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Abstract : The internal short-circuit between cathodes and anodes has been known to be a critical
concern for the safety failures of lithium-ion batteries, which is strongly influenced by the thermal
stability of separators. In this study, to effectively suppress the internal short-circuit failures,
we developed a new composite separator with the improved thermal stability compared to con-
ventional polyolefin-based separators. The composite separators were prepared by introducing
a ceramic coating layer (Al,O;/PVdF-HFP) onto both sides of a polyethylene (PE) separator.
The microporous structure of ceramic coating layers is determined by controlling the phase
inversion of coating solutions and becomes more developed with the increase of nonsolvent
(water) content. This structural change of ceramic coating layers was observed to greatly affect
the thermal stability as well as the electrochemical performance of composite separators, which
was systematically discussed in terms of phase inversion.
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Fig. 1. FE-SEM photographs (x 2,000) for AL,Os/PVdF-HFP
(= 50/50 wt%/wt%) ceramic coating layers as a function
of nonsolvent (water) content in coating solutions: (a)
water content = 0 wt%; (b) 1.89 wt%; (c) 7.55 wt%.

3 e T8 B EA, & SENHE
I AFA ] F O FHE] =oE oF et
Fig. 39 7]& PE 89 2 E3hEe ol dig
T g5 49E AEsie] eI el
GrEoll 71X= FEE Tetshr] f1&, Hl-eul
L& 79 (water content=1.89 wt%) =
- (water content=7.55wt%) ZFE #A|ZH
JIHES F U2 = AYsih
Al FEFo] YR &2 719 PERETR

T £
AN\
oo ek T
Toox N o

M o 0 9 rlo
Iz &%
% o of

=R



=4 73483 A], A 129, A 43, 2009 327

2500 |- 1

1500 | \ .

Gurley Value(sec/airl 00cc)

Water Content(wt%s)

Fig. 2. Gurley values of composite separators as a function
of nonsolvent (water) content.
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Fig. 3. Thermal shrinkage of composite separators as a
function of heat-treatment temperature.

100°CoPdellr] G=o] WA, 140°ColM = oF 94%
Az A3 d55e HATh o] PEY &&F2%
(melting temperature)’} 135°C F-Zo|H, &9t A%
34 & A4 (stretching) F8E AR Ao 7118k o]
o Rial, Mgty FHTSo] =YY H3REEeke vl
shgol] PAIgle] 25 7] PE &9 vig)] et &
Y-S BHAAh ol#s A= WgAel g &
Zoug Ye=dAe} PVAF-HFP It 2 FAE A2ty
FgZo]l AXAR] PE B9 € £58 EHHo=
A5 7] W] Aoz wETh $HH, 140°ColA
& =L Hws A3, PE Eelute] 27] X4 dlH] ¢F
94% A=o] & F55 Hole Aol v, vlgn) o]
B2 739 oF 74%, 1E]aL vl gheke] AL A9 oF
59%2] @ 5 Holal Slth. F, AMlEtY] IZrZFo] =Y
H B3R etele} siegks, Blgvl sl wlet & <t
o] ApolE Hole S ¢ Utk Fig. 1 2 244
ZEelgo] v 8u|7b AA Eo7HA HW, Blgulrt
B2 7350l vs] Mt Z'F WelA] 7132 &
awR] Zata Adst 125 2 En §, 285
Woellx GFrut i=9ixke}t PVAF-HFP HRRIT| 7} 2ol

-0.2C] 1
0.5C
1.0C |
2.0C
s N
T
a2 ET 3N ™ \ 4
% 1
== \ |
34 L | 4
azf o
10 1 . 1 ) " \ PN
20 40 60 80 100 120 140 160
Capacity(mAh/g)
(a)
0.2C -
0.5C
1.0C
2.0C ]
ISEETTS —
T
o \
% a8 |
=
34 b
{
32k

I I S A
o W 4 B0 80 100 120 140 160

Capacity(mAh/g)
(b)

Fig. 4. Discharge profiles of cells with composite separators:
(a) composite separator (water content =1.89 wt%), (b)
composite separator (water content = 7.55 wt%).
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