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A Study on the Development and Applications of
Polymer Electrolyte (1)
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SUMMARY

I. Reasearch Subject
A study on the development and applications of a polymer

electrolyte

II. Purposes and Importance of Research

Generally electrolyte has been used in liquid state. The
development of solid electrolytes in place of liquid electrolytes
has been recently carried out actively. Polymeric solid
electrolytes have great advantages over liquid electrolytes in
many respects such as energy density, leak-proof, light weight,
easy handling and wide range of operation temperature.

The main fuﬁbtional group of polymer solid electrolyte is
the polar group which is able to form a complex with cations.
Ethylene oxide has been widely used as the functional group and
so the modification of this group has been usally studied. The

conductivity of polyethyleneoxide(PEO) is 107"

S/cm at room

temperature. The comb-shaped polyphosphazene with ethylene oxide

unit has been found to show the highest ionic conductivity

(TO_4 S/cm), but possessed a problem in film formation.
Therefore, we chose an alkali salt which has a large

delocalized anion, LiBF, and studied conductivity, its morphology
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a: 1 *hermal properties of PEO-salt complex film.
In addition, the PEG, PPG as plasticizers were introduced

to the PEO matrix in order tc improve its conductivity.
I1T. Scope and Contents of Research

A. Scope
1) To prepare the PEO/LiBF4 complex film with different
ratio(4:1, 6:1, 8:1, 16:1),
2) To compare the morphology and electric property of
polyethyleneoxide/LiClO4 system and polyethyleneoxide/
LiBF, system.

4

3) To prepare the PEO/LiBF, plasticizers f'ilm in order

4
to improve its conductivity.
4) To measure the ionic conductivity of f{ilms by frequency

response analyzer and characterize the morphology and

thermal properties.

B. Contents
After dissolving PEQ and LiBF4 in acetonitrile solvent,
it was casted on a teflon dish.
We measured ionic conductivity as a function of [saltl/
[EO] concentrations and temperature and proved ion conductivity
mechanism,

Using optical microscope with hot stage and DSC, we



characterized morphology, glass transition temperature and
melting temperature.

Also we added PEG or PPG with 16.6 mole% and 33.3 mole®
to polymer complex with [EO]/[salt]=4:1 and examined electric

and thermal properties of resultant films.

IV. Results of the Study and Recommendation on Its

Implementation

L, Results

In this study conductivities of polyethyleneoxides, which
have LiBF4 as the mole ratic to ethylene oxide unit of 4:1,
6:1, 8:1 and 1631, were measured as a function of temperature.

The ionic conductivity was generally improved with increasing
temperature, and this effect can be explained by the improved
ion mobility and the increased amount of ions in the amorphous
region, which may result from the phase transition of solid to
liquid. The change in slope at Tm might cause the physical cross-
linking amng the polymer chains and hence reduce the segmental motion
of polymer matrix. In addition, when the conductivity was plotted as the
function of the salts oontents at the room temperature, there
was an optimum condition of salts ratio to pcolymer repeating
unit, about 6:1, which means that the amount of the charge

carriers didn't necessarily contribute to the conductivity



increase. In order to increase the ion mobility, that is the
major cause of the conductivity increase, plasticizers were
added and then the glass transition temperature Tg of the
polymer electrolyte was lowered. As a result, polypropylene-
glycol as a plasticizer gave the lower Tg to polymer electrolyte
than polyethylene glycol by 20°C. Polymer electrolyte with
polypropylene glycel 16.6 mol % has shown rather higher conduc-

tivity than that with polypropylene glycol with 33.8 mole %.

