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Influence of Heat Treatment on Separators for Lithium Secondary Batteries
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Abstract: Heat treatment effect of polyethylene (PE) separators was investigated after storage at 80, 100 and 120 °C
for 1 h. All the samples showed enhanced tensile strength and modulus after heat treatment, but thermal shrinkage up
to 15% was observed in PE films having newly formed dimple structure on the surface of fiber after annealed at 100
and 120 °C. Although there was 5% of thermal shrinkage after annealing at 80 °C, no such serious changes in PE fiber
was observed. Furthermore, the separator was found to have enhanced cell performance with 1.3 and 2.3 times higher
tensile strength and modulus after heat treatment at 80 °C for 1 h.
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Figure 1. Photographs of PE separators: pristine (a); heat treatment at
80 °C (b); 100°C (c); 120°C (d) for 1 h. The number describes total
area of separator before and after heat treatment.
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Figure 2. SEM images of different expose temperatures: pristine PE
separator(a); heat treatment at 80 °C (b); 100°C (c); 120°C (d) for 1 h.
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Figure 3. FTIR spectra of PE films: pristine (a); heat treatment at 80 °C
(b); 100°C (c); 120°C (d) for 1 h; electron beam treated PE film (e).
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Figure 4. DSC thermogram of PE films before and after heat treatment.
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Figure 5. Stress vs strain curves of PE films before and after heat
treatment.
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Table 1. Mechanical Properties of PE Separators

Temperature®  Modulus  Tensile strength  Strain to break
0 (MPa) (MPa) (%)
25 178 182 178
80 409 240 108
100 338 208 111
120 321 224 115

“Exposed for 1 h in air.
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Figure 6. Initial charge/discharge potentiograms of Li/electrolyte/
LMO half cell using PE separators: pristine (a); heat treatment at 80 °C
(b); 100°C (c); 120°C (d).
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