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Abstract

The coated separator was prepared by coating poly(vinyl acetate) (PVAc) on the surface of the novel separator based on poly(vinylidene
fluoride) (PVdF) and polyethylene (PE) non-woven matrix. The ionic conductivity of the coated separator wd€9135 cnt?! at 25°C,
a little higher than that of bare separator. The coated separator showed smoother surface morphology and better adhesion property towarc
electrodes, and thereby it resulted in lower total resistance than the bare separator. The discharge capacity of the unit cell with coated separato
at C/2 rate was maintained at about 84% of the theoretical capacity, which is quite higher than that of the unit cell with the bare separator.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction still required to modify the surface of the separator due to
the rough surface morphology. In this work, we tried to prop-

The separator is one of the key component materials usederly coat the surface of the separator in order to enhance the

for rechargeable lithium batteries. It plays an important role electrochemical performance of the unit cell.

in the ion-conduction and safety behavior in the lithium

batteries. The conventional polyethylene separators are not

sufficiently compatible with liquid electrolyte, and thus there 2. Experimental

have been many efforts on modification of the surface of

the Separator to enhance the Compat|b|[|1y6] In addi- 2.1. Prepal’ation Of PVAC'Coated Sepal’ators based on

tion, there were also some studies on the cost-reduction ofPVdF and PE non-woven matrix

the separator by using non-polyolefin polymgt$8]. Use of

polyethylene (PE) non-woven matrix is one of the ideas to ~ The novel porous separator (bare separator) based on

reduce the manufacturing cost of separator while maintain- PVdF (Mw =600,000, Solvay) and PE non-woven matrix was

ing the mechanical strength and thermal shutdown property of Prepared by coating the PVdF/NMP solution upon the PE

the polyethylene separator. Our group has already reportedion-woven matrif9]. An appropriate amount of poly(viny!

the novel separator system based on poly(vinylidene fluo- acetate) (PVAcM,, = 500,000, Aldrich), a coating material,

ride) (PVdF) and PE non-woven matfg]. However, it is was dissolved in an anhydrous acetone. The separator was
then immersed in the polymer solution. The separator was

taken out and left to evaporate the solvent at room tempera-
* Corresponding author. Tel.: +82 42 869 3925; fax: +82 42 869 3910.  ture. After evaporation of the solvent, it was under vacuum at
E-mail addressjungpark@kaist.ac.kr (J.-K. Park). 40°C for 12 h to remove the residual solvent and water trace.
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2.2. Measurement of physical properties of the coated as a binder material. The cathode is composed of 88 wt%
separator LiCoOy,, 6.8 wt% super-P and 5.2 wt% Kynar 741. The load-
ing density of active material corresponded to a capacity
The specimens for the SEM images of the cross-section ofof 2.4 mAhcnt2. Both the cathode and the anode were
the separator were prepared by fracturing the correspondingimmersed into liquid electrolyte before cell assembly to fill
filmin liquid nitrogen. The pore size distribution and porosity the pores in the electrodes with the liquid electrolyte.
of separator were measured with mercury porosimeter.
Thermal behavior of the separator was studied by using a5 4 Ejectrical measurements
differential scanning calorimeter. It was scanned fre®0
to 200°C by heating at a rate of & min~! under nitrogen

The separator dipped in liquid electrolyte, 1 M LR
atmosphere.

ethylene carbonate(EC)/diethyl cabonate(DEC)/propylene
carbonate(PC)[35/60/5, wiw/w] (Samsung Cheil Industries,
2.3. Preparation of electrodes Korea), was sandwiched between the two stainless steel
(SS) electrodes to measure the ionic conductivity. The ionic

The anode has a composition of 95 wt% graphitized meso- conductivity was obtained from bulk resistance measured
carbon microbeads (MCMB2528) and 5wt% Kynar 741 by ac complex impedance analysis using a Solartron 1255

18k X1@. 860

Fig. 1. Scanning electron micrographs of the bare and coated separators (a) surface morpho@gyi bare[a-1] and coated[a-2] separators; (b) magnified
surface morphology 10,000) of bare[b-1] and coated[b-2] separators; (c) coating layer morphal@gyg00) upon the porous PVdF layer; (d) cross-section
morphology of bare[d-1]%2500) and coated[d-2}{2000) separators and (e) magnified cross-section morphology of barefg-2]000) and coated[e-2]
(x10,000) separators.
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Fig. 1. Continued.

frequency response analyzer (FRA) over frequency range ofsmoother than that of the bare separator. Thin coating layer
100 Hz—1 MHz. was formed upon porous PVdF phase as showfign1(c).

The unit cell was assembled by sandwiching the separatorFrom the cross-sectional image showrFig. 1(d and e), it
after soaking itin the liquid electrolyte between carbon anode is found that the inside of macropore in the separator is also
and LiCoQ cathode. The cell (2cm 2 cm) was then sealed  coated with PVAc owing to the hydrophilic property of PVdF.
inan aluminized polyethylene bag. The unit cellwas typically This is not usually observed in the coated separator based on
cycled between 2.7 and 4.2V at a constant current densitypolyolefin separatof3]. As a result, the porosity decreased
at room temperature using a TOSCAT-3000U (Toyo System to 48% and the average pore size was also decreased to 32 nm
Co., Ltd.). The charge process was cut-off at 20% of the initial as shown inTable 1 The internal morphology of the coated

constant current. separator became less porous as compared to that of the bare
separator.

