ive

creat
commons

)

E D

O N S D

M

O M

C

XN & XHEAl-

)
)
A
5%
<+

ioll
)
10
ak

&l

O

3
<D

0%

W0 s

~U)

<3

oll

RJ 4D oo
oS
”) <+ 1

~ 2 O]

LICk:

El-

ZHE Metor

LICH.

!

MEXE ZEAIGHHOF &

— o
:_CI

t

¢}

MNERLEAlL A

K4 .
I
[
00 <
S
] =
Ww m
RC o0
= K’
0 oy
RC U
K &
S K
oF
)
J (@)
(o]

3l
ST
- .o
)
o 3 _Eu_JE
00 7 5
(@) LOr _
= 2 ol
o7 2 U

-
0 il
RM 5 O
= = %_”
S 19
JI Ay
5 80 gr
o=
[ ] [ ]

X ESLICH

tOd

HEAH0 2 Ol8Ke als 2o ol o

E

ol

I 2

Oloiotol &

S}
=

0l N2 0| =3 & 72 (Legal Code)

Disclaimer |:|._'|

lection

Co


http://creativecommons.org/licenses/by-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-sa/2.0/kr/

[ UCI ] 1 804: 24011- 200000264169

20144 2A
AR 1= BB A7 3 3

P(VdF-co-HFP)/Cellulose
acetateE ©°| &% ZF Oo|xXHAE A
Zen Asde Az L A
g8 54 AT
Electrochemical properties of microporous gel polymer

electrolyte based on P(VdF-co-HFP) / Cellulose acetate

for lithium polymer batteries

Bl KB R KB K
AAAQNYAEF S
=



P(VdF-co-HFP)/Cellulose
acetateE ©°| &% B F °|AHAA L A
8 Ay Ax E A7
3tstx EA AT

Electrochemical properties of microporous gel polymer
electrolyte based on P(VdF-co-HFP) / Cellulose acetate

for lithium polymer batteries

2014 £ 2 A 25 H

Bl KB R KB K
AAAQNYAEF S
=



P(VdF-co-HFP)/Cellulose
acetateE ©°| &% B F °|AHAA L A
8 Ay Ax E A7
3tstx EA AT

REER € K K
ol X e LEREMELBMHE WX2E R

2013 & 10 A
B o K EBR KERK
AR AANYA ST
=



|

2 ¥ He LB mXS RES

ZAR HEARER & & # & T

Z R BEXER & & H“EE H

Z R HEXER # ®# £ K K H

2013 # 11 A

B RBERKXEK



LIST OF TABLES ......................................................... 1
LIST OF FIGURES ........................................................ v
ABSTRACT ....................................................................... Vv
;q] 1 xc}- }\1 B 1
1.1 G TFE B T3 coeeeeeeeme e 1
111 O] XA R Q] T QA et 1
1.1.2 EE O]ZFAR Q] QF] e s 2
1.1.3 ABY R Q] TP Q rrvererereereeten s 4
114 7é1 EE—X} Z(igﬁ;é] ............................................................................................................ 5
12 gﬁ'_?L %Z_-] ............................................................................................. 6

2.1 A Z3 AHPRA ZAEY Casting TZ e, 8
2 2 }é@ ZHE. ............................................................................................. 8
23@%,‘1]131 ;ﬂ-{gﬁ;él Zﬂ?} .................................................................... 9
24 A Z3 v AHRAQ A7 FE EA BA 10
241 o] 2HEE ZF (Ton CONAUCLIVILY) wwrerrererrmrmresrmerseetn e 11
2.4.2 7;]]13:]_ 1801— _f_xé INterface TeSISLANCE) «wewwerrrmrrrmrrrremrrreniiiniie 12
243 }‘\16(:)] RZ,_/\], K%Lﬁ(Linear sweep Voltammetry) ..................................................... 12
2.4.4 Scanning Electron Microscopy(SEM) ..................................................................... 12
245 =& _f_xé .................................................................................................................... 13
2.4.6 %_1,:_0]] Eﬂr% o]%;ﬂ_\:__\:_ .............................................................................................. 13



247 _€_§Lj: 75_%1— ZdTEr‘?.j(Cychc Voltammetry) .................................................................. 13

25 A Y FA ZFA ZA e, 14
2.6 Differential scanning calorimetry (DSC) S «oeveveeeeees 14
2.7 Thermo gravimetric analysis (TGA) S v 14

;q] 3 Zc;l- @34' 1;1_1 3]_7‘& ..................................................... 15
3.1 Cellulose acetateE X¥3t= 4 ZIv A 54 4+ 15

