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47l N-methyl-2-pyrrolidone(NMP)¥} dimethyl acetamide(DMAc)E ZHZ} ARS8l &8 H]-2vl|2 ARESH= ARbd 7]
Hell 2zl A2)7KSi0,)¢ HlEFoKTIO,) WedA7E 42 FX1E poly(vinylidene fluoride-co-hexafluoropropylene)
(PVAF-HFP) 1137} Ag|dS Alxsla, 015 188 IS LiNiy,5C0q oLigoMng 55105 FAE0 7 3= oF
A 25T S4F Al Algshe BEEE 2Rl 23RS AlEle] 1 T BAS ARSI At
el Alzzel] ARE-SE Gufjell Adtglo] ARzt SXIAS o] 40~50 wi%R! AdNbARtS: At A Az 28815
< W 7P 2 HH-8RH(180 mAlgyS UFERNIICH, o] 79 Tyl 80 AllE7FA] 2718%2] 99% HE2] A&
S Holthy} 11 o]F FAS 47 A4S Bt o] §5F At Adubdute] BASH: §5F fXsEo] Yot 1F)
= 5 qle AR A Aol 2lE dendritert FHE] wiEolg}t AzkE),

Abstract — Silica- or titania-filled poly (vinylidene fluoride-co-hexafluoropropylene)-based polymer electrolytes were
prepared by phase inversion technique using N-methyl-2-pyrrolidone and dimethyl acetamide as solvent and water as
non-solvent. The polymer electrolytes were adopted to the lithium metal polymer battery using high-capacity cathode
Li[Nij ;5Coy 19Lip,oMny 55]O, and lithium metal anode. After the repeated charge-discharge test for the cell, it was
proved that the cell adopting the polymer electrolyte based on the phase-inversion membrane containing 40~50 wt% sil-
ica showed the highest discharge capacity (180 mAh/g) until 80th cycle and then abrupt capacity fade was just fol-
lowed. The capacity fade might be due to the deposition of lithium dendrite on the polymer electrolyte, in which the
capacity retention was no longer sustainable.
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T2+ FEEAR! poly(vinylidene fluoride-co-hexafluoropropylene)
(PVAF-HFP)= 1 AE A7} 7FA= erdst sleh2] QPg/d s 5
Fet 7kadow Qe BlEAl 23k 8] 1At Al (polymer
electrolyte) A& 2 A=k A|FA] ARSEEE 224 224 (polymer
binder) A% Z1g-5 Wolgltt. o]#{$t PVAF-HFPE 71 0]
T 2B 2219 At A ARE O G35 28
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Table 1. Sample membranes and their codes in this work

Solvent NMP DMAc
Filler Sio, TiO, Sio, TiO,
Method Casting Phase inversion Casting Phase inversion Casting Phase inversion Casting Phase inversion
0 N-00-C N-00-P N-00-C N-00-P C C C C
5 N-S05-C N-S05-P N-T05-C N-T05-P D-S05-C D-S05-P C C
10 N-S10-C N-S10-P N-T10-C N-T10-P D-S10-C D-S10-P C C
Filler content 20 N-S-20-C N-S20-P N-T20-C N-T20-P D-S20-C D-S20-P C C
(Wt%) 30 N-S30-C N-S30-P N-T30-C N-T30-P D-S30-C D-S30-P D-T30-C D-T30-P
40 A N-S40-P N-T40-C N-T40-P A D-S40-P D-T40-C D-T40-P
50 A N-S50-P N-T50-C N-T50-P A D-S50-P D-T50-C D-T50-P
60 B B N-T60-C N-T60-P B B D-T60-C D-T60-P

A: Weakly bounded particles and then easily scattered after drying
B: Impossible to make slurry due to over-dosing particles
C: Impossible to cast slurry due to very low viscosity
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Fig. 1. (a) Charge-discharge profiles of lithium metal polymer bat-
tery adopting PE separator and (b) disintegration image of the
cell after 50th cycle.

8ol vl EFES At & = Q) g3 5o Afe)E
o] Felli= 2l dendrite®] A/ wiioll WH-E=o] 23] 7hast
=, 5054 AfolE 3 ALS- sliAllste] sk AvkFig. 1(b) Fx)
el PE Agjute] =418 3, = PE Aglv Uil 2FE
dendrite’} IHl2 A& o] EAlshe A 2B 159 2%
‘o] s vElE] Sl A dAIst

3-2. 20 NMPE A5t 2R
Fig. 2(a)ollX9} o], Aej7ts gt T8 A48t 49, 7]
9] PE Az Agst Aro} vl vk x7] g5 4l Alo
Aol e FAS 45 AskE HolA, Ayt 23
Auks AEst 3 A w2 27| %5 Holw A
o7 Alo]E B4 & = otk o)A AeElFp) 2§
Rk to] 37g0] A FHoubA (e
[918] ZE=ZX] 557t AQ] 28] o] EoH9]
Fol&o A wolgt A7 53] Az
717} 40~50 wt% A5l 7P & e
T AfolE BAS Atk B3 Fig. 2(b) 2 (c)2F
Ahrdetoll A 2] dendrite
= o @A) 2E o= Bl =

