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Comparison of Rechargeable Batteries

———————— NN
Lead- . . . Li-
Acid Ni-Cd Ni-MH | Li-ion Polymer
Positive . . . LiCoO; or
Electrode PbO, | NiOOH NiOOH LiCoO, LiMn,04
Negative . C(Li) or
Electrode Pb Cd MH CiL) Li metal
aqueous | aqueous | aqueous | LiPFgin | Polymer
Electrolyte | "H,s0, | KOH KOH | EC+DMC | Electrolyte
A"g(v\;ﬁs";“ge 2.0 12 12 3.6 38
‘iigfg)y 15 48 58 34 27
E“e(’\’;"vyh/?(‘;’)‘s'ty 30 58 70 100 100
Cycle Life 200 1000+ 500 1000 1000
Operating &N ~=n°C | .o0-a0%C | .o0~80%C | _o0~800
Temp. Range -20~50°C | -20~50°C | -20~40°C | -20~50°C | -20~50°C
Toxicity Yes Yes Yes No No
Memory Effect No Yes Y/N No No
¢
| ;=< Korea Research Institute of Chemical Technology Advanced Materials Division

Lithium lon Battery

e

300 400 Wh/I

C +LiCo0, +==> Li,C; + Lij,,Co0,

Anode Cathode Discharge Anode Cathode
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Lithium Polymer Battery

“Lithium-ion Battery. § Lithium-Polymer ﬁﬁ&éry]

e
Current Collector
Film Package

The Lithium Polymor

Battory Concopt

lindrical LIB cell Prismatic LIB cell

Advantages of the Lithium
Polymer Battery
* Leak Free and Safe
« Simple Design
« High Energy Density
* Design Flexibility

oy
J
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Polymer Electrolytes for Lithium Battery

1. Intrinsic Polymer (Dry) Electrolytes 2. Hybrid (Gel) Polymer Electrolytes

A salt is dissolved in a solvating polymer matrix Polymer Matrix is swollen with liquid solvent
Conduction Mechanism : Local Segmental Motion and salts
of Polymer Chain Conduction Mechanism : Mobility of the ionic

species in the liquid phase
d '0<_\,o‘
Cio, - Lit -Clo,~ Li* CIo,

Matrix Polymer (PVdF, PAN)
(Physical or Chemical Cross-link)

Liquid Solvent (PC, EC)

Poly(ethylene oxide)/LICIO,

3. Porous Polymer Electrolytes

Liquid solvent is encapsulated in the porous Liquid Solvent + salts

polymer matrix
Conduction Mechanism : Mobility of the ionic
species in the liquid ph Matrix Polymer (Kynar)
N
“~* Korea Research Institute of Chemical Technology Advanced Materials Division
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Requirements of Solid Polymer Electrolyte

o ————————e—ee————————

v" High ionic conductivity at operating temperature
: 108 ~ 104 S/cm

v Chemical and Electrochemical Stability
: Electrochemical window > 4.5V vs. Li

v' Compatibility with electrodes
v Mechanical properties

v Processability

" <# Korea Research Institute of Chemical Technology Advanced Materials Division

History of Solid Polymer Electrolyte Development
.

i) s 0 R 90 w3 w
i

Porous SPE o Hovorwom)

Piysieal Qrase-link
l Gelled SPE l Chewical Crou-fok
Polyetber
l Dry SPE |: é Crose-Tut Crom-lizking Polywher
BO Copolymer
Comb Like Side Chuin .o+

