creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


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

[UCI]1804: 24011- 200000241877

20115 08H

RE2 AR

0D

30
o]

al

I
=

010

KA
i<

U0

0

010

o)
X0
uir

oK

X 2 B

Bl KB R

< i &R ah R A T 2%}



Synthesis and characterization of crosslinked polyvinyl

alcohol-based membranes for |ithium ion battery

2011 B8R 25H



0D

30
o]

al

I
=

010

KA
i<

U0

0

010

3]
X0
ur

oK

L

Fi

A

R

f& 3

(<13
o .

TERLE2UAE MXLE 12

=
=

Ol &8 X

20115 4R

X 2 B

Bl KB R

S5 2 0 T T



St
=

4:

!

7]

=1

[

=

i XX

A

L
AL

iey))

2 F RS MR

Fl)

Jmp
<HA

/

e~

<
E

E
ol

7
K

-t

KO
OF
oF

8 Fl

MEC =S

E
ol

7
K

o

L Hl

e

JTRRY

K 2 B

w =

X

20105 5R

2B K 21



= A

LIST OF TABLES  cerrererrrrrrerteti ettt sttt sttt sttt i
LIST OF FIGURES rereererrrereereseenntteetiti ittt sttt sttt sttt sttt s st ii
A B ST RAGCT srrerereerrerermsers ettt ettt sttt st ettt st sttt sttt v
HI T & A B crrrrrrrrttt s 1
Kl 2 2 Q| HHZ cooeeeeeeeeree s 3
1. D2 2 AL HIZREEE e 3
2. _E_XI.}\I.% LH?—O“/\" al%%ﬂgl Ol% D-||9|.L|% ................................................................ 3
3. __,I_—E—XI' &6H§9_| =2 E—J %Q .......................................................................................... 6
4. T2 RF TOHEIO] HHZ oovvrrrrrrrrrmrrrrerertttti e 7
5., D2 XF HGHZ D2 SSTF ceeeeerrrrererrrrrrrrrrrsren 8
HI 3 A Al & B e 10
T T == Y PP 10
1 }\| Q|t ..................................................................................................................................... 10
D D] D seeererereresentnii st bbb e b e BB s bbb s 10
X.” 2 Jé-l _’QrEi.HQJ EF/(\; & -\_él% X-”J_(‘l- .................................................................................... 12
1. Poly(vinyl alcohol) carbonate (PVAC)Q] SHA - 12
2. Poly(vinyl alcohol) carbonate-co-Polyethylene glycol (PVAC-co-PEG)2 &4d
................................................................................................................................................. 13

3. %:I DO:I§|,éoi % %E|D-| I;iéH?él X-”J_(‘l- ................................................................................. 14
Kl 4 Z 2 0F D ) Bl e 19
H 1 & SEX SHA @ A 19
1. Poly(vinyl alcohol) carbonate (PVAC)S| &4& LU SA] 19
2. Poly(vinyl alcohol) carbonate-co-Polyethylene glycol (PVAC-co-PEG)2| &4
e 1 L P PP PP PP PP PP PP PPPPPPPIPPPPPPPPP 25
X.” 2 g % %EH:H @6H§94 %/(\; _‘i’_& ............................................................................... 30
1 PVAC_CO_PEG—O-—I %1& %g ........................................................................................... 30
2. 24 Z2|H HoHAEL HMI|SSHE E A A e 34
3. % %EH:H aﬁHg_O_J oo %/{\; _i’_/ie ............................................................................. 39
Kl B A 2 ettt 41

E = P 43



LIST OF TABLES

Table 1.

Formulation of thermal—curable gel polymer electrolytes composition with
different oligomer(PEG) and monomer(DMC) Content. e 18

Table 2. Formulation of PVAC composition with different monomer(DMC) content.
......................................................................................................................................................... 20
Table 3. Formulation of PVAC composition with different monomer(DMC) content.
......................................................................................................................................................... 25
Table 4. Formulation of thermal—curable gel polymer electrolytes composition with

different DO|ymer Content. ..................................................................................... 31
Table 5. The AC Impedance and ion conductivity for the thermal—-curable gel

DOlymer eleCtrOlyte Samples. .............................................................................. 36



LIST OF FIGURES

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure
Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure
Figure

© 0N OkE WM

10.
1.

