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Preparation and Electrochemical Properties of

Acrylate based Gel Polymer Electrolyte

Jung-han shin

Department of Industrial Chemistry, Graduate School

Pukyong National University

Abstract

With Recent trend of miniaturization, light-weight and high-efficiency of
portable electonic devices including digital video camera and cellular phone
requires a high-performance lithium secondary batteries.

LIB(Lithium ion battery} has a good high-rate and a low-temperature
performance, but has a relatively low safty charactertics due to leakage of
the liquid electrolyte. The probahbility of the leakage of LIPB(lithium ion
polymer battery) can be decreased by adopting a solid tvpe or a gel type
electrolyte, but the high-rate and the low-temperature performance of LIPB
decreases because of low ionic conductivity of electrolyte. Therefore, new
types of ALBs(advanced lithium-ion battery) with gel polymer elecltrolytes
are underdeveloping to provide high power density and take advantage of
the leak-free characteristics.

In this study, the gel polymer electrolyte was prepared by radical
polymerization using tri{ethylene glycol) dimethacrylate and tetra(ethylene
glycol) diacrylate. The electrochemical properties of the gel polymer

electrolyte and the LiCoO2/gel electrolyte/carbon cells were evaluated.
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Fig 1. Schematic diagram of charge and discharge
in the LIB
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Table 2. Synthesis of the gel
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Table 3. Ionic conductivity of the major

polymer electrolyte

R oleHEE | 2

Yo mfEgA A4 &l (S/cm) ()
P(VDF-HFP) LiPFs EC/PC 3x10° 22
P(VDF HFP) LiPF; EC/DMC 3x10 20
PAN LiClO4 EC/PC 209x10 * 20
PAN LiAsFe BL 6.1x10 ° 20
PAN LIN(CF5S02)» BL/EC 40%10° 20
PAN LiCF3S0s4 EC/PC 1.4x10° 20

PEG DA LiCF3S0;4 PC 1x10* gL
PEG-A/TMPA LiBF. PC/DME 3x10 ° 25
PEG-A/TMPA | LiN(CF:SO-): EC/DME | 46x10° 25
PEG-A/TMPA LiPFs EC 7| 6.4x10 ° 25

SBR Li-salt BL/DME 1.4x10° e
PMEEP LiSO4CF3 3.0x10° 30
P(EQ/MEEGE) | LiN(SO.CF3)s - 1.0x10° 30

*P(VDF-HFP) : poly(vinylidene fluoride-hexafluoropropylene),

SBR : styrene butadiene resin,
PAN :polyacrylonitrile,
PEG-DA : polyethylene glycol diacrylate,

PEG-A/TMPA

polyethylene glycol

monoacrylate/ trimethylol-

propane acrylate

I1-2-1-3. GPEdl &35 & 54

GPEel 879 542 Table 49 Aejstdh. 7154 d= 23d ]9
A-gEol 01~1Ce7] el of A5 ghellA 100% 7HA HdasEs o
Ebuof ghoh, e oAl oledwwst 107 S/em olde] Hojo st
T, -20TeA 02C WAER &=kl 30% olde] WHEZEE ZIdEr] 213
AE 107 S/emol el e rHoh I 2lFolaAR e FdAge] 42vol7]
el o ALfel A A efde] b sof qhit
Qo el Ago] Fobd,

IR AAEYE 4 ¢ WY 29n, BEY dFelAdArt 9 22

A4A”AA Anie]l FAA HEHA



oAl ARESZ] miEel 20~60TC <dellMiz Aol 7SS AR 5,

Ao ME A7H00d Ax) A &7 545 FA ok g

IR =7 QT EA
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ol EHEE y
-20C >10 'S/em
A Li/Li" >48V, A& 55V
A AE] Hoj A 100% HFEHR S
) E T
ot 20~ 1007 A 2 Ak
o} A A A4
AL 87 >54, A% 10d
JNAAE e glrglo]l & qaodAee] 5 A
) AR AFg H 7], Azt
ko]
ZA7 98 A

el ol2Alel e HFHA dEel dEdte] WEGE Aol dejue
d, o2 @ dgelee] AAds Ay 98 dEst aqrdn oA A
o} Ze7t BAEFE oud AR digelse] HAgol AAHE AHel
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19759, Feuillade®t Perchev 47b2] #5948 FstE HZZEA S
o} FEWE 7tAgeke AE AbEdch ol v wlEEHA o) &t
dasgel f848 FAAE Aol g ye AA dags
710 ZtAE ol ML E b AL Az A Fded, Ax WAYEE 1)
szebeh Trelu, oFzh Aol Sl &b Abg W AR niste AEETL
oFk wtopal Al Hut

whEhAq | poly(vinylidene fluoride)(PVDF)*?, poly{vinylidene
carbonate) (PVDC), poly acrylonitrile(PAN)'"™"",  poly(vinyl chloride)
(PVCO)Y, poly(vinyl sulfone) (PVS?,  poly(p-phenylene terepthalamide)
(PPTA)'"”, poly(vinyl pyrrolidone)(PVP)$} #-& @e FHe| Zgv 27}
AAHQALN, AEE 10°~107 S/em Abol9] gk Yeh T} (Table 5 %
=) elelg A @4 rtaztd Zev) AsA, Eeo selrE= A o

