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Abstract: To overcome the limitations of traditional gel polymer electrolytes, including the
trade-off between mechanical strength and ionic conductivity, as well as inadequate interfacial
compatibility with electrodes, we designed and synthesized a quasi-solid-state electrolyte
system based on a semi-interpenetrating polymer network structure. A three-dimensional
crosslinked network was constructed using poly(ethylene glycol) diacrylate and poly(ethylene
glycol) methyl ether methacrylate as crosslinking monomers, providing stable mechanical
support and structural integrity. Meanwhile, poly(1, 3-dioxolane) was introduced as a linear
polymer chain that physically interpenetrates the crosslinked network. By systematically
adjusting the ratio between the three-dimensional crosslinked network and the linear polymer
chains (volume ratios of 1 : 1,2 . 1, and 1 . 2), we investigated the effects of compositional
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variations on the physicochemical properties, ionic conductivity, and electrochemical
performance of the electrolyte. The results show that the semi-interpenetrating polymer
electrolyte [semi-IPE(2 : 1)] with an optimized crosslinked network-to-linear polymer ratio of 2 : 1
achieves an ionic conductivity of up to 3.65 mS/cm at room temperature, an electrochemical
stability window exceeding 4.7 V, and a well-balanced combination of mechanical strength
and flexibility. The assembled LiFePO,/semi-IPE/Li lithium metal battery retains more than
75% of its capacity after 300 cycles at a current density of 2 C. This study provides a feasible
strategy for the synergistic optimization of mechanical properties and ionic conductivity and
establishes an experimental foundation for the structural design of high-performance quasi-
solid-state polymer electrolytes.

Keywords: polymer electrolyte; semi-interpenetrating; linear polymer chains; cross-linked

network

e jmmil (LMBs) EffmfeEEE. KM B (TEGDME). —Hulifis. —HENK AR =
Wiy, CRONHIM s A @R AR E (ETPTA) BUR Z 8 — N )6 R M
77 i SR A RE VR A AR R AL O BB A S 2F . (PEGDA) T#EATAZHK, 8 3 52 Tl 2 B2 Al R
51 UHT BE YR WU BRI SR, LG LMBs P AREMEN. HId A HGT AN B BUS s, SR
PR RS R BUAEAE S R Biltie SR A ok BT SRRE M. BAh, #o stk ZAFE R
B, AOO™ L R R R SR E Rt mHTR . B R R TR A A R B
—BRTE, WIEEGE BRI AR, XA SRR, DL RE S R A A R R
Ji 9 BEL B LMBss £ i S 40428 0 A5 A 152 FH 11 5 B X ELERBEFET, FOFREREVWMNKLEN
A, R TR R BT 2 A A LR R AT RHIEFESE (semi-IPND 51 N[ 25 5 & 40 FUAR TR 1A 1 T
. B ENAT RSP, REVAMRE R REFR SOy RBE RS ) B HoR B AR, o R
TMES AN TR SRR A A EE &% S AEER (semi-IPE) & —J8Ik 2 1 57 W 2% 4
RUES, K REM LN (PEO) HEARREREME MBS EMRAR, HAE R —Fhe 2 fh 2k ik
HARE 108 7% S AL O R AR e 2R REWEE I 5 i ARSI R &) = 4B 42
M, PEOHEB I B L 4E W as kB o, Ve S WS 2 e i s riide sk, A0
i 7 BOs s K B AR, PEO RN TR (s, VuiERE ) EEE Y, X
FimE TSR (<10° S/em) WA RIS, MR SIIL T AR S R T AR S R RE R B ]
BEAh, LRSSk = T3, SREUIEIEREA R UL, SCIRI 48 B SR B e WLt B2 0 45 K A E
i HIE A HORA R S 0 AR, Ok E 1k, ARANHI RS WA SO AR, ek
M2, PEORHMIRHE FHFREIMGRE L  TLIERGY MR A ERIE; FhE
[RIFELE “URTH” MEATE, (CEEBOEshbl AR N IR R R R BUS B RE 0, R SR S
RIS 7% FEE R /A PR R 5 4™ ANES TR A s /L liE, AT E 1 i 3 R IF