o“““;&u Tnorgenic Filler
Pelymer Aoy "™ Blend

< Sl A |

Stage lon Cuberyiss Phosphe | T subufonme

- o .
increase ; ° Mocthide
of sl bmide |
er Den: Poiymenia Bak ° Moltos Oniom Sek
Mok Gomple St
< o
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History of lonic Cenductwnty Improvement
Chemical Cross-ink {reoType | Pan i [pivor-uee |
E 10 |- Physical Cromdisn  ( PMMA |7 {potymerin s
w
E.o| oy oo
2 Cross Lisking Type
g L ]
g 107
o]
£}
107" PEO > Single ion type
| |
‘70 ‘80 "80 ‘0o
Years
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Gelled Solid Polymer Electrolytes
‘{CHTCF%' «{CHZ CF%——{CF-CF% -{CH CH?>—
PVdF PVdF-HFP (Kynar) PVC
{CH‘CH%* {CH-CH% ~<CH2-CH2—O>7
g=0 n &N n n
R
PAN PEO
PMMA
Advantages Dlsadvantages
3 ‘v Polymer matrixAcﬁng as Mechanical , e
:  Supporter and separator 8
- v High Conductivity at Room ; ‘
. Temperature . Sk x ,
| ¥ Well Known Chemistry and 1 -
N Electrochem:s S &
Korea Research Institute of Chemical Technology Advanced Materials Division
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Gelled Solid Polymer Electrolyte Models

Cions-wnkng poinl

Chemical cross-linking gel

(-]
0e 3/\ Electro}
2 lectrolyte
]
——— [
Dissolution e ®

o Polymer-network
At "
Physical cross-linking gel @
N
) oo y
o200

Partlal crystallization
{Phase separation)
g
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Gelled Solid Polymer Electrolytes

lonic conductivities of some get polyimer electrolytes and polymer composite electrolytes. Di [y stable gels isting of PEG-PAN-PC-EC-
LiClQ, were prepared by Munichandraiah et al. [197]. Compared with gels PEQ-PC-LiCI0, and PAN-PC-FEC-LiC10,, the PEG containing gels showed
lower room temperature conductivities, but higher mechanical stabilities

Polymer system Polymer host Polymer electrolyte Conductivity (S em™'), 20°C

Plasticized

Linear PEO polylethylene oxide} (PEO),-LiCIO, (EC:PC. 20 mol®a) 1073

Crosslinked PEQ poly{ethylene oxide) (PEO),-LiCIO; (PC, 50 wt.%) gx10°*

PVdF poly{vinylidene fluoride) PVAF-LiN(CF;S0, ), (EC:PC, 75 wt.%) 1.5%10°%

PEGA polytcthytene glycol actylate) PEGA-(LICIO,:PO, | M) 1073

PEI poly{ethylene imine} PEI-LICIO, 10}

PPTA poly( p-phenylene PPTA<(PC:EC: LiBF,, 23:25:0.8 mol%) 22x1073
terephthalamide)

Acrylates ethylene glycol LGDMAA{LICI0,:PC, 1M} 2x107?
dimethacrylate (EGDMA)

PAN poly(acrylonitrile) PANLEC:PC:LiC10,), 38-33:21:8 mol% 10-*

Composites

Glass polymer composites (0.564Li,S - 0.19B,S; — 0.25LiD(PEO),- 107"

LiN(CF,50,),) (18:13 val %)

Gel polymer composites PANALPC:EC:LiAsF, }-zeolite 1072

Nanocomposites (PEO),-LiBF;-alumina (10%w1) 1074

(ceramic composites)

Nanocomposites " PEG -LiCF;S0,ssilica, 20%wt. 1.5x 1073

{ceramic composites)

| >~ Korea Research Institute of Chemical Technology Advanced Materials Division
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Porous Polymer Electrolytes

Preparation Structure
CHZCF CF-CF HCH
fororyforom) Lo
PVdF-HFP (Kynar) PAN

1) Film Preparation
« Solvent Casting

2) Pore Generation
« Extraction (Bell-Core Process)
* Phase Inversion

3) Electrolyte Preparation
 Immersion

V Korea Research Institute of Chemical Technology Advanced Materials Division

Intrinsic (PEO-based) Solid Polymer Electrolytes

A salt is dissolved in a solvating polymer matrix
Conduction Mechanism : Local segmental motion of polymer chain

o/\of
C“’J .

