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Abstract: In this study we prepared crosslinked separators with the improved thermal stability by
irradiating a commercial polyethylene (PE) separator for lithium secondary battery with an electron
beam, and the thermal and mechanical properties of the prepared separators were evaluated as a function
of the absorption dose. The thermal shrinkage of electron beam irradiated separator was decreased with
increasing absorption dose. As a result of the shutdown behavior using an AC impedance, it was
observed that the irradiated separator had the better shutdown function than the unirradiated separator.
The modulus of the irradiated separator was enhanced as the absorption dose was increased, while the
tensile strength and the break elongation of the irradiated separator were decreased.

Keywords: separator, thermal shrinkage, shutdown, electron beam radiation, lithium secondary battery.
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Figure 1. Thermal shrinkage of the electron beam irradiated PE
separators at various absorption doses.
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Figure 3. AC impedance measurement of the unirradiated and
irradiated PE separators at 1 kHz as a function of the tem—
perature.

W3} LfEpdc) o] Zrgella] b Aol Sk uet g
FE°| MD, TD W&k BF 7h4si= 2 B = Qloh A 24
S| k2 ekl A4 MD Wke = 235-4o]2] 69% TD "ake
£ 56% 5=31= Wb 200 kGy 2 AR AP} ¥ Bajdeke XS
Zo)o] MD WaEO 2 42%, TD Weko 2 31%7}F 5313t} PR
AP 22K 7R PEE @4d0] S7ksithe Bt ek 9
G55 Avks AR AR &Jste] PE 2wl 7ot dofut
Aol STl E5sEe] FIESTt 98 = Stk Figure 2
= GFE5E A3 osle] 1ol FEE A #2190 kGy) 2
50~200 kGy ZAMAFO R AP Aeld Beleke] 75 =5 A
Fog HojFal Qirt.

AC UL|HAZ 0|28t Shutdown HS &L AxA ZAME PE
Bajuko] A4Eg 7447} shutdown 7)%o) od g8ks F=x
g15h7] $18ll4 Lamman 15°] A3 WS 2 shutdown 7]
5o WHBQITEY o] Ao AL Hejua} A zakE B
k] QIMEAE 258 S7MAZIHEA 1 kHzolH S350t

Figure 3 &% Z710] W 1 kHzellM el dujds w3lE v
ERC AR ZARE 3F4] 2 PE ®]9te] 29 126 CollA <
A7 5A48] Sk o] @Al o] %A shutdown
o] dodS elgh &= QM) T3t 142 CTolld JujidA~r) 343)
Hojx|=t] o= PE #2do] o] oA Hobx 7AA =3} &
0] ARAoR HEFSHA Ho] duHrt TAE] wizolth
200 kGy AR R A AR Bk A Z2AME 3

20|, 43278 6%, 20089

X5,000 5pm 11 30 SEI

X5,000 Spm

10 28 SEI

10 30 SEI

10kV  X5,000 Spm

Figure 4. SEM images of the PE separators. (a) a commercial
PE separator at room temperature, (b) 200 kGy—irradiated PE
separator at 120 C, and (¢) 200 kGy—irradiated PE separator
at 130 C.

A 92 PE F9h} 22 2%(126 C) o)A shutdowno] A12¢
HARE 160 T7FA shutdown AEIE FAI8IEE 160 Coldelx
shutdown®] 747} o] FR)= 748 & 4 Qi o] A= Az
ZAFE PE 28] 2R 3% U0 Qlsto] t 2 2EofArt
A shutdown 715-& A8 F AUSS I F Ut

Figure 394 126 CellA shutdowno] Eth= 218 gelslr]
98l SEM imageZ £l shutdown 2% (126 C) #3120 C9}
130 ©) 9 7159 Wgks dolutth Figure 4(a) & 2d=2o419]
244 PE 229 ¥912] SEMARIS YERN™ Figure 4 (), (0)+
200 kGy ZAMAEo 2 Az Ak EaEluke] gus 120 €9

o]




AR ZA] A% AF o1 AHAE 48 Felolgal weintel Gy 3ol

130 Colld &G SEMARIelT 120 Ceolle] Habd 2Ak
welEre] i AR (b) ofli= AolA1S] A8 PE 229 () 9k 2
o] mA7]Fo] AT 130 T, (o) oM mlAlZ]Eo] B3
shutdown 758 SEM ARIE B4 ER1E 4 STk

Figures 13} 204 =28 A5SEo] AdE A7)e} Figures
37} 494 =25 shutdownell I=H A=HE], A AR

12

Tensile strength(kgf/mm?)

7t 3 !
6} e
Q-
5| g
e
4 ] L " 1 . 1 N 1
0 50 100 150 200

Absorption dose(kGy)
@

105 - ) %’
100 | ___H_‘i-_____‘i______:_i
_ 95}
o I
£
S |
=3
g so}
=
5 )
= o
65 |- L §
60 |- §_§
0 50 100 150 -
Absorption dose(kGy)
(b)
220} % _
=
200 \‘\

g wof
§ 160 e
S 140} .
S -
© wof T %
%
¢ sof
& [}
60
a0
L 1 L L
0 50 100 150 200

Absorption dose(kGy)
(c)
Figure 5. Mechanical properties of the electron beam irradiated
separators as a function of the absorption dose. (a) tensile
strength, (b) modulus, and (c) break elongation.
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