B. Recommendations

Because polymer solid electrolyte has advantages over the
liguid state electrolyte in many aspects such as energy density,
application temperature and leak-proof, there has been a lot of
studies by many reasearch groups. Until now, it has been found
that the conductivity can be improved by blending and graf'ting
ethylene oxide group on to other flexible polymer backbone.
These new polymer electrolytes may be applied to the solid
state electrochemistry field such as ECD, sensor, film blinder,
credit card, on-chip power source as well as high performance

secondary battery.
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At HMastgY, olgw Hmy) e M FE A anm g
= BT 818 PEO® (EO) ¢ LiBF, ¢ (Li3
o EBHZE 4:lel oo 7baA 241 polyethylene glycol
(PEG:MW:4UU) 20phr 3} 50phr, polypropylene glycol (PPG
:Mw:425)26phr:ﬂ} 66phrg Hsig = ArsE SAEY 2,
DSC s} B3dv A4 g °l-g3la] ¥ g Y7 FS A FRA £

B S49 drEs wam pysaon

16
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nEA Addelad 4A AddAe @ nEAsE 944§
WAl AlgEe] @g sEAA olgel olFY # & A2
o zde wHar @4 cleg FFHE DEAFL ad A

2 & 4 gitd, Elolags go] gel polymer electro-

i
Hu

lyte, ionomer (&g polyelectrolyte), solvating poly-
mer, solvating ionomer £ % o=z solvating polymer& &
d7e Agel dAgHe RAoxd nEAZ Gy dE$ S
A nEAY MYPd oleatelel dygo= AANE HAsE o o
259 YL 71FA e FEHE AT dolAd AAZWAR
A g kol Fol2 o KEFE A& AL wdrh ol

282 == PEO$ polypropyleneoxide (PPO)E difFHoz=

& 9tk

it

Gel polymer electrolytel x| RBujol golFn &AL
7} ¥ & (swelling)d ez deo gt &ol&e] Asbwt
A Hgg @k Ionomeri mEAFEHel gole (=M CF,S03)
o]} Fol & (dEA ReN*)ol Ao Uz 2 2 #1n ¥
Ad 4 9l #FHole (counter-ion)ol gl Hoez P E£FF

sl A el&EBe] £Ad F e A4 fuirt Hrbslel Fele
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g zoles Aol s olemst4:A (ionomer) o AWE
A A (polyelectrolytes) 2 AFgstE Ath

Solvating ionomer solvating polymer 7} ionomer
Ao H7bdo], ionomerwiel Hel (&Ago] 7t% )el solv-
ationel =1, dagwazA HelZel qag ste ATE ¥

=

]

o]xj ionomer FHel <A@l HoYD o1& Fol IR

Lo

o] so] AsgwAzdd d¥s XTI

TABLE 1
Classification of lon-Containing Polymers

Type Composition Mobile spectes Examples®
Gel polymer Polymer, sait Cations, anions PVF,, PC

electrolyte and solvent and solvent + LiC1O,
Ionomer or Polymenc None, Nafion

polyelectrolyte salt unless wet
Solvating Polymeric Cations and PEO +

polymer solvent + salt anions LiClO;
Solvating Polymeric Cations or

ionomer solvent/salt anions

a Abbreviations: PVF,, Poly(vinylidine fluoride); PC, propylene carbonate;

PEO, poly(ethylene oxide).
pEz Afde fURITE AT nEAYg dAdARM T

Aol x e RNF7AA LA As Al Aed nEAE A Ed

zZz uni-univalent Zage MXg #HAE E 2 A 54
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714 —=AB} ¥ Lewis 97l & w924 etherds
o] PEO, PPO, ester# %9 polyethylenesuccinate, N A %
o] polyethylencimine Sz %¢ polyethylenesulfide 7}
Aesn Me Zug a4 (Li*Na*',RbfCs*, Cu™, Zn*t, Ag*) g
2 X soft &ol&oez ClO,-, I-, SCN-, CF,;5047, CF;CO,~

H,PO,”, BF,” 5° F=2 o] &H ¢},

A 24 Polyethyleneoxide B A BAHTZ

Awtzios mExeg ol HAAE FAsE dide AV =
olo] gled o]l= HAY Fo s (donacity number) o HAAAG F
2% 2 (acceptor number)dEz¥ & wan, AL Fo RS
HZ¢& A= #d (donate)Al# Lewisihsld cfo] £ & solvatce

]

LY

i3

2 gle Yo ousln AW FEAFE Lewis o 7] ¢l
gol2e solvationg + e FTHEHE sngdd,

oz gud FoAss F&H FE B2d AV
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“able 2.

