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Porous Polyacrylonitrile Membrane for Lithium-lon Cells
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A highly porous polyacrylonitriléPAN) membrane was prepared and characterized. Polymer electrolyte was prepared by soaking
the porous PAN membrane in an electrolyte solution, and its electrochemical characteristics were investigated. lonic conductivity
exceeding 1X 10 2 S/cm at room temperature was obtained, and the use of this membrane assured an electrochemical stability
of at least 4.5 V. A lithium-ion cell employing the porous PAN membrane was assembled, and its charge/discharge cycling
performance was evaluated.
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Many studies have been performed on rechargeable lithium-ion Experimental

polymer batteries using gel pp_lymer elgctrolytes n Wh'Ch the Ilqu!d Preparation of membrane and electrodes?orous PAN mem-
electrolyte has been |mmob|_I|;ed by mcorpgrat.lon into a MatriX b anes were prepared according to the procedure shown in Fig. 1.
polymer, such as polyacrylonitril’AN), poly(vinylidene fluoride PAN (Aldrich Chemicaly was dissolved in dimethylformamide
(PVvdP), poly(methyl methacrylate(PMMA), poly(vinyl chloride) (DMF) with a concentration of 10 wt % of PAN in DMF. After
(PVO), and polyethylene oxidg (PEOQ."’ These gel polymer elec-  complete dissolution, the resulting viscous solution was cast with a
trolytes are usually prepared by casting a mixture of the electrolytedoctor blade on a glass plate. The cast film was then immersed in a
solution and a matrix polymer in a low-boiling-point solvent. While pool of excess deionized waterrfé h to induce phase inversion.
many gel polymer electrolytes prepared by the casting method exAfter exchange of organic solvent and water, substantial amounts of
hibit high ionic conductivities exceeding 19 S/cm, most of them  Pores were formed in the film. The resulting membrane was washed
have various deficiencies preventing their use in commercial lithiumVith running water and immersed again in a pool of deionized water
batteries. The casting process requires a moisture-free environme r 24 h. The membrane was then vacuum dried at 40°C for 24 h.

. N o - e morphology of the porous membrane was examined using a
because of the higher water sensitivity of the lithium salt. In addition scanning electron microscopSEM, JEOL, JSM-6300 Cross-

their mechanical properties are often poor, and the films have to bggional views of the membranes were obtained by breaking them
hardened by either chemical or physical curing. To overcome thesg, jiquid nitrogen. To calculate porosity of the membrane, the den-
difﬁculties, an activation process in which a porous polymer film is S|ty of the porous membrane was measured by a standard pycnomet-
soaked in electrolyte solution has been investig&tedCompared  ric method. The carbon anode was prepared by coating the slurry of
with the casting method, this procedure requires critical moistureMCMB (Osaka gas PVdF, and super-P carbon on a copper foil.
control only during the last activation step. Among the various poly- The cathode contained the same binRvdP and super-P carbon
mers which can be used for this purpose, PVdF and its copolymerglong with LiCoQ (Japan Chemicalcathode material, which was
have been most extensively studied, as the polymer electrolytes presast on aluminum foil. Electrodes were roll pressed to enhance par-
pared with them satisfy most of the properties required for batteryt'CU|ate contact and adhesion to fo_|ls. T_he thickness o_f electrodes
applications. However, the polymer electrolytes based on poroug@nged from 50 to 65.m, and their active mass loading corre-
PAN membranes have received little attention, though PAN has beefiPonded to capacity of about 2.4 mAhfem
used in preparing gel polymer electrolytes by conventional casting Electrical measurements-The dried membrane was transferred
methods. Note that gel polymer electrolytes based on PAN showed
high ionic conductivity exceeding I8 S/cm at room temperature.

In this study, we attempted to prepare highly conductive polymer
electrolytes by selecting PAN as a matrix polymer for the prepara- [
tion of porous membranes. PAN was chosen because it is expected
that an uptake of the electrolyte solution may result in swelling or
gelation of polymer rather than dissolution. This would contribute to [ N

PAN in DMF

the mechanical stability of the membrane after soaking in electrolyte Casting on glass
solution. To the best of our knowledge, this is the first study that
demonstrates the realization of PAN as a porous membrane in
lithium-ion cells. The porous membrane is prepared by a phase-
inversion method, which has been shown to be effective for produc-
ing a porous structur With the PAN membrane, polymer
electrolyte is prepared by soaking in electrolyte solution. Its electro-
chemical characteristics are reported, and the electrochemical per-
formances of lithium-ion cells composed of a mesocarbon micro-
bead (MCMB) anode and a lithium-cobalt oxide cathode are
presented. '

