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Synthesis and Electrochemical Perfor mance of Flexible Polymer Electrolyte
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Abstract: A series of emulsions were synthesized by an eco-friendly emulsion polymerization with
different mass ratio of methyl acrylate (MA) and acrylonitrile (AN) as monomers, polyvinyl alcohol (PVA)
as a stabilizer. Then, flexible polymer membranes were prepared by flow coating method. Subsequently, the
resulting membranes were immersed into lithium ion electrolyte. Finally, four flexible polymer electrolyte
membranes (S;, S,, S; and S4) were obtained. The physicochemical property of the prepared materials were
characterized by Fourier transform infrared (FTIR), scanning electron microscope (SEM), mechanical
strength measurements, thermal analysis, electrochemical impedance spectroscopy (EIS) and
charge-discharge test. The results showed that the prepared polymer membrane S, possessed a mechanical
strength of 14.3 MPa and elongation of 248% with ionic conductivity of 0.95 mS/cm at 25 °C when the
mass ratio of MA to AN was 23 : 2. The electrochemical performances of lithium ion batteries using
membrane S, as separator, lithium as anode and LiCoO, or natural graphite as cathode were studied by
cyclic voltammetry (CV), and charge/discharge technique. There was no significant change in the peak potential
after 4 cycles. The LiCoO, as cathode active material had an initial discharge capacity of 142 mA - h/g, while
the graphite as cathode active material possessed an initial discharge capacity of 307 mA -« h/g, and their
corresponding discharge capacity were 135 and 323 mA - h/g after 50 cycles at 0.1 C rate. The battery
delivered a discharge capacity of 134.3 mA -h/g based on the LiCoO, active material in the cathode at 1.0 C
rate, indicating that the prepared material exhibited excellent electrochemical performances.
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Table I Component and flexibility of polymer membranes
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Fig. 1 FTIR spectra of PVA, PVA/PMA and P(MA-co-AN)/
PVA

ME 1 FTLLES, PVA 1 O—H 7£ 3350 FiI
1650 cm ™ AbA5 45 K AY R OB A 45 4R sl g, X 2215
KT PVA 4y RS+ N AN 451 . 2930
em™' &bl C—H M4 IR s 0% . PVA/PMA R4
Yirh It MA 1) C=C MR I, FE3EAR C=0
fgaHR A PVA iy C—H A48 P sh W icide 4y 31 76
1735 F12930 cm™ 4b . B4 P(MA-co-AN)/PVA Al
XFAif PVA, O—H WIS AR AN RS0, X3k
B ZLI R A A U AR F R AIR T PVA 4 Tl 8843
FHNEHEEA1ER; C=C TER AW It A&
U, TWAE 1735 F1 2230 cm™ A A4 5 I i 06 4 50 %o 7
T B3 A B Bh W AI—C =N B4 AE I i 0, 33
B MA Il AN [ SR 7= 40 2 38 Ao XUEEE DBy 249 o 1y
L7/

2.2 SEM i

b RIS PP BRI R A Y LR B S,

A H L B LA 2,

K2 FCRIEE PP (a) FIS M (b) M

Fig. 2 SEM images of commercialized PP separator (a)
and flexible polymer membrane (b)
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Fig. 3 DSC curves of polymer membranes with different
components
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Fig. 4 TG and DTG curves of flexible polymer membrane S,
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Fig. 6 Nyquist plots for polymer electrolyte membrane S,
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Fig. 7 EIS of symmetric metal lithium batteries of polymer
electrolyte with different components as function of
storage time (a, b, ¢) and equivalent circuit (d)
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EMEMXTEEZ . LI 7o M, Li/GPE/Li FLARI AT
F—RHAKRHEME R, A 1.86Q «cm’, RN 175
Qecm’, RN 590 Q- cm?, 0% A HL AR TR Y
SR MmE, Hik, Siv S,y S5 Rbﬁ]’fﬁd\, I1 H.Fh
fBAF I R AR AL FEACRAS . BRI Y) Re AN A4 Ha fit
JE B Ry, Bifi 25 s 0] 2R AL ZE R AR 380, 35 d k0531
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Table 2 EIS of symmetric metal lithium batteries of polymer electrolyte with different components as function of storage time

#1d #2d %7d % 14d #021d 5528 d % 35d

S| R./(Q * cm?) 1.87 1.86 1.87 1.86 1.86 1.86 1.86
RAQ * cm?) 178 251 342 434 673 652 911

R/(Q * cm?) 9.12 15.43 18.34 36.12 33.62 35.59 67.44

S, R/(Q * cm?) 1.86 1.85 1.86 1.84 1.85 1.85 1.84
RAQ * cm?) 175 222 296 397 529 500 519

R/(Q * cm?) 5.90 8.88 11.52 10.74 8.68 18.07 11.20
Ss R./(Q * cm?) 1.86 1.85 1.85 1.85 1.85 1.85 1.85
RAQ * cm?) 174 235 280 379 582 493 525

R/(Q * cm?) 8.82 14.90 18.65 34.50 33.45 32.15 45.57
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Fig. 8 Cyclic voltammetry of LiCoO,/GPE/Li, LiCoO, as cathode, lithium metal as anode, LBC305 as liquid electrolyte (a);
Cyclic voltammetry of graphite/GPE/Li, LBC305 as liquid electrolyte (b)



* 1214 -

# @m 1k T FINE CHEMICALS

35 4%

2.7.2 LiCoO,/GPE/Li A= X & & £/GPE/Li ¥ & oty
B IR AR

LiCoO,/GPE/Li FIRSR A 8/ GPE/Li BT

Mk WK 9a. b; LiCoO,/GPE/Li HYER M £k A ZES

WOR UL 9¢;  LiCoO,/GPE/Li FYF R AE UL 9d.
0 20 40 60 80 100 120 140 160 180
Specific capacity/(mA-h/g)

20r b
s — 1st
= 15F ——10th
B ——30th
= R
> 10} 50th
E}
8
2" &\
>
0 -
0 50 100 150 200 250 300 350
Specific capacity/(mA-h/g)
160 120
- 1115
= 140 g - 110%‘
L Q
EIZO < 1105 2
£100 - &
L R
g 80 195 8
g 60 490 =
g 3
& 40 + - 85
20 Il Il 1 1 80
0 20 40 60 80 100
Cycle number
160
S 0.1C
140 = .
80 .1
3 0.1C 02C s —
<é 120 + 2.0C
100 |
'S
<
§ 80
Sf':-: 60
Q
8 40 -
w2
20 Il Il Il Il Il Il
0 10 20 30 40 50 60 70

Cycle number

Kl 9 LiCoOy/GPE/Li (a) FIKSAATH/GPE/Li (b) 3T
JCHLHIZE , LiCoOy/GPE/Li (¢ ) HYAE A il 2k 46
A%, LiCoO,/GPE/Li (d) f53R4p5MH:
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