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ABSTRACT

Cure Kinetics and Electrochemical Characteristics of

Radiation— Curable Polymer Gel Electrolytes

Chang-Ho, Han

Advisor : Prof. Jin—-Who, Hong Ph.D.
Department of advanced parts and
materials & Engineering, Graduate School,

Chosun University

(1) Various polymer gel electrolytes based on the mixture of trimethylolpropane
triacrylate(TMPTA) monomer, host polymers, and the liquid electrolyte (1M LiClO4/
EC/PC) were prepared by UV- and EB-curing. Specially, the influence of the
structures of host polymers(hydroxypropyl cellulose (HPC). poly(acrylonitrile) (PAN),
poly(ethylene oxide) (PEO), poly(vinylidene fluoride) (PVdF), poly(styrene/acrylonitile)
on the solvent retention ability, mechanical strength, ion conductivity and curing
behavior of UV- and EB-curable gel electrolytes were investigated. UV-cured gel
electrolyte with HPC host polymer showed the best solvent retention ability and
the ion conductivity of 3.8x10° S/ecm at 25C. with reasonable mechanical

properties.



A1 B3 n&A 2 Ao 3} 2 A7) skst

, L2, 3
sets] MEe AAMOR g Z43e wa duH1-3] 53, s A4
Qropl ) LA nEA AdAe A 490 FHY ALSol ol A§
HojAm, o] & Fate] wA% olAAAE AwFoA AZAER} Frg A
AAEFA $Ee] FEFA/AT AT L Lol Fy

dA o] FolA L Atk
[4-5]. A8 Xl uA nEA AHAL thF & polyester-based systems ©]Th. =
< o2AELEE 2] fEAE A4 & ALEY] $3ted i

o] vt Tg 7} Q" 6], A5 7FA] polyester-based systemsol tfgh 3
A7 AFHAARE, AA SFEAM fFHAAE A2 o2AERE (~
10° S emh) o MAA Fee ~ 10" S em™ o2 AFH o] ATk olgF 1A
AR dade dHs S5y Aste], & AFedAe FAsE ndAa 2 A
el tg A5 APk a2 A dES T

=
a ZIAY s AT 7 A7 wWEel 7
S

ol

SEAT LEA W Ee o

Lo

acrylonitrile (PAN)[8], poly(acrylonitrile-methyl mathacrylate) (PMMA)[9], poly
(vinylidene flulride) (PVdF)[10], poly(ethylene oxide) (PEO)[11]. and poly
(vinylidene fluoride)-hexafluoro propylen (PVAF-HFP) copolymer[12-13] £ o]
AlgEoj 23 9t B =R A= uLEAZ Cellulose AE9 Hydroxypropyl

celluloses AFE3to] vt ZemE3te] SAS v &4 sk old @ ol



i Cellulosex= AAA 8] F535HA Ao, 58 7|A4 S4= ve7] &
oltt. ATt AR 7E ek, AAEol Zhsety] wiEel olE ol &% A
A dsjde] Aol AL TheAdel AS Aow oqidr. B =woAe i
® A2 Hydroxypropyl cellulose (HPC), Ex™ = Trimethylolpropane triacrylate
(TMPTA), A-+etgzd MAAZ  2-Hydroxy-2-methyl-1-phenyl-propan-1-one
(Darocur 1173) 18] dajd o= 1 M LiCIOWEC/PC)E AF&3to] Hdapd 2 2
oo ASAA niA A A dE Ax sk, oo wE A A dsfd

o EAel wete] AAAE, ol LAEE, /A S BHAN 2AGAL

Al 2 A Background

B 2 g 2A4e 44
gtk S8 e aRA Asel H3E AP Bael AumdoiAct Be
Mol sbae] oste] Az nEA ANAL Gl oste] BHHAL gAY
lom, Alzke] Aol wel §ul7t fEEE WA AAn ook ey g

Zhatel oste] Alxd AY nEA AdfEde dHo=w

2
o,
ol
25
2
>
o
=2
&
i

zo) Walk A9l gk ¥ AFoME A9A L ARAL o] g3ko] et A



—
22, AR

<3}stAx 7la>

EeE 2he DEAHE Sl 2

< =334 7ha>

Scheme 1. &84 9 384 7lae] 9 g A

—— @20 HE=—

F]
&l
J&




2. ¥AAE NRAA BED ol F WAUE

gl 71 A4 dejde dRd ndAa A2 Fol Aol gEde o
&2 Scheme 20 YEbAT. FHeE W= dFa2 haAd =9 Fol A
AA 2 o] F gt FAl A dejde] wste] AFE AA porm ofA A

