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Effect of Two-step UV-Crosslinking on the Crystallinity and Lithium-lon
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Abstract: Two-step photo-crosslinking of PEO film was applied to enhance the ionic con-
ductivity of the solid polymer electrolytes (SPEs) through the decreased crystallinity by the
solution crosslinking and subsequent solid crosslinking. The UV irradiation energy, the con-
centration of photoinitiators and lithium salts were adjusted to optimize the SPE crosslink-
ing. In particular, the PEO films containing LiPF4 or LiTFSI were cast via a solution process
using acetonitrile as a solvent, both polymer films and polymer solutions were crosslinked
under 365 nm LED-UV irradiation. The tensile toughness of the crosslinked SPE containing
LiPFg increased nearly seven folds from 0.5 GPa up to 3.4 GPa. Also XRD crystallinity of the
two-step crosslinked SPE decreased from 71% up to 10% surprisingly. Maximum ionic con-

'Corresponding Author: Jinho Jang ductivity of 1.1x10° mS/cm at 25 °C was obtained by two-step crosslinking of SPE contain-
E-mail: jh.jang@kumoh.ac.kr ing LiTFSI at an EO:Li ratio of 10:1. The SPEs also exhibited similar ionic conductivity to the

gel polymer electrolyte containing 100 wt% liquid electrolyte. These findings support the
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2 Aol A AHESE Hat LX}EkO] 3x10° g/mol¢l PEO
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Daejung®l| Al =91 3}31th. Daejungoll Al A|&gt 3Z7H A A
(Photoinitiator, PI)+= benzophenone (BP)¥} acetophenone
(AP)& AHE3F3IT). 2lE < lithium hexafluorophosphate
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Figure 1. Gel fraction analysis: effects of (a) UV energy and (b)
photoinitiator(Pl)s for each processing route (AN- or DMAc-based
wet processes and solid process [22].
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Table 1. DSC data of the PEO-based electrolyte films (2nd heating)
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Figure 2. DSC curves of UV-crosslinked PEO films (dry [22] or AN-
based wet process).
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Figure 3. XRD patterns of PEO-based films with Li salt addition [22].

UV energy T, AH; X
(J/em?) (0 (/9) % Tot. wt % PEO wt
0 67.5 1832 8438
Dry[22]
40 646 108.6 503 513
AN 0 66.4 1412 654
40 36.0 50.5 234 27.1
AN 40+10 390 463 214 248
) 0 534 804 372 480
LiPFs+AN
40 287 235 109 14.0
LiPFs+AN 40+10 230 48 22 29
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Table 2. XRD data of the PEO-based electrolyte films

UV energy Crystallinity Miller indices (120) / (032)
(J/em?) (%) D(A) B() L(A)

Dry 221 0 83.2 19.2/23.8 46/3.7 0.13/0.29 10.8/49
40 66.6 19.4/233 46/38 0.22/0.40 64/35

AN 0 749 19.1/23.7 46/3.7 0.18/0.36 7.8/39
40 259 19.2/234 46/3.8 0.37/0.64 39/22

AN 40+10 188 193/234 46/3.8 0.22/0.58 63/24

i 0 71.0 19.3/234 46/3.8 0.15/0.17 9.7/86

LiPFe+AN

40 17.0 19.1/233 46/3.8 0.16/0.59 88/24

LiPFs+AN 40+10 10.2 19.2/233 46/3.8 0.17/0.59 83/24

7kl Foll 7t 36 °Ce} 39°C2 A FAEkE ), 0
= LR AREo] ZhuE| o] AREAZE ozl AL vk
gttt w3k LIPFE 373k PEO 8-S 54] 7hulgh 7%
T,0| 53.4°CollA] 28.7 °CE 7+Astg A 204 7hwo] 23]
23 “C7HA| st