(0 \/O'F under electrical field o/\o\/o P/-\O

First suggestion by M. B. Armand (Saint-Martin d’Heres, France)

Advantages Disadvantages
(v Solvent Free Polymer Electrolyte ’ (v Relatively Low Conductivity

v High Chemicaland | ¥ Polymer Electrolyte Elech'ede
- Electrochemical Stability | - Interface 4
! ¥ Minimizing Lithium Dendrite «' Need to Synmesrze Amotphous

| v+ Good.Mechanical Properties Polymer

=

N -
| . Korea Research Institute of Chemical Technology Advanced Materials Division
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Why Lithium Metal Electrode?

High Energy Densiﬂ
s
Anode Materials Cap;c—lt-y -Eapacity
{weight, mAh/g) (Volume, mAh/{)
Cy(Coke) . 186 372
C(Graphite) 372 515
Li Metal (25%) 965 837
LI Metal (100%) 3861 2062
4004
g
E 300 1
2
%
S 200-
o
>
g 100
| =
i
0 y r .
0 50 100 150 200
Energy Density (Wh/kg)
">~ Korea Research Institute of Chemical Technology Advanced Materials Division
Structure of Poly(ethylene oxide)
———————————————— ——————————
= [ = o ~ 5.
Tn=65°C T,=-60°C £~5-8 I
Crystalline PEQ Amorphous PEO
PEO,:LiCF,SO, Hexaglyme -
)
_ﬁnv Korea Research Institute of Chemical Technology Advanced Materials Division
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lon Transport Mechanism

Intrachain hopping Intrachain hopping via ion cluster
@v) *h&b )~ )
7 > W 9

N~
Interchain hopping Interchain hopping via ion cluster

9 5
Cég;f) B lg) i~

“<* Korea Research Institute of Chemical Technology Advanced Materials Division

Suppression of Poly(ethylene oxide) Crystallization

» High Mw PEO : High Crystallinity at Room Temp
* Low Mw : PEO : Poor Mechanical Strength

Blending Grafting
P }‘L
EO PMMA
PEO Polymer backbone
Plasticizing Cross-linking
Plasticizer
PEO g g g & PEG
Polymer backbone
7
_w;‘;-;f Korea Research Institute of Chemical Technology Advanced Materials Division
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Polymer Sysiem Poiymer Host Repeat Unil Polymet Electrolyte ‘Conductivity
(example} (Sem™), 20°C.
LINEAR
PED Polytethylen oxide) fonenok (PEO)-LICO, 0*
POM Poly{oxymethylene) femged, (POM) - LiCYO, 10*
PO Poly(propylene oxide) f cerpeneno}s (PPON-LICIO, 10t
»00 Poly(orymethylene-aligo-oxyeihylenc) Hienorcnenoky (POOs-LICFSO; e’
ysil (DMS) ~freny1psiol; DMS-LiCI0 0
Polymens athylene oxide-seqmonied e cnrenp orongemus ey, UPLHOO 0
P LY * EOL-321)
BRANCHED
Combd hers  Polyl(2 uy:i?yl ether) {euggnol, (PMEGEN-LICI0, ot
(PMEGE) R (OCM,EN 1 OCW,
Comb-branched Poly(methoty  poly(ethylene  glycol) o PMG-LiCF,SOy Ix107
methacrylates (PMG,) rocthacrylate ol EOLi+ = 1&:1)
nF‘o—- (CH,08,0) 01y
Block copolymers (PEO-PPO-PEO)-SC oy oy (PEO-PPOPEO)SC.  1-91107
(crosslinked polymer  SCegiloxans crosslinked PEO" (M) y1-0-55- (€31 PO {340, (4} molar)
°
networks) vchu,,,—‘grc-x_i-(clz)’-rw
chy By
Polysiloxanes PEO-grafied polysilonsne Shy PGPS-LIAIO, 10*
(PGPS) Azl
enyenppna
ylbis-2+2 OCHyCH0CB U 00Ky (MEEP)LiBF, 2x10°
RPN phosphazene] (MEEP) e, (MEEPI-LIN(CF503: 1107
©CH ;08,0081 00m,
(MEEP\LICICF;SOs), 107
]
i N .
“»* Korea Research Institute of Chemical Technology Advanced Materials Division