——

<, A AdA Tor xdAF vk AGd g E, &9, 2183 dF
Ha 120°10C(EAM 9] Fefdel2s) FuoA 45 7hetd &ojstA Ay
Aol AlzPY, A HEFL FZ solution casting ¥ o2 AZHL} EC, PC,
DMF, DEP, DEC, MEC, DMC, GBL, glycol sulfite(GS), alkyl phthalate®} #+
& A FH Svf(less- evaporating solvent)7t 2 H&|l @8 7143 fulE A}
S50 o] gMEe wE wE 23ste] AMEE AT

Frajdol 25 40CE vt L vhAasE w4 A Frrsldh
FAR: e Gt A e Eev el weh Wsteich ARty eon
Eeju wEYA IR ¢oF 0% Ao &g T{Ete Aol
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Table b. Ionic conductivity of the GPE

Conductivit
Polyvmer system Poly host Polymer electrolyte y
(5/ecm)20C
Plasticized
Linear PEO  Poly(ethylenelppoy picioEc:pe, 20mol%) | 107
Crosslinked —poly (ethylene) ppo), 1ici0/PC, 50wi%) 8x10
. poly (vinylidenePVAF-LIN(CF3502):(EC:PC, 3
PVdF fluoride) Towt%) 1.5x10
. polv{ethylene T 3
PEGA alycol acrylate) PEGA-(LiCIO«PC, 1M) 10
poly(ethylene|,.y ;- 3
PEI inine) PEI-LiCIOq4 10
poly(p-phenylene|PPTA-(PC.EC:LiBF4,25:25:0.8mo . 3
PPTA terephthalamide) (1%6) 2.2x10
ethylene glycol )
Acrylates dimethacrylatelEGDMA-(LICIO;PC, 1M) 210"
(EGDMA)
PAN poly (acrylonitrile) %:‘;11\1%—)(EL:P(,:LJ(,104),38-33:21:8 102
Composites
Glass polymer (0.56L1:5-0.19B:S3-0.25LiD-((PE 10°
composites )6~ LIN(CF3502)2)(18:13v0l.%)

Gel polymer DO A T . 2
composite PAN-(PC:EC:LiAsFg)-zeolite 10
Nanocomposites 4
(ceramic (PEO)sLiBFs—alumina(10%wt) 10

composites)

Nanocomposites X

(ceramic PEGuw-LICF3505-silica, 20%wt.| 15.x10°

composites)
0-2-2-2. A71skebd <kgg 2 14

dEAA A A AR & dHe JFr)Ert HAEES THAA

WSEte A ko] k= Ao|th Domineyys @F AAE Zaju ds) A4
el gui(BE Ei Eggu)-d- Fel) rel AR vlmstd?, e
oo st et Eev Ha A A Wee Heage A
das WL PCY EC 53 Zo]l F4¢ B2 & duEad XHNA
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GolstAl Al Er 2y, DMC 2o FAFE &)l w2 Sviet &35t
A, kA S dAS A F7HEvE 2-methyl THE9F 2 &vlflof ofw g &

ol EAaty &ofe] wreAS A1l Acetonitrile 2 higher nitrile

o wwas ool Awa 2 s,
e F&We] whg Aol ol §U)8vle]l FEHE NG Wt
ECU PCS| 1498 @iol oF ®i= oF ole AAE A wshAA 7}

AR ALEET 58], #F ol HA A= whEAdo] 2L o didld <
HZdo]ldd d=o] ALEx 1 9lv)

oAzl M, A AsldL A& Axe P A 45 zAEACh
Lang-sheng %<& Li/PEO-(ECLiCI0)/PAni A#E A zste} 80% DODZ
250 AleldF o) FWdetgrh. Eelv]l AF FAVIELR HE§B#ES
48Ah/kgel™, PAni AF9 FFE &L B%2 RugEdy, ey, ZEdA
o] BAvFEo R U Eis 50Wh/kgol E#atd v PAni 438 AHE
Al N=HSl e o= Az dAepdild T2 o] &EsH