NRPIX I, WHRFRD Z M PEO R I AR A A A BTG LME R G
il R O VE S . JRALR A RTER (1,3- UK RS, semi-IPE [ 775 9 BE AN S5 RS E 11 2 35 52
O (PDOL) Wi+ EA REMHEEE. mE TR T EAIRET AR, 2etEw; M
FRULSHEE AN R HAE, BOVESE  BRTELFREVHRMR, semi-IPE LR AKX
IR AR TR R, B VRS MR IR T A5 ™ SRR, ARG KA JRA I
HIRE AT, HhZ SR i . W SURSER 5 Uik, HETEREAAE IR TR
RGN R R IAZ I A R TB T RIFAISRBIMERTIN T, AR TR A e,
RLRE R AR F A /N 7 7 AR Y 4 i —F BkA, semi-IPE S5 AT IR PE SR, R 5 SR R



gl ] X

Frag: AR MBI L E R GV R

3575

TR RGN R L), L A RS
SR, Retl RIERAL I )5 RE
AU R e M, TG BCAS [R5 28 e A 2 il e B
(R 75 3REA. PRk, 2B 5 R AV AR RN
FeE Rt 5 S AT )0 — AR S H R T A
R, (EfRRIFVERE S BT SR T T EILH
MREILH

XL 5 PEO B R AW MR = & T 5
AL, BRESYHEMT (GPEs) FHUMEE S
B S R U R e B 5 i i T AR A M
ZERE AR, ASCWTH R T R T B
EEWIW s R P HERE S BRI A R, RAKL
fix — RS (PEGDMA) 558 20 — i Y gk Y 3k
NGRS (PEGMA) 3 5 11 5% & 12 Fil — 4 52 15 )
gEse, DERMERIFM S SRt 5
U R B B K PEO 25 i X, 3 m k& X B B AR A
FINEA,3-H NI (PDOL) 1ENEIEREWEE,
I A T RN IR 2 b, Rk B
2 DU b I 0 B A GoliE . i A AR 5
HWIEES = HET M L (ARAREET T 1L 201
1:2), WFFEAFRA S LB g i e 5
T S RE 77 K H it R T A

1 SERem B KT i

1.1 R

ROTEHBPENGERE Py 7=
475, LHRTR T AEMEHEAERARD . RO
FImEREE CPEor 178400, ERERTH T A1bRHL
HRAFD . 1,3-258RIF (99.8%, HT#F, 1t
HERBEHERATD M= ke i i e
(LITFSI, 299%, iR T AR ARAFD .
TRAERRERSE (LIDFOB, >99%, ik ] 4
WRHEHRATD . AR L)@l (FEC, >99%,
R T AR RARD . 2, A R
& (AIBN, 455, >99%, LR+ T A LR
HIRATD . PWHL4E (GF, ®1.2 um, L PG4&EHEF
JECHT MBI BR AR SRR (LFP, RIERAH
REVRRIAR A FD . A (Li, 14 mmx0.4 mm,
FHEX S HRE VR R A PR A T . #1148 st A
W (LB-015, 752 ZALEREAERAR]D .
1.2 ERESRAYBEBRSBHHE

fic #1451 mol/L LiTFSI /2 0.2 mol/L LiDFOB f{]

DOL &, NEMEREWMRTRER . % PEGMA
5 PEGDA % E/REL 4 1A, A AIBN (A&
N WU BE IR K2 AT 0.5%), A1 R3S IR M 48 (i 4
TR W 2R 1 SR D RN S 1B I 265 1 i A T R 0 Sl %
AT D1, 2010 1 2IREWS, BEAFRT
EU BT ARV W, 7E L6 Y LA 60°C 11 35 B L fie
b, B3R B R AP R .

LLLiFePO,. R LM (PVDF). KE (R
=81 11D NIEWME, WA TEE L,
#IEW A . {EF B4 % CR2032 A4l 4l 4 )&
CERIL
1.3 FAESMK

K F 4554 Bruker Tensor 27 [ 1 BLiH- A5 421
HMHETEAL (FTIR) SRAE B4R SR AW =458,
ATR #5220, % %036 i 4000~500 cm’', 7 ¥ %
4cm’, FRIREI2K.

i F Q20 L 2 /R FAfi E#HUYX (DSC), 7EN,3
B, EePuETHEE 150°CH R S, BEJE L
5°CImin# A EFE-80°C, )5 LU FEIE R THE
F£100°C, WMEMEHBIEUEARE (T).

K H Q5000 # # 43 #1 4 (TGA), 1E N, 5%
T, LL10°C/min = T2 600°C, MRFE M HAFE
EE.

K F TCS2000 /i fig H 7 41 /7 &k % #Hl
(TCS2000) #HEAT 12 VERE MR, 5 P o3 M58k Ak
1 em BIRES, LA 20 mm/min f 4 4658 23T
FBhRAR, 0N - N AR 2

K 2R IR VA I e A L B IR 2 (2 4y
HEHD, B lE (my) ) semi-IPE Ff  HE 4T
%, BTREESE T, DL 3B RN
ESHIE12 h, BRI AEH S (BFRERR
LR VR AV RAREYD, Mg JE R R TE
BO°CEAETHREMEE (m). FEMEUKE A m,/m;.

