-d) TEM images of BP.
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Fig. $3 The TEM images of the LLTO.

Fig. S4 (a) The digital photograph of the BP, (b) the thickness of BP film; (c) the digital photograph of the BP@LPFL, (d) the thickness of

BP@LPFL membrane.
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Fig. S5 The stress-strain behavior of the membrane.
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Fig. S6 The imidization reaction process.
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Fig. S7 Core level XPS spectra of LLTO electrolyte (a) La 3d, (b) Ti 2p, (c) O 1s and (d) Li 1s.
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Fig.S8 Compared the thermal stability of BP@LPFL and conventional PP separator.
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Fig. S9 The critical current density of Li-LPFL-Li cell (a) and Li-LPL-Li cell (b).
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Fig. S10 The electrochemical floating analysis of BP@LPFL, LPFL and LPL using Li-LFP cell at 60 °C.
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Fig. S11 (a) Nyquist plots of LPFL electrolyte at different temperature, (a) Nyquist plots of LPL electrolyte at different temperature.
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Fig. S12 (a) Arrhenius plots at different temperatures and (b) ionic conductivity curves.
(a) (b)
140 LPFE 140 ]—LPL
120 m—r 120 patiis
oD @
»
100 ™ 100 -
3 ¢ Mg < H .
a 5 2 - i
2 50 e // i \‘/ 2 o] g ‘“‘x:::/
T ® s Qi t N
g &0 X 8 g0-| o j
S £
a a IR R R T T
40 N R 404 _—
20 20
t,=0.33 1 =029
0 T T r r 0Ly v T T T
[ 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time / (s) Time / (s)

Fig. S13 Polarization curve and impedance diagram of the (a) LPFL and (b) LPL.
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Fig. S14 (a) Discharge—charge curves of the Li-LPFL-LFP cell at 0.1 C and RT, (b) discharge—charge curves of the Li-LPL-LFP cell at 0.1 C
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Fig. S15 (a) Discharge—charge curves of the Li-LPFL-LFP cell at 0.1 C and 60 °C, (b) discharge—charge curves of the Li-LPL-LFP cell at 0.1 C
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Fig. 16 CV curves of the Li-BP@LPFL-LFP cell at 0.2 mV s
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Fig. S17 (a) CV curves of the Li-LPFL-LFP cell at 0.2 mV st and (b) CV curves of the Li-LPFL-LFP cell at 0.2 mV s,
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fresh Li metal @LPFL after cycling

LPFL after cycling

Fig. S18 The digital photograph of Li metal (a) fresh, (b) BP@LPFL after cycling, (c) LPFL after cycling, (d) LPL after cycling.
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Fig. S19 XPS spectra of Li 1s (a) and F1s (b) for Li metal in Li-LPFL-LFP cell after cycling; XPS spectra of Li 1s (c) and F1s (d) for Li metal in

Li-LPL-LFP cell after cycling.
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Fig. $20 The SEM and cross-sectional images of Cu foil.
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Fig. $21 The SEM images of Li deposition on Cu foil through PI@LPFL film.
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Fig. S22 Schematic illustration of the lithium deposition mechanism on Li metal (a) Li/LPFL/LFP and (b) Li/LPL/LFP; the evolution of Li

plating/stripping on Li metal (c) Li/LPFL/LFP and (d) Li/LPL/LFP.
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Fig. S23 (a) Digital photograph of the Li/BP@LPFL/LFP coin cell to turn on an LED lamp, (b) The Li/BP@LPFL/LFP coin cell after removing

stainless steel shell, (c) and (d) a LED lit up by battery under removing stainless steel shell.
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Fig. S24 The cycling performance of the Li/BP@LPFL/NCM811 battery at 1.0 C.
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Table S1. Comparison of the performance of the BP@LPFL composite electrolyte with the literature data.

Performance
Materials Current Current density Current lonic conductivity Ref.
density 0.1¢/60°C density Scm™/RT
0.1 C/RT 1¢/60°C
LLTO film 125/50th 2.0x10°° 1
(65°C)
PVD-FHFP/LITFSI 115/160th 5.1x10™* 2
JLLATO/LisPO, (0.50)
LLTO-PEO-FEC 115/100th 1.1x10* 3
LLTONnws-PAN-LIiCIO4 6.0 x 107 4
PAN-LIiClO4-LLTO 2.4x10* 5
PVDF-b-PTFE-LLTO 127/550th 1.4x 10 6
(050)
PEO-LLZTO 100/200th 1.6 x 1074 7
PAN/LLZTO/PEO 122/300th 52/1700t 1.76 x 1074 8
(0.2¢C) (RT)
P1/PEO/LITFSI 100/300th 2.3x10* 9
(0.5¢C)
PA/PEO/LITFSI 100/100th 102/300th 2.0x 10 10
BP@LPFL 124/200th 165/110th 86/1000th 3.0x 10 This work
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