New Approaches for PEO-based SPE (l)

1) Anion Receptors

son, [ S0
Kool

802073

CF33507-7 \3\”@;

S02CP3

J. McBreen et al, J. Electrochem. Soc., 146 (2000), 9

2) Cation Receptors

#AEE 0 9 U
Q &> 63

2.1.1 Cryptand

221 Cryptand

222 Cryptand

R E.A. Dillon, Chem Mater., 11(1999) 3296

% Korea Research Institute of Chemical Technology

Advanced Materials Division
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New Approaches for PEO-based SPE (i)

3) Organic-inorganic Hybrid 4) Self-Organized SPE
Q- ®Hha-H
CHOEO)IA, cHOME -0-f(CHZM-O-h-A- 2-30
{CHa)s ,t-Bu
CcHy0(E0Y /” P w0 o m
(o]
NP T
CHO(EOIn, A P g
/c CHYy  1Bu s *
CHyO(EQ) 3 . i) N
Enet i of aices 7

25 27 29 a1 33 35
10° KT

Y. Zheng et al, J. Power Sources 97-98 (2001), 641

5) Ferroelectric inorganic composite
BaTiO,, PbTiO,, LiNbO,

; i
o Igoether cont « Slor B
- side chain e @ : H.Y. Sun et al, J. Electrochem. Soc., 146(1999) 2672

T. Fujinami et al, Electrochim. Acta, 45 (2000), 1181

Sy

% Korea Research Institute of Chemical Technology

Advanced Materials Division

Our Approach to the PEO-based Polymer Electrolyte

Low Mw. PEO incorporated network polymer electrolyte |

Polymer backbone_,
(mechanical property)

(ion solvating) =
/"

PEO side chain
(compatibility
and ion solvating)

PVdF-HFP
K. M. Abrahamet al., , Chem. Mat., 9, 1978 (1997); J. Electrochem. Soc., 144, L136 (1997).

Maximum Conductivity : ~ 2 x 104 S/cm E

i

e
"‘V’f Korea Research Institute of Chemical Technology

Advanced Materials Division
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SPE Polymer Backbone
| ——————— —————— |
Crossed-linked Polysiloxane Cross-linked Polyacrylate
CHiCHy CHy CHy CHy CH, CHy
cHy—SiodiopsioysicH, (H:C~Cly —— (HsC-Cy———(H:C-Cly
Hs H; &=0 ¢ 0 =0
) 0 0
CHCH0}OCH; i i i
+(OHCH:C) (CH:CH:O) (CH:CH:O)n
CH, CH,CHJ CHy n, ¢=o0 CH,
CH;-— |0( b)x s.m,s;cn, ——(C=CHy—
&y
si CH:CH:0)0CH, .
Branched Styrene-Maleic
Anhydride Copolymer
Q 9
] ]
R= C\ . R h
0~ “O(CH:CH:0% ~0 _ -
p %%010 . -fonp-cn "
O(CH:CH;0); 0 oiz N Qo
: Oz~ (000 0-(CHCHD)n-CHg é
(CHICH,0)=CHy
R=H,
o
"S«* Korea Research Institute of Chemical Technology Advanced Materials Division

Preparation of Highly Branched PEO Network Polymer

Previous Studies

LG 3 CHa o Y. Kang, et. al, J. Power Sources, 92, 255 (2001).
Q R 2.
i )n o Y. Kang, et al Proceedings of Electrochem. Soc., Vol. 99-25, 534 (1999).
G o) .
]

PEGMA Cross-Linker R=
j=2,3
+ H3C‘é 0\/\)0’ CHa n=251s * High conductivity : 0.8mS/cm
n * Poor Mechanical Stability
PEGDMe

This Study

C“s
. OO
or AlBN, A o < 4

DMPA, hy ~
PR
)

+ to improve mechanical Stability
» to sustain high conductivity.

t

~* Korea Research Institute of Chemical Technology

Advanced Materials Division
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Synthesis of Cross-linker

g :
O] - or ]