3. Results and discussion 3.2. Thermal properties of the coated separator

3.1. Physical properties of the coated separator PE non-woven matrix is also expected to provide the

coated separator with thermal shutdown properig. 2
Fig. 1(a and b) present scanning electron micrographs of shows the DSC thermograms of the bare separator, coating
the surface of the bare and coated separators. It is clearlymaterial (PVAc) and coated separator. The melting temper-
observed that the surface of the coated separator is muchature and crystallinity of PE non-woven matrix phase in the

Table 1

The properties of bare and coated separators

Property Bare separator Coated separator
Thickness (dry condition)m) 33+1 37+1

Thickness (after soaked with liquid electrolyt@ng) 40+ 1 38+1

Porosity (%) 53 48

Average pore size (nm) 35 32

Uptake amourit(%) 290 302

lonic conductivity at 25C (Scntl) 8.9x 104 1.1x 1073

2 The uptake amount into the porous phase in the separator, uptake amounW%Wq)/Wp x 100, whereW andW are the weights of the wet and dried
separator, respectively.



434

Y.M. Lee et al. / Journal of Power Sources 146 (2005) 431-435

Endothermic

1| —— PvaAc

Bare Separator

- Coated Separator

-50 0

Fig. 2. DSC thermograms of the bare separator, coating material [PVAc]

and coated separator.

50

100

Temp. (°C)

150

200

Voltage (V)

—— Coated Separator
-~ Bare Separator

(a)

2 T
0 20

40

% of Theoretical Capacity

60

80

100

120

—e— Before Precycling (Coated)
---o--- After Precycling (Coated)
—s=— Before Precycling (Bare)
---a--- After Precycling (Bare)

;

(b)

1I5
Z' (Ohm)

30

coated separator was kept almost unchanged, which can lead
to a proper thermal shutdown operation of the cell. How-
ever, the crystallinity of PVdF phase in the coated separator
was reduced to 75% of the crystallinity of PVdF in the bare
separator and the glass transition temperaflige ¢f PVAC
decreased from 45 to 3C. They resulted from the penetra-
tion of PVAc into PVdF phase during the coating process.

3.3. lon conductivity of the coated separator and its
dimensional stability

The ionic conductivity of the coated separator was
1.1x 103Scni! at 25°C, a little higher than that of bare
separator (8.% 10~4Scntl) as shown inTable 1 It is
thought that the enhancement of the ionic conductivity of the
coated separator comes from a little higher uptake amount of
the liquid electrolyte (EC/DEC/PC=35/60/5, wt ratio).

Itis found that the coating layer plays an important role of
maintaining the dimensional stability of the coated separator.
Inthe case of the bare separator, its thickness increased about
20% (7pm) after soaking in the liquid electrolyte, which
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Fig. 4. (a) Charge/discharge capacity as a function of cycle number of

Fig. 3. (a) Preconditioning charge/discharge curves of the unit cell of car- the unit cell of carbon/(bare or coated separator)/Lig@® room tem-

bon/(bare or coated separator)/LiCoét room temperature (current den-
sity =0.24 mA cnt? (C/10 rate) and cut-off voltage = 2.7-4.2 V) and (b) the

perature at C/2 (1.2mAcmf) rate (liquid electrolyte, 1M LiP§F in
EC/DEC/PC =35/60/5, w/w/w) and (b) the ac impedance spectra of the unit

ac impedance spectra of the unit cell before and after preconditioning cycle. celis after 120 cycles.
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resistance of the unit cell based on the coated separator as is

100 awg seen inFig. 4(b).
%000 Fig. 5shows discharge capacity of the unit cells as a func-

e tion of cycle number at higher (1C) rate with CC/CV charge

pOOOOoOoO( condition. The unit cell with the coated separator shows also
much higher discharge capacity than that with bare sepa-
rator in the high rate. It suggests that the coating layer is
very critical in determining the cyclability at higher current
rate.
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4. Conclusions

0 10 20 30 40 50
Cycle Number PVAc was successfully introduced as a coating material
on the surface of the novel porous separator based on PVdF
Fig. 5. Charge/discharge capacity as afur?ction of cycle number of the unit 3nd PE non-woven matrix. The coated separator showed
‘(:ze"'lcr’]zzacrr??%/ (rt;?;e or coated separator)/Ligaroom temperature at1C g giher surface morphology and better adhesion property
' ' toward electrodes, which could lead to a lower total resis-

results from the poor compatibility between PVdF and PE tance. The cell performance was much improved by coating
non-woven matrix. However, the thickness of the coated sep-of the separator with a proper material as compared to the
arator was maintained within onlydm even after soaking  bare separator.

in the liquid electrolyte.
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