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Dendrite Growth Suppression in Lithium Metal Batteries with Composite
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Secondary batteries are crucial for eco-friendly systems, but existing technologies struggle with energy density and safety
issues. This study aims to develop a next-generation battery utilizing quasi-solid electrolytes (QSE), which combine the
advantages of both liquid and solid electrolytes. However, QSEs often lack the mechanical strength necessary to prevent
lithium dendrite growth. To address this challenge, two strategies were proposed and experimentally validated. The first
strategy involves creating a QSE-separator composite (QSE-PI) by integrating QSE with a polyimide (PI) separator. Among
the various options, Pl with a thickness greater than 20 um and a pore size of 2-5 um exhibited superior electrolyte
absorption and dendrite suppression. This configuration allowed for rapid lithium plating/stripping, high ionic conductivity (1.7
x 10° S cm), and excellent Coulombic efficiency (99.94%).The second strategy incorporates silica (SiO;) as a ceramic
filler in the QSE-PI to enhance mechanical strength and ion transport. The addition of SiO, disrupted polymer crystallinity,
increased the amorphous regions, and effectively suppressed dendrite formation. Notably, SiO, particles larger than 10 um
improved cycle stability, with the composite maintaining performance for over 50 cycles, compared to only 30 cycles for the
version without filler.
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Fig. 1 SEM images to confirm the pore size of each separator: (a)
Glass fiber (GF) separator, (b) Polyimide (PI) separator, and
(¢),(d) QSE-PSC with SiO,
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Fig. 2 (a) CV test results plot and schematics of Lit+ plating/
stripping mechanism and (b) Ionic conductivity of QSE-SC
based on PI separator and GF separator
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Fig. 3 Stress-strain curves of QSE-SC using PI separator, Celgard
separator, and GF separator

K

E A% AgE A AR

Fig. 39] 23] T2, A7 RS 1 Re ol 7
= wsoL), 712 27t U Aol QSES] B4k Aol
. 9L PLRRITE $ut AN FESt AUT S
shaghal EAlol, 3k 2719) 7% 125 F3) QSE F40
felsich oleit 29 4 724 SYL Yelstel depol
= Y% ofx) 9 wiElelo] SbgA Gl 7]ofatet.

n>4'

344 ds &M

1C 2 A19] Ato]F 4452 Fig. 4o trebiict. QSE-PSC
9} QSE-GSC:= 72} 99.94%2}F 99.79%9] =2 27] &8 93|
£S5 2oty Ty} QSE-PSC: 100817 ALo]Z71A] 100%2)]
B 2)5H= WHH, QSE-GSCE 408A)] Alo|E 0|3 FAsH
He2 ®elt) o] %3] QSE-PSC7} QSE-GSCo| H|3f
AFo| 28] FAAT ofuR] WE SARS AT 3ol

LS

 fo b o @
shEE]

Ruigyes)

O

]_
F1g 5% Si0, 7} ojFo] wE QSE-PSCY Al A% #3lE
H| 3} Zlo|t}. Figs. 5(a)0]] w2 Si0,7} )= QSE-PSCE} Si0,7}

100

X 80

c %

S

8 60- °

(0]

4

2

§40—

= °
&)

204 @ QSEPSC
® QSE-GSC
0 T T T T

T
0 20 40 60 80 100
Cycle number (n)

@

e
>
o
=
o
O
£
w
©
Qo
€
S
o |
o]
o
204 @ QSE-PSC
@® QSE-GSC
0 —
0 20 40 60 80 100

Cycle number (n)

(b
Fig. 4 Cell performance of QSE-PSC and QSE-GSC through

charge-discharge tests: (a) Capacity retention (%) and (b)
Coulombic efficiency (%).

Q= QSE-PSCY] 7] Wb 85k 717} 130.637} 138 mAhg'o]
t}. SiO, =4 of ol AFglo] 7k HISsAINL, 5(b)ellA =
T A fFoulgh AfolE & 4= Qltt. SiOE H7IeE QSE-
PSC= AtolZ= Wil 99% ol/de] Qg Al ag-S Rt
HHE, Si0,0] §li= QSE-PSCi= oF 30 Afo]& 5 &&o] 23]
Haglon], SoHR Alo]ZeolAl= gt I3yt = St
ol#st a8 TAE Fig. 69 A =

4= . SiOye 7FeE QSE-PSC= 2Hs & QbgAolar Y
= < fABE e, ol 4% AW T
2 A=dE Svigtet. whdel, Siox2 H7FskA] 9= QSE-PSC
= 34 IgelA] At Eetgdol FRsHA Uehgon, o2
el A715kstd s At % AelZ 4218 skt st
2 A7Fe 53l QSE-PSCe] AW HgA E A
o]%} /}lg]/ﬂ o g_l,].ﬂ oz -GE/J-A]% Ea 01 0 o] Qo]ﬁ}ﬂn}

oF 30 Afo]& & SiOy7} §li= QSE-PSColA| 2k FA%
2 i

TE Pt Mk WEe Y wEYRY 5

‘?;‘—3:1]2 > SIOZ

-

3]

pul

-



December 2025/ 1041

140—.
Am-w
(e)]
g
g 100
>
‘© 804
(0]
o
3
e 60 +
=
[§]
Q 404
@ @® QSE-PSC with filler
20 4
@ QSE-PSC without filler
0 T T T T T
0 10 20 30 40 50

Cycle number (n)

@

60 — o

40 LA

Coulombic Efficiency (%)

20 @ QSE-PSC with filler
® QSE-PSC without filler ®

0 T T T T ,—‘

0 10 20 30 40 50
Cycle number (n)

(b)
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