DN AN

Acetonitrile 14.1 18.9
Propylene carbonate 15.56 18.3
Methanol 19.1 41.5
I,2-Dimethoxyethane (glyme) 22 10.2
THF 20 8

Water 16.4 54.8
Polyethyleneoxide ~20 poor

o714 PEOs¢ 1,2-Dimethoxyethane = THF o &= 7}
°F 20452 b3 Ful olE ¥rms 2 dgard mBadx
4E dBYE L4+ Yn folesd Asgo] Yx slel oz 4
&4 ¢t Feow vagd = oew 1ol 4 G-
roton) & #Haa UALoz A $8A Fr7 FL& G4 g
dEzsgte solvating weiEel T4 wdel 9wty Fasme
FA g Wased AWLAE uvsie odd AAd sde =
#ate]  olgx]  Zwmelia wm ‘48 °¢l solvation oy x e} =
Aol AgAdAA - B wEA el Axpelu Aol ol
sl @A,

del Axolixol wg PEOSt @bl Ha BB F 3o
Atk EAA Uehag Rl ge Fol Lol oA Lojeel 7]

b AXD dHF G +8 de Axeluxe Ho oz PEOYe i
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Table 3. Comparison of PEO-Salt Complex Formation

with Lattice Energies of the Pure Salts.

Lit Na* K* Rb* Cs*
B No No No No No
F 1036 923 821 785 740
- Yes No NO No No
cl 853 786 715 689 659
_ No — - -
CH,COO 881 763 682 656 (682)
_ —_ No - —_ No
NGg U8 756 687 658 625
_ - No - - -
No, _ 748 664 765 (598)
_ Yes Yes No No No
Br 807 741 682 660 631
_ - No - - -
Ng 818 731 658 632 604
H - _— Yes — — -
BH, (778) (703) (665) (648) (628)
_ Yes Yes °? No No
I 757 704 644 630 604
~ Yes Y&s Yes Yes Yes
SCN 807 682 616 619 568
Yes Yes — - -
Cio,- 723 648 602 582 542
_ Yes Yes Yes Yes Yes
CF 380, ((725) (¢ 650) ( {605) (< 585) ({ 550)
_ Yes Yes — - -
BF, (699) 619 631 605 (556)
- Yes Yes Yes Yes Yes
BPh, (£ 700) (£ 630) (¢ 630) (< 600) ({ 550)

No=no solvent free complex formed; Yes =solvent

free complex formed; Values in parentheses are either

theoretical or estimated lattice energies. ( &$ : KJ/

mole)



7} gelsin}, = #L goled whal Folol AV HEF
2 #HAst folddl, ol& PEOS HAEF olFe FolZol AV
UE 3d JAFE wr] wEolth (PEO® FHAHE ol FHXM 7H
A 2 HAAUAE zZage g LiClzs 853KI/moles] A
AAAAE vEbd L)

wpetA] mgabeh @A gAgdsHel nEAHAAd=E AHEHT
A e delddidern R AXRAUAE 7HA ks, d9  Fel
23 gelgo]l dgHel Fa ofojwte]l AAME o Fr] wiEd &
ol I AM=zAM dAser s Fol2e AZZE Az (4:
Cclo,~., CF,50,~, SCN-, BF,~, HPO,") daA T9QFz7 7Hseto
Azel wARs 7t g 3ol Foh nEAE Felg solvat-
ioneo] £ol% FAVIE THEH SHAAGA ZEIE WAl F
o o W& SEHole% (glass transition temperature
: Tg) ok #AFch

2.1 dolx AdFd oAHrtA ST FHL

24 PEQ &

A}

M

z
ethylene oxide wtE2g g7} 73 yiEsiad 2w sldata Az
of Zo}e:x D+2l a-helical Zx&(2yg1 #Hu) %oy 70
~85%° ZAAFEE JVelle TEAEAM o E9 HAL lamel-
lae o2 o]lFojzl spherulite & 7 oy BPFEA &
&4 (melting temperature;Tm) & <65 ¢ ez FAH d449

LalMoler = o 60 ColA el
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:‘ 19.3 A Rk

