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Experimental Section

Preparation of PBO nanoporous membranes

1 g of PBO microfiber (Toray, type: HM) was added into 100 mL of a mixed solvent of
methanesulfonic acid (MSA, 99%, supplied by Sinapharm) and trifluoroacetic acid (TFA, 98%,
supplied by Aladdin) by a 1:1 volume ratio. The mixture was magnetically stirred for 1 week

at room temperature, forming a stable dispersion. PBO films were blade-casted with an



automatic film coater (MSK-AFA-III, MTI KJ group, China), and then immersed in
isopropanol for 12 hours. The solvent exchange process was repeated for 3 times to fully
remove the acids. The PBO nanoporous films were obtained by slowly drying the solvent-
exchanged films in air at room temperature. Additional steps of water exchange were used for
the preparation of freeze-dried films.
Characterizations of materials

Transmission electron microscopy (TEM) characterizations of PBO MSA/TFA diluted
solutions were obtained using a JEOL 2010 electron microscope. A TEM grid was first dipped
into 1% poly(diallyldimethylammonium chloride) (PDDA) solution for 5 min and rinsed with
water for 2 min before air drying, and then dipped into the PBO MSA/TFA solution for 1 min
and rinsed with isopropanol for 2 min before air drying. Scanning electron microscopy (SEM)
images were taken using an FEI Quantum scanning electron microscope. Samples were coated
with a thin layer of gold before the imaging. Differential scanning calorimetry (DSC) was
carried on DSC-60 (Shimadzu, Japan). Thermogravimetric analysis (TGA) was performed
using a Shimadzu TG/DTA 6200 Simultaneous Thermogravimetric/Differential analyzer with
model number of TG-DTAG6200LAB SYS. Raman spectra were taken with a Horiba LabRam
Confocal Raman System with 785 nm excitation through a 50X lens. The 785 nm laser was
used to collect Raman spectra to avoid the competing fluorescence. Mechanical tests were
measured on a Shimadzu’s AGS-J Universal Tester. FTIR spectra were obtained using a
Thermo Nicolet Nexus 870. X-ray diffraction (XRD) measurement was performed using
Rigaku ULTIMAIV XRD with Cu KR generated at 40 kV and 100 mA, and a scanning speed
of 0.2°/min. Contact angle measurements were conducted on a contact angle tester (HARKE-
SPCA, China) with electrolyte droplets containing 1M LiPFs in mixtures of ethylenecarbonate
(EC), diethyl carbonate (DEC) and ethylmethyl carbonate (EMC) with a volume ratio of 1:1:1.
The Brunauer—-Emmett—Teller (BET) gas adsorption analyses were carried out by nitrogen

adsorption—desorption isotherms at 77 K using a surface area and pore size instrument
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(QUANTACHROME, AUTOSDRB-1). Samples were degassed at 300 °C in vacuum for 4 h
prior to investigation. Pore size distribution and total pore volume were derived from nitrogen
adsorption isotherms by means of the BJH method.
Electrochemical characterizations

LiCoO2 cathodes were purchased from MTI KJ group (Heifei, China). A cell (CR2032)
was assembled using the LiCoO2 cathode (18 mg, ~ 2.3 mAh cm), lithium foil anode (45 mg,
~153.7 mAh cm), a PBO or Celgard 2400 membrane separator and a few drops of electrolytes
(IM LiPFs in EC:DEC:EMC=1:1:1 mixture). For the characterization of electrochemical
performance at high temperatures, a commercial liquid electrolyte (JH-4001) purchased from
Do-fluoride Chemicals Co. Ltd (Henan, China) was used. Galvanostatic charge/discharge tests
and the rate capability of the electrode materials were performed on a Land battery test system
(Wuhan, China). All the tests were conducted in a voltage range between 3.75 and 4.3 V vs.
Li/Li* at 0.1 C (where 1 C = 2.3 mAh cm™) at room temperature. Electrochemical impedance
spectroscopy (EIS) studies were conducted using a PARSTAT 2273 at a frequency range from
100 kHz to 10 mHz with an AC voltage amplitude of 5 mV. The electrochemical stability
window of the separator was determined by a linear sweep voltammetry experiment using a
stainless-steel working electrode and a lithium metal counter electrode at a scan rate of 1.0 mV
s, The open circuit voltage (OCV) versus temperature measurement was performed with
PARSTAT 2273 using two silver wires as electrodes connectting to cells located in a

temperature-controlled furnace. The temperature was increased at a constant rate of 1 °C/min.
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Figure S1. Statistical analysis of PBO-NF diameters from SEM images.

Figure S2. PBO-NFs observed by TEM. (a) Network of concentrated PBO-NFs on a TEM grid.
(b) Individual PBO-NFs. (c) Statistical analysis of PBO NF diameters from TEM images.
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Figure S3. Schematic drawing of preparing procedures for PBO-NM.
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Figure S4. Surface morphology of PBO-NM. (a) SEM image of PBO-NM. (b) Statistical
analysis of the apparent pore sizes on the PBO-NM surface.
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Figure S5. Pore size distribution for PBO-NMs from BET measurement.
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Figure S6. SEM images of PBO films using different coagulation solvents (a) water, (b)
acetone, (c) ethyl acetate.



