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Abstract— The electrochemical properties of polymer electrolyte encapsulated LiClQ,, LiAsF,, LiBF,, LiPF, lithium salts
and ethylene carbonate(EC), propylene carbonate(PC) organic solvent in polyacrylonitrile(PAN) matrix were investigated.
The ionic conductivity of polymer electrolyte of all the composition showed in the range 10 10 *S/cm at room tem-
perature. The interfacial resistance between lithium electrode and polymer electrolyte with time was the most stable when
EC/PC organic solvent ratio is 75 25. The ionic conductivity and interfacial resistance of polymer electrolyte containing
lithium salt LiPF; in this solvent ratio showed stable value with storage time. This electrolyte was electrochemically stable
up to 4.3 V(vs. Li"/Li), so that it could be apply to lithium polymer battery. The diffusion coefficient of lithium ion in po-
lymer electrolytes was 4 x 10 " cm’/sec and the exchange current density decreased with time.
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Fig. 1. Two-electrode experimental apparatus.
a: SS terminal d: Electrode
b: Teflon body e: Polymer electrolyte
c: 8§ body f: Teflon ring
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Fig. 2. Three-electrode experimental apparatus.
a: SS terminal e: Polymer electrolyte
b: Teflon body f: Reference electrode
¢: SS body
d: Working electrode

g: Counter electrode
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Fig. 3. AC impedance spectrum of Li/lC-PE/Li cell with storage

time.

Table 1. The name, content and composition of PAN-based poly-
mer electrolytes

Sample name Component Composition(wt%) EC/PC
1C-PE PAN-LiClO,-EC-PC  12.8-9.8-38.7-38.7 50/50
2C-PE PAN-LiCIO,-EC-PC  12.8-9.6-38.2-19.4 75/25
3C-PE PAN-LIClO,-EC 16.4-9.4-74.2 0/100
4C-PE PAN-LiCIO-EC-PC  12.8-10.1-19.3-57.8 25/75
5C-PE PAN-LiCIO,-EC-PC  14.8-6.5-58.9-19.7 75/25
1A-PE PAN-LiAsF.-EC-PC  12.6-11.5-56.9-19.0 75/25
1B-PE PAN-LiBF -EC-PC 13.4-5.9-60.6-20.1 75/25
1P-PE PAN-LiPF.-EC-PC 12.3-9.3-58.9-19.6 75/25

£ofu]E Table 1o Heplgict

3-1. 0|2 Hxx A HY 54
3-1-1. 4o E¢u]e] &34
Fig. 3% 2] F 3§ ol4-3te] Ah-2ollA] IC-PE Aol th} o]
2 HMs e Wi 2 A He 55 Al7bESe| gdet 2As “EH
ol 4] &2k Axfolct. wis} JHA(65kHz)ell A 253 whie
°l Ze|v] Asjae] Aol ukdle] zv| = elg AT E=iv *d
Azre] A MEE et glizd o] & HEmE A7} what
bﬂ 7} gl ot Aol A% Huke] Adefol olsle] AW 2]akgre
Aredar wiske Vehd giel IC-PE AajAle] ol dx =g 4 4
FEH0.005em 'y& A EFhe] AL EJ A3}, -10 *S/em 7S vheh
o Au Agghe z7)el oF 140Qem’ e 2 viebt o} #F %
3 Felo] HafAtke E}?‘S}HP—"—&E A" Aate) Azew o
&lod 6 Fofli= 260 Qem' 2 Zristed om 159 Foll - t}A] 220
Qem’o 2 ghasle] ol Felli= AAAEigEE A sk Al AE
o] ol gt 4 &= FHute] A4 5}% Aoz okl ubdo) A
Ao & gle
o

2 Zen Aal Zuido] o] =) &Aiste 7
o2 AbgHch o2 A M3 skl sl AL 10] F
o pA Qs Awarelel el wut AHe11] S22 My
I 9lch

AC impedance A3 2 BE] S5 A S-akghe o4 23}
7& 5 9lr}

€= (M)

27R L

-200 T T T T T T T —
-180 | .
-160 |- o : 15days ~
o : initial time
-140 + 4
-120 -
€
& -100 —
S omreer
~N
—-80 -
-B0 -
—4Q -
_20 -
0 S i 1 1 1 i3 1 1
0O 20 40 60 80 100 120 140 160 180 200
Z'/0hm
Fig. 4. AC impedance spectrum of Pt/1C-PE/Pt cell with storage
time.
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Fig. 5. Ionic conductivity of Li/PE/Li cell containing different sol-
vent ratio with storage time.
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Fig. 6. Interfacial resistance of Li/PE/Li cell containing different sol-
vent ratio with storage time.
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Table 2. Coefficients of Li/PE/Li cell obtained by linear polarization
method at room temperature

Sample i,,(mA/cmz) D,{cm’/sec) a
1A-PE 5.85 47%x10 7 0.79
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C, : interfacial capacitance [F/cm’]
R, - interfacial resistance [Qcm’]
f,. :maximum frequency
A - surface area [cm’]
L : thickness [/0\]
i, : peak current density [A/cm’]
n : number of electrons taking part in the overall reaction
D, :diffusion coefficient of lithium ion in polymer electrolyte [cm®/
sec]
C,  :bulk concentration of lithium ion in polymer electrolyte [mol/
cm’]

iy : exchange current density [A/cm’]
F : Faraday constant [96500 C/equiv.}
R : gas constant [8.3143 J/mol K]
T : temperature [K]
K’ : rate constant [cm/sec]

PE  : polymer clectrolyte

az2jola Xt
€ : dielectric constant
n : overpotential [V]
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: transfer coefficient
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