181 FHf CHI760E FE Ak 27 T 4F 3 HE 47 LAk 2 1 g
MR

I BEAERN (SS) [HLMRIFR/SS FHFR F b3
ITHALFHPTRE (EIS) A Bz 1~10° Hz,
PRIES mV), #%R()ITHHEETFBREE (o).

o
" RS (1)

X, o NETHTE, Slem; INHRE
B, cm; RSB IIERE R, Q; SO

g




3576 itk & A ¥ 5 & K 2026 55 15 &
B, em? 955 7> T AR AR R R A A, B SR 25 1)

KM AR 22k (LSV) WA Fi fif o7 HL AL
FRGE T H, AR AN/ R BT/ L, R
NS5 mV/s, HILTEHIN2~6 V. RHVILETE
AR AL, fELSV HIZrh, 73X FE 2k X 5,
IR ARBO . AL SUR BT X AL 7 i
B ARDIZR, PSR UIER IS m Bt L ) R A3 BT A
GEREAR VAR

R AR 5 PERENK: PLLIFePO,NIEM, <&
JEHE AR, 4% CR2032 ZY A 1148 4 it . H
A B BTN IR E H 9 1~10° Hz, 4RIEV 5 mV.
Ha L 97 BA 14 fie R H LAND-CT3004A R 4k, 7£
30°C FLL2 CAFRBEATRBUAIM B (Ao Y
2.5~3.8 V),

2 #RXR5itb
2.1 semi-IPE 891K 14 RERIE

FHF REVIM L AN 4 5 &t R SV HE
Yo B ON BT, &1 s . PEGDA 5

PEGMA {f: 5 3L AR, £ 5] K77 AIBN A7 4£ 55 F
TEEAT B B ARG S B A = Y 2% A 1R

(PEGDA-PEGMA) #ZIk M 4%, M. PEGDA P ify
XSS, AT PRAAZIRAL AL, T PEGMA H 2
LRk K BB A k. [N, DOL f£
LIDFOB 5| & &, AT IFH R E/ LR S
PDOL, LiDFOB w2t 5 ik, 5|% DOL FHE
TREG, HMARRMELAMERM K, ETHEET
iz3)). % (PEGDA-PEGMA) 5Vt PDOL K %
LA BRI DAL AR 2 4 S i B 5 R a ik
F, “HZEBA S RERE, (EES TR

LiDFOB
»

DOL

“\PO \\/O\\//\

S IAE LA Eo A E o/ SRR f E
PE, NI AT A SR TR B TR R ik
& PEANIE A 77 56

FIFH FTIR X 25 Bk e A ORI B R A
b5 1 AT R AE, WK 2(a) . £ PEGMA.
PEGDA HRZLAMGIE R AT LUE H, 2950 cm AL
RFAE IR YL e A TR F- C—H B 45 PR 5h, 1730 cm”
Aab P i W AT U VA KT T TR 0 R i ik (] C =0 (1A 4
P&z, 1640 cm "4k Ay C=C XUEE{H 48 4% 5/ W S 0 o
7t PEGMA. PEGDA L. % DOL ) L b 6 i 1,
1100 cm " b I g A R T C—O—C B IR AR AAS
SRR 4EIRE . semi-IPE £ZL4M g R 47 T 1730 cm'”
by C=0 1%, 2950 cm' 4k ) C—H & Ll & {F
1100 cm [t it C—O—C &I A B E, HHES
VI E TR . BEESEIE R, I BIREEEY
B2, 1% DOL $Ak U, 7E£) 1150 cm AL A7 1E
— AN IR ER S R RIS, 7E 914 em bR
23| C—H 4 thPRz0% . semi-IPE #1150 cm™
Ab P PR Tk 445 R W A Ve i P S Ok S, RN L B
S PEIRENIE (863 cm™), i3F— & B DOL R Tl
JF3R. M T PEGDA 5 PEGMA Ak [0 4 &3,
semi-IPE £ it A7 T 1640 cm "4k () C=C U4z i
AEHR BN TS0 TN M TR G o A B 0L B SRR ES
iX 35 B PEGDA LL & PEGMA B4 v Sk 78 $4 5
A T REAT B RS R R T A BRI 4%
I, IR RAESE TR IR R AW RN

IR RS AT RIS S R E Y
FIRT R AR L, @ R AL R A, il & A
A 20 7 LA o B2 SR A g, F ER AN RIS

semi-IPN

P(DOL) 7
1 ¥EZFREYMEMNERRER

Fig. 1 Synthesis reaction scheme of semi-interpenetrating polymer network
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assembled with semi-IPE(1 : 2) (d) and full-IPN (e)
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