Polymer Electrolytes for Lithium Batteries: A Review on
Types, Characteristics and Challenges

Elham Aram*

Department of Polymer Engineering, Faculty of Engineering, Golestan University,
P.O. Box 49188-88369, Gorgan, Iran

Received: 30 July 2023, accepted: 18 November 2023

ABSTRACT

In most countries, these resources include coal, oil, natural gas, and nuclear

energy. However, the use of these resources faces various challenges, including
the depletion of fossil fuel resources, environmental pollution and an escalating price.
In order to reduce global reliance on finite natural resources and environmentally
destructive fuels, many efforts have been made to replace them with renewable
resources, such as solar energy, water, wind, and etc. Batteries are one of the most
potential technologies for this purpose. Lithium batteries have become increasingly
important energy storage systems in our daily lives, which play a significant role in
electronics and electric vehicles. However, their practical applications are plagued
by safety issues from liquid electrolytes, especially when the batteries are exposed
to mechanical, thermal, or electrical abuse conditions. Polymer electrolytes are being
Keywords: proposed as an alternative liquid electrolyte for building safer lithium batteries. In
this review article, polymer electrolytes are divided into two large categories of solid
polymer electrolytes and gel polymer electrolytes. The characteristics and properties of
solid polymer electrolytes and gel polymer electrolytes are presented at the first. Then,
the recent progress of common polymers, namely, poly(ethylene oxide), poly(methyl
methacrylate), polyacrylonitrile, poly(vinylidene difluoride) and poly(vinylidene
fluoride-hexafluoropropylene) copolymer, biopolymers (cellulose, polyurethane,
polycaprolactone), polycarbonate and polysiloxanes as polymer host of polymer
electrolytes will be discussed. Finally, we will discuss the remaining challenges and
future perspectives of the polymer electrolytes for high-performance lithium batteries.
We hope that this paper can provide useful information for the development of new
polymer electrolytes with excellent properties for use in lithium batteries.

T oday, the economic growth of countries depends on the supply of energy resources.
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Fig. 1. Schematic of the working mechanism of a Li-ion battery.
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Fig. 2. Schematic of preparation of polymer electrolytes
(reprinted with permission from Refs. 49 and 50. Copyright
2021 and 2022 American Chemical Socity).
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Fig. 3. Schematic of the performance of electrolytes based

on solid, gel and composite polymer electrolyte in the Li-ion
battery (reprinted with permission from Ref. 57. Copyright
2020 American Chemical Socity).
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Fig. 4. The chemical structure of the most common polymers

as polymer electrolyte.
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Fig. 5. Lithium ion transport mechanism in poly(ethylene
oxide)-based polymer electrolytes (reprinted with permission

from Ref. 81. copyright 2004 American Chemical Society).
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Table 1. Thermal characteristics and conductivity of poly-

ethylene oxide-based prepared electrolytes.

Chitosan/PEO Glass transition | Ionic conductivity
(Wt%) temperature (°C) (S/cm)
20 -43.6 3.2x10°%
33 -46.5 6.8x10*
43 -42.8 1.3x10*
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Table 2. Ionic conductivity and overall ionic mobility for poly(methyl methacrylate)-based copolymer systems with different

weight percentages at room temperature.

Ionic conductivity Overall ionic mobility
Samples
(S/cm) (cm?/S.V)
PMMA (90%)-PEGMA (10%)/Li-TFSI - -
PMMA (80%)-PEGMA (20%)/Li-TFSI 4.4x10° 1x107
PMMA (70%)-PEGMA (30%)/Li-TFSI 2.9x107 5.8x10*
PMMA (60%)-PEGMA (40%)/Li-TFSI 1.4x107 2.4x10*
PMMA (50%)-PEGMA (50%)/Li-TFSI 1.9x10* 0.31

PEGMA, poly(ethylene glycol) methyl ether methacrylate; Li-TFSI, lithium bis(trifluoromethanesulfonyl)imide

