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Abstract
Lithium-ion batteries (LIBs) are considered promising energy storage devices with good performance such as high energy
density, slow self-discharge rate, high rate charge capacity, and long battery life. However, the application of these LIBs in
the high-energy density electric vehicle and large device industries poses a major safety problem. In order to solve this prob-
lem, developing a material having high thermal stability and intrinsic safety is the ultimate solution for improving the stability
and electrochemical performance of LIBs. This review introduced a surface modification technology of a separator to over-
come the stability problem of a commercial separator, and summarized and summarized the research trends using the modified

separator for a lithium-ion battery. Based on this, the future prospects for the separator development by surface modification
were discussed.
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Figure 1. A scheme of the charge/discharge reaction of the LIBs.
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3.1. EI3EI&(dip-coating method)
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Figure 2. Schematic diagram of the surface modification mechanism of the surface modification separator through dip coating: (a) PVA/TEOS
coating[18], (b) PDA/TEOS coating[19], (c) WCDA/SIO; coating[20], (d) PDA/ANFs coating[22].
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Table 1. Properties of Separators for Commercial Lib by Surface Modification through Dip-Coating Method

Substrate Thickness Contact Electrolyte Iom? . Th.ermal Cych.ng stability:
material Compound (em) angle uptake conductivity shrinkage retention rate (%), Ref.
" ©) (%) (mScm™) (%) cycles

. . 150 °C

PE Amino-SiO, 25 495 — 232 - 0.71 10 95.7, 200 [21]
. 150 °C

PE WCDA-Si0O, 18 113 — 8 310 0.32 0 81.6, 100 [20]

PE Si0,-PVDF-HFP 30 - - 0.61 1423 ¢ 73, 200 [40]

PP Si0,-PVDF-HFP - - 193.0 0.90 17(1)0 ¢ - [41]
. 170 °C

PP Si0,-PVA 113.5 — 12.7 201.2 1.26 33 91, 100 [18]
170 °C

PP DPA-TEOS 25 45 — 22 122.0 0.97 =40 76.3, 100 [19]
. 170 °C

PP Aramid nanofiber - 118 — 42 131.6 = 4.3 - 85.3, 300 [22]

11.6 = 1.0
150 °C
PAM 26 450 1.57
PP Si0,-PAM 28 105 =37 436 143 f; : (23]
o]
PE Si0, 29 ; 2317 0.79 1329 ¢ 79, 100 [42]
o]
PP ALLO;3-Si0, 22 - 120 0.78 17(3)0 ¢ 92, 100 [17]
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Figure 3. Schematic diagram of (a) blade coating method[24] and surface modification mechanism of (b) silica aerogel/PVDF|25], PEEK/PVA by
blade coating[28].
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Table 2. Properties of Separators for Commercial Libs by Surface Modification through Blade Casting Method
. Contact Electrolyte Tonic Thermal Cycling stability:
Srill:tsgrr?;f Compound HEICkIISSS angle uptake conductivity shrinkage Retention rate (%), Ref.
# ©) (%) (mScm™) (%) cycles
PP ALO; 35 39 =0 218.0 1.69 161(; 6C 91.1, 100 [26]
ALOs 8.4 13;) 9 ¢
PP Si0, 3336 39 =0 - ; 12 ; [26]
ZrO, 0
Zeolite 0 34
8.9
130 °C
PE HDPE wax@AO 10 382 — 182 136.8 0.32 < 81.0, 200 [29]
PP SiO; aerogel - 52 =0 346.0 0.63 1687C 87.4, 100 [25]
150 °C
PP PEEK-PVP 47 £ 1 40 — 6 327.0 1.65 3 91.7, 100 [28]
PE ALO; 35 35 =0 70.0 1.12 1455(: 94.7, 50 [43]
140
PE SnO, 17.4 109.7 — 46.5 1194 0.72 0.8 84.3, 100 [27]
140
PE PDA-ALO; 27 110 — 63 119.5 0.76 0 86.0, 200 [30]
cycle & Ato]& 548 /A © pp FElwto R ZHH WX (% 3 Xiao 6+ PE &%) thermal shutdown J&& 3417171 $l8te]
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5 9 A AE5S FAAT27). 3§ PE el vleke] FRE U] 7, 130 °CollA 5% Nk AFEE Ho A qF
Eo 94 AT 7IAA AE Hehgl e, PESL PE/SnO, &2 73S gskgitt o5 MR, 200 cycle 5"* MR e
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Table 3. Properties of Separators for Commercial LIBs by Surface Modification Through Plasma Treatment Method
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PP OFPMA - 290 1.76 151(; SC 98, 100 [35]
PP 0, 89 £3 -6 94.1 0.84 1202 ¢ - [44]
PP/PE/PP 0, 107 — 21 112 1.43 - 92, 100 [36]
PE 0, 120.3 — 70.0 85 1.182 1400 ¢ 62, 40 [37]
PP 0, 47 — 0 522 £13 1.45 + 0.04 1732 ¢ 98, 100 [38]
PE N, 108 — 26 450 - - 100, 50 [39]
PE Ar 50 — 40 - - 1326 ¢ 79.7, 100 [45]
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Figure 5. Characteristics of capacity retention according to cycle
number by surface modification method.
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Figure 6. Characteristics of Electrolyte uptake and Thermal shrinkage
by surface modification of separator.
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