R W

KOH
T
ko Where R=(CHs}C -
j=2,3

26.517

T\ r—

[

;ﬁpf' Korea Research Institute of Chemical Technology Advanced Materials Division

]

e

. J30sTT=

x
IS
w

a
326. C;_‘

=
CENg
1360674\
6.0000 /-

Preparation of Polymer Electrolyte
/UV Polymer Electrolyte Atfvantages .
/ / |\\\ mixture « Simple and In-Situ Process
Substrate . m . Frec;l or relduceddsolve(:int emission
(Glass, Ni, Li) « Hi uality end products
\\[7 gh quality endp
Heat
o) o]
\/u\o(’\/ s o)l\/ 0, .
@@M + ok 9~ 4+ 8t Qe
s (‘.‘”“”") 960IMam (——\_ ) 254 <
Q hvor
“\:\JI < TTYR
g
e
Y }(‘;v ‘l‘ -
» r‘\. o oy
i
‘*,34‘"'}‘ e~
_ﬁ Korea Research Institute of Chemical Technology Advanced Materials Division
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Conductivity Measurement

LI
R =

ab
—In}1+
wi2L

\+(w/2L)

|

1) w<L

n

n

T

w/2L

a:
Rbln[n-—-———““(“’/ 2Ly ] Rb'"(

2

- 4L
wl 21.) kb ‘"(7)

l_l _,”W,‘!",o")'mel.'m?l_@‘,r"'lxt‘e?; ‘ . IL D 2) w>>L
/' —s L M}=2‘i]n(“_x)=21n(1+l
w R = w/2L b4 x 7 x
ITO glass ob(1 1,1 1.1
=—-(—+—( SFSLIE P )
r\x 2x El
(1 TTTT ITIT L) a2
-—7(—W-)
Transmission line approximation LA L
‘ PP "7 2bRL 2\BRL
‘s Korea Research Institute of Chemical Technology Advanced Materials Division

Curing Kinetics - IR Studies

Wavenumber {cm™)

e —————————
~—0 min 5min - 10 min 15 min 20 min

2

(]

[&]

c

@©

=

E

[72]

C

o

}—
P 1 r—7r—r—rTTT
1350 1400 1450 1500 1550 1600 1650 1700 1750 1800

' Korea Research Institute of Chemical Technology

Advanced Materials Division

— 134 —




Curing Behaviors of Electrolyte

Thermal curing

—=—1730:1635 cm”
—6— 1730:1408 cm”

0.8 084

——\ 103
—8— 1720:1636 cm”
- —e—1730:1408 em”
£ [ ]
>

1 N S

Vou

~—u ~——
00 T T T Y 0.0 T - T ?
] 5 10 15 20 0 5 10 15 20
Curing time (min) Curing time (min)
* BisA4 + BPO + PEGDME (MW=500, 30 wt%) * BisA4 + DMPA + PEGDME (MW=500 30 wt%)
(Temp.aue : BOT) (UV:365nm)
ad
“* Korea Research Institute of Chemical Technology Advanced Materials Division
PEGDMe Content Dependence of Conductivity
A
For Different Cross-Linker
; St
3
o
2
=
=
3]
b=
5
[ =4
S
o
T T T i ¥ ) T ¥ 1
-10 0 10 20 30 40 50 60 70 80
-~ PEGDMe Content (wt%)
<<’ Korea Research Institute of Chemical Technology Advanced Materials Division
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Effects on the Chain Length of Cross-Linker

—

1x10° 4
,g 1x10™* 4
@ ]
> ]
T 1x10°5
B ]
: L
3 ]
[ = 4
3 1x10°

1x107 +—————————————— gy

()} 10 30 50 70 80

PEGDMe Contents (wt%)

o

# Korea Research Institute of Chemical Technology

Advanced Materials Division

Effects on the Temperature

L_JCIICT.

