414 (= A = S 4 No. 1
2014 4E 1 A ACTA POLYMERICA SINICA Jan., 2014

HERRERERNGERERSRSYERBRRD
HENSHEIERTR

1,2 e ]

BAH T MEF

(AR SETR T2 B I 7R T A 05 90 A 72 5 S (A 2 il TR B AR TF &
CAER TR MR R 5 TR 2

A

AEE

I

523808)
N 510640)

O E OCRABBES W, U EIGER TR R L o0 7 kRS DU R Ty 0 SRR i A% — ROl 2 8
BRI A B T — R INB 44 [ & v SRR AR 4 T 5 A W B 1 3 i PE BB FTIR " H-NMR 4%
TESE T 8 BUROIR A9 B TERLRAR 45 /R E. DSC R XRD 253 R T R 4 4y v it o 30 2 2 DL G 8 BLIR S
f77E. SEM Al FTIR £5 AR50 T 4 L5 R T 16 wede i, FREL TR A b BAT RAF B9 Ak, C1O, - 2L
BAES FORABAFAE M R A YR 30 CR TR RIBFIERM, N 4. 81 x 1077 S/em. M4 &L & 2 H i 16
wt% [, Li" C10, " 8 T-XF & W 3 2 R W T 8L VLR T I, R SRS i i B i T S R T R,
X B AR AR 0 T B T 46 38R R TR T AR S TR

XER MARESRSYLME, BT RRR, TERGRTE, SAaylM

2R 70 AEAR, Wright 25 F VR & B 3R
2 b5 T A T R O A R B 46 5 W B B T
S HLPE ;1978 4F, Armand " BF S & B PEO 15 58 4
JB A H A RAF R S, 75 60 C R B T
SRKF 1077 S/em" X LW L BBIE T A
I SRR 2 . 2RERS
W LA 5 AL 5 IR L A R 5 TR YRR A0 4
Bria , I HOEA B B R R e LR PR A TR It
SR A e v e Rk R AL AR,
TAMSRA YR MR ER T S T B8 RM;E,
BRI T R AR . N T S A R T
BTSRRI T e, R
e T B SR e SRR gy 1 A
P RS AT LR ke 2

TESE A v i 0 eb, B8 TP ST U R I R R
TR E B S A O AR
LW K T LTRSS AR F SRS
R R Chin 51 20 I g b TR S S
TR TR TG P R R S A R B R R A, T
AT E, BEWRMRNE TRSRAA
10 S/em. Anne-Valerie %[16] 4 i PMMA-b-

POEM 1y ix Be I R ¥y, 8 2% LiCF,S0, i 55 4 [ 2%
REWHMm, i Tk B R Y E = IR T A7
LB M2 S % LA S A B T SR A 1070 S/
em , FRWH 73 BS540 A ) T 4 [ 8 5 G W) v i o
BRSO BA e BRIR
REW, AUae AR mRP ENEREIARD
AHZS T A7 D R A J5T %) RO A 4 5 ) 0 ] B A TR
LER R BB IR R A R g g T R
THEMZESIME. Li % 1 L0 DORBREF LR Y
AR R R R R A R R TG
MR R G, Wik 3 & W) i B e 100 °C &+
HLF R F] 10 7 S/em; B ROIRZ5 K R A W h
file T B AR S B B i R, (B2 8 MMA 5
R & o ep ik HH R TR O R TR 1) T AR AR R R 1Y
PUN R SR

T IR P R TN BR R R R R G W v i
B2 E, AR SCL MMA 5 3 2, i oA 1k
P TR TR HEAT I P RR L 2R & Bl — oo 2L T #E A
ARG W) 5 H T AL 45 +8) B A 280 b 41 1) 36 5 4 1 AR
O3B 5 T RAR 5 R A R TR RS W R o
FHL 2. F|H FTIR ,'"H-NMR ,DSC f1 TG F/F

# 2013-05-02 Y fi ,2013-07-15 & Fii 5 R SE T i A5 e AL RHTFHLAG BLH 314l (3T H 5 2012108102008 ) ¢ By 5t H -

wx 3l THEK &2 A , E-mail ; liuzm@ dugt. edu. cn
doi:10.3724/SP. J. 1105. 2014. 13146

63



64 [/ S S < 14 2014 4F
AR I G W 0 45 K 20 R A ) AE v he. dE afi el A R A R, AT 7E 120 C H T 1R

