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Experimental

▶ Film Formation

▶ Analysis of DSC Data
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▶ Analysis of UTM data
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- Effect of Li salt on SPE

• The polymer film should ideally not show Tm or Tc 

within the operating range (-20 ℃ to 80 ℃).

• ICEMA ↑ or Li salt ↑ → Crystallinity of PEO film ↓

𝑋𝑐(%) = 
∆𝐻𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

∆𝐻100% 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒
× 100, ∆𝐻100% 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 𝑃𝐸𝑂 = 197𝐽/𝑔

• The separator's mechanical strength

varies with MD and TD.

• Impregnation of the cellulose separator

with a pre-SPE solution reduces high

strain and doubles the tensile strength.

• Optimal condition: Impregnation for

1.5 hours, PEO:SG/AM = 66:34 (wt.%)

▶ LiTFSI Solvation
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• Li salt ↑ → Solvation ↑, π interaction

→ Electron density of the C≡N, C-H ↓

→ C≡N, C-H stretching energy ↑

• Changes in the peak occur at 

concentrations around 1M.
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- Ionic conductivity of LiTFSI/ACN

Maximum ionic conductivity around 1 mol/L
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◆ Materials

• Main matrix polymer: Polyethylene oxide

• Interpenetrating polymers: 

Amine, Ester, Acrylate, Succinimidyl Glutarate

• Reaction solvent : Acetonitrile

• Initiator: BPO 0.5 wt.% of Acrylate monomer

• Li salt: LiTFSI

◆ Process

• PEO600K 7 wt.% of ACN, 12 hr, 40 ℃ stirring 

• ICEMA and DEGDMA 10 wt.% of ACN, SG and AM 2 wt.% of ACN

• Casting pre-SPE solution on PTFE plate, and drying to evaporate acetonitrile. 

10℃/min, 1st cycle 30℃ to 80℃, 80℃ to -50 ℃ 

(to remove thermal history), using 2nd cycle data

◆ DSC

◆ Pre-SPE solution

High concentration of polymer → Rapid reaction

leads to extensive gelation, making production 

impossible if it reaches a solid state.

Up to 1 wt.% SG/AM compared to ACN.

Film Casting

PTFE plate

MD: Machine direction

TD: Transverse direction

TD

MD

PEO/Acrylate

(=ICEMA+EGDMA)
9:1 8:2 7:3 6:4 5:5

ICEMA/EGDMA 10:0 10:0 9:1 8:2 7:3 10:0 9:1 8:2 7:3 10:0 10:0

Expansion Rate 

(Area %)
- 302 269 261 Gel 190 185 183 Gel

Excess 

Fluidity
Film Presence Manufacturable X Manufacturable X

Electrolyte 

Solubility
Soluble Insoluble Soluble

• Lithium salt ↑ → Film-forming ability ↓

• TFSI⁻ has a greater impact on the decrease

in film-forming ability compared to BF4⁻

due to its larger and more flexible structure.

• A film with 20-30 wt.% acrylate relative to

PEO is insoluble in liquid electrolyte.

• EGDMA content ↑ → Expansion rate ↓

- Effect of acrylate monomer content on SPE formation

▶ PEO-based polymer film
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◆ Development Process of SPE

Semi-Interpenetrating 

polymer network

Linear 

PEO
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Li

salt

Mechanism of Li+ ion 

transport in PEO matrix [1]

• PEO is a promising polymer for LIBs due to

its strong affinity for lithium ions, but its

low melting point and dissolution in

electrolytes pose challenges.

• This study aims to improve its suitability for

LIBs by forming a semi-IPN polymer

network using high molecular weight PEO

and functional monomers.

Introduction

Results and Discussion
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Low concentration: Free TFSI- ↑,

minimal shifts in vibrational peaks

High concentration: Li+ ion pair, ion cluster

→ More constrained bond vibrations, blue shifts

PEO600K:

Li salt (mol)

LiTFSI LiBF4 

ΔHm (J/g) ΔHc (J/g) Xc (%) ΔHm (J/g) ΔHc (J/g) Xc (%)

24:1 89 -90 45 127 -130 65

18:1 69 -70 35 116 -117 59

12:1 72 -78 39

- Li-ion solvation

1 mol/L

→ ACN : LiTFSI = 19 : 1 (mol)
Electron 

density

Xc ↓
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- Effect of crosslinked structure changes on polymer film
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• Higher lithium salt content in PEO film decreases crystallinity.

• Larger anion size (LiTFSI > LiBF4) has a greater impact on reducing crystallinity.

• Blue shift of the peak is observed at LiTFSI concentrations above 1 mol/L.

• Nonwoven separator impregnated with PEO600K + SG/AM solution shows up to 

twofold tensile strength increase and reduced strain.

▶ Conclusions

• Improve the ionic conductivity of the SPE film.

• Identify methods to maintain an amorphous structure of the film within the 

operating temperature range of LIBs.

• Improve the tensile strength up to half that of the PE separator.

▶ Future works
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→ Percentage strain ↑
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- Polymer film without Li salt

- Impregnation of polymer into nonwoven separator

- FT-IR of LiTFSI/ACN
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- Effect of Li salt on PEO polymer electrolyte
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