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ABSTRACT The separator made from the blends of high density polyethylene (HDPE) and
ultrahigh molecular weight polyethylene (UHMWPE) was prepared by wet processing to use
as Li—ion secondary battery. We investigated effects of the blending of the polymers and the
film extension on the mechanical properties of the separator. The mechanical strength of
separator increased with increasing molecular weights and contents of UHMWPE, for
instance about 1000 kg/cm? with the five times extended film of 6 wt% UHMWPE. The pores
of the separator were very uniform with the size of 0.1~0.12 mm. The shut—down
characteristic quickly increased at around 130  and the fusion temperature was 160 , so
it could be applied to the lithium ion secondary battery.
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Table 1. Polymer Composition of Samples for Separator
Manufacturing

blending conditions

HDPE UHMWPE UHMWPE oil additive
(M, 2400000) (M, 3400000) (Teric) (Irganox 1010)
samplel 27 3 70 015
sample2 27 15 15 70 015
sample3 27 3 70 015
sampled 24 2 4 9% 015
Specialty Chemicals ) Table 1
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Figure 1. Mechanical strengths of separator according
1M LiPFe/PC 1 to the polymer blending and extension conditions. (1)
KHz, 25 180 > Jmin HDPE(27 wt%)/UHMWPE(M,, 240000, 3 wi%);
n sample 1, (2) HDPE(27 wt%)/UHMWPE(M,, 240000,
' 1.5 wt%)/UHMWPE(M,, 340000, 1.5 wt%); sample 2,
(3) HDPE(27 wt%)/ UHMWPE(M,, 340000, 3 wt%);
sample 3, and (4) HDPE(24 wt%)/UHMWPE(M,
240000, 2 wt%)/ UHMWPE(M,, 340000, 4 wit%);
separator , , sample 4.
: 8x 10°
4%, 1.5x 10° 3%, 4x 10°
, separator 1% . UHMWPE
. Figure 1
separator . UHMWPE
. Table 1
1(HDPE 27 wt% UHMWPE( ; ,
2400000) 3 wt% ), 2(HDPE
27 wt% UHMWPE( ; 2400000) 15
wit% UHMWPE( ; 3400000) 15 Figure 1 UHMWPE
wit% ), 3(HDPE
27 wt%  UHMWPE( ; 3400000) 3 wt% 240000 3400000 UHMWPE
), 4(HDPE 24 wt% 10% , Figure 1
UHMWPE ( ;  2400000) 2 wt% ), (3), 4
UHMWPE ( ; 3400000) 4 wt% ,
) UHMWPE 3400000 UHMWPE , 4
4 wt% 650 kg/cm?
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Figure 2. DSC Thermogram ; sample 3.
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Figure 6. Pore size distribution of Separator
measured by Porometer; sample 3. (1) solvent
extraction after extension and (2) extension after
solvent extraction.

auto perm—porometer
(Figure 6). Figure 6 (1)
separator
, Figure 6 (2)
separator
0.10 0.13 Cfm
(Figure 6 (1)),
separator 0.24 0.34 mm

Figure 5. SEM photograph of the surface(x 10000) ; (Figure 6 (1))
sample 3.

50 Polymer (Korea) Vol. 26, No. 1, January 2002



Mitsui Chemical Asahi
Chemical separator
Tonen separator
, 2
separator
shut—down . Shut—down
separator
separator
shut—down
. Figure 7 separator
shut—down . 130
160
Separator
short
Figure 7
Separator
. Shut—down
( )
. Shut—
down separator
PE 130~160
, shut—down
shut—down
, 2
separator UHMWPE HDPE

UHMWPE

26 1 2002 1

Separator

le+6g
le+5q
le+4]
le+3]
Ret 1e+2
le+l: \—/)
T T 7 T T T T T
40 80 120 160 200

Temperature ()

Figure 7. Shut—down curve ; sample 3.

UHMWPE 9:1
2 separator
. UHMWPE

HDPE

, UHMWPE
6 W% 5 1000 kg/cm?
( )
0.1~0.13 mm
, shut—down 130
160

separator

1. M. Xu, 5" Pacific Polymer Conference, p. 10, 1997.
2. R. Callahan, W. C. Yu, M. Geiger, C. Dwiggins, H.
Fisher, D. Hoffman, K. M. Abraham, M. H. Jillson,

51



and T. H. Nguyen, The 11" Int. Seminar on Primary
and a Secondary Batttery Tech and Appl., 1995.

. Tonen, Japanese Patent 8—12799 (1996).

. H. S. Bierenbaum, R. B. Isaacson, M. L. Druin, and
S. G. Plovan, Ind. Eng. Chem. Prod. Develop., 13, 2 (1974).
. “Marketing Report of Li ion Battery,” Nomura

Research, March, 1997.

6. S.S. Kimand D. R. Lloyd, J. Mem. Sci., 64, 13 (1991).

52

7. Japanese Industrial News, 91(1996).
8. Tonen, Japanese Patent 63—273651.
9. Asahi—Kasei, Japanese Patent 8—64194 (1996).
10. Hoechst Celanese, USP 3,558,764.
11. N. Denko, USP 5,385,777.
12. D. R. Lloyd, S. S. Kim, and K. E. Kinzer, J. Mem.
Sci., 64, 1 (1991).

Polymer (Korea) Vol. 26, No. 1, January 2002