XRD SEM FI FTIR 73 #7 i 4K 28 & ¥ 19 1< S 4 5
PR, 9 b R A S B AR B R T 2 R A A
F TRATRT TR AR 25 1 vl it o ) 5 LR BE
I 5E TR 1 LR A B TR R

1 LIEER4y

L1 FE##

R & O R N M R 8 (PEGMEMA |
M =475 ,Sigma aldrich 2872 &), BAEMH; B
FEN UG TR W g (MMA AR, KT AR R AL 2 350
J7) A T AT U 25 R A A B A
i (AIBN (AR, R i A8 R AL 20 ), 72 S B
HEAT LA A e SRR (LiC10, (ML 9%, it

(0] CH 0]
%‘/ \P\O% 3+ )\’( \CH3
o) ! o

12 hy N, N-Z R BBz (DMF AR, REETH & 5
K A0k T A BRA A, T3 F 5 U &0k g ( THE
AR, KT & FR e TAH AR , B .
1.2 HMRBREUHER

FREL MMA | PEGMEMA (% & #% B /R L A
6: 1) FIi & i) DMF i A 238 A 2 S AR5 5 R i
P R B PRV W = G B WL SRS IR 0.1 wt%
AIBN £ R 51 & 5], F il 2] 60 C,fH5 i ) 11 h
(RN 1), 19 50 TG 635 W Jh ik, ¥ 2
B A n 2 25 8 oK b A BAR S AT,
KREEEFRREEENMOREGY 3 K, 155
HERGY. BREGYE THREFHEM T 35 CT
B4 K GETOEHRESY.

CH;

COOCH,

Fig. 1 Synthetic route of the P(MMA-PEGMEMA )

1.3 £BEXEESYBBRHE&E

1.5 ¢ BAREB S 30 mL THF fin A0
B, 75 50 C&MEFHFES h. (FREGWES
VIR W8 50 T 038 WY 3R 6 W) I W, i — 5 L 1Al
IMATEK LiClO, , 4k 2e i b 1 h ZEEh 58 21 k.
TE 50 C s | 28 1R BR 25 KR 43 THE 75 31 25 18 5
GBI R WA AR O mE R,
SRIG B T H25 THRAE T T4 48 h, 15 2| T {4 3% W
R Wy v Sk o 5
1.4 Wik 5RE

2L 40 O 3% (FTIR) R H 7% & Bruker 23 ¥l
Vector33 Tl fdi 7 I 25 4 2T AP 6354, #3675 Bl M
4000 ~400 cm ',

Rl 3 B 3% ("H-NMR) % JH 78 [5 Bruker 2%
A] 300 MHz AL, %5500 A i AR 5, TMS Ry I AR i
i 56 i 400 MHz.

DSC I & f# F 7 [ NETZSCN /A & DSC
200F3 #Y 75 2 49 4 1 AL, AN AR, WK A
P NE IR TR F) 120 C LR 5 PRI E) - 100 °C,

FTHR B 120 C, B A i AR 4k o AR 2 10
K/ min , DL B #4775 (1 5% 1

TG 43 #7 3% F 7% [§ NETZSCH 7\ 7@ TG 209F3
Tarsus B E 43 BT, LA RS, FHE 3
A 10 K/min, % I FHE 5] 650 C.

XRD jlj i % ] H 4 Rigaku 2y &) UltimalV %l
S AR UERL S Cu (1. 54060 A) , 17 5 #1120 16
Fil k7 10° ~60°

SEM 734 % H H A 7k X 25 4 Jsm-6701F
JEOLL A Wy F 3R 5 kV, i K A% $Ch 1500.

B Wy HL St T T R R I 2 1 Ak
2 T AEu, (CHI660D , [l [RAEAUEFAFE) , RAAE
U BELAT 3 00 s, 0 A AR Y LA 1~ 107 Ha,
R EJEE R 20 ~80 C.

