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Li-Ion Polymer Batteries Constructed with =
Porous Polymer-Coated Gelling Separators
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OXEXY RPRY

v High Energy Density

v Concern on Electrolyte Leakage

v improved Safety

/' High Rate Capabi i.ty (Low Ivmpedance)

v Wide Operating Temperature Range (-20 ~ 60 °C)

i
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| Features of SANYO Polymer Battery

1. Cross-linked structure of polymer electrolyte

e fast holding of liquid electrolyte = high performance

e complete gel = high reliability

2. Polymerization in battery case

e good interface between electrode and electrolyte

e utilization of LIB manufacturing technoiogy = high productivity

Hanbat National University
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Preparation of Gel Polymer Electrolytes

Prebarqtion of 'Pproi_as Mémb;ane\ ' J Coating of Gelable Polymer on Separator I
!
!
) Soaking of Membrane Soaking of Separator
In Electrolyte Solution In Electrolyte Solution
¢
$
Gslation of Mé)mbrén‘e o l Gelation of Polymer on Separator I
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Stuy 2
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_ Elsctrolyte Uptake

%0
. "
¥l o=t/ (R A
5 = 2.8 x10° S/cn
60
m T T T T T T
0 &0 120 160 240 10 15 20 25
soaking time(min) Zadl€2)
Fig. Uptake of electrolyte solution as a function  Fig. AC impedance spectrum of the SS/PAN
of soaking time(1.0 M LiPF4- EC/DMC). /55 cell.
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Mlcrost ,rvuétkuyr\e‘ of Gelled Membrane
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{a) before soaking in electrolyte (b) af ter soaking in electrolyte

Fig. SEM images of the cross section of porous PAN membrane
and gelled PAN membrane.
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lonic Conductivity

fonic conductivity(Sicm)

Fig. Time evolution of ionic conductivity of
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S b 4 r4 >4
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C/IOMC —a— LIPF -EC/DMC
o t:;o ::amc " -8 L‘CK;,—ECIDMC
° . —& LIBF -EC/DMC
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) 1000/T{K™")

Fig. Temperature dependence of ionic conductivity
for PAN membrane prepared with different

the porous PAN membrane soaked with
electrolyte solution.

different electrolyte solution.
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Electrochemical Stability
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Fig. Linear sweep of the cell prepared with a porous PAN membrane containing
(a) LiPF4-EC/DMC, (b) LiClO4-EC/DMC, (c) LiBF,-EC/DMC (scan rate = 1 mV/s).
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Cycling Per formances

149 mAh/g LiCo0,
efficiency = 94.3 %

5.0 - 180
: o 4 _ e
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g g 100
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Spocific capacity(mAhig) 0 10 20 30 40 50 60 70 80 90 100

Cycle number

Fig. First preconditioning cycles of lithium-ion

polymer cells prepared with porous PAN Fig. Discharge capacity of lithium-ion polymer

cell as a function of cycle number.

membranes.
Hanbat National University
Rate Capability
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5.0 110
136 mAh/g(93 %)} @
200 o Oz oo s
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Q- UCIOECDMC
20 o o uskEcomC |-
80 ,
20 0.0 05 10 15 2.0
0 20 40 60 80 100 120 140 160 C rate
Discharge capacity(mAh/g)
Fig. Discharge profiles of a lithium-ion polymer Fig. Discharge capacities of a lithium-ion polymer
cell prepared with LiPF,-EC/DMC. cells as a function of C rate.
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Microstructure

Fig. SEM image of a PE separator. Fig. SEM image of a polymer-coated
separator. (coated with 3 % solution)
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‘Eleotrochenical Stebility

L M ki
0.35
0.30 4 | =~ coating with 1 % solution
coating with 2 % solution |
coating with 3 % sofution
0.25 ——~ coating with 4 % solution
‘i 0.20
g 0.15 -
g 0.10
0.05
0.00 -
-0.05 T T T T T
25 3.0 35 4.0 4.5 5.0

Applied potential(V vs Li'/LI%)

Fig. Linear sweep voltammetry curves of the cells prepared with the
polymer-coated separators soaked by LiCIO,-EC/DMC(SR = 1 mV/s).
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Capacity(mAh/g)

Fig. First preconditioning cycles of the lithium-ion polymer cells
prepared with polymer-coated separators(C/10 rate)
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AG Impedance (1)

100

—O— thickness of coating layer : 4 um
~Or thickness of coating layer : 9 um
80 o | O thickness of canting layer : 14

~O— thickness of coating layer : 10 um

60 4

-Z, (Qcm?)