3.1.1 Cellulose acetate $Fol W& af=d Uptake B O] 2 mlm HJ DL woeveeeeeeeen: 15
3.1.2 Cellulose acetate 3Fekol] WE SEM O] H|A] H] I wrererereseeesemseesseessssssssssesenenns 18
31.3 ZZEO] WE O] QA TEIE H] G crrrrersssssmerssssssenssssssssssssssssssssssssssssss s 20
314 L5 TR 0] @ ZTETE H|JIL rrrvvessssrmessssssnsnssssssssssssssssssssssssssssssssssssssssssssssss e 29
315 Cellulose acetate SFEFo] WFE AW QB H| I corvvveesserrsssssmmmsssssssssssssssssssssssnnees 24
31.6 A 7rel] W2 A A A AW AT H T coorrrrrvsrssmrnesssssssessssssssssssssssssssssis 27
3.1.7 Cellulose acetate TFEFOl] TFE QFA A H] T woeeeresssmessssmsesssssssssisesssssssisssissneees 29
318 438 At AR WE AFS} S EG H T o 31
319 A Zal] A AL A B FAl 7 ZA e 34
3.1.10 Cellulose acetate 3ol mE Hald LFO DSC S o 36
3111 ATNE TEZ O] TGA Z2A  cevveerresssssmsimssssssssisssssssssssssssssssssssss s 38



LIST OF TABLES

Table 1.Characteristics of lithim Secondary bBatteries. - rreseremsseceeeene. 7
Table 2. Resistance of gel polymer electrolytes. « - wsrmsrmmmmemmsrimsiniisaieaas 25
Table 3. Weight loss of polymer gel electrolyte membranes with storage times at
FOOTI LEIMIPETALUTE, +++++++sesssssssessessesssstas st tes sttt 35

Table 4. Some data of prepared polymer membranes measured by DSC. --weeeeeeee 37



LIST OF FIGURES

Figure 1. Scheme of Lithium secondary battery mechaniSm. sooeeeeeeeeeeemereememeenenene. 7
Figure 2. Chemical structure of (a) PVdF-co-HEFP (b) Cellulose acetate. -« 8
Figure 3 Gel polymer electrolyte processing. .................................................................... 9

Figure 4. Electrolyte uptake and ionic conductivity of P(VAF-HFP)/Cellulose
composite electrolyte MEMDBIANES. « e 17
Figure 5. Surface morphology of gel polymer electrolytes with cellulose acetate
(61081750 ERRLRE R T P P PP P PP P PP P PP DPPRPPPPIIPPRI 19
Figure 6. Ionic conductivity and Porosity of gel polymer electrolytes with cellulose
D Ta s 1T T 0 8 11 <1 8 | TR T T T P P L P P PP PO PP TP PP PPRIPPPRIPPRIOS 21

Figure 7. Arrhenius plots of gel polymer electrolytes with cellulose acetate content.

Figure 8. AC impedance spectra of P(VAF-HFP)/Cellulose composite electrolyte
membranes. ................................................................................................................................ 25
Figure 9. Interfacial resistance and ionic conductivity of P(VAF-HFP)/Cellulose
composite electrolyte MEMDBIANES. « e %
Figure 10. The interfacial resistance of polymer gel electrolyte membranes with
Storage timeS at room temperature. .................................................................................... 28
Figure 11. Linear sweep voltammetry of P(VdF-HFP)/Cellulose composite
electrolyte membranes. ............................................................................................................ 30

Figure 12. Cyclic voltammetry of P(VAF-HFP)/Cellulose acetate 6wt% with cycle

Figure 13. Cyclic voltammetry of P(VAF-HFP)/Cellulose acetate 6wt% with storage
timeS at room temperature. ................................................................................................... 33
Figure 14. Weight loss of polymer gel electrolyte membranes with storage times at
room temperature. .................................................................................................................... 35

Figure 15. DSC curves of P(VAF-HFP)/Cellulose composite electrolyte membranes.