A3 W =@ o LAEES ey B

2
:cu)L_l,
w
=

@ : LI+
<7 s Plasticizer
A\~ : C-Cbhond
Scheme 2. MfEZ 2~ Y Ro] o)L o]%

A3d 29

1. A A=A

=

291 Aty nd&A A ddE 7] Aste] AYE wigEs 1EHuNIE
Abgstel 1 AIZE Eob wwk 2 2 E 0 AH7]E AFEste] 27ColA 10 & F<t
AT 28 t5 Slide Glass Atelol wig®l @3z 2 Hdajd 2425 =
X3 T 225mm FAY TS Ay 29 v 80 W/me metal halide
lamp(EPOS UV System) ™

o f

intensity = 56mW/cm” %



= § 225m FA =s @20v EB 4371 EB-TechAte] Accelerator
ELV-8%5 Abgste] dstalon Aaxdy flo] AdMeole £ 10m/mino 2 3t
AL AR 125 mA, 7FE Y] 25 Mev ¢ xHom Mze 747k 03, 06, 2,
4, 6 kGy= 2 3teo] =g Az

B A g o] A= Monomer® SartomerAl2] TMPTA/(Trimethylolpropane), 37§ A|
Al 2+ Ciba-GeigyAte] DC1173(2-Hydroxy-2-methyl-1-phenyl-propan-1-one)&
ALg-3t9 o Host Polymer2 =& 4715 7FAH, ds| Ao 8o
3} Scientific Polymer ProductsAt 9] HPC(Hydroxypropyl Cellulose)9} A% o=
Ag2do] v+ poly(acrylonitrile) (PAN), poly(ethylene oxide) (PEO), poly(vinylidene
fluoride) (PVdF), poly(styrene/acrylonitile) (PS-PAN)E A}&3lth, Agjdor
TechnosemichemAFe] Ethylene carbonate(EC)/propylene carbonate(PC) (1/1, V/V)
containing 1 M LiCIO«EC/PC) & A}&3l9] Host Polymer ©| & w2 nj g
S AT He A8EY X5 Scheme 1°] zHEFsA Y ERU ST



@ Host polymer @® Monomer

OH
ICH,
ICH,
10

n H
ICH, o CH,;-0O-C—C=CH,

H
| Il |
- - H,C=CH—-C-0-CH,-C—CH,—CH
HO H,C H,C %An _eCHZ (i:_)_ 2 2 | 2 s
- 0T CN

CHp-0—C—C=CH,
ICH, n H

ICH, o

10H

Hydroxypropyl cellulose(HPC) Polyacrylonitile(PAN) Trimethylolpropane triacrylate (TMPTA)

—CHy=CFp— —+CHy—CHp-0+—

Polyvinyldeneflouoride(PVdF) Polyethyleneoxide(Pt))

@ Initiator

H
|
—(—CHZ—CH—)—co—(—CHz—Clt—)—

Q CH
i
CN —C
CHs

2-Hydroxy-2-methyl-1-phenyl-propan-1-one
Poly(styrene/acrylonitile) (PS-PAN)
e Y (DC1173)

Scheme 1. A &2 +%

4 A4 B AAA A5G nEA A AN A4 BA

A & Scheme 4°]



A3

t
Slide Glass, Glass Plate

UV or EB curing

Pressure -
5 B
—.

Scheme 4. #7438 82 A A2 A= AA

Scheme 5. A|Z2td 1 EA# A A2 5 em x 8 cm)



5. Photo-DSC (Photo-differential scanning calorimetry) &7

Photo-DSC A 3@ TA InstrumentsAte] TA 5000/DPC System 7|7]& ©]-& 3}
of MystATt FH2 200 W ¢f 2 f#Hxolm FF 36mW/ e (285-440nm)
30 mg A= d4 97 st At 25 °Co &
Ao A dojxl TAFE 833 W/geldaL, o5 & Astd s 2dF (A
s

F=3} 9 ¢k, Photo-DSC A ¥ 23 += TA Instruments SoftwareS 9|

MR W AR et sor sty s FE e BEFE SAs= 7]7) 0

5]
o] 77 ARY 2EE U SRR 5 W T 4 A 2HAsE V)
= =
o =

d =2 A& F(heat capacity)e] Wsto] ogk o] S =43 DSC(Differential

Scanning Calorimeter)o] UVE ZALS 4 A MEd d84719 dFo|t.