12.

13.

14.

15.

16.

17.

18.

19.
20.

Polymer gel electrolyte by physical and chemical crosslinking. == 4
Transfer of ion in matl’ix. .................................................................................... 5
Chemica| Structure Of raw materia|8. ................................................................ 11
The synthesis mechanizm of Poly(vinyl alcohol) carbonate (PVAC). -+ 15
The SyntheSiS mechanizm Of PVAC_CO_PEG. ............................................... 16
thermal—curable polymer gel electrolyte fabrication process. -wweeeee 17
thermal—curable polymer gel electrolyte (4 cm x 4 cm). s 17
FT-IR spectrum of the poly(vinyl alcohol) carbonate (ATR). e 21
FT-IR spectrum of the poly(vinyl alcohol) carbonate with different DMC
content.(ATR). .......................................................................................................... 292
TH-NMR spectrum of the poly(vinyl alcohol) carbonate (DMSO-d6). 23
TH-NMR spectrum of the poly(vinyl alcohol) carbonate with different
DMC Content.(DMSO_dG). ................................................................................. 24
FT-IR spectrum of the Poly(vinyl alcohol) carbonate—co-Polyethylene
glyCOI (PVAC_CO_PEG) (ATR) ......................................................................... 26
TH-NMR spectrum of the Poly(vinyl alcohol)carbonate—co-Polyethylene
glyCOI (P\/AC_CO_PEG) (DMSO_dG) ............................................................. 27
TH-NMR spectrum of the poly(vinyl alcohol)carbonate—co—Polyethylene
glycol (PVAC-co—-PEG) with different DMC content.(DMSO-dB). - 28
TH-NMR spectrum of the poly(vinyl alcohol)carbonate—co—Polyethylene
glycol (PVAC-co-PEG) with different PEG content.(DMSO-d6). - 29
TGA thermograms of GPE1 at the heating rate of 10C/min. = 32
DSC thermograms Of GPE1 (ln N2) ............................................................ 32
TGA thermograms of GPE2 at the heating rate of 10C/min. = 33
DSC thermograms Of GPE2 (ln N2) ............................................................ 33
AC Impedance spectra of gel polymer electrolyte with various DMC &
PEG Contents. ....................................................................................................... 37

Figure 21. Variations of electrolyte impedance and ionic conductivity & uptake

and |on|c Conductl\”ty Wlth GPE‘I’ GPE2 .................................................... 38



Figure 22. Surface SEM images(3000x) of thermal-curable gel polymer
electrolyte with various DMC & PEG contents. e 40

_iv_



ABSTRACT

Synthesis and characterization of crosslinked polyvinyl

alcohol-based membranes for lithium ion battery

By Hyung-Joo, You

Advisor : Prof. JiKang, Yoo Ph.D.
Depar tment of advanced parts and
materials Engineering

Graduate School of Chosun University

The carbonate group was introduced into the polymeric gel electrolyte to
enhance the compatability with EC/DEC without losing ion conductivity which were
widely used in lithium ion battery as liquid electrolyte .

The poly(vinyl alcohol)(PVA) was modified by reacting with dimethyl carbonate
in the presence of tetrabutyl ammonium bromide as a catalyst. The carbonate
group can be introduced as mono-carbonate by reacting with one hydroxyl group,
cyclic—carbonate by reacting with two adjacent hydroxyl group in PVA chain or
crosslinked structure through the inter chain reaction.

The PVA carbonates(PVAC) was further crosslinked with poly(ethylene
glycol)(PEG) which has lithium ion transporting ability through the ion-dipol
interaction and segmental motion of flexible structure.

