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Abstract :

F¥E Yol A,

In lithium-ion batteries(LIB), the development of electrolytes had mainly focused on

the characteristics of lithium cobalt oxide(LiCoQ),) cathode and graphite anode materials since
the commercialization in 1991. Various studies on compatibility between electrode and electrolytes

had been

actively developed on their interface. Since then, as they try to adopt silicon and

tin as anode materials and three components(Ni, Mn, Co), spinel, olivine as cathode materials
for advanced lithium batteries, conventional electrolyte materials are facing a lot of challenges.
In particular, requirements for electrolytes performance become harsh and complicated as safety

problems
materials

Keyword

are seriously emphasized. In this report, we summarized the research trend of electrolyvte
for the electrode materials of lithium rechargeable batteries.

s ¢ Lithium-ion batteries, Safety, Liquid electrolytes, Additives, Polymer electrolytes.
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Table 1. Organic carbonatcs and csters as clectrolyte solvents

Solvent m.p.(°C) b.p.(°C) Dielectric Constant® v(cP) Eox"(V)
ethylene curbonate(EC) 39 248 89.8 1.90° 6.2
propylene carbonate(PC) -452 241.7 64.9 2.53 6.6
dimethy! carbonate{ DMC) 4.6 91 3.1 0.59 6.7
diethyl carbonate(DEC) -74.3 126.8 2.8 0.75 6.7
ethylmethy! carbonate( EMC) -533 110 2.9 0.65 6.7
1,2-dimethoxyethane(DME) -58 84.7 7.2 0.46 5.1
A-butyrolactone(BL) -43.5 204 391 1.75 8.2
tetrahydroturan{ THF) -109 66 7.4 0.46 5
1,3-dioxolane{ DOL) 95 78 7.1 0.58 5
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Table 2. Lithium salts as electrolyte solutes
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Fig. 1. Redox shuttling in overcharged cell.
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Table 3. Additives for electrolytes
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Fig. 2. Cations of ionic liquid: (a) 1,3-dialkylimida-
zolium, (b) N-alkylpyridinium, (c) tetraalkylammonium, (d)
tetraalkylphosphonium.
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S7FERE Ade] Alvh e 80°C ol el aellA
£ f7] Aslele s it FA% LT ek
of wiEb oA ] WEE B4 8 vl BAS
Aetgithd wdM AgEHe wlE 23R 9

Asl
%8s Aekels] v B £82 s
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o] uc]fg].g]g} }@ﬂ& t]. Table 590 o]&4 o
AT ol 2F 2R HEARE Pesgn.

ol g4 <7 =% +7 o+
BPCL+AICL-LiCl 031:0.13:0.36 Tis: Vals
EMICI+AICL+LIC(sat) 0.64 : 0.36 Li-aAl LiCo0»
EMICIHAICL+LIC](sat) 0.64 : 0.36 Li-Al LiNiC)
EMICIHAICLHLIC](sat) 0.64 : 0.36 Li-Al LiMn,(),
EMICIHAICLHLIC](sat) 0.64 : 0.36 Li-Al Valds
EMICI+AICL+LIAICT, 1.0:1.05:02 Li LiMn()y
EMICIHAICL+LICT 1.0:1.2:0.135 Li-Al LiCo(»
EMI-BF; +0.2M LiBF, Li-aAl LiCo();
EMI-BF; +LiBF4 LiTisOys LiCol),
DMFP-BF, +0.8M LiAsFs Li LiMnz0y
TMPA-TFSI +12mol% LiTFSI Li LiCol),
PP1;-TFSI +12mol% LiTFSI Li LiCo0»
PP1;-TFSI +12mol% LiTFSI Li Sn
TEA-TASC +0.32mol’kg LiTFSI Li LiCa(,
EMI-TFSI +0.32molkg LiTFSI Li LiCo(),
EMI-TSAC +0.32mol’kg LiTFSI Li LiCol),