6. FT-IR spectrometer =73

Zpeld ZARAI ROl e R A dajde] A stE+ Perkin Elmer GX
spectrometerE o]& =43Pttt =44 sample KBr window 2o A9
w2 A A E 24 E ¥ 3 KBr window® Y31 dAAZ g&EL 7}belo]
Az sk 2 A resolutiond 4dem ' olgow, AW 4= 7b sample vFTh
1283] A A5kt

AR o] Astd awa A Ao A== ATR °FAlAE] (PIKE)7F
2" Perkin Elmer GX spectrometerE ©|8 SASIA T AxpAe] o) A std

A A A dE Slide Glassoll A ®elsto] 2o 371 29 do] YL@
45° 7422 T3 WhALE = ZnSe celldl 94 $E€ o= w2 A Al F FA5)

AT ZnSe celld] AZ F3 Zol= 2mo] T},

o
i
ot
o



< Solatron AF¢] Solatron 1260 7]7]1& o] &3Fo] 3 3} o

¢
it
o

H, Solatron 1260 frequency response analysis (FRA)ZS o]&3to] A3, A
@A Al E A E Slide Glass Abolol =X F oA L A A gl 23|
Azt aEgA A Al iAol Ee § Aol Addsie] A&

Frequency® 1Hz~1MHz, Amplitudex= 1VZ 3to] ¥Hax3dz AWALS =4
st SAE HAAFTS of2dER A(12)d tdste oJLHdEEE ok

=

S = Hol(er)

d = F7(cm)

8 TGA &7

Aste A aFA dadY EAAALE AFSH7] $18 Thermogravimetric
Analyzer(TGA)E AF&3IA Tt TGAE o] &35t A4 EH7] shelAl 300C7HA

T4 % 10C/min® sto] 7433l



9. UT M(universal testing machine) =3

A3t A @A dfde] A=+ Tinius
machine) HSKSE AF-&3sto] A5t 147
4 A& Slide Glass Atolol =25 2o 51 Az A stel os] Alztd i
2 A A 7l Aol Al el A 225um, ol 2emx4eme] AlA S A ZFEEA

crosshead &%+ 50mm/min, 53] W& ZA sl HT S A=A Th

lsenAl9] UTM (universal testing

A fste] A AR Ao

o

10. AAd 2 AARL &) F3d n g2 2 A2
A A3 54

In

Aol adel g Aol o3 Aste mEA A AHAE Slide Glassol A &2 a8
o dAAZrel At F Aol Aefrtet T FAE FASAH. UV 4 st
od) Astd meA A dshEe] 7] FAE Slde Glassol A 28 F xwe] &
of & dadE we F FAsH o, 240min FA4C.2 3120min 7}A] o] FA
kil

11. Scanning Electron Microscopy

}

ol

A9 @ ARG s Fow wEA A Adde] EW wE2A
7] $18}o] HitachiAb®] Hitachi S-4800= AF-& 3ttt wi& -2 3000W] = &}l o,
e Asfode] #IS B0

il

3} o
2

R

_‘IO_



Table 2.1. Formulations of UV-curable Polymer Gel Electrolytes with different

Host Polymer. Data Values are weight Percentages. (content of initiator (%) =

TMPTAx4%)

Component HPC

PVdF

PEO

PS-PAN

PAN

Hydroxypropryl
cellulose

Polyvinylchloride -

Polyethyleneoxide -

Poly(styrene/acryl
onitile)

Polyacrylonitile -

TMPTA 19

1M LiClO4

(EC/PC) 80

DC1173 4

19

80

19

80

19

80

19

80

_‘I‘I_



2 §A4% + vk a8 7 o] H5td AFE Felo] rhu ol
A 2249 Aael oate] AzH DA A AARL Do oot} AL HA
b8

U
Algrel] we Fxo] Wil A ItH13-15] B AFelME Asj el S 1
2 wr el AAAZE TFE 2AEAN AGAS ZAAA LEA A

s nEA A Ao AlgE e 1EAES HPCHydroxypropyl

op

Cellulose), poly(acrylonitrile) (PAN), poly(ethylene oxide) (PEO), poly(vinylidene
fluoride) (PVdF), poly(styrene/acrylonitile) (PS-PAN)S Al&3dlon, Snjz=

aZAE F oFoln, FAd&o] wol Hdajd d& Z A2 = i, HeF ol

Fol I YPHE WE For FEFe] Wb Aa, 172 A HE Fol A TFAA
A3S o 4 9+ propylene carbonate (PC), ethylene carbonate (EC)E A} 3}
Attt Table 1.191 1 M LiCIO4(EC/PC) ¢ TMPTA Z12]al 7fA Ao a&EApe]
FHE F5t FAE A9 A A 2 ddid 24=9 s vE
Wi AT

_12_



2. Photo-DSCE °|4% 32E Z¥v Fxo & n&x A A

SEFEDIEE R B

SAth E3Z Photo-DSC2 & TddoHZ Hd&ge vA= Z2E &9
9 ¥ FAFstA . Figure 1.13 Figure 1.20] A9 A5y nix 2 A4
Photo-DSC &3y d3&ES YeUon, Table 1.2¢1+% Figure 1.1.Z25H
A. AH, Conversion, Induction Time, Peak Maximum= A & 3lo] e o).
Figure 1.29} Table 125 £33 ZTAE Z g = HPCE ALE3 ZAE9 A
H ¢ Conversion°] 7M4 =& #S deds S Q6. £ 43559
A =7} ¥+ Induction Time¥ Peak Maximum® X7} 7H% @55 4 4+ Ue
o, o] Ast&EErt g iz A dfjd 24 =9 Hste] w2
grH16-17]. o] A2 HE T2E E¥E HPCE AH&ads 45 & =
Aol mla) €538 =& A3t=
HPCO %o Tad9 ofe

