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Abstract

The solid-solid interfacial contact impedance presents a significant challenge in the practical appli-
cation of solid-state electrolytes, including quasi-solid systems. In this context, in situ polymeriza-
tion techniques have emerged as an effective means to overcome interface technology bottlenecks,
particularly in the preparation of gel polymer electrolytes due to their unique “liquid wetting-solid
stabilization” conversion characteristics. In this study, we employed in situ polymerization to fab-
ricate polyethylene glycol dimethylacrylate (PEGDMA) gel polymer quasi-solid electrolytes. By sys-
tematically adjusting the polymer monomer content (5~20 wt%), we constructed a concentration
gradient polymer electrolyte and thoroughly revealed the component-structure-performance rela-
tionship. The experimental results indicated that at a polymer monomer content of 10 wt%, the
electrolyte exhibited optimal properties: a thermal decomposition temperature of 215°C, a tensile
strength of 15.62 MPa, and an ionic conductivity of 1.28 x 10-3 S cm-! (an increase of 15.3% com-
pared to liquid systems). Additionally, the activation energy was reduced to 0.064 eV, and the lith-
ium-ion transference number increased to 0.43, demonstrating excellent interfacial stability in
Li||Li symmetric cell tests (with a critical current density of 2 mA cm-2). The Li||LiFePO4 full cell
system constructed with this electrolyte achieved a discharge specific capacity of 160 mAh g-1ata
rate of 0.5 C in the first cycle, with a capacity retention of 96.8% after 300 cycles. This study success-
fully demonstrated the preparation of a gel polymer solid-state electrolyte with high ionic conduc-
tivity and mechanical stability using an in-situ polymerization strategy, confirming its potential ap-
plication in high-safety, high-energy-density, and long-cycle-life quasi-solid-state batteries.

Keywords

In-Situ Polymerization, Gel Polymer Electrolyte, Quasi-Solid-State Batteries, PEGDMA

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

& 0 AR B T WLt (LIBs) 3@ &5 K VRS R (LEs) R &, Az QA o BFE 2R . A LA K& I Re v
BOFIL] [2]. AT LEs 44 2 [ ] A% PE A rtle/ s i AR e 1, SBCRIBAEE ™ H 2 A R
[3]. 7EH4 )8 Bk RO B [4] (SRS CEM6] (7)), LEs 5migtiE Sl Ak E #1254
HEAMERE— IR 7 HORBRR, BARRI N Z 0w RN [8]-[10]. BRE S A AT A K[ 1] LG AT
T ZE S SRR . RO R — AR S R B T . KR Ay 5 M ERa v F R [12], BEZSH
fif I (SSEs) M A W N2 A BT s IR W 7 R [13] [14], 5 B HESH B il I AR R IKIEAR T o

— [ ST AR g4 [ A B 4 R H vt AR R AR OB I R, 7 L 29 F i A S P RE B AR e B
FF b, WA R R AR A B TR S [15]-[19], 8 B TR AW B AA B4 W IRV N R AR/ L iR
GG 51 R AL A SR, ) FH ISR AR VA R S PR It A 1 B CAEORS B2 s ), ZE Bl RORE S I St T

DOI: 10.12677/ms.2025.155108 1036 B R 2%


https://doi.org/10.12677/ms.2025.155108
http://creativecommons.org/licenses/by/4.0/

i %

B S = e BUE E T IE R R M, A RERTT e VE LA A AR [20]. BBt SEdR IR AL
TE, ZTERE TR R A A P At 7E A BRI I B 2203 .