“a. 04molidm?®, BP:  N-buwylpyridinium, EMI:  l-cthyl-3-methylimidazolium, DMFP:  1.2-dimethyl-4 ]unrop»ramhum TMPA:

trimethylpropylammenium, PP13: N-methy -N-propylpiperidinium, TEA: tetracthy lanmonium, TFSI:bi:(m[]umomu.-lhancsullom Hmide, TSAC: 2,2,22-

wrilluro-N-{triluoromethylsul fenyDacetamide



g7 8keel A,

ge)d 952 ¥l o}~ s
N A o
eb 44 e ke =
7 Sl A wejse

sfetsls Aol Fasith.

N
01F O_L4
£

23.1. BF 2xAA S HEwe] 54

8 22RAE 2892 o~ umA e 71
A71E Zhe VA g ERbelt), Belute] Ajde
polyethylene(PE), polypropylene(PPy#t -2 polyolefinl
7t FE AREEE, 2 olfe e 718 A=,
3)8+A oA W ke AL ¢y wj o),

F&3HE AFES YA 0.03~1 pm HHe 7]
719} 30~50% u-r]ol 7% (porosny}— 7HAH, v

48 2o (PEE < 135°C, PPE < 165°C) w9l
5 e o djlew AA W &7t :7301
& 79 EEde] §&Fol 3y 71
2ZM, Lit9] o5& ATFAI7|AL EE 6hg-S
TAAe] S BEE ¢ glofof gt F
Az GAEL AR Y &35 Ha FE9e] F
AE Folaat =#etar e, Al 283 4F%F A

o
i)
o¢ .
o oy & rlo ofl

)

re
2> o
N A

o ﬂll
ml

2l

Table 6. Major separator companies and their products

AzAL ek ;w AxFY HEY
Asahi KASEL PE ©d 9 %2y Hipore
Celgard LLC PE, PP f& oo} A2y Celgard
PP/PE/PP 11]—%— Ely A4
PVdF &%} A2
ENTEK Membranes PE ©2] ‘1} %215 Teklon
DSM Solutech PE @2t #219  Solupor
ExxonMobil/Tonen PE el 2k &2y Setela
UBE Industries PP/PE/PP T} 4} AAY  U-Pore

A 114, A 43, 2008 249

Fig. 4. Microporous structure of PE separator by dry
process®”: (a) before (b) uniaxial stretching (c) biaxial
stretching

Fig. 5. Microporous structure of PE separator by wet
process®”:(a)Setela(ExxonMobil/Tonen) (b)Hipore(Asahi
KASEI)
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& Wettability: M2 338 340 a4t}

@ Chemical stability: 2YE B 2l i s}ol|A ¢
b e, 53] lelre] Hajdd] tiF viFAy
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Table 7. Properties of scparator: parameters and goals
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B dendrite 5ol 71913k LA $Fo] FA43

Punctire strength: DA 2] IR PEk 2= @A
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5 Ik

ey, o] T §17 ] ﬂl g kel Askg vepd

enefration
Ho} ¢

o g
ALI
‘()LI
?ﬂ
b !
ol
N
IE
)
=
o

H
strength)7F SEH], 24 74 ge] ASE
2F A w0 wWrt k. goh
00 Thermal stability: Z¢ RE7F Alzmapdz Wz
&2 7HE 8 AF T 90°CellM 1417 el
oJa] ok 5% o]sle] WREEE L)
b Shutdown: W5 52 217 wi=ron ¢ls] o3

paranieter goal
thickness **(uum) <25
electrical resistance(MacMullin, © dimensionless) <8
electrical resistance(Ohms em?®) <2
Gurley Y(s) ~234mil
pore size *(um) <]
porosity(%) ~40
puncture strength (kgtimily =300
mix penetration strength{kgfmil) =100

shrinkage &%)

tensile strength "(%)
shutdown temp(°C)
high-temp melt integrity(*C)
wattability

chemnical stability
dimensional stability

skew(mm/m)

<5% in both MD & TD
<2% oftket at 1000 psi

complete wet out in typical battery electrolytes
stable in battery for long period of time
separator should lay flat; be stable in electrolyte

<0.2

IASTM D3947-96. "TASTM D2103. “D.L. Caldwell, K.A. Pouch, 11.S. Patent 4,464, 238 (1984). “ASTM D726. “ASTM E128-99. 'ASTM D2763.