PEOA L AH83 Li/VeOn AR = S4do] wktb, aejy, dsjdd o4t
et E H7bslW Ale]lF & & o] 80%elA 98% ol do.® Fristdrh gl Fol
2ol WHEo] AEE7] oldel CO7t PEOA 2 A4S FHsHd, =
Fe A4 @4 FdAstdn ArEE CO4 B =] F5HET
of REES FYson, HNEY Zovl WEYash decelEe] 43S
o} Al gtehs 3hgdch. Thermal vapor deposition W o2 AR #jasd W

sto] RAHE dmetelE Yol Fadhs AE 2AHAGT

o}m

Alihara 5 & ethylene oxide®} propylene oxide® ©¢]Fo{Z 7143ld 7l
random copolymer®E ©¢|£3%t 045mm T2 Sd3 w4 /LiCoO A= o
sto] Qe dul”. FHAGS 36V, WS ES ok 100mAhGTh 0.3C Aol
FA ol A 300 AbelF 7ol 90%2) & @FFA &S YERAAT

PANA 2Aside& Avgtets A9 de] 5V ooz, v W7l wiol
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A w2, PAN-EC-LITFSI A(82-9-9 wi%)ol & 4.6V (vs. Li/ LiNe A
§1#o] waEE Y ey, LiPFs 92 ob4stdAlwt LITFSI 9 LiNiO:
2 LiCoOy ol A A8 2.

PAN-EC-PC-LiTFSI A&j&d& A48t C/LINIO: dF& AH8-3 d X0
A, 025mA/em’o 2 AR Ax Fihbdd s 30V, dleuAE
337Wh/kg, 120 Aol 2o A ZZ &&o] Aol 100%F .

Kakuda 52 PAN-LiICIOsAl A2 Li/PPy A2 ety AFstge. A4
ol shelf life7} w@ekm, o]t PPy ASudoA o] drjgstde
PR WEolck e, PPy dde] A4S dAe FA Apol
Mol odaFe FA kot FEFFEL 7)) 90%ol ZHh

PAN'ECLITFSIE dsiaz A3 LiPPy AAE 03mAh/cm’® IFZ
1200 Abe) 2744 $-523F AlelZ B4 S BoFT. 1y, dFFE ZW
A HEEiete] A HAT, BEde F59 del FE7F AtelE ATl AH

4ol Qe 73

“%

L
in

o

PAN-EC-LiCIO«1:02)2 FA ¥ Li/LiCoO, A A FFe7 #2352
HoAA ] WRAEGe AE/HANE A dAdE FEedel oste] 2w
= A},

Appetecchi % PAN-EC-PC-LiCIO, # #Hs=2& AL&3 Li/LiCr
MmOy, =4 /LiICr-MnoO: AR Wste) A9 vh. Li/LicCr-Mnp048] 3
S0 1000 Aol E AFol &3EA 50% ©13Ax, FA/LiICr- MmO 73+
ol & 1200 Aol E74A FFa&e] A9 100%AT T #AA BT 1A}l FellA
5 Fdol A FEEge] FAEY & vrte & o] #ALUY. fE AT
ol A, 2AX/PAN-EC-PC- LiTFSI/ LiNiO; #A ¥ 10 mA/em®e] AFEZ
10004} & ol 4o 54L& wolFdo?,

#A<toll glycol sulfite(GS)7F PANAl 29 M2 742 afL5A} 5
A3t A F/PAN-LICIOs A/LiMn0s A2l Alo]lE Al A GSE A7}
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# qol ArkeA @ A wrh gREde]l AA H A BE, 1 Abe]Fo]
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10

e A EFev dafdel A A A
Ayt fdEe] A G5 ¥, ECE 8 Fe]l 27 co intercalate® 2] 7] uf
ol 7haAEM o vigbasitt PCE &AM co-intercalate®] 31, 71 #+32E
st kel (exfoliation) AbolZe] Hasy et &F83E FaNAF 2
Hzdol A8 AFS 2t AA A AlojZo| Mo mat &8s QH
Zteflold Rb-go] nizt e o3t Zlogw HAE AU

Alamgir 52 PPPP/PAN EC LiClIOy/Li Ao ulgted d-#3tdrh o4 7]
ol Al PPPPi= polv(p-phenylene)S dF-3isty Ao, Lol 610Ah/Kkg,
ZZagol oF 99%o1tFY. 2eElu 1 Aol FAA wrg g HAAF F
AEZF A 2 o] F 9 Alo]Eo A= 4ntet FHSAS Hohvt, WA
Sadell e BE AT dith

PAN-EC/PC-LiClOso ¥- butyrolactone(GBL)-& # 7Fsl™8 2 4ol 4304
58VE Z718 Y. PAN-EC/PC/BL-LiICIOsE &3 Li/ LiMnOs HA =
20T~ GBLel fle 495tk &2ko] 2uf F7hshl
Alofl 500 Ato]E o]dE RoFew, 500 AtelE A
50%° EFEhG. reu, & akghao] we wdEtel A