Fig.1. The helical structure of PEO

PEO7} 2493 i ol A, conductometric st-
udy?$) NMR study?'®), crystallographic study?® ol 2s PEO
-NaX & quasitetrahedral =g 32tz PEO-NaClo, & -85C
ol ] tetrahedral Fx& Z&ol wWaFoew eolm 19833 o]
Mol LiXel NaXx & Abgs A% %512 PEQ heiix‘{}"ﬂl %
e %ol (Li*, Na*) gel &Asv (zad2 Fxn) X-ray & X-
ray absorption fine structure (XAFS)1M aAgo=w K* 2

Rb* &= gkole =7|7} & ol&= helixyfel o] uwaATh

Fig.2. Proposed structure for a poly(ethy-

lene oxide), : LiX complex.

Kellyol <ol&ld (15) PEOS LiCF,S0,¢1 olaf #Ad" =

B delde gedee 293P gou, mEx HAsddde #H
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Fig.3. structure model for PEO4LiCF, S0,
below 50 ¢
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Fig.4. A pictorial representation of the migra-
tion of a lithium ion assisted by polymer

segmental motion. 20
mebd meatel F 94 (chain flexibility) & ol
o gAYl WS Fesrg ARY FEEUE FH AINE &
Zo] fold AP ogol zTh 2y 5+ PEO [(EO0] %

7
NH,S50,CF, <& 8:1 2uz g3ste s F48 7 234
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Fig.5. Hysteresis effect on the conductivity of P(EO)g*
NIJI‘Soac’F3 . The guenched amorphous polymer data are
indicated by open symbels (4,0 for cooling or
heating respectively) and the semicrystalline
samples by @ (heating) .
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2k wWeE dzxe ZAFLe UUTK)Y A=mg =X 4
AR BA olFAAA ggxm uwEtd g4 i 2 g
Eof g el oigA HAuh

% Armando] 9l&w M) Arre &n odEAe Arrhe-
nius 4] ((1)2 ) B} Vogel — Tamman —Fulcher (VTF) 4 ((2)

A )l sl Mgw 4 Yokw ok

c =Ae X p(-B/T) : ArrhenilsS 4] eeverecermmeenes (1)

I A
A: Al A QA

B: 943 olux /R
g:o‘oexp[_B/(T_To)] s VTF{\_] ........................... (2)

Ty : reference 2z (33 {FEPH] 2x)
6, : T-Yog sogE constant
/

B :aAQ3s olux /R

iy

Hel mzx &g RHAE

L

VIF4 e Ax A Al Al 3)4o] Stokes-Einstein

el g 49 )2 & ol H,

n:CeXp[B/(T_TO)]. C{IT—% ................................. (3)
kT '
D= ﬁmnriﬂ ............................................................... 4)



k : Boltzman4t4, r; : &4kNtA
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DC Power Supply
—_ t

Electron .
Flow ¢ Lithium Electroiyte
i

.+

—Lt_ |
migration |

Lyl g

Lithfum Lithium
Electrode 1 Electrode 2

Li v e — L Li—Lte-

Fig.6, Two-terminagy cell lithiug electrolyte/Li.

T VYWWAN—— A — A
Rp Re

Fig.7. Equivalent Circuit for the cell of Fig.s.
Ry, electr*olyte resistance; Ra, electrode

resistance,
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2 TFAdc olg ' V/I=(2RetRb) ol® V/IE AHHZ HFe
2 #Ha H o8 ¢z z#yge s (conductance) & Tk
HAYE A 71883 g9 (Geometric factor)g& #3o A
(conductivity) & T}

2y Res Rbol Hla] FA® F gyl HEAd olFH3E

Wozi RbE A%s 4% + g wdol Aok

aheba olFAF AMEEAA EAA HJAE AF/HA A
!