¢ASTM D1204. "ASTM D882,
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Table 8. Propertics of solvent-free polymer clectrolytes

Z] E’_H rd | o]

| bae W) gleide o, 107 Skmel ST AA AldlAnce the
gET kA, kA
LN RN PU NP Ao FelEls] wge |
ol EEAo] ke thol HL(20-0°C) o]

| Z71 )_J,

An =

SR =,

1 [«
FEel BJZJ

57

Polymer system Host polymer Polymer electrolyte ngg}}(‘_)
Linear
PEO poly{ethylene oxide) (PEO)s-LiCLOy 10#
POM polytoxymethylene) (POM)-LiCI0), 10°®
PPO poly{propylene oxide) (PPO)s-LICIO, 10#
POO polytoxymethylene-oligo-oxyethylene) (POO):-LICF;80; 3x10°
Polysiloxane poly{dimethyl siloxane)(DMS) DMS-LICIO, 167
Unsaturated polymers (UP) unsaturated ethylene oxide-segmented UP-LiC10;, (E(:LI' = 32:1) 16
Branched
Comb branched ethers poly|(2-methoxy jethy] glyeidy! ether|(PMEGE) (PMEGE)s-LiCI0); 163
Comb-branched methacrylates  poly|methoxy polv{ethylene glycoly methacrylate| PMG5-LICFA80 3107
(PMG) (EO:Li =18:1)
Block copolymers (PEO-PPO-PEQ)-S5C (PEO-PPO-PEO)-SC-LICIO,  1-5 x 107
(X-linked polymer networks) — SC = siloxane crosslinked (4:1 molar)
Polysiloxanes PEQ-grafted polvsiloxane (PGPS) PGPS-LICHO, 10!
Polyphosphazenes (RaP =N),  poly|bis-2-(2-methoxyethoxy)ethoxy phosphazene| (MEEP),-LiBF; 2% 16°

(MEEP (MEEP), -LiN(CF350) 5% 105
(MEEP),-LiC(CF:80: ) 16
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Chemical cross—linking gel
-
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- Electrolyte
AH .J‘M\\[
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\ Polymer-network
Physical cross-linking gel a &
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Fig. 6. Gel polymer electrolyte models.*”
Table 9. Properties of gel polymer electrolytes
Polymer system Host polymer Polymer electrolyte o (Scm™)
ymer sy poly y y @20°C

Plasticized
Linear PEO poly(ethylene oxide) (PEO)s-LiClO, (EC:PC, 20mol%) 107
X-linked PEO poly(cthylene oxide) (PEO);-LiClOy4 (PC, 50wt%) 8 x10*
PVdF poly(vinylidene fluoride) PVAF-LiIN(CF;S0,), (EC:PC, 75 wt%) 1.5x10°
PEI poly(ethylene imine) PEI-LiClO; 10°
Acrylates ethylene glycol dimethacrylate(EGDMA)  EDGMA-(LiClO4:PC, 1M) 2x103
PAN poly(acrylonitrile) PAN-(EC:PC:LiClOy), 38-33:21:8 mol% 10°
Composites
Glass polymer composites (0.564L1,8-0.19B,55-0.25Lil}-((PEO)s- 10

LIN(CF5S0,),) (18:13 vol%)
Gel polymer composites PAN-(PC:EC:LiAsF¢)-zeolite 1072
Nanocomposites (PEO);-LiBF,-alumina (10 wt%) 10

PEGa00-LiCF;SOs-silica, 20 wt% 1.5x10°

2F 2xkAAe] HA A8EA]
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Electrolyte)
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