Akl A ZhazE ARGz v 2= Y FeeH 84
517] ¢J3) XRD £-41 3191 | (Figure 3), 19.2°9} 23.5°
oA E=glst o3& el o1, 2+ Miller Indices (120)
I} (032) YERHTE WA 7kl $9] AASE FAE H]
W EH, A 7o) A XRD ZA 3=} ul 7t 83.2%
oA 40 J/em® RAF B 66.6%% ZrAdto] oF 16% 7FAS)
Sitt. SR FAZFa el 26HA| ZFagt 74-9- v 7kal 74.9%
oA Z}Z} 25.9%2} 18.8%7FA] FHaxsto] oF 56%7HA] A
Fraselnt. 3, LIPFE 33k PEO/AN 42 54 7}
Wb 28kA 7Rl 7S v|7kal 71.0%0l Al 242 17.0%2k
10.2%= 2|t 61%7HA] 7HAst3ITE. o]i= DSC Ao A<}
FAFHA olu] AAE shRet LA AefEoh 1EAE 8-
of ALl FAFSHA HA| AR} AREel FYSHAl 7k
o4 Qlong AASe Ao T Atk ®3F 2E o2
o] 23t AefollA 7hustd ZhuE A&l A4ste B
3l W ofyet F s 223 g Y] L8R ARG
AARSE F7HH 02 Wefjsto] F7FAQ] AA3tE Ao
71ofgt Ao 2 = Eh ®3 14 & div] 243 E 3
271 @A SHA B 40 R Ax3E PEOS] 7 (120)
|3t (032) Wo] AAYFAE 247 7.8 A9} 3.9 Aojit 4]
A% PEO tiv] 274 FA7} @AsHA &9ttt T3k LIPF,
£ =33t g0z Aupst A AHEA 7L 9.7 A9} 8.6 A
2 37 F7¥sel=dl, o= 2lE o0 PEO2] 4hag} o]
2HTA AT AR 07 gl o]2o] A4 YR AYE
o Fx71 WAZT Autr sf At 54 A7t Fo
£ (032) W 2A FA7E 6.2 A 7FAsE 21, (120) He] A
A FAE oF 1.4 ATt 7459 b ol AA YR &

Astd 2lE ol2e] olddt avtz A ETH(Table 2).
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Figure 4. Tensile strengths of UV-crosslinked PEO without (a) and
with (b) LiPFs.
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Table 3. Tensile strength data of the PEO-based electrolyte films

30kN UV energy Modulus Strength Strain Toughness
10 mm/min (/em?) (MPa) (MPa) (%) (MPa)
0 0.99 4.64 528 2,165
AN 20 0.95 20.83 743 10,731
40 0.83 19.85 606 7,649
AN 40+10 1.00 21.10 436 6473
0 0.55 2.64 255 502
LiPFs+AN 20 0.21 3.54 405 843
40 0.11 12.51 868 4,797
LiPFs+AN 40+10 0.04 13.80 695 3,386
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2 285l AAEet Algol )& ghasherhFigure
4(b). 1L 2514 Fhmshe et Aol 217} 13.8 MPa
7} 695%2 Z7}5lo] uhehel e 34 GPag Z7}sle] nj7ha
o] oF 6] ol FFAFE ATk Table 3). o=
She SPES] A9ol= A9l4l b 24 s 94

o 7IAA S4e 2= SPEE T 5 Slee AR

Bag 23

3.4. 0|2TEE

AskS 93%= 714] 7tugt PEOE 235 GPE Alof 7}
Hyjol|EH A& LHM(EO:Li=26:1, EC:.DMC=1:1)=
100 wt% A7}sF AL 25°C o] A =%=7} 0.25 mS/cmo| 3l
[22], 4] 7kt PEO9] -2 0.71 mS/cm= 1.8 Z7}5}
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Figure 5. lonic conductivity of UV-crosslinked GPEs containing LiPF
solution.
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Figure 6. lonic conductivity measurements of UV-crosslinked SPE
using LiPF4 or LiTFSI at the ratio of EO to Li of either 26:1 or 10:1.



258 | 754 - PAS - olgE - AHT

Textile Science and Engineering, 2025, 62, 251-259

Table 4. lon conductivity data of the SPEs containing LiPFs or LiTFSI

ol UV energy lon conductivity (mS/cm) E,
oLl
(J/em?) 25°C 55 or 60 °C (kJ/mol)
) 0 022 029 3.7
LiPFs+AN 26:1
40 0.50 0.64 29
LiPFs+AN 26:1 40+10 0.60 0.65 09
. 26:1 0 0.12 0.26 7.7
LiTFSI+AN
26:1 40 045 0.51 12
LiTFSI+AN 26:1 40+10 0.95 1.14 18
LiTFSI+AN 10:1 40+10 1.10 117 06
LA AL o]0 whe}t A3} o J R (E)E - AR References
t}. LiPFs@} LITFSIE AR2-3} u|7}m SPEQ] A9 E7} 24zt
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4S50 wi%71A] H7FeE AN 7]k 281 74 GPE 4
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