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M. S. Grewal*, K. Kisu, S. Orimo, H. Yabu*

“Solid Photo-crosslinked Polymer Electrolytes Containing Solvate Ionic Liquids: An Approach to Achieve Both

Good Mechanical and Electrochemical Performances for Rechargeable Lithium Ion Batteries”
Chemistry Letters, 49(12), 1465-1469 (2020).
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2 _
=18 - PE [EO]/24
;1.2 . —PE [Eg];18
© 1.4 1 PE [EO]/12
S 1.2 - PE [EO]/
£ 1- \ EOI
R 0.6 -
s 0.4
2 U™ | b cswe s ibtosmesyeamstmteiS b
0 1 2 3 4 5 6 7
Elongation at break (mm)
Polymer Electrolyte Fmax (N) Displacement
[EO]/[Li*] (mm)
PE [EOQ]/24 1.31 1.43
PE [EO]/18 1.51 1.64
PE [EOJ/12 1.29 1.63
PE [EOJ/6 1.80 2.89
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120

100 - PE [EO]/24
° PE [EO)/18
3 80 - PE [EO}/12
= —PE [EO)/6
S 60 [EO]
S
= 40
o~

20 -

0

0 100 200 300 400 500 600 700 800
Temperature (°C)

oo e T,C 0 T (0 Tl O
PE [EO]/24 -38.9 198.40 263.74
PE [EO]/18 -36.4 191.12 254.02
PE [EO]/12 -35.4 170.21 207.25

PE [EO]/6 -36.0 162.20 186.35
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Temperature ( °C)
Polymer Electrolyte T,(° C)
[EO]/[Li*]
PE [EO]/24 -43.2
PE [EO]/18 -39.6
PE [EO]}/12 -47.3
PE [EO]/6 -7.2
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Thickness of

Tonic conductivity (Sem!)

Sample [EO)/[Li'] film (um) . 25° C 60° C E, (kJ mol™) Pre-factor, A T, (K) R2
92" C
PE-1 24 422.8 2.63 % 10° 1.43 %107 1.80 X 107 13.135 3.90 174.77 0.9996
PE-2 18 359.4 2.64 X100 1.50x 107 2.29 %107 16.127 66.78 161.89 0.9998
PE-3 12 635.4 4.86 X 10° 3.08x 107 4.67%10° 13.690 61.51 176.59 0.9998
PE-4 06 480.0 2.65 %107 2.06 X 10 6.60 x 10+ 11.035 4.58 188.99 0.9997

EETI0® S/ecmZEBAALAANMCESZER

([EQ]/[Li*]=6)
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Volfage (V vs. LielLi)
o

Time (h)

Galvanostatic cycling profile of a Li/PE/Li cell at a current density of 0.1 mA
cm=2 jn both directions for 30 min for 100h measured at 60 ° C.
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DSC
——Sample1 ——Sample2 ——Sample 3
1 -
0.5 ——CompositePE-3
——CompositePE-2
0 - —— CompositePE-1
2 054
: 0.5 \
T -1 -
< R
1.5 _\‘/-’— /
T T T T -2 T T T T T T T T 1
200 400 600 800 25-§0 60 -40 -20 0 20 40 60 80 100

Temperature (°C) Temperature (°C)

1(3 um) 148.54 170.96 ~36.14
2 (8 um) 147.70 169.94 ~44.52
3 (14 um) 155.42 180.4 ~46.44
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Sample

Composite PE

3 MM
8 um
14 um

Tonic Conductivity (S cm™)

1.LE-02 -
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1.E-06

NZAHLEIAVROYNERE LA A inEH

A compositePE-3
M compositePE-2
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A, . a
o o A " m
2 . A A
* A
2 . A
2 . A
. A
L 4
2
2
2.7 2.8 2.9 3 3.1 3.2 33
1000/T (K1)

Thickness o(S cm 1) o (S cm)
(um) 25 (° 60 (° C)

613.3 7.55 x 106 1.04 x 104
653.1 414 x 104 1.70 x 104
1461.7 6.66 X 104 2.74 x 103

EBETI0*S/cmZBAS5EL\LiAMAEEM

3.4

o (S cm)
90 (° C)

3.94 x 10+
3.63 x 103
5.27 x 103
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Chronoamperometry Electrochemical Impedance Spectroscopy plots
4.00E-07 - after DC polarization —@— before DC polarization
3.50E-07 - 2.50E+04
3.00E-07 -

2.00E+04
< 2.50E-07 -
;C: 2.00E-07 - 1.50E+04 -
: 3
3 1.50E-07 - " 1.00E+04
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0.00E+00 — 0.00E+00 . . . . . . .
0 10000 20000 30000 40000 50000 60000 70000 80000 0 10000 20000 30000 40000 50000 60000 70000
Elapsed time (s) Z'
- - + -
Bruce - Vincent Equation: Sample 1 t,;* =0.416
t,* =0.292 to 0.487
" Iss (AV - lo. Ro) Range Li
Li = .
4 lo (AV - Iss. Rss) PEO t,;*=0.10 to 0.15

Where, lo is initial current, Iss is steady state current, AV is DC potential of 10 mV, Ro
is initial resistance and Rss is steady state interfacial resistance.

t,* = 0.416DEL\Lif A
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Website https://www.rpip.tohoku.ac jp/jp/

TEL 022—795 — 5275
FAX 022—795 — 5286

E—-mail souren@grp.tohoku.acjp
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