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Fig. S1  SEM images of (A), (B) PP separator and (C), (D) APP film (A), (C) at low magnitude 

(scale bar = 3 μm) and (B), (D) at high magnitude (scale bar = 1 μm)

Fig. S2  Fourier-transformed infra red spectra of PP (black), APP (Magenta), Na-Alg (Red), and 

PEO (Blue).
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Fig. S3  Nano-indentation analysis result of PP separator (black) and APP film (red)

Fig. S4  Polymer film composed of only Na-Alg. (A) In photograph and SEM images at (B) low 

magnification (scale bar = 3 μm) and (C) high magnification (scale bar = 1 μm) and (D) voltage 

profile of symmetric cell test with PEO-coated PP separator and Na-Alg only film in 1 M LiPF6 

in EC:DMC=1:1 electrolyte at rate = 1 mA cm−2 and capacity cut = 1 mA h cm−2.
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Fig. S5  Cycle life of symmetric cell using PP separator and 1 M LiPF6 in EC:DMC=1:1 

electrolyte at rate = 5 mA cm−2 and capacity cut = 5 mA h cm−2.

Fig. S6  Voltage profile of symmetric cell test with two PP separator and PP + APP film in 1 M 

LiPF6 in EC:DMC=1:1 electrolyte at rate = 1 mA cm−2 and capacity cut = 1 mA h cm−2.
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Fig. S7  SEM images of (A), (B) PP-Li and (C), (D) at different part of Li metal. (all scale bars = 

2 μm)
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Fig. S8  XPS spectra of (A)-(C) PP-Li and (D)-(F) APP-Li. (A),(D) Na 1s, (B),(E) Li 1s, and 

(C),(F) Li 1s with Na 2s binding energy range.

Fig. S9  Voltage profile symmetric cell with and without NaPF6 in electrolyte with PP as 

separator.
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Fig. S10  (A) Rate performance of NCM622 full-cell with PP or APP as separator and its voltage 

profile of (B) PP full-cell and (C) APP full-cell

Fig. S11  LiFePO4 (LFP) full-cell performance with 1 M LiPF6 in EC:DMC=1:1 electrolyte. (A) 

Cycle life, and voltage profile of (B) PP cell and (C) APP cell (4th, 5th, 10th, 20th, 30th, 50th, and 

100th cycle).
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Table S1 Performance of results in various LMB studies ordered by their experimental details. 

Note that additives are components for electrolytes in most of other works.1-8
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