Both mono-carbonate and cyclic—carbonate structure increased with DMC content.



Thermal property of the PVAC-co—-PEG showed high thermal stability up to 200C,

and there is no evidence that the PVAC-co-PEG is crystalline. AC impedance and

jon conductivity decreased with increasing DMC content. On the other hand, they

increased with increasing PEG content. The maximum ion conductivity obtained is

2.1 x 10° S/cm at room temperature.

_Vi_
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A3 & &

oo
0%
IS

Hd 1 &2 Al & DDl

1. Al <&

=2 AE0 A= Poly(vinyl alcohol) 98% hydrolyzed Mw 13,000-23,000, Dimethy|
carbonate >99% anhydrous, Polyethylene glycol #400, Dimethyl sulfoxide &
AldrichAtel HIEZS AI20lIF 1D, =Z0HZ Tetrabutylammonium Bromide = TCI-ACEARS

NZ= M 810l AMESHALH. Figure 3.0 2122l AIFS LIEHHRULCE.

2. I I

HAlEE JDl= sl 20

ol

2 Ao AE

o

HEAMNE 7

Jm
i

FT-NMR spectrometer : JEOL JNM-LA300

FT-IR spectrophotometer : Shimadzu 8601PC

TGA (Thermogravimetric Analzer) : TA Co. TGA 2050

DSC (Differential Scanning Calorimeter) : TA Co. DSC 2010
AC impedance spectra : Solatron 1260

SEM (Scanning Electron Microscopy) : Hitachi S-4800
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(a) * (b) 0

CH Mw 13,000-23,000 H,CO OCH4

L]

(© (d)

Br-

[}

3 '_/\\\/\\\

CH G e

(a) Poly(vinyl alcohol) ; ALDRICH, (b) Dimethyl carbonate ; ALDRICH,
(c) Dimethyl sulfoxide ; ALDRICH, (d) Tetrabutylammonium Bromide ; TCI,
(e) Polyethylene glycol #400 ; ALDRICH,

Figure 3. Chemical structure of raw materials.
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M2&ERCH 84 § 28 M
1. Poly(vinyl alcohol) carbonate (PVAC)Sl &4

Poly(vinyl alcohol) (1.01g, 0.37 mol)Z Dimethyl sulfoxide (25 ml)0l 60CZ& It
ot 2&ol ol A2l &= Tetrabutylammonium Bromide(TBAB) (0.0730 g, 0.003
mol)2t Dimethy| carbonate (2.5 ml, 0.48 mol)& AAGI &Il &Lt BtS 2&= 12
OCOIAM BFE AIJI0 BAIZtSQOH BtS ot =
ZUSIFZ Dimethyl sulfoxide 15 mIE MM dt12, &
e 2AI2tS2 wet = 1) S
65C2| NESTIUIA 24412+ S0t
alcohol) carbonateE 2.121 g
Figure 4. Ol S AIGHRUCE.

o 5
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n

o

o
Iz Mo rlo
o o 00

FT-1R LLE%* (ATR) :

1747 cm' (C=0 stretching)

1251 e (C=0 bending)

810 cm' (methylene bond in cyclic carbonate rocking)
770 cm™"  (methylene bond in mono carbonate)

TH-NMR A & E & (DMS0-d6)
1.4-1.6 ppm mono carbonaate
2.1 ppm cyclic carbonate
1.9 ppm crosslinking carbonate
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2. Poly(vinyl alcohol) carbonate-co-Polyethylene glycol
(PVAC-co-PEG) 2| & A