2. KPR

FLARR B & 0 B EBURIR — H EE(DMC). kL £ M BE(EC) KBk g ! ZBH(EMC) % 5 mL, T34
VIR AR 15 mL = JeiErIR RAAFREL 1:1:1). BT 04 R T RS TR 4.306 g XU =% FF 3%
TEIE MV e B (LITFSD M BV A7), B T 7888 E UL 800 r/min #5 Il FFEHiH: 2 h 2821,
B ZRAFHRE N 1 mol/L ) LiTFST &S B AR -

PEGDMA B 5 BT URAA SR A H £ 7> BIFKEL 0.05 g4 0.1 g+ 0.15 g. 0.2 g /) PEGDMA ik 3
LA, BRI 0.95 g« 0.9 g. 0.85 g 0.8 g LB ARVRAE NI, LA 600 r/min 538 53047 1l 14
$E 2 /NIF, 53] PEGDMA FAK HEE N 5 wt%. 10 wt%. 15 wt%-. 20 wt% AW 2059 18 H: A I\ R
&9 PEGDMA H4& 1%HHA =% THEABNEA#GURF], FLL 600 r/min Fl w94 30 40580, 14
B8 LR AT IR . KR YE PEGDMA B sk, IR RE S #2000 40 5l 4y 4 9 GPES. GPE10. GPEIS.
GPE20.

BERRREIERR I % . K5 LiFePO4(LFP)IEARAF K. 5 BBk 2 (Super P) S A 45 71 2% I 8 £ M (PVDF) 4%
8:1:1 W R LLIE S, MO 1-HBE-2-E i e M (NMP) I 7 78 20 i, i) 4 i) ot SR e 280kt o SR T ik
R SR TR ERMART, 2R TRAE 60°CTE 12 /NI JEIRA IEWR. KT 851 ER
MEREYINEAR 12 mm FBETEN S, T 5 s fith 2 3 5006

P RS [R5 SR 23 42 T AN [RI AP 1) CR2032 AL 441 it «

(1) Li||LiFePO, 4= Ha ith ffy 20 %

W 1 Fs, ARIRINF R IEAR TS LiFePOs IEMR A« AR ATIRIRVA . PP BRAE . HLMR R Al IR AR
W BEROR T AENES . AERE T FORGTHT RS, 4% 5 B 3 R ) TR AL B I 4
MUBEAT i3 11, S8R Li||LiFePO, 4 FEIB A4 3 o L At o A SRAA VS W AR R (V0 YE N 20wl i
(1) PP BRMi6 Celgard 2500 24 Hjth BRI, 4y AR TR A7 SR & AR K 42

A —
o-=s —> K
— NERE
—_— HEREARA
> b R R R TE R
—p PP
o b R AT IRAATR
a» —> LiFePO,EHRH
~ —_— iR

g 5 S =¥

Figure 1. Schematic diagram of the fully assembled battery pack
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Figure 2. (a) Digital photograph of the initial state of the GPES-20 precursor solution; (b) Digital photograph of the GPES5-20
precursor solution after thermal polymerization reaction
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Figure 3. Surface SEM images of (a) PP separator, (b) GPES, (c) GPE10, (d) GPE15, and (¢) GPE20
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Figure 4. (a) FT-IR spectra of GPE5-20, PEGDMA monomer, and PP separator; (b) Raman spectra of GPE5-20 compared
with PEGDMA monomer; (c) TG curve of GPE5-20; (d) Stress-strain curves of commercial PP separator versus various pol-
ymer electrolytes
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Figure 5. (a) EIS spectra and (b) calculated conductivity of separator & electrolyte versus GPES-20 in blocking cells; (c)
Temperature-dependent EIS curves for separator & electrolyte system; (d) Temperature-dependent EIS curves for GPE10
electrolyte; (e) Arrhenius plots comparing both electrolytes; (f) Chronoamperometry for Li-ion transference number (tLi+)
measurement in PP&LE liquid electrolyte system; (g) Corresponding test for GPE10 electrolyte; (h) Comparative results of
tLi+ calculations
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Figure 6. Electrochemical cycling performance of Li|[Li symmetric cells: (a) Long-term cycling at 0.5 mA cm2 for PP&LE
liquid electrolyte versus GPE10 electrolyte systems; (b) Rate capability testing under varying current densities (0.272 mA ¢cm™2)
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Figure 7. Electrochemical performance of Li||LiFePOs full cells: (a) Long-term cycling stability at 0.5 C, (b) extended cycling
at 1 Crate, and (c) rate capability evaluation from 0.2 C to 2 C for PP&LE liquid electrolyte versus GPE10 electrolyte systems.
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