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Table S1. Raw parameters for the calculation of Li* transference number (z.;") derived from
chronoamperometry and EIS measurements for PE and PVB@PE separators.

Separator Iy (mA) I (mA) Ry (Q) R (Q) it
PE 0.112 0.092 90.0 101.5 0.36
PVB@PE 0.108 0.094 60.0 61.5 0.73

Table S2. Comparison of ionic conductivity, transference number, and Li* conductivity of the
PVB@PE with previously published works.

Ionic Transference

Li* tivity®
Separators conductivity number ' (Cn(irsld:rfl_ll\;l Y Ref.
(mS cm™) (i)
PE 0.34 0.36 0.12
This work

PVB@PE 0.75 0.73 0.54
LSO-SiO,@PE 0.41 0.41 0.17 R1!
PEAO-LTO 0.72 0.61 0.44 R2?
PVDF/ZSM-Si (Al)@PE 0.54 0.44 0.24 R33
PEI-PSS-PLLgPEG 0.67 0.42 0.28 R44

aLi* conductivity was calculated as the product of ionic conductivity and #;".

Table S3. Comparison of thermal stability and SET of the PVB@PE with previously published
works.

Thermal SET

Separators stability (sg™h Ref.
O
PE 130 410
This work

PVB@PE 150 9.9
PP/(PVDF-HFP/MPP) 150 20 R53
MT31/PE 130 133 R6°
PDA@mAILO;-PE 150 50 R77
F/PI 160 19 R&®
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Table S4. Comparative summary of key physical and electrochemical properties for PE,
PVB@PE (non-porous), and PVB@PE (porous) separators.

Metric PE PVB@PE PVB@PE
(non-porous) (porous)
Gurley number
7.0 Not detected 4.2
(s 100 cm™ gm1) ot detecte
Ionic conductivity (mS cm™) 0.34 0.44 0.75
Electrolyte uptake (%) 101 108 187
SET (sg!) 410 20 9.9

Table S5. Comparison of electrochemical performance and cell testing conditions of the
PVB@PE with previously published works.

Symmetric Li/Li cell test Full (or half)-cell test
h
Separators Cl%rrent Lifespan Cathode/ Lifespan
density/total anode C-rate Ref.
: (h) : (cycle)
plating materials
1.0 mA cm™ NCMSI11 This
PVB@PE 275 05C 1000
@ /1.0 mAh cm™ /graphite work
NS 1.0 mA cm™
2 LFP/Li 1 1 R9?
protected /1.0 mAh cm™ 50 /Li ¢ 50 ’
0.2 mA cm™
) : 10
PLL-20 /0.1 mAh cm=2 350 LFP/Li 02C 100 R10
pp.coo S MmAem” 200 LFPLi  05C 400  RII!
/1.0 mAh cm™ '
5.0 mA cm™
: 12
APP 5.0 hem 2 350 NCM622/Li 05C 200 R12
BS/BC — - LFP/graphite 2C 500 R1313
PW@PAN - - LFP/graphite 1C 400 R14
I :
nOTEAe - ~  LFP/graphitt 0.1C 20  RI5W
separator
NMCS811/
LFO-FSO0 - - 0.1C 100 R16!6
(Si0./G)
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Fig. S1. Experimental setup for the static breath-Fig. self-assembly process.

Fig. S2. SEM images of a) boehmite and b) PVB@PE.



Fig. S3. Surface SEM image of nonporous PVB@PE prepared without breath-Fig. process.

Fig. S4. Surface SEM images of PVB@PE prepared with different boehmite content: a) 0 wt%
(PVH@PE), b) 20 wt%, c¢) 30 wt%, and d) 50 wt%.
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Fig. SS. Nyquist plots of PE, PVH@PE, and PVB@PE.
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Fig. S6. Electrolyte uptake and ionic conductivity of nonporous PVB@PE.
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Li*—PF;~  PFy = AIO(OH) Li*— AIO(OH)
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Fig. S7. a) Deconvoluted FT-IR spectra of LiPF¢ doped separators (at a fixed [Li*]/[AIO(OH)]
ratio of 0.07) and b) DFT-calculated binding energies between Li*, PF4~, and AIO(OH) surface.
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Fig. S8. Surface and cross—sectional SEM images of PVB@PE after 30 cycles of folding—
unfolding fatigue testing.



Fig. S9. Optical photograph of the adhesive tape used in the peeling test.

o
=2

=

-
m.
=

N.
3.

e
=

BOE0CC
é ; |

Fig. S10. Optical photographs of PVH@PE after heat treatment for 0.5 h at different

temperatures.



PVH@PE

Thermal shrinkage ratio (%)

o
T

| L 1 1 1 " | |

80 1100 120 140 160 180l200
Temperature (°C)

Fig. S11. Thermal shrinkage ratio of PVH@PE after heat treatment for 0.5 h at different
temperatures (Thermal shrinkage ratio (%) = (5,—Sp) / So x 100), where Sy and S; represent the
area of the samples at the initial and final heat treatment, respectively.
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Fig. S12. Thermal infrared images of PVH@PE after heat treatment at 150 °C for 0.5 h.
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Fig. S13. SET of the PVB@PE containing different boehmite content.
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Fig. S14. a) Optical photographs during ignition tests and b) SET and weight loss percentage
of nonporous PVB@PE prepared without breath-Fig. process wetted by 20 uL mg! of
electrolyte.

10



"....--0"'0--..o--'"lunnco..-o--o.... E

oo o*
* o
o o %
° 4 .

Transmittance (a.u.)

R
| PE
3270 cm'1§
\
i 3230 cm!
3600 3400 3200 3000 2800

Wavenumber (cm™)
Fig. S15. FT-IR spectra of PE and PVB@PE before and after soaking in electrolyte for 24 h.
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Fig. S16. Rate-dependent galvanostatic cycling profiles of symmetric Li/Li cells at current
densities from 1 to 10 mA cm 2 with an areal capacity of 1 mAh cm2 at 30 °C.
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Fig. S17. Galvanostatic cycling profiles of symmetric Li/Li cells with different boehmite
content: 0 wt%, 20 wt%, 30 wt%, and 50 wt% under a current density of 1.0 mA cm™ and a
total capacity of 1.0 mAh cm™ at 30 °C. The scale bar corresponds to 10 um.
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Fig. S18. a) Galvanostatic cycling profiles of symmetric Li/Li cells with PVB@PE (non-
porous) under a current density of 1.0 mA c¢cm and a total capacity of 1.0 mAh cm2 at 30 °C.
The cells were subjected to formation steps cycled under a current density of 0.1 mA ¢cm~2 and
a total capacity of 0.1 mAh cm™ for the first three cycles before the main cycling. b) Surface
SEM images of cycled Li metal anodes retrieved from PVB@PE (non-porous) after the 30th
cycle.
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Fig. S19. Voltage—capacity profiles of a) PE and b) PVB@PE. The cycle number of the
corresponding charge/discharge curves is indicated in the legend.
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Fig. S20. Nyquist plots of the cells with a) PE and b) PVB@PE before and after cycling.
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Fig. S21. Long-term half-cell cycling performance of Li/NCM811 cells with PVB@PE (non-
porous) cycled under 0.5 C at 30 °C.
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Fig. S22. Coin-type NCM81 1/graphite full cell cycling performance with PE and PVB@PE
cycled under 0.5 C at 30 °C (mass loading: 15 mg cm™2, n/p ~ 1.1).
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