ABSTRACT

Electrochemical properties of microporous gel electrolyte
based on P(VdF-co-HFP) / Cellulose acetate for lithium

polymer batteries

Lee Seong Yun
Advisor: Prof. Kim Hyun Kyoung, Ph.D.
Dept. of renewable energy fusion

Graduate School of Chosun University

Microporous gel electrolyte with high affinity for electrolyte solution was prepared
and characterized. To attain high ionic conductivity and good mechanical strength
of the gel electrolytes, we used a blend of P(VdF-co-HFP) and cellulose acetate
(CA) as a matrix polymer. The porous membrane was prepared by a
phase-inversion method, which has been shown to be effective for producing a
porous structure. Gel electrolytes was prepared by soaking the porous membranes
in an electrolytes solution, and their electrochemical characteristics are investigated.
These porous membranes are found to encapsulate high amounts of electrolyte
solution, without solvent leakage, while maintaining good mechanical properties.
The blend polymer with composition of P(VdF-co-HFP)/Cellulose acetate shows
ionic conductivity 357x1073(S/cm) at room temperature in the presence of 1M
LiClOs /EC-PC.
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Fom ALH TEAZE Poly(vinylidene fluoride-co-hexafluoro  propylene)
(PVdF-co-HFP), Cellulose acetateE A}&3F 1L dsjdoez= ECY PC7F1 W 1 2
EFHAA A= el 1Mo LiCIOsE #H7bste] W&ozl dafjd& AR&stAdv. 1
il CAS] grefol whet w50 A Zew dsjde] d7ssts 548 vl 438t
A g

Charger Load

electron flow electron flow

lcurrent flow
i

1
:
v lithium ion

Cathode (+) Anode (-) Cathode (+)

separator Li+ conducting electrolyte separator i confsting slecirolye

CHARGING DISCHARGING

Figure 1. Scheme of Lithium secondary battery mechanism.

Table 1 Characteristics of lithium secondary batteries.

Gel polymer

Liquid Electrolyte Solid Electrolyte
Electrolyte
o Polymer Polymer
. Plasticizer o o
Composition Plasticizer Lithium salt

Lithium salt o
Lithium salt
Ionic conductivity ~107% S/cm ~107% S/cm ~107° S/cm
Low temperature

o Relatively good Relatively good Poor
stability
High temperature ) Good
o Poor Relatively good
stability
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Figure 2. Chemical structure of (a) PVdF-co-HFP (b) Cellulose acetate
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2.4.4 Scanning Electron Microscopy(SEM)
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wt% 4 w 357x107°S em™'® 7w

s i W

gl 3l AFE o2 EL Fro] Haste A
geletsith.

o) gt A2 FE Cellulose acetate®] o] o] 2HEE Zho FIFS F++ AUdS
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Figure 4. Electrolyte uptake and ionic conductivity of P(VAF-HFP)/Cellulose

composite electrolyte membranes.
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3.1.2 Cellulose acetate %o W& SEM o]u] X v
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Figure 5. Surface morphology of gel polymer electrolytes with cellulose acetate

content.
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Figure 6. Ionic conductivity and Porosity of gel polymer electrolytes with cellulose

acetate content.
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Figure 7. Arrhenius plots of gel polymer electrolytes with cellulose acetate content.
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3.1.5 Cellulose acetate 3 Zd W& AWAF v
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Figure 8 AC impedance spectra of P(VAF-HFP)/Cellulose composite electrolyte

membranes.

Table 2. Resistance of gel polymer electrolytes.

Bulk electrolyte resistance Interfacial resistance
Membrane ]
Rb (Q) Rin (Q)

CA 0 wt% 19 1782
CA 3 wt% 11 144
CA 6 wt% 6 129
CA 10 wt% 14 154
CA 20 wt% 15 182
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Figure 9. Interfacial resistance and ionic conductivity of P(VAF-HFP)/Cellulose

composite electrolyte membranes.
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Figure 10. The interfacial resistance of polymer gel electrolyte membranes with

storage times at room temperature.
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Figure 11. Linear sweep voltammetry of P(VdF-HFP)/Cellulose composite

electrolyte membranes.
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Figure 12. Cyclic voltammetry of P(VAF-HFP)/Cellulose acetate 6wt% with cycle

time.
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Figure 13. Cyclic voltammetry of P(VAF-HFP)/Cellulose acetate 6wt% with storage

times at room temperature.
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Figure 14. Weight loss of polymer gel electrolyte membranes with storage times at

room temperature.

Table 3 Weight loss of polymer gel electrolyte membranes with storage times at

room temperature.

120 210 300 420 480 Time

(min)
CA Owt% 80 74 73 70 69 %
CA 3wt% 88 84 82 80 79 %
CA 6wt% 98 93 93 89 89 %
CA 10wt% 84 80 76 71 71 %
CA 20wt% 73 67 59 57 58 %
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Figure 15. DSC curves of P(VAF-HFP)/Cellulose composite electrolyte membranes.

Table 4 Some data of prepared polymer membranes measured by DSC.

Celllo o wt% Tm(C) A Hm(J/g)
0 138 18
3 137 18
6 138 17
10 114, 136 14
20 116, 138 11
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Figure 16. TGA curves of P(VAF-HFP)/Cellulose composite electrolyte membranes.
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