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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.

N B

HT A7), A B 2 AFE ARie] F43] d@Hgdel
AR thgt =871 23] T #ew 39 A
o] Fuigh Aol wet o]xbd =) e] AR ARIAlIM H 8] &
TE L ek 10d AR o)A M FHE o)  UASAH
A (Ni-MH battery)} 7} @Ale ouX] 57} 311 Ajo]& 4=5o] 2
W 2] ago) Wi 2% 7Agte] & 8% ©)24%) (ithium ion
battery) 2 Tialls]o] AME=ElT gick S g FO8 7P1Es] &
3l 9l 7150 BYE qlslo] w8 7P 4 ol At 7Y
delo] AR T AN oF BAIS FullE 2 wER FFEe
2 ALY} RIS BAsk Qo] <kgE Bt w8 49 olx)
2X)9] Ao AlFEE Ao}

ZF oIZRAE A8 i o8 84 F EelN(separator)
& oJARAA Y ¢k FEel 7 F FFEE T Ao &

ulzt o]

2} AE

1To whom correspondence should be addressed.
E—mail: ycnho@kaeri.re.kr

98

A Ze|eA(PE) 7 F =2 PAPP) A} F2 AN 3
o} ®aleke 4% 21719 vA)71 32 (micro pored structure)
2 zhe 934 244 vl15E B89 9F ol olss 4
oA slux] Pt o] AR AR ARl 28 Yel(shortage)
S Rl TS i) ol bAoA dee] WAk B9
F& 250 Relue] HuakA $ESAG 4 ol oF 4
o2 ]lale] Fejulo] s&ul= Aol g3 S50] AHEoR A
ZEajo] wAslA W] oh= e olxkEAle] ARl Hue] A
o] gt} wab o)xpx)9] ekdAdE gnah] sy Eeluk
2o FEo} FHojok s AT NFA AL T Ue VA
7 AEE A glojof st

A 2l o]xbAx] Feluke] AR PEZ) 8 ARE T 9l
ol= o geto g giiFyt B8 A AAUY R AseR ¢
slo] Eajote] ulAr]E-S gol #lE olks] o}F ol AT AR
9] BB AR 71ER! shutdown 4% AYa 917] wiiEo]
M mla7)5e) visle) oJsA shutdowno] &-8-8 739 ofxA|
U9 #7149 2xss oAsked anFoleln olxkAY

1o o=



AR ZAb) @ O olbaAE g Belolgd Bl Yy

A Frol F G A "ok 2R el gk ekiAde)
A E&2re] shutdown 4% 87 shutdownSolE <57}
Solo] wilg e ue] Pajo| LE B9 AT A HEL F
3o A At =] whEe] o] BARES s $lske] PE
9} PPE F38le) 74719 5408 2 ) Baldo] s gie o7
T2, PECl PPE F3sto] Reluhe AlZshs 39 A Blgo]
A F7EE @e)

HoPd e AR RS o838 1A BAS rheE
=24 35k 71 niste] £ WES FHaslshas 7
A WIS A 4 L 7R AR 95 5 gl

ol ek gk ko] 22 #7409 2 S 5
T ARE-E Hazle 4 glo] A T |ERA B F
3 Stk vE AR {9 5 ARl wa o g Jhwe 11
A 3RS Abeka Q1o lEAQl o2 WA HAge)
e Y d EedR AR 25% Fu Az d9d 8
oloj¢] A3} 5o] k! PEE o] 1¥A B2 F WA 2A}

AA 7hkgo] dofuk= IRANE YA 9lom WA
ZANE 8lo] 7IAA AEst vdS e PE A4 ddAls,
TE 2 7kAg, EepE Ay 1E 58 Alxshe ARRda
At

# ArexE A PER ] AxAS AR ZtaTRE
FENA WD ge] e 2lF o1AbiAE Beluhe Azl
AR AP 71l b Rejute] d4Eg2] Hslel .20
A8l shutdown A%< #H3R] YAl Zvkde aeigich
T AR APl wet wishs Relute) REes Qg
5, o Qs Y 71AE AEE SAsich

ox &

L

1L U o g Ao
o P o

5]

