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Abstract: This study aims to optimize the separator-electrolyte system by investigating the
compatibility between ionic liquid-based electrolytes and commercial separators, thereby enhancing the
performance of lithium metal batteries. Three commercial polypropylene separators (PP2500, PP3501,
and PP2325) are selected and combined with a specific ionic liquid-based electrolyte (tributyl
(methoxymethyl) phosphonium hexafluorophosphate, [ Puao J [ PFs ]) to construct different
separator-electrolyte systems. The lithium-ion mobility, lithium deposition behavior, and lithium
metal battery performance of these systems are systematically analyzed. The results show that the
PP3501 separator exhibits the best compatibility with the ionic liquid-based electrolyte, achieving a high
lithium-ion conductivity (0. 103 mS/cm) and uniform lithium deposition on the lithium metal surface.
This promotes stable cycling of Li| LiFePO, batteries under high loading (LiFePO, active material
loading of 11. 25 mg/cm®), with an initial discharge specific capacity of 129 mA + h/g at a rate of
0.5C (where C represents the battery charge/discharge rate). The findings provide theoretical
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and practical guidance for separator selection when using ionic liquids as electrolytes.

Keywords: ionic liquid-based electrolyte; lithium metal battery; lithium deposition behavior;

separator-electrolyte system
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Fig. 1 SEM images of different separators
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Table 1 Basic physical properties of different separators

_— R LK) % *ﬂ’fﬂ’iﬁf’ﬂﬂ{?fﬁ@f/ ﬁﬁ?ﬂﬁk’ﬁﬁﬂfl@ﬁ@f/ T
(kg * cm™ %) (kg * em %)
PP2500 25 55 773 78 200
PP3501 25 55 1055 135 335
PP2325 25 39 1700 150 380

PP2500 5 PP3501 (¥ — X BI7E T PP3501 £
Tl TR IEER AR, WE 2 Fros, 2
P PP3501 5 TILEs By MM i 2 el , # fik A DA
72.4°F%E 58.1°, MHZF,PP2325 5 PP2500 #H
I, H 5 TLEs (9 Wt A 2 90 I b el 3

(a)PP2500 5 OPED-30 %42 fill ff

58:6%%57.6° A

58.1°

(b)PP3501 5 OPED-30 f44% il £

(c)PP3501 5 OPED-30 {44 filh £
2 A TR) Rl 5 B 1 YA AR e R 0 9 4 sl A 0

Fig. 2 Contact angle tests of different separators with ionic

liquid-based electrolyte
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different separators
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Table 2 Calculation results of lithium-ion transference

numbers for different electrolyte-separator systems
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Fig. 5 Time-current curves and EIS curves of PP2500 separator-

electrolyte systems
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Fig. 6 Time-current curves and EIS curves of PP3501 separator-
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Li|Li symmetric cells assembled with different electrolyte-

separator systems




156 [T S A ]

PN

%59 %

2.3 {EL&EMEM Li|LFP a1

E A AR R L O ] B 4 F Tt R A 4
JERAE R T o A B B 4 SR A O b E S
2t 372 mA « h/g RME R E 5] 3860 mA « h/g.
SR 40 4 T F L 2 T I R A TR A T 0R B K
SR A VLR R R T 5848 Z Rk ER 2 1 E|
SR T 32 HE 4 T P ot 1) 90 PR R P L DA B
THEREBM LR, AN, &R BT 20
i VRV I3 A o 2F — 25 o T 3 2 [ T,

10 JEoR 1 1wl R Sk A1V o TE B (T 255 4
1.91 mA « h/em®, Ji g M2 R 11. 25 mg/cm®) Al
B4R R B 200 pem) 1F Sy G008 A9 H LK 0 26 P
RE R 25 AL L e 401 4 J R 28 3o A n] Ak 2 o P G
b, A TR) R At - B I R e A1 2 g B AR 0. 5C T Y
WA HE 54051 . PP2500 4 122 mA « h/g, PP3501
129 mA - h/g,PP2325 & 125 mA - h/g., Hifi#
- 58 22 0 ) B 1 I RS RO R ey, 2 2R Y R B T
R R S R LA . XS ER R L
3 RCR ML 45 5 —F, PP3501 5 OPED-30 441
I B L M R R 9 LA S e P WD R R L A L O R
g E L 100 B AR E IR A rh 4l 45 R AT A P fg . fiff
FH PP2500,PP2325 5 OPED-30 2H & HY B - H 7
ARG Lil LEFP B 73 5 7E 55 69 Bl RIS 50 Bl &
A L TR R Ol B 4 TR 2 TN 38 5 1 B AR
O™ A B R T LY. 2% B TR, SR A PP3501
F1 OPED-30 iy HLff Wi -PR I R 42 1 Li| LFP Hi it g
% 7 vei 97 B R R B IR A LT DR EERR E T BE
I b G A 1) A B S R

Top 100 {100
2140 5 =
=120 | 4 180 5
< 100 oo &
R
= 80 20
= 60 140 &
B0
& 5 120
m PP2325
= 1 1 0
=0 20 40 60 80 100
USBANEE
10 AN [ o fifp - A8 R G 2 46 1 Lil LFP B 1)
A P e D 42X
Fig. 10 Long-cycle performance tests of Li| LFP batteries

assembled with different electrolyte-separator systems
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