3 o) sk 2% 8ollx] UEhd upslze]l 2 AHAFTE FIMEL
24 AT 4 Aded AZ 13 2d JAAF IE Aol T
V
Electrode 3
I -
!
Electrode 1 L' -ion  Electrode 2
Electrolyte
Voltage
P.D. -
between volitage \
probes B
Electrode 1 Electrode 2

Fig.8. Four-terminal cell. All four electrcdes are formed

from lithium metal; I, current passed.
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Fig.9. Representation of the sinusoidal voltage and current,

at a given frequency, associated with a cell;
v=voltage, f=current, @=phase difference between

the voltage and current.
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g Jowmadd @zle @R Amza veda dad A
2aqolel YaaE xzgel zwzd A=A, (27,27)= (2]

st , |Z|snf)= Z=2'-Jz" o2 uvEekd F 9] t},

y-axis .
» T o ° o
0 1: 1lelne % .
i
t 1
|2|cos© x-axis
————— 27-___

Fig.10. Representation of the impedance, Z, of a cell on
a vector or Argand diagram. Z' and Z" are respectively

tne real and imaginary components of the complex

impedance Z¥=Z'-jZi".
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1
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)
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2 R 2
(a) (b)

Fig.11. Representation of (a) a resistor, R, and
(b) capacitor, C, in the complex impedance
plane. The vertical spike in (b} has been
displaced from the imaginary axis for clarity.

Angular frequency w=2=zf.
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zZ’ R 7

(a) (b)

Fig.12. Complex impedance plots for a combination of a
resistor, R, and capacitor, €, (a) in series

and (b) in parallel.
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Blocking electrodes

1///;ECTDW“:\\.2
l

Electrode area A

< I

(a)

Rp
— A AAAAA— e
—iH g b
Ce L Ce
Cb
z” Electrolyte

>-———

N

~

WmaxRpCph =1 Electrode
Rb/y | f

L {b)
raf Rp

Fig.13. (a) Schematic representation of a polymer
electrolyte/blocking electrode cell. Rp,
electrolyte resistance; Cp, electrolyte
capacitance; Cg, electrode capacitance.

6 -2 12 -1
Typically Co=10"° Fem %, Cp=10"'% Fem™ ',
Rb=102—1089cm. (b) Simulated complex

impedance plot for the circuit in (a).
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ol7lH e A E)

Cb :Bulk Capacitance ( nEAdsl"de ZHHA7] &%)
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WegRE wde ¥ol ol o]z Aol Ces AAS ArE
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og pe Srhzaz naAT 4 Aok gwA ez Cad (FA -
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Pl e 100-1000g Fen™' Argd ol ¥ 140 LER ol T

sz nzAAshAUel daemArt Al XeHEZ
o (ola] +}4® A7e non-blocking dFolztd ) el &g 9
six BulkAas AAE miFEgwol vl WS4 deld A}
olel Awold Rew Cesl miggol et Cee Awel o]

saoldel 4 -wde UEAL Re: HAIWEE uEhAt olE
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To

\—{ ——rna— ——AAA—
Cad Rad Rp

Z.N

P (Cad +Cel
WmaxRbCh =1 WmaxRadCe =1

Rp Z Rp+Rad

Fig.14, Equivalent circuit and complex plane plot for
a blocking electrode cell with adsorption.
Rp, Cn, bulk resistance and capacitance; Cg,
electrode resistance; Cgq, Rads adsorption

capacitance and resistance.

Rp Re
~AANA~ AN
s Lam 1t
Ch Ce
Z'I
WmaxReCe
WmaxRHCh
Ry Rp + Rg Z

Fig.15. Equivalent circuit and complex impedance plot
with non-blocking electrodes. Rp, Cp, bulk
resistance and capacitance; Rg, Cg, electrode

resistance and capacitance.
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A 154 el
FE Fe T dger A&l 4= Frs= AE

ddg e HegAWel FxEIo oyt FEAIE FHadel Jl<lst

i

Eapoln] ol Zrlsl moad Zdx EAETE FHA Juwa o2

—

olglwl  F7hel o] Foleel £wg (transport number) g TEF

ole=d o8 2 9) 10)34 Y16l deuAch

otol&g]l olEZ&utg (t,)= K s L, +to=1 e (9)
¢+t p-

fo s p-t FolEH Fol28 olFx

1 1
t(—H == p = 7 (10](5)
1+ £ 1+ ==
J7n Rb
Rp Re
—t Zd
1 I
Cp e
Zl’f

Rp Re de limit ra

Fig.16. Equivalent circuit and complex plane plot with
electrodes which are non-blocking to the cations
only. Ry, bulk resistance; Cp, bulk capacitance;
Re, electrode resistance; Cgp, electrode capacitance;