2 BR5IE

HERRESYHNEGAS
B 2 AR SRR RSP sk | 1E
K’ 2 b, %F [k MMA . PEGMEMA #l P ( MMA-

2.1



14 AR BT A < T B AIR 3R T T T (1 2 R 0 L e ) o B S P RE AT 5T 65

PEGMEMA ) [ 21 41 3% |8 , P ( MMA-PEGMEMA )
T RIAE 1640 cm ™" Kb Bk B XU BC) 48 45 3R 20 06 58 4
T2, UL oA R i XURE B 8 & R LR RO 1112
m 'Y 5R W Wi 0, )9 )8 T PEGMEMA Y ik
(—CH,—O0—CH,—) i it 45 i 3 ; 1730 em " f

Tgf.)69,43

2999.12

2872 47

3000. ?6

2974.69
2872.69

1730.48

W W U6 & MMA ( PEGMEMA 5 B (14 fift 455 9% 3
I 53000 ,2974 F1 2872 cm =i Y W i i Oy R S
(—CH,) M H JE (—CH,—) B9 1 45 4fg 3l 1. DA
LT A0 3% & 7T 1, MMA 5 PEGMEMA % 4= 8
M, JE B P(MMA-PEGMEMA ) 254

MMA

1640.23

1748.53 120100 PEGMEMA

1717. 71 ||()8 42 P(MMA-PEGMEMA)

1112.07

4000 3500 3000 2500 2000

1500 1000 500

Wavenumber (cm ™)

Fig. 2 FTIR spectra of MMA, PEGMEMA and P(MMA-PEGMEMA )
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Fig. 3 'H-NMR spectrum of P(MMA-PEGMEMA )
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Fig. 6 XRD patterns of solid polymer electrolytes
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Fig. 8 FTIR spectra of polymer electrolytes in the C—0—C

stretching vibration region

—— Original spectrum
—-—- Sum of curve fitted
- - -« Curve fitted peaks
(1730 cm™1) R
—-— Curve fitted peaks /.
(1715 cm™1) !

.......... Baseline

Unbond

Transmittance (%)

a

1640 1680 1720 1760 1800
Wavenumber (cm ™)

—— Original specturm

-- Sum of curve fitted

- - -- Curve fitted peaks
(1730 cm~1)

—.— Curve fitted peaks
(1715 cm=1)

e Baseline
Unbond
Bond

Transmittance (%)

b

1640 1680 1720 1760 1800
Wavenumber (cm ™)

Fig. 9 Curve-fitted FTIR spectra of polymer electrolytes in
the carboxyl vibration region: (a) SPE-4% and (b) SPE-
32%
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Table 1  Curve-fitted result of FTIR specrta of polymer electrolytes in

the carboxyl vibration region
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Fig. 10  Curve-fitted FTIR spectra of polymer electrolytes in the C10, special region: (a) SPE-4% , (b) SPE-8% , (c¢) SPE-16% , (d)

SPE24% and (e) SPE-32%
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Fig. 11 Effect of LiClO, concentration on conductivity of

SPE at 30 C
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VTF plots of temperature dependences of the ionic

conductivities of polymer electrolytes

Table 2 Linear fitting results of polymer electrolytes

Solid polymer electrolytes ~ Pearson’s rank correlation coefficient

SPE-4% -0.97061
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Synthesis and Conduction Mechanism of Comb-like
Polymethacrylate Solid Polymer Electrolytes

Wei-xin Luo, Yu-ping Liu, Shu-yan Yang, Zhi-meng Liu”
(' Guangdong Universities Engineering Research Center for Chemical Industry Cleaner Production ,
Dongguan University of Technology, Dongguan 532808)
(* School of Materials Science and Engineering , South China University of Technology, Guangzhou 510640)

Abstract A novel comb-like polymer was synthesized by solution polymerization with methyl methacrylate
and poly ( ethylene glycol) methly ether methacrylate as monomers, and the conductive properties of solid
polymer electrolytes incorporated with LiClO, were investigated thoroughly. The characteristic comb-like
structure of polymer was confirmed by FTIR and'H-NMR. The solid polymer electrolytes based on the comb-
like polymer were found to be almost amorphous at room temperature, which was verified by DSC and XRD
measurements. SEM and FTIR results revealed that, at the salt content less than 16 wt% ,the salt could dissolve
in the polymer matrix well and anions mainly presented in the polymer matrix in terms of free ions. When the
salt content was more than 16 wt% ,the content of ion pairs increased significantly , indicating the bad solubility
of salt in the polymer matrix. The ionic conductivity of the electrolytes was up to 4. 81 x 10™° S/cm at 30 °C
with the addition of 16 wt% LiClO,. Increasing the content of salt would lead to a dramatic decrease in the
ionic conductivity of the polymer electrolytes, which could be attributed to the negative effect of large number of
ionic pairs.

Keywords Comb-like solid polymer electrolytes, lonic conductivity, Methyl methacrylate, Conduction

mechanism
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