73

Aol Aup Fol s SFNA PEHt] W] AWAFel Frhsh

B

, C/10 &2 A

1= 739 AC impedance &4 & E3to] goly g
PEG-PAN-PC-EC-LiClOs, PEO-PC-LiCIO4, PAN-PC-EC-LICIOy & 2.5
TAY A AfAY AHF G2 45V AL R hAHEG e glE w4 AW

o) bR A% ZHgkeh relvh, AR PVCA A9 A 22 Alo]TelA g

PANA 2ol H])3sle, poly(methylmethacrvlate}(PMMA)A A A&2AL €
AFEAl ] #FE A 548 voFdaY Li/PMMA /PPy HA
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A, AlE Aatel whE PMMA/LL A BhA A S dAAe] b g ko] o
v Rlck Zreful, ARbAQl HAdoA, HMAE 90%e FEE &, 1000 AlelE

ol2ol AM G WMAHAEAS el oy AEed e glF AEdolE

o
tlo

Ovama %S< 882327 25 dimercapto-1,3,4-thiadiazole(DMcT) 2}
poly(aniline) (PAn)Z 4% redox BZY= £+ CulClOg) ¥5& AHE3F
i, acrylonitrile methacrylate 35 %3 (AN/MA)-EC-PC- LiBF. A 3j3
S ALE3 WA dste] AT A A A A A FHEAT
(DMcTell dojs}ed °F 230%). DMcT$ 25% PAni dARelA, HlolHA] =
830Wh/kg ol4tolai, 9= & A 300Ah/kgol A 80ALo] & o] Ale] Fwratol
bt o,

Li/AN/MA-EC-PC-LiBF4/ DMcT-(PAn X3z Cu) A= 0, 20, 60T
A, 04mA/cm’e] ARl kAFd FWAAES JERdY. 20 1
acrylonitrile methacrylate 3 A2t LiCF:S03 A2l 4= duyA&
0.1mA/cm’ A AT 303Wh/kgel ™. PAni thalel @4& AMg8td, &
e A £ 0.1lmA/em” AFANA 235Wh/kg o2 748ttt

Ly/DMcT-PAn(E¥ O LiBF7F o &5A43 Alo]3 EAdo] F4H
Atk FFEFZAA pyrrole FH S HrlelW FTHA 540l FYEH o
oA Ao diel YAk, alolE Astel mE Aol dil= PAnist
Co} ol Z7tstd gAstad. &5 539 N-methyl-2-pyrrolidone
ol glew el vzt Wel @&aent wlE 53 DMcT/PAni &
Fg ARE WA A e x| 7} oF 700Wh/kgo] thskok®

Jiang & PVAF-PC-EC-LiX 2 A X|o| dWldle] Attty b4
2 APIA 4V, YA A 42V, STSAIA 45V, &5t 44 2 Nist STSelA
0V ettt PVAF PC-EC-Lix/Li Ao A g eiute] @25 a, 1o o
et Alzte]l Zapgol uwhet o] WM Aol AaA Wast= AL
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T-Hutel gado] Walsty] wEelth PVAF-PC- EC-LiTFSI dai &<l 45
L=

AdA e SAel A A xtsl AN FFE FE AR ey
th. PVAF-Lil EC PC el CV Af@ A3 Nil4d2V)elrh Al4.0V)el 13t
STSMA5V vs. Li/LiNG sk Ade} o s3ton, ol d=te] 4o Ao <A
e Aok AL AR

dEFS wwelA SF-EeHutel 34st: A& PVAF PC-EC-DMF -Lix
A dafele]  Agol  #waAEAT. PEO-PMMA9L #Ze  Ads]dd
4-crown-49} 5-crown 53 2 crown ether® #H7IstH | HAS EHlA
Hee g4 £xg AdAEe Aoz vyt JFARHA, Diethylcarnonate
(DEC), methyl —ethylcarbonate (MEC), dimethyl carbonate (DMC) %°] %1
oW B A3 wHdAd PCY Rt AHE Ao #AHA”.

BellcoreAbE EC/DMC © LiPFs €& 3% PVAF-HFP &% A°lA,
Coke/LiMn:0s5 AF8-8 A8 wastdoh vy =7 100Wh/kg, 220l A
3ol 2000 A1 E A Fo 35mAhE YEUISlY 55TAA AqAdfrEs
0.8mA/cm’o| A 800 Ato] &2 WERATE 20T elA C/A682 AEE A$, vl
£32 25mAh/emio] BEFH QH?,

PAN-EC-PCAH A& ol&3 A uvlawstd, PVC-EC-PCH A dA=
fa7k47F Atk PVC-EC PCA A& PAN-EC-PCA 2l vlsle] g E5a%
o) wrs-Aol ] AA, LiMnOs A5 3ke] g4 o] §-=6ht).