Zgq, diffusicnal impedance.
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AFHAS nFEEe Aol oA AFTE vehd A
2 /A" Awel @As ¥ (smooth) ol 7HAsE R AA
B Af@AAN = ©e @A olg = Nyquist plotex s-
emicircleo] broadsixla HAZolarel FA4e HFAZ FFEEHA

Zgoh (29 17 )

ZI'(

Rp r i

Fig.17. A typical complex impedance plot for a real,

pclymer electrolyte/blocking electrode cell.
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Csi Ce

Fig.18. Equivalent circuit for an ionically conducting
"~ layer formed on the electrode surface, Rgy,
surface layer resistance; Cgy, surface layer
capacitance; Ry, electrode resistance; Ces
electrode capacitance.

=AE IEAEY @2 FHE& AFE dd 2 -ecle Z
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2AsE ol&gW olggEL I ol%o] AFHZATW ele-
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ieldel matrial Rgeoez AdAAHe Z37 dEUA gt

olgigt MAIH Fde CpzA Cbhbel Hd=z dz2 ol
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2" 19 el gl
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Fig.19. Equivalent circuit representing dielectric

relaxation in a polymer electrolyte.

Ax = bulk semicirclee] Holxlz HEdw ZAFd o

3 Fagclonay mEAFAIHNALd EFY (inhomogeneons) s A

filo

g% 9tk
nEAAs AL AAH FHED Froz Hdsy dol A
sdel mer wEde A weor BEYS dsAE  UEh

sd a¥203 g mdd @ 4 9. (292l @E)

— —

Fig.20. Very approximate representation of an inhomo-
geneous polymer electrolyte by a series
distribution of parallel RC elements. The
distribution is primarily resistive, i.e. the
shape of the distorted bulk impedance semicircle
predicted by this circuit depends on the

resistance distribution.
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Wmax F*gbcgb

wWmaxRbCh
=
Ry Ry + Rgb Z
{c)

Fig.21. (a) Schematic representation of a granular electrolyte.

(b) Equivalent circuit for a granular electrolyte. Ry

and Cp, bulk resistance and capacitance; Rgb and Cgb,

grain boundary resistance and capacitance. {c} Complex

impedance plot for the circuit in (b). Values used for

simulation were Cb:10“12F, Cgb=10‘10F, Rb=1049, Rgb:5x1oqﬂ.
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A2A A=EEFEA

2 odFoA Agd Fag REM7 (FRA)E  Solartron
Model 1955 HF Freguency Response Amalyzer 2 4 EG&G Pri-
nceton Applied Research Potentiostat/Galvanostat Model
973 5} &4 IBM PC-286 (&4 ) o2 AFAlstd d43& siA
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o wFW Alolo] Hwm o= A celld %%%1(1%22%
2 )Z&m4s 5HzoalAd  100KHzZ7bA ®HdAA dexns: AR
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Tell AAM 10cddos FFEspATH(2Y 23 FaL)

Computer
1255 1iF IRA
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. Temp. Controlier
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Fig.24. a) PEO(MW=4 x 10°) o} sia&m A b (219, X50)

b) 918 AxDst PEOCMW =4 x 109) o) A2 21 4]
(e, X50)
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(b) 200

Fig.25 a) (E0]1/ (LiClo,)=4:1, FAJFAMNAHARL (4L, % 200D

b) (EO)/(LiBF,] =4:1, B3dn A4rd (A&, X 200D
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(a)

Fig.26.(a) [E0]/(LiCl04]=4:1,

60°C Abe] (X200, £&&%  :5°C/min)
(b) [EOJ/[LiC104]=4:1,
80°CAHE] (X200, 4+&&£% :5°C/min)
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Fig.26.(c) [EQ]/[LiClO4])=4:1, B0°C hold (X200)
(d) [EO]/[LiC104]=4:1, 80°C hold ¥
air cooling (40°C, X210)
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(b) 50

