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Abstract

The optimum polymer gel electrolyte composition ratio was 23 : 66 : 11 wt% of
P(VdAF-co-HFP) : PVP = 20 : 3), (PC : EC = 44 : 22) and TEABF. And the optimal
thickness of polymer gel electrolyte was 50 um. The electrochemical characteristics result of
unit cell were 31.41 F/g of specific capacitance, and 3.21x10° S/cm of ion conductivity. Ion
conductivity of polymer gel electrolytes decreased according to added PVP through
impedance analysis, and it was higher in 7 wt%, but electrochemical characteristics of unit
cell were better in 3 wt% PVP. And for excellent ion conductivity of polymer gel
electrolytes, the use of a thin layer electrolyte(20 tm) was an effective method, but with
unit cell application, the best thickness was 50 m. Unit cell showed higher capacitance
and more stable electrochemical performance when hot pressed between polymer gel
electrolyte and electrode. This results from enhancement of the physical contact between the
electrode and the polymer gel electrolyte and good accessibility of the liquid electrolyte to
the electrode surface.
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BR3 AZZ SMEA Aol & HRFAAN2H] 2FH How, HIdE E
HPC, #oids, Aad §9 FUARFTAAZ7IY 871 3A FHAL Jdew, ol Axd
of dAHA AVl AA FE7F ddFHez e AU £ A EHETAS #d
dto] ojatsieia WAoZ AF AAFUHE FAy] Hs A o] AR Fad
EAZE Add. oo W} BFRdd, FEEA] =9, hybrid AFEAY AL Fo| L
olFoA L glon oF WAL T e
o] &3 AxHo] HY HAMNE ¢ dA FH Axde] aFHI Y. HZ 9]
Ze AAHA AR Y gRe 5T duiA FHANLHS FAE BFGE AR AR
A& ARAM xu8F AWAY F H7101FF  71HAE (Electric Double Layer
Capacitor, EDLC)7} @419l tl4do] 531 gich1-2].
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o] EDLC7t zt& WA A diAYFo] 43 - &4 #Ao] e Aol #A(Faradaic
process)®] WAUYUF o&dte Hd e g, g wWE3n s ol&Ee EAHQ
F -2 o2 A7]E ArlolF S (electric double layer, EDL)Al 9§ 582 fAUZF 7]
Q13 Ml # 2 bl o] (non-Faradaic process)® Al AojolAd FA &=/ w23 F-94 38
ol gtulglith om F - w8 AL g Fo] AL FFHolr] Wil

A &3 e AEFREAE 7€ FUAF 6 vty Had £ gE A 1
Z3(20 ~ 30 W)ol 878t EF =ERPCY A$olx 5L (30 ~ 40 W)o] 2175
o, agte] ANRFA, A€ UPS, 2% T wEAd 1&58R3I}E 873 FAELS /&
27 AXNZE AR 9 d¥ys 2 AxeHe] FAR Adl EAlYe] =yn glong uEY
YESAS e A2 MdY AAZAY Mgl dasdit)t 7€ ¢FusAfE2dME &
Fol FAR A3t hybrid ADEo2E 99 FAMN AXNA Hol HLo] BrFsdey

T B9 71& capacitord] bY]8te] vlekx eow f#o] Zgid EDLC/E /s Ygen, nasd
2 39 8 3dY YA AFTELZ A3 WA fEe] ArNEHEH AqyR A
A, dey ¥~ 7y 2 F3 YELoe=z AL ¢y Ut

53 Y A7) - AR AFY A a5 € Foig FAd @ EDLCE #Hets} - 233
7 a7 k. = AvixEze AL 93ty EDLCe nA%3E 94 Fo3 &
7} Ha it} o] gaFd RE¥ 4 gle 4% EDLC 9 st nER A A
(polymer gel electrolyte, PGE)& ©]&3t EDLColt}. PGEE °]&% EDLCE 7|&9 A A
AL o] 8% EDLCIt 7HAe Axdsfde] FHoz A AP A, Azu &9 7l
gtakslel ojglg, L8l g 59 FAME Rgs £ 4+ Y& AAY EDLColt.
FA8 S ZFE 4R PGEE ©]43% EDLCE #UA3, =ELPC, #AIY 53 2 Fu g
Fes AAAF B ol AAd A&AE S HY AFSQ smart card§ R AAEo
22 AEE ¢ Jdon, HFd o7 nAY - d&F EDLC 7/fEe] Loldtd A7AFAE B
zAYo2x $4o] JHEst

PGE® LA s o] 2A7]E 717 gel ¥ nEAAHADE 23 counter iono
AA7IFH FHE RFa 9o AzxAHdAA o] EAL 10” S/em oldty =W &L e
WA B9 Fao ditd A A=A S JeERATH4]L.