m223 2%

A Zav As Aol A homo- %5 copolymer SAEN HA HsAS g
BAE AE AEEA 107 Sem Wl Fach Aol AAA FEE Eelv
o} &ul(7FaADe] HlE&EE AAAG 10~ 12wt% 7t 70~ 80wt el E¢
W oojFeld AL JAA Awrt e AL ArsiE dwAdog])t~10 "
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S/em g HERRAT ECSF PCoF 2& 7l4stA Evle 30 232 F
71]be} wholr, Ealw) B 7HAEHAY 27 wWiEel A7t ol ol Fof
Aok AFE B AAEL dESS daEddA drsetHor et
7] WEel, M2y 2RSS FHoe: A7t ALY vk BEAY T 3
#] wjEel &b gl HajA(et 0

PANA A& Ad/e49d 54 2= 7bg @el " Algelr
C/LiNiQ: A x]2] Bl WA= oF 300Wh/kgel foj4th PANZ PEOAIE H|
WA LiMnOs A5& ARE8 dA]9 Ao &FEA2 PVCA A A del
A HA9rh PANA A Eeu & AH8E C/DMeT Ao E Ale]d o]
1000 Ate]& o] Ado] x| gdr).
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M-1-1. ck=kaist A A

AFolA wEFd s TEGDMA[Trilethylene glycol) dimethacrylate]l}
TEGDA [Tetralethyleneglycol) diacrylate]® Ab&stgd 2 7/IAl A EZ= BPO
(Benzoyl Peroxide)® AF&3stsitt o5 2234 £4L2 Figwe 2 %
Table 6} vFERH ST

rfz

CH,

0 CH,
y
H,C

CH,
(a) Trilethylene glycol) dimethacrylate

/\/o\/\g/\/o\/\o/\/o
| e

(b) Tetralethyleneglycotl) diacrylate

@JLTFQ

} Benzoyl peroxide

Figure 2. Chemical structures of
TEGDMA, TEGDA and BPO.



Table 6. Properties of TEGDMA, TEGDA and BPO

TEGDMA TEGDA BPO

_ OFa Al EECHOiE ol | BataIHE Y

= X '
== SEDMA =gz Dibenzoy! peroxide

5 8tAl

Xt 286.33 302.32 242 23

HIS 1.078(20/4°C) 1118 -

E-] 164C (N2 &) 185C -

EFS) - - 103~1057C(28H)
EEIES] 162°C{2.7hPa) - -
diz=s 1.4600(nD*") - -

A - SHErAN oK pUECIE]

=T - 18 x 10° Pa-s /25C

ot oo - |20 28, %=, OA
JIE} - 2o FUSHU B e Twmgs gy
02 BHE 12% o OHMS o,
"""" JIRAl, BCANEE & 2tE CHERIS EEMAI
S, OFAAIE L = |22 A 3aH, © (A, SUG0AHE,
S |9 MHE, o/2Dss |2, DP. 2i S9 | |DAPSY TEH, TeHH,
X, XM, =X |&H, M HAEH, oo, FRE,
HE S DSHHE A
EEREREREY . A=K, PR
e, ’ (= =& ,
HERH | 550 [=INEIS=SI- ¥ = sEolax
Paste : 1,500~1.700
—~ OJ ’ .
212 ;72;)"800 7kal99 |1 hoostikg(99. 9) 2l/kg(99t 9H)
= Wet : 1,000~ 1,200
MEHHE OE. HE
ABOAS O, 524,
e Sol ot =
SMLUS. TR B= | M50 26t RIS
HIEY F| 0 8 22 HF2 B NHE(E = NEE)] M
o - g2 2953 280 M| 23D HEHH Y
<3 P Zug fu 22
Te 28 22D =
Broip ZE@mo| oL
3=
RTECS=2S4&832=4 ;
525 TACGIH
5= A : :
M I)_DSO 10.837mg/kgllot |PH:2.3 Srmg/m(TWA)
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M-1-2. F= 9% 55223

g2 Ae Umi Korearbe LiCoOx Y% HmE AM&selyl, =252

m

& Smilion MaterialsAt¥] MCF(Mezo Carbon Fiber, 4% 20~ 30im)&

M-1-3. =x4 5 A%4

S A= VGCF(Vapor Growth Carbon Fiber, 2 ©]10~20mm, 24 5m)E
Abg-8t g ar, A3 A= PVDF{Poly(vinylidene fluoride)] & AF8-31 4
MMl-1-4. Separator

Asahi AF2] PE(Poly ethylene)dl #Ae]wtS AMEsgv) of Az|ute] 54

= 20mm©) 11, porosityr 40%9] o}
OI-1-5. #&j<y
AdZAALe] 1M LiPF«/EC:DECEMC(30:30:30 vol%)& Al&atH T of 7]

oA Abg= 7718 ve] 2442 Table 74 vrehliSlch

Table 7. Properties of organic solvent

EC DEC EMC

Specific Gravity 1.32(at 40TC) 0.97(at 257) 1.02(at 25T)
B.P (C) 238 126.8 107
M.P (C) 36.4 ~40 -2b