Fig.27.(a) (EQ1/[LiBF4l=4:1, 25°C AFER
(X50, &4 5  :5°C/min)

(b) [EOJ/[LiBF4;=4:1, €0°C x}be
(X50, &4 «5°C/min)
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(d) 50

Fig.27.(c) [EOQI/[LiBF4l=4:1, 125°C x|
(X580, &4y :159C/min)
(d} [EO]/[LiBF4l=4:1, 125°C hold (¥X50)
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dtel 125 CHH Sy Fsdoh (29 27¢) ALdAA 126 TE FASHA
2~3 &% 25 He Eeg (a2d21d) & EUAUTH
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219 28a = PEGs} 20phr Hrffazie= [E0)/(Lil=4:]1 X
e HAARD(NE oF0.lm)S Holi i PEG7  50phr
A719 2 28be)M = PEG 0phr#ste A$ruy @& A 7ka
o ggoz AHYel FEg LU

AF 7t A4  PPGrF 26phre] Hrzig zE20adyme Fn @
ZAY fe] FAAelR ZHYRLEE FAFFAR S  FPG 66p-
hre] #7128 29 20be]l & PPG 26phr A7 A Xt 71&Al 9] F7}
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(a) 200

(b) 200

Fig.28.(a) [E0]/[LiBF4]=4:1°l polyethylene glycol
(MW=400) 20phr=7} (e , X200)

{b} [EOJ/[LiBF4l=4:10 polyethylene glycol
(MW=400) 50phr B 7H( &, X200)
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200

(b)

Fig.29.(a) [EOJ/[LiBF4]=4:19¢] polypropylene glycol
(MW=400) 26phr H7MH e , X200)

(b) [EOQ]/[LiRF4]=4:1¢1 polypropylene glycol
(MW=425) é66phra 7 (A2, X200)
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«— Endothermic

2)
4 h
ﬁ-—\
-200 50 100 -s0 _ _©0 50 100 150 200

Temperature (°C)

Fig.30. The DSC thermograms of' the films witlh scan rate
10°C/min
1) PEQO(MW=4,000,000) 2)PEG(MW=400) 3) LiBF4
4) PEO{MW=4,000,000)-LiBF4(4:1)-2nd-heating

af'ter annealing
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Cud e AamE $£59 gavt Fuse T97h weldERd
%3k

Table 4. Glass temperature and melting temperature for PEO-

LiBF4 films.

System Complexed Fiim PEQ f1lm
Bxperiment Mol 174 | V6 | 18 | 116 Me=dx108 | My=400

Glass Transition

emperature( “C) | -32 -57 -57 - -113 -110
Melting 1 T
Temperature( °C) |501126 |32; 90| 44 60 64 -10
Al (cal/g) 111 6 1) 10 19 35 15

A2d o2WEXE

eREREE Fod AT met gol FRAVIZIE A F
Hatg ey o9 31e WaEda (blockingd=F )& A& AR
4o @ PEOS [EO)S LiBF,9 Zdle 4:11= 22 50 colAe
g @e Nyguist diagram (3-2 "4 &1 )ez HaFa gt
o] mmosRy nzxAsde APl RbE 27 0l Ao
ereg &3¢S gon 74 T RbE 71 8t8 4 291 (Geomet-
ric factor:A/1;1=92%4 b6 A=dd )& F3tdd AEES T3+
o} (20),

19 32% PEO(Mw=4x10°%) ¢} LiClO, ([(EQ)/(Liy=4:1) 24
7. LiBF,((E0)/(Li)=4:1)=2 AAE & A¢ = olet A

EoE SARReRM Aedy TS AdEEst 1070 ~ 1077 ¥HEA #
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gk @, 60T olAelA LiClo, e 7 AEEsb 107 ~10H9jolny 1078
~107%¥ %9l LiBF, ¥t} § order®de H2¢& 45 ded ole HFHY
3o AFoA s Rel A9 F§ol dejus &xErF LiClO, 9 A S
(80CH”t LiBF, o ZA S (125T) Hrt w7 wiRelztn Addr)