Poly(viny!l alcohol) (1.01g, 0.37 mol)Z Dimethyl sulfoxide (25 ml)0l 60CZ& It
ot 2&ol ol A2l &= Tetrabutylammonium Bromide(TBAB) (0.0730 g, 0.003
mol)2t Dimethy| carbonate (2.5 ml, 0.48 mol)2 AAGI &Il &Lt BtS 2&= 12
0COHIA B2E AIIH 8AIZtSOH BESE AIZCH BtS 8AI2F OlF Polyethylene
glycol (7.8 ml, 0.37 mol)S AASI &It StCH. BIS Al2t2 & 16AI2tS 0 G2
O, Ad=20AM XSIRUCH. BtS BBZ = B38| 22 ZUHE 2ASSZ Dimethyl
sulfoxide 15 mlIE H = c
Bt £ o1 otUCH =
PANZES O HAXOIAUCH. &S 2 Gel HEHE  Ot&l Poly(vinyl alcohol)
carbonate-co-Pol PVAC-co-PEG)E 5.425 g &2, =
55.2% [CH. 0l%t 2= S UEZ Figure 5. 0l S AIGHACE.

FT-IR AHEZ (ATR)

1746 cm™'  (C=0 stretching)
1270 cm' (C=0 bending)
1100 cm™"  (C-0 stretching)

3
_O'ﬂ
E
o
M o
oo "
I
o
m
-0
QO
=}
3
(&)
(@)
(@)
s
2

<
D
—
>
<
D
>3
D
«Q
<
(@}
o
—

TH-NMR A & E & (DMS0-d6)
4.5 4.2 3.7 ppm aliphatic (3H, s, —CH2CH20-)
3.5 ppm (1H, s, -CH3CH20H)
3.4 ppm (5H, s, —CH3CH20H)
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OH

Poly(vinyl alcohol)

TBAB

)

A

H,CO OCH;,

Dimethyl carbonate

DMSO
120°C 8hr

\O(\O( @) OH O OH
e + oo, +
” c—o0
@) @)
O\)OH\
cyclic carbonate monocarbonate crosslinking carbonate

Figure 4. The synthesis mechanizm of Poly(vinyl alcohol) carbonate (PVAC).
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. 4 o H
I //JL\\ H/e/ \\\///A\>R3//
n

HyCO' OCH
OH ¥ ¥
Poly(vinyl alcohol) Dimethyl carbonate Polyethylene glycol
DMSO
TBAB | 120C 8hr

\
\\\l::jt:jl/// N o) OH O

c COCH |
| + + c=o T

o) o |

COCH, o]
| n
o}

)O\/OHK

Figure 5. The synthesis mechanizm of PVAC-co—PEG.
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Figure 6. thermal-curable polymer gel electrolyte fabrication process.

Figure 7. thermal-curable polymer gel electrolyte (4 cm x 4 cm).
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Table 1. Formulation of thermal-curable gel polymer electrolytes composition
with different oligomer (PEG) and monomer (DMC) content.

PVA (g) DMC (ml) PEG (ml) OMSO (ml) TBAB (g)

GPE1-1 1.01 1.5 7.8 25 0.085
GPE1-2 1.01 2.5 7.8 25 0.085
GPE1-3 1.01 3.5 7.8 25 0.085
GPE1-4 1.01 X 7.8 25 0.085

PVA (g) DMC (ml) PEG (ml) OMSO (ml) TMAB (g)

GPE2-1 1.01 2.5 3.9 25 0.085
GPE2-2 1.01 2.5 7.8 25 0.085
GPE2-3 1.01 2.5 1.7 25 0.085
GPE2-4 1.01 2.5 X 25 0.085
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1. Poly(vinyl alcohol) carbonate (PVAC)2l &4

uoll

PVACE
(PTC)2 220l AFZ2E0f XIXI2H 0] AEUAE &

AGHHCH. DMSO Z0HH 12X XXMZ ASE Poly(vi
Dimethy!| carbonate2t UPQ}\IB# 3Kl *EE <= PVACE SHGHRULCH. 229 A
OMCel &&= Z2Iot XSGR 0 1 219 =A

LHEFLH RACE.

FT-IRZt FT-NMR AEESZ Figure 8,94 10,110 22 SAIGIR 20 FT-IR 24 &
I PVAOIAl &0l 8 2 Qi (=0 stretching I3 (1747 cm )2 C=0 bending (1251
cn ) SOIGHAUCH OIZ2QI5H DEX AFSLHOI Ester IS0l EMES &QIGHACEH.