Figure S7. A freeze-dried PBO film demonstrating micron-scale pores.
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Figure S8. Cross-sectional SEM image of PBO-NM after tensile failure.
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Figure S9. DSC analyses for PBO-NM and Celgard 2400.

Figure S10. Time-lapse photos of Celgard 2400 and PBO-NM on a hot plate with a surface
temperature over 190°C.
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Figure S11. Electrochemical stability windows of PBO-NM and Celgard 2400 saturated with
liquid carbonate electrolytes.
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Figure S12. The impedance spectra of Li/separator/Li using stainless steel block electrodes.
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Figure S13. Comparative evaluation of Young’s modulus and internal area resistance of PBO-
NM against other separators. The abbreviations in the graph are listed in Table S3.
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Figure S14. Plating and stripping at 40 °C. (a, b) Voltage profiles for lithium plating/striping
experiments as a function of time at a fixed current density of 0.38mA/cm? using (a) Celgard
2400 and (b) PBO-NM at 40 °C. (c, d) Impedance spectra of symmetric lithium coin cells as a
function of time using (c) Celgard 2400 and (d) PBO-NM. (e) Interfacial resistance versus time
for Celgard 2400 and PBO-NM.
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Figure S15. Battery performance using Celgard 2400 and PBO-NM. (a) Specific capacity and
columbic efficiency versus cycle number at 0.1 C, (b) Rate capability for Celgard 2400 and
PBO-NM.
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Table S1. Peak assignments for Raman spectra

Wavenumber (cm~  Abbreviation Description
1
)
728 6 (0) Oxazole ring deformation
755 3 (BO) Benzene and oxazole ring deformation
934 o (C-H) C-H out of plane vibration
1176 5 (PBO) Phenylene, benzene and oxazole ring deformation
1283, 1310 3 (P) Phenylene ring deformation
1490 v (P+C-C) Phenylene ring stretch and C-C bond stretch
1544 v (P)+ 6 (B) Phenylene ring stretch and benzene ring
deformation
1621 vy (PB+C-C)  Phenylene and benzene ring, and C-C bond stretch

Table S2. Peak assignments for FTIR spectra

Wavenumber (cm-1) Abbreviation

Description

848 6 (0) Oxazole ring deformation

925 v(C-0) C-O bond stretch

970 6 (C-H) C-H out of plane vibration

1010 3 (B) Benzene ring deformation

1056 5 (BO) Benzene and oxazole ring deformation
1107 o (PB) Phenylene and benzene ring deformation
1275 S (P) Phenylene ring deformation

1366 v (C-N) C-N bond stretch

1410 v(PO) Phenylene and oxazole ring stretch

1496 § (0+C-0+C-C)

C-0 and C-C and oxazole ring deformation
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Table S3. Abbreviations for Figure S13

Abbreviation

Li10GeP2S12

PVDF-HFP/PEGDME/Li

Triflate

PVDF-HFP/PEGDMA Gel

NBR+IL

PMMA-Silica with IL
PEO/BPAEDA Gel
PEO-Silica-LiClO4
PEO-Pst Copolymer

PAN LiCIO4/LiTFSI-SN

PVDF-PEO/ZSM5

PEOJ/Li Triflate/Ceramic filler

(Celgard™ +LE):
(Celgard™ +LE)23

Cellu/PVDF-HFP+LE

PP+LE
X-PCCE

aramid membrane+LE
fiberglass-PVDF+LE

PI NF+LE

PVDF-HFP/AI203+LE
(PEO/ANF)s0 0r
(PEO/ANF)300

Description
The thickness was taken to be 100 um
according to the citation 'T. Inada et.al in the
paper.
PEGDME: poly(ethylene glycol) dimethyl
ethers.
PEGDMA: polyethylene glycol
dimethacrylate.
NBR: nitrile rubber.

IL: ionic liquid.

PMMA: poly(methyl methacrylate).
BPAEDA: bisphenol A ethoxylate diacrylate.
PEO: polyethylene oxide
Pst: polystyrene.

SN: succinonitrile.

PAN: polyacrylonitrile.

ZSM5 is a kind of microporous molecular
sieve.

Ceramic filler used is [Li1.4(Alo.4Ge1.6)(POa)3]
LE: liquid electrolyte

Cellu: cellulose
PVDF-HFP: poly(vinylidene fluoride-co-
hexafluoropropylene)
PP: polypropylene
X-PCCE - non-sticky plastic crystal composite
electrolyte

PI: polymer
NF: nanofiber

ANF: aramid nanofiber

Citation
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For Figure S13, the elastic modulus (E), ionic conductivity, and thickness of electrolytes were
taken from the above citations list.
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