Bell Communications Research, Inc.914 712§ PGEE A2o]A 10° S/em ©]4e] o2 A
EEE Yehln 7188, 3374 kAgAo] -8 A $8A AA B 9 $430
I ®Bi HoARi 9t @A+ Valence Technology, Ultralife, Duracell, Varta, Matsushita,
Toshiba, Powerdex Division of Gould, General Motors A}&©] Bellecore 71$& E43% Aeo|t}
u]Z¢] EIC lab.olAX+ PGEZ polylbis—((methoxyethoxy)ethoxy)phosphazenel(MEEP)/LiN(CF5S02)2
g 282 AHAA € 58 o] AEEE ZE JM4std PGEY Azxdxn & F e
PANE 7|22 & PGEY PAN/EC, PC/LiCIOs8] 7}43t€ PGE Al2#d& /sy on o5
74z} o)A 7x10° S/em, 2x10° S/emd] AEEE UEHAGTH4l. HIZAE 48 AEE
% €34 AN E Ad P(VAF-co-HFP)E ©]43 PGEd tig a7 &asig(s, 6).
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PGE® t#el porege #A37] $8 ATAL PVPE, 7I2AME PC% EC, 23a IM
TEABF.Z &#sd Aymy Asded 54& =25 718 PGEE  AX3Ah
P(VdF-co-HFP)$} PVP, 7}4A] PCe EC £ 99 FAd wg &3 A7|dAxs, Y A
9 9] (potential window), W2 Al 2EHY 2 71AH Aol $43 PGEE AZ3 A2,
o]& A &3l Ar)3eta EAo] $43% EDLCE AXse Aol FHo|th

2. 49 24

21. A5 A=z

2arggeto 2 BP-20(Kuraray Chem. ; 1,864 m%g, 0.827 ml/g)$t MSP-20 (Kansai Coke &
Chem. ; 2,190 m¥g, 1.02 ml/g)<, conducting agent® Super PE, binder2 P(VdF-co-HFP)$}
PVP(K-120, ISP Technologies)& 44 : 44 : 5 : 49 : 21 wt%9 €A % v &2 v§3z,
EAolQ) n-methyl-2-pyrrolidinone (NMP, Lancaster, €%, England)Z mechanical stirrer&
o]-&3t] 400 ~ 500 rpme YA EEE mixingS 3 en, X e EFES Auto Fim
Applicator(CNI ZXE2A =) ]88 casting F 120 TlA 1 ~ 22 B Axsgch
AZY AZL roll pressE 718t 29 ~ 30 me) FAZ 3 x 3 em’2 A2t

22. IEA gel A2 Ax & 54 SA

do =z TEABF, 71242 PCe® EC, 32n®AE P(VdF-co-HFP)Y PVPE LUl
tetrahydrofuran(THF, Daejung, 1%, Korea)o] &3] £33 2 Auto Film ApplicatorE )43}
o F33 9ol castingdtdch.  casting ¥ vacuum dry ovenollA] 1 ~ 24A13E<H 120 T2
Aze9 YEFHY membraned AZF F, IM TEABF/PCE Asgd] 755 cmHg ¢H 9
7 el 2 dippingdte PGEE Al &3ttt

A9 PGEE A&7 Y3t WA oAZEE FAF7] Aste /AEFAZA PVPE O,
3, 7T wt%E H7tsted PVP H7tEe HAgsn, 949 &/FE gol7] Hstd 7t2AE PC
EC=66:0/33:33/22:44/ 44 : 22 wt%=Z u¥o] Ao 7144 &F& 2R
=3 A FAE 33y 95t 20, 50, 80, 110 mE A Pstd HH FAE TR

EDLC @94 A& A nExst 283 Alele] AW APL Hasksr] Patod 120 T2
1000 psi®] ¢4# S 2 hot pressing3dted vl ZE A3} o).
- AzxF PGEE SUS3M(FA 30 mE FAAMZ AHEstd o2 HAEEE FAHSAUT

SUS304/12 82} gel Aa}&A/SUS304 Fel2 AL ZT8 4 Frequency resonance analyzer(FRA,
Solatron Ins. Lim., solatron 1260A, 10 pHz~32 MHz, frequency . resolution 0.015 ppm,
accuracy 031 %) 99 A(impedance)d &4 39 PGEY ©l2AE X (ionic conductivity)&
A9t Frequency range® 10 Hz ~ 1 MHzolith dadxr} A5LZ(Z)3 FFH2Z")
o2 1383 q AxEH A tve & 23 ARl st oA H(De2FH o
2AEEE 7 F AR
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71N g ol AXE(S/cm), [ PGEY F7 00, S PGEY WA ot}