[¢)
ol

F&GH)|l 1ot TBABEOHE AtEotALH. LHECZF TBAB=
X
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st =XHZ A0l AEs
g 0
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SH [0l 25t (810 om )2 (770 cm ) H3A= 22 cyclic carbonate®
monocarbonated = & = U=0l OMCL &0 SItetoll etA 0l TSl SIE &
o1gt = QURACE. cyclic carbonate2t monocarbonatell SIt&E Figure 9.0 LIEFLH A
1, Figure 9.2 B2 cyclic carbonatel| &t&2 B2 O0IF0HXl= 210l OtLlet L&t
monocarbonatell &0l OIFNH & Cs0 EXE2Z cyclic carbonatell It &

tets & = E0oIg £ QUCH.

FT-NMR ABIEHS AHEH § 1.4-1.6 mono carbonate & 2.1 cyclic carbonate
8 1.9 crosslinking carbonate HI3AJ} BEZE oA &S ACH. PVAS 2 H REAS
LIEHHE= -OHIIZ & 4.6(iso) & 4.4(hetero) & 4.2(syndio)2 I3 = & 4.6 A

st CtE m3ae AAE =02l o, § 5.02 CH 2 & 1.32 CH2 HIZAE ol
SIRULCH. SMet= TN D2Xe R L3I EZ2=0HH LEES &l & 4 U
AN, AZOIXILH OFE =IHole 2= L3S0 & CJACH. Figure 11.8 2H
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C¥=0 0l JHtuWEES SItZ 2o PVACIH DMSO-de0ll & ZoH &l Xl &
=5

Table 2. Formulation of PVAC composition with different monomer (DMC) content.

ro
o
|0
HU
=

PVA () OMC (ml) OMSO (ml) TBAB (g)
1.01 1.052 25 0.085
1.01 2.104 25 0.085
1.01 3.156 25 0.085
1.01 5.260 25 0.085
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MIAS U peL{cw_ )
+000 3000 5000 1000

Figure 8. FT-IR spectrum of the poly(vinyl alcohol) carbonate (ATR).
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MIAE UNW psL(cw -1}

1000 a0o g00 00 eoo 200 100
—
e —— ——___ "_‘_‘—‘——\_\_\_ _,.—'—"_‘"___
B —— S
e —————————— —— bAY + DWNC 3Wo0|
o LT bAV + DWC SWo|

P el - bA¥ + DWC JWwo|
bAY +DWC 0'2W 0]

Figure 9. FT-IR spectrum of the poly(vinyl alcohol) carbonate with different DMC
content. (ATR).
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- bAY
—— bAVC

Figure 10. 'H-NMR spectrum of the poly(vinyl alcohol) carbonate (DMSO-ds).
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—— bAY + DNC 3W0O|

bAY + DINC SW 0|
—— bA¥Y +DWC {W0|
—— bAVY + DWC 0240

Figure 11. H-NMR spectrum of the poly(vinyl alcohol) carbonate with different
DMC content . (OMSO-ds) .
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2. Poly(vinyl alcohol) carbonate-co—Polyethylene glycol (PVAC—co—PEG)2l &4

=1 M
= =

HI

PVAC-co-PEGSl &fd2 =JI |REMQ PVACS &t S &t HHS 0IE6tH &8
SHSIASM OMCel &2 PEGS &&= L2 ot A4S METHR[U LD, OIS Table

3.0l LFEFLHRACE.