—_—
Boplonet @ cttunylits (1560/Funel) dinraylote Bapbonet @ cthonplote (580/Monel) divvnylots
£ 96DPMeso & BET 5O . [SOY(R] =20 4 96PMrs0 & BLT 5O . [Eﬂy(!.] =20
e
) LR -, SN —
1074 ., . \1\6\“.\\-
D A VT Ty
E ‘E‘ ."‘4»\‘ TAa, o
3 3 1%10* S . Lo,
PEGDMe Content § PEGDMe content ..
g —=—0 1x10° 3 <
2 g - 10M% \\
S ot —e—10 A 30wt% "
© —a—30 © + 50wt% N
—w—50 1x10°4 —o— 70wWt% <
-0 70 —8— 80wWt% AN
1x10% 5 —a4— 80 e
T T T T 1x107 . e e e
24 28 28 30 32 34 24 28 28 30 32 34
1000/T 1000/T
e
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Effects on the Temperature
—
VTF Equation
o = AT'2 Exp[-E/R(T-T )]
Qo of GRangecomion  &_:Proude addidation snengy
R+ S caralant 3'.;5'—500(‘3
PEGDMe n=2 n=5 n=15
Content A E. T, A E, To A E. T.(C)
(wt%) (S K®%/cm) (kJ/mote) (°C) [(S K®%/cm) (kd/mole) (°C) [{S K®%/cm) (kJ/mole) '°
0 3.09 9.78 -31.7
10 7 11.14 -56.9
30 3.74 12.03 -80.3 0.9 788 -57.9 3.01 9.21 -76.4
50 0.73 6.69 -79.6 1.07 713 -83.5 - -
70 0.89 6.31 -81.4 2.01 7.68 -78.2 1.93 6.47 -81.2
80 0.78 490 -82.4 1.03 5.76 -89.1 2.2 6.31 -83.6
E, of pure PEO : 9 ~ 13kJ/mole §
| 7 Korea Research Institute of Chemical Technology Advanced Materials Division
Effects on the Lithium Salts
For Different Lithium Salts For Salt Concentration
3.0x10*
®  LiCF,S0,
e LCIO, o
10 1 aa, s A LIN(CFSO,), —y
- A =
S 4 § ]
a oo, A .
z LR . A gz.ono 1o
2 EgEpg A
g " . ® e 8 1
3 10'4 n . 3 o
5 1.5%10% k
o L : o)
1.0x10* +——— T T T T T
S ——— 1 15 20 25 30 35 40
24 26 28 30 32 34 [EOJLI}
1000/T
% Korea Research Institute of Chemical Technology Advanced Materials Division
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Mechanical Properties

Tensile Strength
. PEGDMe Tensile Strength | Percent
Cross-Linker Contents (wt%) | (Mpa) | Strain (%)
Tris(4-hydroxyphenyl)ethane
ethoxylate triacrylate (n=2) 50 449 35.2
Bispheno! A ethoxylate 30 5.32 34.48
diacrytate (n=2) 50 2.40 38.62
Bisphenol A ethoxylate 30 1.54 34.44
diacrylate (n=5) 50 0.59 35.12
Bisphenol A ethoxylate 30 0.61 56.78
diacrylate (n=15) 50 0.42 42.15
Bending Test
. PEGDMe Flexibility
Cross-Linker Contents (Wt%) [ 90° 180°
Tris(4-hydroxyphenyl)ethane

ethoxylate triacrylate (n=2) 50 ° o

Bisphenol A ethoxylate 30 [e] A

diacrylate (n=2) 50 [+] [¢]

Bisphenol A ethoxylate 30 [¢] A

diacrylate (n=5) 50 [ [e)

o Bisphenol A ethoxylate 30 o) o]

(ol A it Smmsnd diacrylate (n=15) 50 ) o

"4 Korea Research Institute of Chemical Technology

Advanced Materials Division

Voltage(V vs Li)