[ Porous PAN membrane]

Immersion in water

Vacuum drying
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Z E-mail: dwkim@hanbat.ac.kr Figure 1. Schematic diagram for preparing the porous PAN membrane.
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Figure 2. Cross-sectional SEM of the porous PAN membrane. Figure 3. Uptake of electrolyte solution as a function of soaking time.

into a glove box and soaked i1 M LiPF; in ethylene carbonate - L )
(EC)/dimethy! carbonatéDMC) (1:1 by volume, Samsung Cheil In- §hovx_m in Flg. 3. Uptake of electrolyte solution increased with sor_:\I_<-
dustries, battery gradéor 2 h, to activate the membrane. The wet- INd time during the early stage, and eventually reached an equilib-
ted membrane was cut into 4 graquares and sandwiched between UM value. After attaining an equilibrium state, the amount of elec-
two stainless steelSS electrodes for conductivity measurements. Oyt solution absorbed in the porous PAN membrane is about 4.0
The cell was enclosed in an aluminum plastic pouch and sealed tgMmes the weight of the polymeB1% based on the total weight
permit testing outside of a glove box. AC impedance measurement/Nich indicates a high solvent retention ability of the porous PAN
were performed using a Zahner Elektrik IM6 impedance anaMermembrane. High afflnlty_ for electrolyt(_e solution results from the
over the frequency range 10 Hz to 100 kHz. Linear sweep voltam-Presence of polar functional groups in PAN. Moreover, a large

metry was performed on a SS working electrode, with counter an@Mount of pores in the PAN membrane enlarges the contact areas
reference electrodes of lithium, at a scanning rate of 1.0 mv/s. APetween polymer and solvent such that the electrolyte solution is

lithium-ion cell was assembled by sandwiching the wetted mem-We” retained in the membrane by the polymer-solvent interactions.

brane between a MCMB anode and a LiGo@thode. The cell was However it should be noted that the amount of electrolyte solution
then enclosed in a metallized plastic bag and vacuum-sealed. All ceﬁo be encapsulated in the porous PAN membrane is lower than that

: ) . 3 . n the conventional PAN gel electrolytes. In previous work, the
assemblies were carried out in a dry box filled with argon gas.I ) .
The charge and discharge cycling tests of lithium-ion cells Wereamount} of I‘E)'EE'EE;/%MC érapper(]j n th? gel_—t)r/]pe fPAhN elelctrollyte
conducted galvanostatically using Toyo battery test equipment/3S about 90 wt % based on the total weight of the gel polymer
(TOSCAT-3000U). electrolyte composed of LiRF EC, DMC, and PANY For com-
parison, the microporous polyethyle(feE) separatofAsahi Kasei,
Results and Discussion thickness 25um, porosity 40% used in a commercial lithium-ion

Figure 2 shows a typical SEM image of a cross section of abattery was also soaked in the same electrolyte solution. The amount

porous PAN membrane prepared by the phase inversion method. Rf €l€ctrolyte solution absorbe829 is lower than that81%) ab-

exhibits a large number of short fingerlike cavities beneath the uppe??f_rb_ed bfyPt:]Ee porous P’Af‘N T_ner_rébr?ne. Tlhis result is due to the poor
layer. The size of pores is observed to increase from the top to th& ity of PE separator for liquid electrolyte.
lonic conductivity of the polymer electrolytéPE) prepared by

bottom of the membrane. In the phase inversion process, the mem-

brane is formed by polymer precipitation, which occurs as a Conse_soaking the porous PAN membrane in the electrolyte solution was

quence of concentration variations following diffusive interchange Measured from ac impedance measurements. After soaking in elec-
between the solventDMF) and the nonsolventwaten. Because trolyte solution, the porous PAN membrane showed self-standing

PAN in DMF solution abruptly coagulated and became immobile atfilm charactgristics yvith excellent mechanical strength. Figure 4a
the skin layer when the casting solution contacts with water, theShOWS @ typical ac impedance spectrum of the SS/PE/SS at room

dense layer is produced at top of the membrane. The upper skiffMPerature. In this figure, the intercept on the real axis gives the
lectrolyte resistance. The ionic conductivity was calculated to be