40

20 +

o 20 40 60 80 100
Za.(2cm?)

Fig. AC impedance spectra of the lithium-ion polymer cells prepared with
the polymer -coated separators of different coating layer thickness,
which are measured after the preconditioning cycle.
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Table. Electrolyte resistance(R,) and interfacial resistance(R;)

co::rpi\ril;ﬁ':’isr ‘zlflm) R(Q cm?) R(Q cm?) R{Q cm?y:
4 43 50.4 54.7
9 42 432 474
14 40 401 441
19 49 404 453

9: The value of R, means total resistance of the cell(R, +R)).
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_Cycle Life (1)

Discharge capacity(mAh/g)

180
160
140 o
120
100
® thickness of coating layer : 4 um
80 ©  thickness of coating layer : 9 um
® thickness of coating layer : 14 ym
60 - 0 thickness of coating layer : 18 um
40 T T T T
0 20 40 60 80 100

Cycle number

13t = 147.2 mAh/g
100th = 137.4 mAh/g(93.3 %)

Fig. Discharge capacities of lithium-ion polymer
cells as a function of cycle number.
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Fig. A.C.impedance spectra lithium-ion polymer

AC Impedance (2)

cells at fully discharged state after 100
charge/discharge cycles

Fig. Variation of R,, Rggy and R, with thickness of gel

layer in the cells after the repeated 100 cycles.
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Rate Capability
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Discharge capacity(mAh/kg) Crate

Fig. Discharge capacities of lithium-ion polymer

Fig. Discharge profiles of a lithium-ion polymer cells as a function of € rate,

cell as a function of C rate.
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Cycle Life (2)
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Specific capacity(mAg) Cycle number

Fig. Charge and discharge curves of the lithium-ion
polymer cell (charge : 0.5 CC & CV, discharge : 0.5 CC,
from 215t to 25 cycles)

Fig. Discharge capacities of lithium-ion
polymer cells as a function cycle number
(charge : 0.5 CC & CV, discharge : 0.5 CC).
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Li/LiCoO, Cells
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Fig. Charge and discharge curves of the Li/LiCoO,
cell at 0.24 mA/cm?.(1,2,3,4 5™ cycle)
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Fig. Discharge capacities as a function cycle
number for the Li/LiCoO, cells prepared with
the separator of different gel thickness.
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Li/LiCo0, Cells
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Fig. Discharge profiles of the Li/LiCoO, cells prepared with the separator
of different gel thickness, which are obtained at different current rate.
(a) 0.48 mA/cmz, (b) 1.20 mA/emz, (c) 2.40 mA/cm?

=
Hanbat National University

— 193 —




Li/LiCo0, Cells
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Fig. AC impedance spectra of Li/LiCo0, cells, which  Fig. Variation of R,, R; and R, in the Li/LiCoO,

are measured after the repeated 35 cycles cells with thickness of gel layer after the
repeated 35 cycles
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Conclusions

1) The porous polymer coated on both sides of PE separator was gelled in contact with
the electrolyte solution and encapsulated a larger amount of electrolyte solution.

2) Gel layer on both sides of PE separator promoted strong interfacial adhesion between
olectrodes and separator, and the intimate contact was proven to be essential for
good capacity retention in the cell.

3) Cycling performances of the cells were shown to be dependent on the thickness of gel
layer on PE separator.

4) The lithiumion (lithium metal) polymer cells prepared with the polymer—coated
separator exhibited a stable discharge capacity and good rate performance even
though packed in a flexible plastic pouch.

* Polymer-coated separator with proper thickness of gel layer is a promising slectroiyte
material for rechargeable lithium batteries.
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