Dielectric Constant

89.6(at 407T)

2.82(at 257T)

2.93(at 25°C)

Viscosity (¢p)

1.9(at 407C)

0.75(at 25T)

0.68(at 257C)

ek (V)

0.4

516
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m-2. ALB A%
m-2-1. A54=

m-2-1-1. %=

= A x

&

mﬁ

FEA2E Umi Korcarlel LiCoO»E
[Poly(vinylidene fluoride)]& A}&st%cl =e A2 &5
916322 &t AdAEZE Al foil(H &S
58] sizew 4.6x5.0 crel 12

AbEskdal, Ad A 2= PVDF
A A E FHA

=
=

5, FA20m)< AHg-et A
, load density+= 39.60 mg/cre] th.
Mm-2-1-2. &5 A=

eagRAZE Osaka GasAhel MCF(Mezo Carbon Fiber)Z AL&£319
#3423 PVDF[Poly(vinylidene fluoride)]& AF&-3}8idt.
Edod4:A84AE 90282 stk
Ap-&st o

=9 2L &
AAA 2Lz BB (Fuguda metal
Co., FA20m)S L9 sizew™ 46x52 crelX

2, load density+>
19.19 mg/cme] t}.

M-2-2. ALB®o] A=
Xﬂ z % x—] Lo

=& HFTlejE

& ol &ste] 4=

b &2 2 594 A3
o} Figure 3& ALB®| HZo| 8% 7lol=g o|fete] 43 2Eg ot
e Aot}

ArAle] =4e e - GBA vEE 95 5 ooz dtglen, TN
kAol mstkel 5000 ppme H7EebEiH Al ehvldlel & 2E ulgel
HeE W= star, AAE T Foll Ayl o 583F FAA



T B F9rh o] FAE Ar 7bAE X 3Eo] 9= glove box UHF-ol A
A A sl =gy A= 797 agingS A7 Fol], oveno]l YWk 80T ol A
60E7F F3sl9lt). Figure 49 ALBE A &stsE T2 A 25 JYebd Ao}
=

Figure 3. Stacking jig for electrode in
ALB.
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Cathode PE Seperator Anode
I |

| [
| Stac}king |
| Ultrasoni([: Welding H_ (+)/(-) tab_|

| Core cellrlnsertion | AlPouch |

1Y Drvi
I aCUUFT — | Electrolyte+
| Injection L1 Monomer+
| Segl.mng l Initiator
I

ging 5T, 7days
| Ag 1y |
' Cu:fing H 80C_ 1hr |
| Formlation |
| ALB |

Figure 4. Fabrication procedure of ALB with
curing—type gel polymer electrolyte.

m-3. 5447}

W31 GPEe] & 447}
A Zdu dsde FEEE Ao wet 2ol AAHAT, 2 =4gelA

precursor?] AEE FAINAL, FTHF T GPEY o2HERSG dA%

fo
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Hel e Argstdr, 55 #I}AHL Ar gas +9719 glove

boxell A zl&dstArt o] 4P HH FH 20F =&6te] ALBe| #8317
?)3te] skl

GPE9 74 AHE F dalde IM LiPF¢ECDECEMC30:30:30 vol%)&

Abgat g al, @Al TEGDMAS®H TEGDA, 7414l BPOE AHg3tddh &

grazzlel A ARl ok wEFAo] i 5000 ppmE AHESIRE, Hsfe

chEAioke] AL 973, 9614, 955 vol%E APy £I FHEEE K,
70, 60 T= 3k

M-3-1-2. GPE¢] 3= =4

%3171 49 precursor® X3 Brookfield AF2] viscometer(DV-II)E A}
f£3le] =RA&tgdd). Spindle® CPE-405 AM4-3t3rh A& 05 mlg AFE3she
RPM 1, 2, 5, 10, 20, 50, 100l A A&}t

M-3-1-3. GPE9] ol&dEx

99 Fol GPES &% oledTEg SAaAr A% oleNEEE
ZAs7Ise4 59w A& olgdel H4stach o 4e 2w
SS(Stainless Steel) AFAbelo] AAY WA WEAFol B 55 nRBE

i
Oft

Fo, o1 SR gl AR A2 FIHE wEolA precursor®: FH T Fell,
ovendl Al 80T A 60F3t & 73t F3AZ T Figure 59+ o]+ dE%®
Aol mAEZ depfoict O PTFEAIR 9Mold, A5 @ 3 @8 A7)
oz AAAZZ] A% Aolch drlelA PTREA sh¥= d74 oz A
$7) 9% AOE, oF Aste] Sepagd RER zox T &7} Yo
29, AF @ 2 G SSE AFEon, gde Audnisol ok =
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W @& Bad nR2 471ds % 2 Seng =wdg ¢k 10007
swellingo] AsHA ke Aol SAolth ohih, AFH ol 7ol ALl AL
g, 2o AAAsA o] 2AEE FHAME Wl 2DFE ST 5 9

o}.

y

( _
(2)
el = .