1000/T (°K)
2 3 4

I
>

| LiC104(4:1)

]
A

Log A (S/cm)

~7
-8
-0 !
227 80 ~23
T (°C)

Fig 32. Dependence of conductivity 1in the

PEO(Mw = 4,000,000) ~ Salt system,

1¥33e  PEO 4xI10°% LiBF, ¥ Hl &g #WaA"N 2%
w2 AdE5S ugd agolth Awdom exst F/sEA dE

of &=

i

=27 £ e ¢4ded o &xAed mE FIYS
e olese oFEs F7En @AM HAEm=st TR E RAT
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o}, =3 Aoz REH 60 CTEAHY 2xE &IW $FPEOR FEA
o2 aANE ol& PEO/ Xgouet Aol FHFr @opxv £
ol gel FAl s FAHFYe Frhr Adtel oled olFEI I/
B BAd Axwr F4% Ae¢E gFsuvh = 2EE 60T
Hog 2w Ans Fs9 Zo gazed o @& #dRste
A ddel FHPel HAUM HetolFAzp @olAAR olge] ILELA
o FHLFS Aoz AAAAA AstelFA S Frbel wEp A
A

gl

j

& Z77b olFeiAA 97l wEolch wEA &5 PEO

1000/T ( XK)

2 3 _ 4
-3
Li/Eo- 00
1/16 0,
ﬁ—4 /8 "%
+
¥
g 0 4+ /6
o~ ®
78]
DO Y n
< X%( ;
o) X +
Q X *
A X o
-8 X *x +
X
X, T
*
X
-7 1
227 60 —23
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Fig.33. Dependence of conductivity in the PEO(MW=4,000,000)-

LiBF4 system f'or variocus concentrations.
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2gde Ax=z sgr7 gHAn 243 o)Fe AF¥=E 4%
Az trtattn @

= de) mxo o BHER AL FdnedM HAdsARe A
AAAe g3 27 ASLHT oy nEAEND dAxxe A
Askn| A& 1Y 330}]&1 orsglrh uwhElAl 30T 50TeAN AR EY
A zAe 27198 (EO)/(Lil 9 ¥ gl we HAx=s ING 2
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g EARee YEYL ok 1:19FF FE Fase FAIY]
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+
g
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<
w—'s T 0
3 30°C 0
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Fig.34. The salt content dependence of' conductivity for
PEO-LiBF4 films.

68



i) AEE EHE 27 AHYH AP FOS} o) w)ge Folorye ¥

Asd "o 240 %ol  [EOJ/(LiBF,) 9 optimum v &2
6:10¢ ¢ 4 o
A 3A 7haAe PEF

aRAe] ojeHERE o 2H Y =AM olFAAL ol
2o olBHE wWg Fastd RATAME ol&sd clFde T
A7z AR TgE wErigds] taxE Avbstd B AE
9 ZaAE A=A 224%400 91 polyethylene glycol 3t &3
#4259 polypropylene glycolels, [EQJ/(LiJ=4:12 7 ¢l
nmsl PEGZ 20.50phr PPGE 26.66phr Aol®gti ol D-
‘sC=xee TgE ¥ 5o AUk

A48 anz s Tge zgsx= Fazez bulkyd PPG

Table 5. Glass transition and melting temperature for

plasticizered films.

ystem EQ/Li=4:1 + plasticizer
Experi. PEGZ20phr PPG2bphr PEGHOphr | PPGEGphr  {No plasticizer
Tg ~43 °( -60 °C -38 °C 68 °C -32 °(
Tm 48 °( -- - - 20 °C | 126 °C
AH(cal/g) 4 - - - 1 11
PEG : Mw = 400
PPG : Mw = 425
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Fig.35. Dependence of conductivity in the PEO-LiBF4{4:1)+

Plasticizer system.
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Fig.36. Dependence of conductivity in the PEO-LiBF4(4:1)+

Plasticizer system.
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Fig.37. Dependence of conductivity in the PEO-LiBF4(4:1)+

Plasticizer system.
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Fig.38. Dependence of conductivity in the PEO-LiBF4(4:17)+

Plasticizer system.
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