A A AaE 2= HEAHS =0
73

Mo
off
o,

S S A nE A A A E Y

_13_



100

80 -
——— HPC
— — —  PVdF
S PN ————— PEO
E 60 - / g \ ................... PS-PAN
= /TN ———— PAN
o -/ N
T Ve AN
8 40 A // \\
T 7 N
7 N
7/ X
20 - i N,
/ =
7
0 T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Time (min)

Figure 1.1. Photo-DSC exotherms for photopolymerization of UV-curable Polymer
Gel Electrolyte formulations at 25°C. Sample weight:3.0mg, light intensity:35mW/cnf
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Figure 1.2. Conversion profiles for photopolymerization of UV-curable Polymer

Gel Electrolyte formulations.
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Table 1.2. Exotherm Datas Obtained by Photo-DSC on the Photopolymerization
of the Formulations Listed in Table 2.1.

Conversion Induction Peak

Formulation AH(W/g) (%) Time Maximum

0

(sec) (sec)
HPC 833 90 1.10 0.05
PVdF 666 72 1.32 0.07
PEO 631 68 1.38 0.08
PS-PAN 592 64 1.40 0.09
PAN 555 60 1.45 0.09

_16_
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2989 ¢’

Figure 1.3. FT-IR spectra of UV-cured Polymer Gel Electrolyte without
Hydroxylpropyl Cellulose 0% according to the UV curing time. light intensity:
56mW/crr at 310-440nm.
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Figure 1.4. FT-IR relative intensity ratios and tensile strengths

after 60s of UV curing.
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Figure 15. The A.C Impedance plots of UV-cured Polymer Gel Electrolyte

formulations.
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Figure 1.6. The Ion conductivities and Tensile Strengths in UV-cured Polymer

Gel Electrolyte formulations.
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Figure 1.7. The TGA datas of UV-cured Polymer Gel Electrolyte formulations.
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Figure 1.8. Relative weight loss of UV-Cured Polymer Gel Electrolyte formulations

with time in a dry atmosphere.
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Figure 1.9. The ion conductivities of UV-cured Polymer Gel Electrolyte

formulations with prolonged storage.
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Figure 1.11. FT-IR/ATR spectra of EB-cured Polymer Gel Electrolyte
containing Hydroxypropyl Cellulose 1% as a function of the EB radiation
intensity. (a) 0 kGy, (b) 0.3 kGy, (¢) 0.6 kGy, (d) 2 kGy, (e) 4 kGy (f) 6 kGy.
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Figure 1.12. Plot of the FT-IR/ATR Conversion proﬁle(8100m71) of EB-cured
Polymer Gel Electrolyte Containing Hydroxypropyl Cellulose 1%
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Figure 1.13. SEM images(3000%) of the surface of EB-cured Polymer Gel
Electrolyte containing Hydroxypropyl Cellulose 1% as a function of the EB
radiation intensity. (a) 0.6 kGy, (b) 2 kGy, (¢) 4 kGy (d) 6 KGy.
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Figure 1.14. Comparison of the FT-IR/ATR spectra of EB- and UV-cured
Polymer Gel Electrolyte Containing Hydroxypropyl Cellulose 19, Sample

thickness : ~ 225um (A) EB Intensity : 0.6 kGy , (B) UV Intensity : 56mW/cm’
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Figure 1.15. Comparison of the FT-IR/ATR conversion profile(810cm-1) of EB-
and UV-cured Polymer Gel Electrolyte Containing Hydroxypropyl Cellulose

1%,. Sample thickness : ~ 225um, (A) EB Intensity : 0.6 kGy ; UV Intensity :
56mW /cm”
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Figure 1.16. Comparison of Relative weight loss of EB- and UV-cured
Polymer Gel Electrolyte Containing Hydroxypropyl Cellulose 1%,.
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Figure 1.17. Comparison of The A.C Impedance plots of EB- and UV-cured
Polymer Gel Electrolyte Containing Hydroxypropyl Cellulose 1%.
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Figure 1.18. Comparison of Ionic conductivities of EB- and UV-cured Polymer

Gel Electrolyte Containing Hydroxypropyl Cellulose 1%.
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Figure 1.20. Comparison of Tensile Strengths of EB- and UV-cured Polymer
Gel Electrolyte Containing Hydroxypropyl Cellulose 1%.
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Figure 1.21. Comparison of TGA data of EB- and UV-cured Polymer Gel

Electrolyte Containing Hydroxypropyl Cellulose 1%.
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