Az AZFE SUS304(F7 30 m)dll carbon paste(Everyohm 101S, Nippon Graphite, Japan)
& o83t HAT F 120 ColM 3A7 ¢ B2 F 755 cmHg ¢Foz2 Zehsio 120
TAA 5A3 o] Axdte) AT Ui F£EE AASNAL. $Eo] AAY AF A A
AL FUs 2 PGEE A5 ¥ Al-PE bagl 2 sealingdld @912 Aztsigdct @94
& #AFA3 ¥ impedance analyzer& °©]4£3l9 d¥dA AL ZAHHADG.  FHA AEY
(Battery Test System, BTCCS, Arbin, USA)E o°]&3%e AAHF 30 mAZ ZHax FAY
23 VE2 3027 £33 F AAFE 0 V7R 243 o] wof HhA Ak A FAL
ZFg AAslg o

3.2% 2 EE

JLAEES FHAI7| Ut ABAZA PVPE 0, 3, 7 wt%E 7t A7 PGES ol &
AEEE 7 wt%d o 597 x 10° S/eme2M 71 $4% o|eHEEE HIoU(Fig. 1), &
A4 FAF A3} Fig. 29Xk Zol AC ESRel 3 wt%d o 24 Q024 73 $43c
ol PVP7F A& dQl PCol &35l EA2M 2% Hrlsldol 2347 &€ ¢ F AN
ony, Ao PVP #7113 S 3 wt%E A3 A
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Fig. 1. Effect of PVP on PGE ion conductivity.
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Fig. 2. Effect of PVP on unit cell Impedance.

g gH#E o7l 5o PVPE 3 wi%2 AT /F2AE PC:EC=66:0/33:
33/22:44/ 44 : 22 witnZ ¥FHE ul4o] PGEY ol2AEEE FAINAY. 21 A
Fig. 3914 ®%o] PC : EC = 33 : 33 wt%¥d = 506 x 10° S/cme2A 71% $5% F7E
2. )] HE3te 15cycle B9 £F EA(Fig 4% 435, 2 274 Axx
A= e PC: EC = 44 : 22 wt%] 7tAA &% AR 713 $4389. ok 7tAA
g de nEA AAE T2 v £ e, PC: EC = 44 : 22 wt%olA g9 %o ¥
532 A49L FHH ¢ F ddoen, FF oA FFez nAYR FA 49 P

=79 A3 95t PGES 20, 50, 80, 110 mo g v}F o] PGEY AE=gaside &
2EA S 747} Fig. 55} Fig. 69 JYebidk.  Fig. 5904 20 molA 743 $5% d9d= §
Ae Bgey 4 (DA A=xE: A4 vHgdez A BF 50 moAA 7 2 329 x
10° S/em o] AEEE UL, Fig. 6914 X0l 50 molA 713 $5& Alo]E B4 &
BYen, 20 mE 27 54 $58U Alol2 H%7t soldd B 40 F73) Asd
et ARHoz PGESY HF $A7 50 my & & 5 YA
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Fig. 3. Effect of plasticizer on PGE ion conductivity.
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Fig. 4. Effect of plasticizer on unit cell ch./disch. cycle characteristic.
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Fig. 5. Effect of thickness on PGE ion conductivity.
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Fig. 6. Effect of thickness on unit cell ch./disch. cycle characteristic.
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4. 4 &

39 PGEQ ¥ gL P(VAF-co-HFP) : PVP : PC : EC : TEABFs = 20 : 3:44 : 22 : 11
wt%ol0 3, PGEY A3 FAE 50 mYdS ¢ 4 AN HFH3"E PGEY <& A=REE
329 x 10° S/emolQ T, B A HAA &FL 3141 F/goldlth

PVPE #H71ge] wiel PGES o|2AEREE $Hon, 2 A3 7 wtkdA 7Hd 2oy
o d A& Al 3 windAM M $58 A78EgH EAHS BJon, ol PVPZ Ao
L5 54 gEoArt.  ZtaAd we 38R Ale FR7F AGE G99 HAR A g 5
oew, PC: EC = 44 : 22 wt%ollA 713 58S ¢ 4 JyY. G494 38 A &€ ¢
Bspel mEatst At AVAZE 2 AVAHH 24 FFL olF & AN
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