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Abstract : Polyethylene (PE) separator is the most popular separator for lithium-ion batteries. How-
ever, it suffers from thermal contraction and mechanical rupture. In order to improve the ther-
mal/mechanical dimensional stabilities, this study investigated the effects of Si;N, coating. SCS
(Silicon-nitride Coated Separator) has been fabricated by applying 10 pum-thick Si;N,/PVdF coat-
ing on one side of PE separator. SCS exhibits enhanced thermal stability over 100~150°C: its thermal
shrinkage is reduced by 10~20% compared with pristine PE separator. In addition, SCS shows
higher tensile strength than PE separator. Employing SCS hardly affects the C-rate performance
of LiCoOy/Li coin-cell, even though its ionic conductivity is somewhat lower than that of PE separator.
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Table 1. Thickness and composition of the Si;N,-coated
separators

Thickness (Um) SisN4:PVdF (w/w ratio)

Sample name

20 Non PE

30 90:10 SCS?-1
30 100:10 SCS-2
30 110:10 SCS-3

?Silicon-nitride Coated Separator.
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Fig. 1. Manufacture of ECC-REF test cell.
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Fig. 2. HR-SEM image of the surface of a porous separators. (a) PE separator; (b) Si;Ns-coated separator (SCS-2).

Table 2. Thermal shrinkage rate of the PE separator and Si;N,-coated (SCS-1, 2, 3) separators

Sample name 100°C 110°C 120°C 130°C 140°C 150°C
Thermal shrinkage (%)

PE xb 0.2 10.5 29.9 64.0 91.0

SCS-1 X X 9.8 27.8 56.1 79.8

SCS-2 X X 52 14.5 43.6 69.8

SCS-3 X X 9.6 24.5 493 75.0

No shrinkage.
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Fig. 3. Photographs of PE separators and Si;N4-coated
separators (SCS-1, 2, 3) after being kept at different
temperature for 30 min.
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Fig. 4. The results of differential scanning calorimetry
(DSCO).
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Table 3. The results of DSC; Oneset of T,,, various endothermic temperatures and endothermic value of PE separator

and Si;Ny-coated (SCS-1, 2, 3) separators

Sample name Onset of T,, (°C) Max endothermic temp. (°C) Endothermic value (J/g)
PE 119.9 135.0 210.7
SCS-1 124.0 134.5 116.9
SCS-2 125.0 135.2 110.4
SCS-3 124.8 135.2 99.1

Fig. 5. Photographs of Si;N4-coated separator (SCS-2) on tensile strength. (a) initial state; (b)~(d) measurement state; (e)

rupture of SCS-2 separator.

Table 4. The results of tensile strength ; various value of PE separator and Si;N4-coated (SCS-1, 2, 3) separators

Sample name Width (cm) Thickness (cm) Peak load (kgf) Tensile strength (kgf/cm?)
PE 2.5 0.002 8.11 1622.0
SCS-1 2.5 0.003 12.44 1658.7
SCS-2 2.5 0.003 12.50 1666.7
SCS-3 2.5 0.003 13.02 1739.0
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Table 5. G, ionic conductivities, R, ionic resistance, 4, cross-sectional area of separator, /, thickness of separator, using

Eq. (1) for separator samples

Sample name R/ohm I/em A/cm? G6/(S/em)
PE 0.306 2.0 x10° 2.5434 2.57 x 10
SCS-1 0.945 3.0 x 107 2.5434 1.25 %10
SCS-2 0.516 3.0 x10% 2.5434 229 %103
SCS-3 0.489 3.0x103 2.5434 241 x10%
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34. 012 MEE 53 e A2 % Yook
Table 5= Eq. (1) ©l8-31 PES} SCS59] o] ol2dt A= SisN,y ool Sk iAks A
AEEE A A3 Yephor, ol¢] Fzlo] Frhste] el o] sk A3
Zizte] ReUES vl Az, PEZE 257107 ole] o] Fvkspl Hirkh weky Rejue) o Aw
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Fig. 6. Discharge profiles of cells with PE and SCS separators; (a) PE separator; (b) SCS-1

separator; (d) SCS-3 separator.
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