‘"vv V&Y LT a0 € 0 lohs cauiaabig o L poaky 6 39)9iS5 9 pgle (oole Alxo




Lpd o g bt DB Sl e Al S ) 55
Lol ol Kl slaly 5o ol ollas ool by
Sk oSl cole (el Ao sla ek
e A0 3 S sk [NTE10] st bl
PR PP N AE N RS WP
Sl S a1 01 Jiles oS 3505 0513 oS osden slass S
05 ol S0 0 Sasy 5l pas S INF] das e Bl mlo
B s oS ag g Samy B sk Jie wl ek
INV] cdl o35 (YxVe™ Slem) 5L Sy Sl S
S S a3 ke dae S S 5l K0 sy 5
spde Sl S S Sl [NMAT ol sl eslizad
et sl 03 50 VI 3 i oy S G 5 F/AXY 27T S/em
SHL x2S 5 ¥ ey xSl b e 05518 JUasl sas
oy Sl o3 5 a5 xS b5l g 5 2S00l sl s
55 e o3l s S 3 oS (650 i ASC
slacdy I W] oL, 5 Andersson .l OG5 L
dlgs <l s b bl 0B b al 5 sl el (6 ey
S pp anlad Ol oy Dby S Dhres S0 SV RS i S
sbj e 6l stsans b ey STl ks S ks LT s S
Sl sl oy sl ayls VeroC 5l he sbales b
s Gl s Yo Sl e el s Shes ol S
Slacdy il g 5o ol 0L eid 6 5L slasy I L
i) Sl oy sbme 53 PEO 5 06,5 5 s Sl slasiel 0l el
S AL 3 eslinal ) ghaiens Lol 5 g Olin 55 5 51305 5) s
S PEO 5 0G5 L lils glacds sl ad g o2
B3 PEO L gl 53 s (SOl ol 5 a5
N//\leﬁdwb:&ﬂambﬁL@JQ}J:_(J\‘;\JQLJ:J@Lﬁ
Voo 5l e P LIS i 5 VYY mAh/g oL el s b
J5 sl Sl celr 5 oSl 05380 VY] ls s
o e Sl b s eslind gl OU s b wl ek
FN T Slem syu- S Sasle; ey sSIIYYV] s
at o= Yoo 5l AV GBS L sV YA/Y mAD/g 4l b b
oStk Glass S Ol SES15 (s S Ol Lol Lsls ol
b Sl LGS o O b 8 laes S 5 5ol
e 3 5 S oo Lge O JWEI 6l 1) 2B 55l 5555 0
O5SVs 8k ) 2 053 s 25 e S 2D
OS5 5l ol s (l oy Sy gy S
s Mindemark .ol o3 S Clr (g ek g S Olgeas |

Ll 9 Wrduadtine Elgil ) (509 40 104 LS )3 )3 6 pasks L9 i)

o PVDF s 5le S ool 40V o2 05538 Uil s
Sl 5o O35 Slaedt s o5l oo etd 05 JWSHse 55
Ol 555 @I L (658 (S5 50en L g Al 55 o PVDF (gla i
Lo sl oS ~ 5 Slo a3 5 S 15 Slind 1S
055 SOk 658 Soaohes Sladisg cpl O Lsd e
JeSaodn 058 O5asten slansl 5 Dlind gy 515 Ol
Sy GRIPl o bdisn ol 3 5500 S5 5505
PVDF b » glacdy xSl ax 1o i oo ptd Jlislsie 5 S
o LS iy Sl Ll s o 0L 1 g llae il
bt S 2S4S b 53 058 0 SSISe ol el
oS ) el (S ol my sk Al s s |
Jsies ol 15 0T 55 & 555 sleiy PVDF-HFP
Al ok HlE s dmes gl ey S ]S
[V ] OSan 5 Kuo A8 o Lge ol S (6l 1y sl SIASe
5> L PVDF-HFP ol s aly 5 ek J5 2l
L3S 4 s s padoillal b S Slale D sle
YV Slem s> ool Sp Sl eddasle ol 1S
sslizal sy 0L 1, V00 °C byt sl S soll ol jane
olis 53 e gl sL s PVDF-HFP slacs «JI
Sa Skl M bty S glajlnl ple Lo 28
I Slule OEs,ls et 3 Chas SO Pl 5 oS
Jae ol g e e casias, pbossdee L
G3sbanstas ek J5 s Sl glasl O Kiasn
DN 58 g o S5 Jg o ley/PVDF-HFP 4l
Ox)+ T Sem 5 b s S s Sl ols 0L gl
S S el Jsane slos 53 AV B Slagdis xSl o oy U
(10) MAR/E) (33 4o g b s S ol b odkbailn oz
Bl el ek Gl ds S PNY] O es 5 Li syl
i) sl SL s 38 ks |, PVDF-HFP/PEO el
s PEO sk 58S o PVDF-HFP 55 .5 S 2
g e SO s S a2 e 5o 5 S B SRl
PVDF-HFP I 555 Yo/ 350 035380 ¥ Jodr el el
Glaaasio 5 ot Oy JWEl sde (G SAle) spp o

2552 PEO L aslis 3 (5L olasds I

1 pouls Sy 5 0-0
e e T P g L;Laaf.:.ki el esly Ol ldlas
s eds s PAN PMMA PEO il (g ey slac ]y I

VY T o £ Lo g omw Juweposly 5399935 5 ol iirole Alzo YYA



Wiy 9 Wrduadtine Elgil 1 (509 00 104 GG )3 23 6 pasks L9 i)

Q.L\.lﬁ))db ol aliss Lgl.ac_',.zjjj;ﬁl Slaaasin =Y J -
ot AL 53 (a8 58 1m0y, 5350
Table 3. The characteristics of various poly(vinylidene fluoride-

co-hexafluoropropylene)-based electrolytes for lithium-battery

o Ionic
Crystallinity o
Electrolytes %) conductivity |t
0
(S/cm)

PEO-(10%)P(VDF-co-HFP) 49.16 2.63x10* -
PEO-(20%)P(VDF-co-HFP) 35.99 2.72x10* | 0.25
PEO-(30%)P(VDF-co-HFP) 22.79 2.54x10* -
PEO-(40%)P(VDF-co-HFP) 27.16 1.97x10% | -

*t: Lithium ion transference numbers
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