FT-IRZ FT-NMR AHEZZ Figure o 13-15.0l SAISIR2BH FT-IR 24&4&
PEGSl S& 1T Al Aliphatic C-H (2934 cm 1) @t Ether C-0 stretching (1109 ¢
JIZE2S| PVACOI HloH =X 53}%*9 S0I5I 1D, C=0 (1720 cm )2 mAS &0l 5
Ct. D2l PEGSl 20| ZIHerofl et C-H (2934 cm )2 C-0 (1109 cm )2 ZD
golgt = QUIULH. }E',H\-I PVACSt PEGS] S=&01 & 0IRFHR/ O AIZECY.
FT-NMR AHEZSES AHEMH § 4.5(m, 2H)2F & 4.2(t, 2H), & 3.7(t, 2H)UA
aliphatic —CH2CH2- Jt 212 LIEHH S04, PVACSl & 1.4-1.6 mono carbonate & 2.1
cyclic carbonate & 1.9 crosslinking carbonate L3S &M EMet=S =CIGHL.

|

MetA FT-1RZE FT-NMRS GIOIEIE HlWoH 2US [ PVAC-co-PEG2l &0l & O0I=F0
P =

3
2 E

)
}
}

0% 3@

nio

NEs el & = AL

Table 3. Formulation of PVAC composition with different monomer (DMC) content.

PVA (g) DMC (ml) DMSO (ml) TBAB (g)
1.01 1.052 25 0.085
1.01 2.104 25 0.085
1.01 3.156 25 0.085
1.01 5.260 25 0.085
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MIAS U peL{cw_ )

4000 3000 3000 {000

sonsdioadA

bAVC
—— bAVC-tO-bEC

Figure 12. FT-IR spectrum of the Poly(vinyl alcohol) carbonate-co—Polyethylene
glycol (PVAC-co-PEG) (ATR).
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Figure 13. "H-NMR spectrum of the Poly(vinyl alcohol) carbonate—-co-Polyethylene
glycol (PVAC-co—PEG) (DMSO-ds) .
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Figure 14. "H-NMR spectrum of the poly(vinyl alcohol) carbonate—co-Polyethylene
glycol (PVAC-co—PEG) with different DMC content.(DMSO-ds) .
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Figure 15. "H-NMR spectrum of the poly(vinyl alcohol) carbonate—co-Polyethylene
glycol (PVAC-co—PEG) with different PEG content.(DMSO-ds) .
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Table 4. Formulation of thermal-curable gel polymer electrolytes composition
with different polymer content.

PVA (g) DMC (ml) PEG (ml)
GPE1-1 1.01 1.5 7.8
GPE1-2 1.01 2.5 7.8
GPE1-3 1.01 3.5 7.8
GPE1-4 1.01 X 7.8

PVA (g) DMC (ml) PEG (ml)
GPE2-1 1.01 2.5 3.9
GPE2-2 1.01 2.5 7.8
GPE2-3 1.01 2.5 11.7
GPE2-4 1.01 2.5 X
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Figure 16. TGA thermograms of GPE1 at the heating rate of 10C/min.

Figure 17. DSC thermograms of GPE1 (in N2).
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Figure 18. TGA thermograms of GPE2 at the heating rate of 10°C/min.
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Figure 19. DSC thermograms of GPE2 (in N2).
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Table 5. The AC Impedance and ion conductivity for the thermal-curable gel

polymer electrolyte samples.

lonic conductivity

GPE1-2 GPE1-3 GPE2-1 GPE2-2 GPE2-3 GPE2-4

9.40896 4.120838 3.127737 56.27491

GPE1-1

ME(Q)  13.04799 15.94531 28.08201

0.0103 0.0114 0.0144 0.0095

S (cm) 0.0144 0.0137 0.0215
5 (cm2) 1.76 1.76 1.76 1.76 1.76 1.76 1.76
6.27 % 4.88 x 4.35 % 6.03 x 1.53 x 2.10 x 9.59 x
O=2d=x -4 -4 -4 -4 -3 -3 -5
10 10 10 10 10 10 10
SEE(%) 378 360 352 376 495 570 312
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Figure 20. AC Impedance spectra of gel polymer electrolyte with various DMC &
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Figure 22. Surface SEM images(3000%) of thermal-curable gel polymer electrolyte
with various DMC & PEG contents.
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