=
-

(@] O
/o o )
/@
N °
ro o\ .
/ .
< (@]

N ]

Figure 5. Cell for measurement of

1onic conductivity.

olZ@ A AZFHE cellE2] o] AL Zahner ElectrikAt2] IM6E A}-8-3¢]
AC Impedance® F4&te] 3t} o] ) ZF dAde AZE 10 mVE A
1, Fagirgade 100 mHz~2 MHzE &ich dad s A~ ERgA] 3t

Aaldel Waqgosye uRa Asde ol dREE b Ao g
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Uzt/(Rb*A)

ol7]4 t¥ GPE 229 %7, Ry¥ impedance spectrum@ Z5-E F

GPE¢] H=a#3%, A= GPE #EEeo] WA o|t},

M-3-1-4. GPE?] #9454
GPEE 2§ olxtaAo &3] sir = Abdshs 29 H oA Ats-
el whgol] wE dsiykgol  Hojupx]  gretep gt CV (Cyclic
Voltammetry) 23& Fslo] n®a dajze] Ar[asAd tgdde& 54T
T Utk
CVE A2 working A3 02 SSE AR89 3L, counter ¥ reference 7
25 FHug A& CVE A AMES wE dsel iyl Fe
g Ao wigheAl wrgslr] o] ML wjgd Ar gas #971Y
glove boxol| A Azttt CVi Zahner ElektrikAbe]l IM6E o] 43l %13y
st AzHE cell2 OCVe A Al#sle] 45 V7] 10 mV/sec] sweep rate
2 scangt Fof 05 VAR HelE dsAA 2 wel dFE FASA °
CVAEe F3td 05 ~ 45 V @A gFe s - 3 7l5E &8

LT},

g A
1

o

4
M

M-3-2. ALB®] 5237}
AZE ALBY disfiA= dads, ey dAd

o)z HE 5 A

ofr
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%15
4

ol g3to] WA
Fude] By ¥
1= 100mHz~2MHz=

3]

A 54
ALB9| 9y~ Zahner ElektrikAlhe] M6
A =42 formation &, formation 5, 50 Alo]|Z
stslvh. Formation & Q¥ s F2 Ao Fobgs ®e
stela, o 99 dvlds 54L& 5mHz~2MHzel #Helol A daleqith
M-3-2-2. 4dgd 8%
ALBe] WA g o2 wddss ST d¥EAYuHe vga 2
. ALBE 02C9 AFE 42V7ER] FACCEAT 3, 42VAA dH7F
0.1C7F =2 wizha FRECvEDEAY $4 - 308 FA% F BHE 6
b A 0.2C, 05C, 1.0C, 20C2) AFZ ALB9 Hskel 25V7E 2 w7t
I X v
M-3-2-3. x4 HHdAd%
ALBe| 2xd wE wHAdsS Artsidd. d¥=e 60, 40, 20, 0
10, 20 CelA stFey. $9d =202 g5 29 548 ARolA 02CE
VA FR(CCEAG F, 4.2VelA AF7E 01C7 A w7AA] FACVE
sk ot
FAF 255 &9y, A¥ELe =93t § 3AL A fAT F HEE
sttt e 02Ce AFE 25VAA] dsAny.

H de

HalE FAsAT. 94 0.2C/02C
fol & & &) 271849 80%7 2 1

folZol AWdol uE §eFel
1oz APt
skl

geo e
_27_
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V. 47 @ 3
V-1. TEGDMAA ALBY 54
IV-1-1. GPE9 &4
V1 1-1. 2 A

249 ANE wH, As A w ek e] FAdo] 97:3 vol%Sl A= T
AIZHES 10412 ol e 2 Flem BRI 25(60, 70, 30Tl A Aol AAEZA
ekokrt. FAIo]l 96:4 vol%sl AT Zhetel oA 247 FFR/AIAA Ao

AR QAR gele] ezt £A4 Fsdrh =40l 955 vol%sl A5l 4 &
ol A 1AIRE o] Feell A T2 AdHe] gelol A EAY o] AP A