layer should be formed in very short times, and consequently acts a8 3 h ) :
a barrier against subsequent interdiffusion of solvent and nonsold-0 X 107~ S/cm from the electrolyte resistance with thicknegS
vent. The retardation of water penetration results in slow phase in+m) and surface area (4 éinof polymer electrolyte. Here, ionic
version and, consequently, the large cavities are developed in theonductivity of the electrolyte solution (LIRFEC/DMC) used in
bottom of the membrane that is formed in contact with the glasssoaking is 1.1x 1072 S/cm. lonic conductivity was measured as a
plate during the precipitation step. Porosity) of the membrane function of storage time in the sealed cell. Figure 4b illustrates the
was measured to be 0.64 by the equation given in previousime dependence of the ionic conductivity for the electrolytes pre-
studies®1* pared with porous PAN membrane and PE separator, respectively.
Note that an electrolyte prepared with the porous PAN membrane
¢ =1-pnlpp [1] exhibits a higher ionic conductivity over time periods measured. The
difference in ionic conductivity between two systems arises from the
wherep,, andp, are the apparent density of the porous membranedifference in the quantity of electrolyte solution encapsulated in
and the density of PAN, respectively. them. lon conduction behavior with time was also different for each
The porous membrane was soaked in IJHFC/DMC, and up-  parent membrane. A gradual decrease in the ionic conductivity of
take of electrolyte solution was measured with soaking time, asthe PE separator may be related to the solvent exudation upon long



Electrochemical and Solid-State LetteBs(4) A63-A66 (2002 A65

50 70
@
60 —
40 50
< 40
:
30 - E 30
G 5
“E O 20
N
20 10
0 —
10 -10 T | 1 T
3.0 35 4.0 45 50 55
Applied potential(V)
0 T I I f
Figure 5. Linear sweep of the cell prepared with a porous PAN membrane
0 10 20 30 40 50 containing LiPR-EC/DMC (scan rate 1 mVjs
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storage, or it may arise from poor compatibility with the electrolyte
solution, as described above. After ac impedance measurements, lic
uid electrolyte exuding from the PE separator was observed in theg
cell. A constant value (1.6 103 S/cm) of ionic conductivity for
the porous PAN membrane for a long period of time suggests thatg
the electrolyte solution is well encapsulated in the porous PAN g
membrane, which gives no solvent exudation in the closed system$
However, the porous PAN system also undergoes solvent evapora(‘:—”
tion upon long storage under open-atmosphere conditions, as ob
served in gelled PAN electrolytes. : ; ;
The electrochemical stability of polymer electrolyte was evalu- 60 i ; |
ated by linear sweep voltammetric measurements. Voltammogram: 0 5 10 15 20 25
for cells prepared with a porous PAN membrane that contains an
electrolyte solution of LiPE-EC/DMC are presented in Fig. 5. The
decomposition voltage was sufficiently high, which is acceptable fOrFigure 6. (a) Charge and discharge curves of lithium-ion cell with repeated

high voltage cathode materials, such as LiGOQINIO,, and  cycles at C/5 rateffirst, fifth, tenth, and twentieth cydle(b) Discharge
LiMn,O,. capacity of lithium-ion cell as a function of cycle number at C/5 rate.
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Figure 7. Discharge profiles of a lithium-ion cell. Charge rate is 0.2C with
4.2 V cutoff.

ricated a MCMB/PE/LiCo@ cell. The assembled cell was subjected
to the cycle tests in the following order: preconditioning with cutoff
voltages of 4.2 V for the upper limit and 2.8 V for the lower limit at
C/10 rate (0.24 mA/cR) for the first preconditioning cycle and
subsequent C/5 rate (0.48 mA/&mcycles. Figure 6a shows the

repeated charge/discharge cycles of the lithium-ion cell at C/5 rate

improve the cycle life and high-rate performance for the lithium-ion
cell using the porous PAN membrane. A soaking of the porous mem-
brane with highly conductive electrolyte solution, an optimization of
porosity and pore size in the porous membranes, and a synthesis of
PAN-based copolymers for better interfacial contact between elec-
trodes and polymer electrolyte are several approaches to enhance the
battery performance.

Conclusions

Highly conductive polymer electrolytes were prepared by soak-
ing porous PAN membranes in an electrolyte solution. High ionic
conductivity is attributed to the high volume of pores formed in the
porous membrane and its high affinity for an electrolyte solution.
The porous membrane encapsulated high amounts of an electrolyte
solution, which corresponds to 4.0 times the weight of the polymer.
A lithium-ion cell employing the porous PAN membrane was as-
sembled, and its charge/discharge cycling performance was evalu-
ated. The cell showed a high initial discharge capacity of 145 mAh/g
based on active LiCoOmaterial at a 0.2C rate. At a current rate of
2.0C, the cell retained 81% of its discharge capacity at 0.2C. With
further efforts to improve the cell performance, the polymer electro-
lyte prepared by soaking the porous PAN-based polymer membrane
in an electrolyte solution is believed to be a good candidate as an
electrolyte material for rechargeable lithium-ion batteries.
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