-

N
o

R
Ox
o
=2
il
k=)
=]
2

L
]
o

= o

)
-y -
EN
=
=2
=

14
BN
o N
e
=01:l
12

g
| N
o
O
g
)
N
=

f

1

b
O

hu}
o

o2

R

ke

~
2
T
2
d
=4
10,

o
l
&

o,
o
S
k

2ol goHA Alo]ES 4
of 23t Fll=o] x| A

\0

1

N

J
ol
¢

o M J

TA3H oF7ke] 2l dendrite’} AAE oS & 4 Qdrk &
PE ZA2)=& A8 ¢ 2lF dendriter} A At o)
AEE o] Q= whHo(Fig. 1(b) &AX), AP uS 283k 5o
T APlE AP Tl Aol A3l fA= e A
pEHERA, ATt FRE AR ] Uiie e £33 2l Fole

Korean Chem. Eng. Res., Vol. 46, No. 1, February, 2008



134 =

L (a)
200 ( 4
N-S50-P
|
"hzkt%
150 - PE Separator y % .
-

Discharge capacity (mAh/g)

Fig. 2. (a) Cycle performances of lithium metal polymer battery
adopting the polymer electrolytes filled with silica nanoparti-
cle and using the solvent NMP, and (b) disintegration images
of the cells of N-S40-P and (c) N-S50-P after 80th cycle.
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Fig. 3. Charge-discharge profiles of lithium metal polymer battery
adopting N-S50-P polymer electrolyte.
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Fig. 4. Cycle performances of lithium metal polymer battery adopt-
ing the polymer electrolytes filled with titania nanoparticle
and using the solvent NMP.



2Rk 7o R A|IZ8E PVAF-HFP/(SIO,, TiO,) 132AF daldS 83t el5H<s 1Al 2xx|9) S84 524 135

Al vrehde, X9 7R tEe) [ A e = =2
A oA Ro}l mEAF Ad)A o] o]& o] FL o) LHATEF 1
28k 4= 9lar, [t Xﬁﬂﬁ\laxj%]% HEdsve] AdAge
T oaeeh F Qlom R e B (RSt e ]e] Al
el Bk FAI7E Aok 5 o2l Agjgkrct EeRolr) Fx9
73 A et =2 AlelA glEolee olFel thet
A aglo] QS ouldhth. =3 sl Qe ARk At
Al o] Elefolr) oFd= mHelA ofd AS-S B9

T SAThH= Zloft}. o] gl wwdsto] o= 917} srobdel] s
2 sl at Fd=sake] AdAPe] F7kshs &) vks AR
[16]7F Bl e} 74 31 Q= = 2917} oW AkdAlE 714
I s Aom F5T F Qlrk ol BeME 5 U AlRlgh
A3} 7o) o]Fejd Ao},

N

3-3. 80 DMACE AIBE E2

DMAc= PVAFA| 222} Ajseel disl g-aiido] =3t Aloke.
=AM, AR Az F PVAFAl A AR o] Beut 54
O & PVAFA Al A A-S Az wl, NMPe} §] A A
= Slloltt. 53] PVAFA a2atel] sl NMprT: g8 =7}
R =2 A A% NMP 1.67 P, DMAc 0.92 cP) mZel,
FAYoR 1A B W**l 2 W) NMPE AR8oH= 291t
A AREE] Aol thgt SHEo] Sk 57430 Qv wehA
DMACE AHEaISE o 944 ﬁfx}“u A3 =7F NMPE At
&5 ARk kS S SlTH10]. oA DMAc & ARg-Stol
Az, A7Ado) okt v 2219 et TX Fxu gl gk
e EeE A 2dA 8] Ak dsd e ekl
o B 54 Fig Sl HERISH.

Fig. 5(a)lA Bz mhel o), Aej7hs S35 F2u&

& s
AN A g Mk Adee A 55s o 3

s

200 : . . .
(a)

OO, D-S50-P

150 |- R i

100

50

Discharge capacity (mAh/g)

Cycles
(c) D-S50-P

Fig. 5. (a) Cycle performances of lithium metal polymer battery
adopting the polymer electrolytes filled with silica nanoparti-
cle and using the solvent DMAc, and (b) disintegration images
of the cells of D-S30-P and (c) D-S50-P after 60th cycle.
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Fig. 6. Cycle performances of lithium metal polymer battery adopt-
ing the polymer electrolytes filled with titania nanoparticle
and using the solvent DMAc.
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