2 A Zgo A dole] HAsf oy chFAe] u]&2 955 vol%E Sh§ i,
FEHEEE R0T, FHATE A% o2 st

IV-1-1-2. Precursor®] I &%

B Hef e HET 448mPa - so|ar, 2 EHw dsjde] 2ol AAA
3 N TEGDMA~Z} 955 vol%<%l precursor?l dXx=i 464mPa-s2 3 zke)7}
vk o) AR HotA precursor/t HEH AT WHol §HHE A o
Adsf A A o]z} v Aoz Ak =g NAda) A TEGDMA
o] Aol 95:5 vol%ol 4ol =W, precursor?] Hw7} Frhete] AS5WSEE §H
Aslz Aadsfanct dfdon o ofg Zlojagta #dE o], Figure
62 TEGDMAS <ol m& precursor?] L& e 3ol

5
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7.0

Viscosity (mPa-s)

40 I s L I 1 1 L L 1 i 1 L L 1 1 1 L S L 1 L L 1 It 1 i n
0 5 10 15 20 25 30

R Fal ool Eish TEGOMAS 2 (vol %)

Figure 6. Relationship between the viscosity and the
contents of TEGDMA in the precursor.

V-1-1-3. 171884 44

Figure 7°15 TEGDMAA GPE® CV 2343 yedd. -05~0V
7ol peak= ZE w59 Al ¢ Lit slel & vhebaL 13, 0~ 10V
He) Li'e) #@gde) 9% ®lE MES debila 9k el 1,045V 7309
Az AL A= e peak® #EE A Ze 2102 HolA TEGDMA
Al GPEE AAALEAGNA] @7lgstA oz orgsivta ds ol xih

_29_



3 -
2 8
S
3
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0
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=
@ 1 :
37| | ——1cycle x1_OH/G """""""""""""""""""""""""
- 2cycle ™ 3H A /TEGDMA e
a e Feyele | Coujter, Refgrence;umﬁﬁ 7777777777
Working : Stainless Bt
R [
— Hoydle can Rate @ 10mV/s
-4 [ R N i
-1 0 } 2 3 4 5

Potental, E (V vs. Li/Li")

Figure 7. Cyclic voltammograms of the TEGDMA-
based GPE on SS working electrode at
potential scan rate of 10mV/s.

V-1-1-4. o] &A%

ko

Figure 8& TEGDMAZA GPE¢ AC Impedance SpectraZ utebdll Aot}
x#el A4Eel dWge GPES A#S Jelliz etk ALoz nEs
Agol ZA5S & F dd 257 A 2EAY free volumeo] #AA
A &gt Babgolu LR A segmentE Y o] Fo] ¢ Fds 4 ot 1
Y ol Foll M 2xvt TR F GPEY AHFo| dasttia & & 3l

Figure 9= TEGDMAZ GPE¢] £ %o g o] &AHRES Jepd ot}
Ao o] ol eHET I 568mS/cmE A A A A2 832x10°S /emR e

ok 7b wbx| gt LIPB(Lithium lon Polymer Battery) type® HA|E&o] 8 t3t&
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Figure 8. Typical AC impedance spectra of SS/GPE/SS
cell with TEGDMA—based GPE.
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Figure 9. Ionic conductivity of the TEGDMA—

based GPE at various temperature.

V-1-2. ALBe] 54

FHARS TAZ o] e

ﬂ

Age xHow GPEE YHdm, ol
72 545 Hrksk Ax ALBel A&si= FRsbElahes Aol gl

49 ALB Az 340l utet ALBE Azstel guus 9 wdsd 4%,

<28 AT, Aelg 4F 55 H/hsk.

V-1-2-1. gf9jdx 54

Figure 102 TEGDMAZ ALB¢ AC Impedance
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0.8 T T
= Formation &
0B for-en VVVVVVVVVV & Formaton & ...
£ -+ 50cycle &
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k'S |

06 0.8
Impedance R/Chm

Figure 10. AC impedance spectra of LiCoOs/TEGDMA
—based GPE/graphite cell at 25TC.

g JdudaRs wd gAo AdHE s waxdse 2s: Ae
Wake] §li= WA, AAR e 234 Fretal, Aol s d oMol Aol

a7 F7hRths 2 @ & Qb ol¥¥ Avhe GPEY £, Aol el 24
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Figure 11. Typical discharge curves for LiCoOy/
TEGDMA—-based  GPE/graphite cell at

various current densities at 257T.

Figure 11 TEGDMAA ALB9] A -&Ee} & WHd%5 S Ve 3

[ 28 w5 }‘10]

th. wAAE= 02005mA/cm’), 05C(1L.ImA/cmY), 1.0C(23mA/ cm),
2.0C45mA/ cm) R 39 th 0.2Co A2 WAHgBe 507mAh, 05CH Al W

=]

g e 490mAh, 1.0CoI A2 Wd8&8L 449mAh, 20CAA 9] WA &

374mAh=E =4 =Sk 20CAN A o] WA &ske] 02C W&o dis) 73.8%=2

$4% ool HAsAG. gn $UAFI AL wel wAGFe] g
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