Al
=

ot

A2 ZFH|. gF o]akdA|e] g5 PE Hejuloz AR &
Wl(Tonen) Aol Al 8RS F12BMS (57 @ 12 pum) S A3
U g Bk 4 927130 em X 30 cm) E AHE 5 nidw
o ¥3 4w FH% o sl NRE FHEIith Algs
AZRA ZARR #& F 10 kGy/pass® 50, 100, 150, 200 kGy
2 42 AR,

YRE Y. IFFHES SYsP] Hto] WA A A
£ AL F2EE 4 cm X4 cm® AE T ZAE 2 B-(Forced
Convection Oven) ¢l Yol 150 Collx] 1AIRF 2<F 7138kt 7
d¥ Feluke] MD, TD Wake] Zo|isle 23l de55-2 7
AT FEEE 4 ()& o143l Axtaldct

@458 (Thermal Shrinkage) :

r5=LLb

x100 6))

(o]

AN L= d5Ed Heluke) Zo|, [ I5EF Fejute
Zo)g on)gh},

20| Wl ME YRHA =Y. 1ol Fajue] 7)3o] u
3= A% & shutdown A%E Z5517] 91510] Lamane) =24 7)

o
oL,

I

Fel Tel AT 599

[s)

<9 YA BA71Z o8-8 whlo] AREGITEY AF (U, &
) & SUS304E ARE3Igl D 018 we]ehg Alolof] Yol ZAXE
TrEgith e A 494 91810 Solatron Impedance Analyzer
(1287/1260) AHE AREsISTL 1 kHzolx Bzl HRE 2
ol ¥l 5 T/min $52 2585 S7RIA 2179 dujdas
st

SEM ZEr p2olr o] Fa]2e] shutdown SehE 7led
© AT Fe) B @ks el Hslel Ak el
SEM& ©]-43k] 120 T8+ 130 CellA #asigict. SEM
JEOLAR] SEMUSM—-6390)-& o]833i o wejue =
Kofalr] fJsle] 502 F™E o F 50008e] SR Fejut
o] v M71E-g dEEsi

ZIHE 2M =3, 934 EE INSTRON series IX(Instron
Co., Universal Testing System Model 4400)2 ¢]&3}3 0w
Hajulo] 24744 9= ek (machine direction; MD) 3}, MD gk
W} A71e o] F= W3k (transverse direction; TD) 2.8 ZHzF A8
(6 mm* 60 mm) & W] ARESIITE AP ALelX AAEI
on A¥ET= 15 mm/min O AT ARE A o &
o] Hthr} B= 3oz AE 9 A7 E (tensile strength) & &}
1, g7t s go E get AalE-(break elongation) & 13
o ARE-AFHL Tz 27| VI2VIE Telo] HEHA
(modulus) & T3kt

4 4

s
e
B e o me ¥©

2l
o,

2 H EE

Y=+=E(Thermal Shrinkage) #i8]. Xj2olA] 7]&3150%0| PE 1
AL MRS AP 1AL AlsE Tl BEhe] Ae] o] F
oA o] ZkaTEE FEATIA HiaL o]Z 1ste] dofl <Jgt 31
AR S Y 7 oA "ok 2 Aok ElE ol AE A
£ PE €2j9e] 3ol o4 HEs Fol7) fsto] Moz A
& Hehg ZARE F 150 C AR R 14K 51t st
MD, TD W3] doligls &4dsta, 4] (D2 Folo] 45558
T3tk

Figure 1:& AzPd A} Aol wWE MD, TDHEES] d4582)

70}

65}
60}
55}
50F

45}

Thermal shrinkage(%)

4o
s}
30} ©

0 50 100 150 200
Absorption dose(kGy)

Figure 1. Thermal shrinkage of the electron beam irradiated PE
separators at various absorption doses.
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Figure 2. Photograph of the thermal shrunk PE separators irradiated 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.
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Figure 4. SEM images of the PE separators. (a) a commercial
PE separator at room temperature, (b) 200 kGy—irradiated PE
separator at 120 T, and (c) 200 kGy—irradiated PE separator
at 130 C.
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Figure 5. Mechanical properties of the electron beam irradiated
separators as a function of the absorption dose. (a) tensile
strength, (b) modulus, and (¢) break elongation.
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