L_xpicy
. e
Electrochemical Stability
Ni electrode Al electrode
1.5210° 6.0x10° oo
— LicF 80, —vicd,
1.0x107 4
/ 2.0x10* 4
; 0o T
& 50x10° 4 i g
¥ / ; H -2.0x10° 4
H ; g
: ./ 3
© g 4.0x10° 4
004 2
4 .
-8.0x10"
-5.0x10% v T T T T v T wsoxto* 4 ° 1 2 3 H : N
-1 ] 1 2 3 4 5 L] 7

Vottage(V vs LI}

.n‘
g

Biophnal @ dthanylate diaca
= 20) at30°C. £/EPE. DULAL 5m T/

fote, PESDM.zso (ro1% ). LT 5O, LLLO, £(€F,50,), N, (E0/£:

e S

s Korea Research Institute of Chemical Technology
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Lithium Plating/Stripping
e ——————————————————— N ——
Al electrode Ni electrode
0.0002 2.0x10*
0.0001 1.0x10°* <
E ©0.0000 % 0.0
3 Jd
0.0001 4 -1.0x10°
LiCF;S0, LiCF;SO;
-0,0002 r T r T T -2.0x10° T Y T T
-500 0 500 1000 1500 -500 o 200 1000 1500
Voltage{mV vs L}) Teboye (D o &)
aox10* 1,010
2.0x10*
1.0x10° 4 A
% 0.0 4 g °
J -1.0x10" j
2.0x10° Li(CF,SO,),N Li(CF5S0,),N
D " S, . o' 1= r T
Tedeye(wD & 8) . Tobage(wD a0 £)
Biaphnol O uRasylote dinsnglate, PEEDMazso (012 ).
5,50, £:(6F 50,) O, (60/L: = 20) st30°C, £/BPEAY, and s 5T/
|~ Korea Research Institute of Chemical Technology Advanced Materials Division
Cell Performance at Various Discharge Rate
m *
120
4.0 »:\}\\r
3.8+ i : '
100 \\il
= 36
- 80 -
9 344 ]
2 2
° 3.2 4 604
e g
o 304 g.
S 40 4
8 234 8
°
a
26 20 4
2.4
T LARML A AL L 0 T Y L T T
0 20 40 60 80 100 120 0.0 0.1 02 03 04 05
Specific capacity(mAhig) Discharge rate (C rate)
Qe - Limetal
Cuthude: £uaD,, PEO600.000 composite aluctaada
6 Biaphnal @ thaxylate diseglote FESDIMazs0(7041% )
LT ,50, (60/8 = 20) 4 30€
ot H B N
| "~ Korea Research Institute of Chemical Technology Advanced Materials Division
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Cycle Characteristic of Test Cell

— MR,
45
No. of Cycles 120
———{ 3 — 5 3 e 803,
—7 — 9 3 | .
RO
Iy
- o
3 b
E4
2 i-
o
a [ 1 2 3 4 s [ 7 8 ¢ 10
] epts Reln
$ RTINS
a 304 i ® ~
" -
i 3': e B Guiagy Effiianny
O Caslealis Effuneny
§ o]
2'5 T L] L] L] L] 1 T '§
0 20 40 60 80 100 120 P
Discharge Capacity (mAh/g}
1 2 3 4 L] L] 7 L] ® 10
€yt Pocten
£ matel
B0, PECS00.000 compasile clacliade
Biaphael (1 ctRanglute diaseglats PESDMasso(r01% )
. £iCT S (B8 = 20) at30C
7~ Korea Research Institute of Chemical Technology Advanced Materials Division

Summary

v PEO-based SPE incorporated low molecular weight PEGDMe was .
prepared by UV radiation curing method.

v Good mechanical Stability : tensile strength : 0.5 ~ 5MPa.
v Conductivity increases as increasing PEGDMe content up to 80wt%.
v Maximum conductivity is measured to be 1.0 x 103 S/cm at 30°C.
v Electrochemical window : > 4.5V (vs. Li).
v Reversible electrochemical plating/stripping of lithium.
v Battery Performance at 30°C
capacity : 115.mAh/g

Coulombic efficiency : > 95%
Power efficiency : > 90%

oy,
o i
Ex Korea Research Institute of Chemical Technology Advanced Materials Division
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