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Abstract: In this study, we prepared separators with improved thermal stability by coating microporous polyethylene (PE)
film for lithium secondary battery using poly(meta-phenylene isophthalamide) (Nomex). The mechanical and thermal
properties of prepared separators were evaluated by thermal stability test and TMA as a function of the Nomex con-
centration and coating parameters. The corresponding coated PE separator showed better thermal and mechanical prop-
erties than the original PE separator. Electrochemical properties were also assessed by ionic conductivity, cyclic

voltammetry and charge/discharge cycle.

Keywords: lithium secondary battery, polyethylene separator, electrolyte, dip coating, Nomex.
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1. Polymetaphenylene isophtalamide : calcium chloride : NMP
=95 :45 : 86 (Nomex 9.5%)

|

2. Impregnating a PE separator in Nomex(9.5%) solution

l

3. Coagulating in bath (60wt% NMP + 40wt% water)
25°C, 10 min

|

4. Crystallization in bath(60wt% NMP + 40wt% water)
75°C, 10 min

l

5. Rince(in water)

l

6. Drying in convection oven for 4hour
- Stretching the separator to prevent shrinkage

Figure 1. Nomex coating process of PE separator film.
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Table 1. Air Permeability versus Nomex Concentration

Nomex concentration Air permeation time

(%) (sec/100cc)
Origin 57
1 75
2 84
3 87
5 90

6 ~95 Shut down

Table 2. Reduced Air Permeation of PE Separator upon
Nomex Coating

Nomex Air Reduced amount of
concentration permeation time air permeation
(%) (s) (sec/100 cc)
Origin 57
3 79 38(%)
5 88 54(%)
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Figure 2. SEM images of Nomex coated PE separators: (a) X20000,
Nomex9.5%; (b) X5000, Nomex9.5%; (c) X20000, Nomex5%; (d)
X5000, Nomex5%.
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Table 3. PE Separator Breakdown Time at 150°C as a
Function of Nomex Concentration

Nomex concentration (%) Breakdown time at 150 °C (s)

Origin 300 s
1 334 s
2 341 s
3 420 s
5 655 s
9.5 3600 s

Table 4. Enhanced Thermal Stability of Nomex Coated PE
Separator

Nomex concentration Breakdown time Increased amount of

(%) at 150°C (s) thermal exposure time
Origin 300

3 432 40(%)

5 766 58(%)
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Figure 3. TMA thermograms of pristine and Nomex(3%) coated PE
separators in TD direction.
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Figure 4. TMA thermograms of pristine and Nomex(5%) coated PE
separators in TD direction.

Ao d HgE 9 d FEES HYE ¥ olyg) PE £
oke] ulA|718-S 2= shutdown 25 S F7AA o3t
2R oS A P & UE Aol ZIUESIT o
2A HZAslE Nomex I8 E|2o g FAE o|xA]9]
A3} EAL o] AEE, 428 MY AFH, T4 A}
o|F HIZE 55 o|§3lo] AT
IF Pyl o)ste] A %xH PE Hjweo] o]2d %
T =43t Table 5& 7159 £8]93} =¥ PE
A2 gholl o)t o] =g 7h7h AT
A

E{O_I_{
ry, o

CEE
=

ERN SAcH(Figure 5).

oA pHA g Heluke] Hajolzte] MUEE AR

W
=

H,
N
ol
ol
2

X,
oo

Ir
A
o,
o,
&
=y
XN,
=
=2
Y
M
Ak

o

i}
rlo

O 2 ox

é‘.‘:‘
2

)
-9
]
2
2
)
R
oX,
ofr
o
odt
s
n
3:9‘
&
zZ
o)
=]
o
>
it

Polymer(Korea), Vol. 37, No. 1, 2013



26 B} - epgs -l

Table S. Impedance and Ion Conductivity of Pristine and
Nomex(3%) Coated PE Separators

Thickness  Aria

Impedance Ion conductivity

(um) (cm?) (9] (10* S/cm)
Origen 19.5 1.76625 2.03 5.44
Nomex(3%)
coated PE 19.9 1.76625 223 5.05
separator
10
8 4
g
3 4]
= L
2 =
8
s,
0

T T
Origin Nomex 3%

Figure S. Ion conductivity of pristine and Nomex(3%) coated PE
separators.
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