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Abstract: Lithium-ion batteries have been widely used in 3C electronic products and power car batteries, and have
shown certain prospects in the field of aerospace power supply. Single ion conductor is an electrolyte system basically
transported by the lithium ions participating in electrochemical reactions. It solves the problems such as side reactions
and concentration polarization of anions existing in the liquid electrolytes of traditional lithium-ion batteries, and thus
improves the coulombic efficiency and cycle life of the batteries. Researchers have developed several types of single ion
conductor electrolytes. In this paper, the latest advances in the synthesis strategies and molecular dynamics simulation
of polymer electrolytes for single ion conductors with different anion types in the past five years are summarized.
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Fig.3 Preparation of single ion conductor electrolyte by irradiation grafting
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Tab.1 Properties and performance of sulfonyl-type single ion conductors with different anion structures
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Fig. 6 Schematic diagram for the preparation of organic-inorganic composite single ion conductors by two kinds of

inorganic powders



95 37 % 2020 455 2 ) 75 A PR T L SR T S AR W R T 19

gE6 WMEXLNBEHEENLTNESEEFESEKHE
Continue fig. 6 Schematic diagram for the preparation of organic-inorganic composite single ion conductors by two kinds

of inorganic powders

13 BABEFHEF

BH B 14l 28500 CAn AR 557 12 Lewis i@ 45 ) AT
i 3 N B R AT A, PR R R TR R AL, X
W2 2 L AR 0 — P SR e . PR LA DR A
2 A M B TS R0 Sy B R A R R TR s
P Ay 38 S0 50, B vey T e T e R i o O [ S e
AR AR T R 1 DA S S L S

2 BETREITEEN

21 HEEHFE

THERB L N R A W B i BT 9 b Y
T AR T ARl T A AR . AR
W RN Y TR RN N ol R NN N
T AR iz R L DA AR AR T — RN A 5
PR, TR F AR R . BT
B 0Ly 1 e RUBE H /N 31 K, RBORT 43 oy 11k 2
gy i ABRICAE . RS O LT A b
IR T FrhrR iz s, ol R A R Sk
rb R A S 5 L BH BH S R B VE R L S A B
VER VR s o 5 H P AR K, — i
ZHEP AR TR R S5 T3 )T ik
AN B A T2 431 N 5 45 A a7 Ak )
Y, Hh A AR R TS RN AT AL BT A
JRF R RS AEAT A SR R AR AT
HE N A Bz 3h B s R R TR S e 5
) B A BR OGO 3E T A WA F 2 A R
AR L 002 T s A BT R

e LR T SR S R A T REAT O RAE RS
1720 B AR 2 My 1 ) Ty A U I R
WOAEZAR RO P iR Tz .

22 HFHAFHEBLG

THE A 0L BE S Bh B A 0 06 15 5 AR, I
AT — L1 T XL Sk T H
2 F TFSTH 5| A fik 3t 5 B, & 0% 8T 14 2 -+ 19 £
HBMPEOTE R G W Ml A R G AEE B T A &
SR AN KRS BT BB B8R M,
ik R BA BT SR AR . BRI %
B BA S T AP T SR BE B PEO B 7] 45 4258 (14 4>
Sl 1 SR 5 = R 7 Nl - N R A
(B8R F 25 PEO BCAL) , i A Bt JE 55 B 5, Li B
PRI B L P AS AR 0 B B 0 R B N
AR AIF 5T T 2 I 0 X T R i B B T Sk
R A 0 DA B R R R 2 i A EC/
DMC 68 J5 |, #1 3 F F — SO, BB A7 I8 55 , B 2%
RERTHLA SRS . BT * 50 T sk
SEA MBS R R R AR R ROR L
BB 45 A e 7 KR T 8 5 4 R 4 1 B S
ACEBTH . AR RS R RS
I BB R R R B 7 A T, AR T A R R
U EE, A TREZ AR LB LB T
R B S i SR . e Ol
BERLI T B, RIS @ 4 T8k 3 SE T A IR
TR A5 PR X B A R S R 1 S ) R LA 0
HLEE



20

R (R 330
AEROSPACE SHANGHAI(CHINESE &. ENGLISH)

95 37 % 2020 4EH 2 I

3

% R iE
B TR B TR R %4 A Rl

T, R T8 PR v A 3, R ORORE LR BT
REPIR IS [ AR BE R BRI . M fil

Ak

e B R BT T R A A T e A B

BT ORAL DE B T AR RO b
SEA VLT RE OUCE L B P MLBRPE RE o [RII , 2545
AR THE BN, W] LU B B 1 S A B B 4R
IR, LA, A i i B A 55 T2 H0OR X B
AW e T S A ab B R k0T 5

S & ik

[1]

[4]

GOWNENI S, BASAK P. Swapping conventional
salts with an entrapped lithiated anionic polymer: fast
single-ion conduction and electrolyte feasibility in
LiFePO,/Li batteries [J].
Chemistry A, 2017, 5(24): 12202-12215.

LIANG S W, CHEN Q, CHOI U H,

Plasticizing Li single-ion conductors with low-volatility

Journal of Materials

et al.

siloxane copolymers and oligomers containing ethylene
oxide and cyclic carbonates [J]. Journal of Materials
Chemistry A, 2015, 3(42): 21269-21276.

ZHANG H, LIC M, PISZCZ M, et al. Single lithium-
ion conducting solid polymer electrolytes: advances and
perspectives [J]. Chemical Society Reviews, 2017, 46
(3): 797-815.

JEONG K, PARK S, LEE S Y. Revisiting polymeric
single lithium-ion conductors as an organic route for all-
solid-state lithium ion and metal batteries [J]. Journal
of Materials Chemistry A, 2019, 7(5): 1917-1935.
BANNISTER D, DAVIES G, WARD I, et al. Ionic
conductivities for poly (ethylene oxide) complexes with
lithium salts of monobasic and dibasic acids and blends
of poly (ethylene oxide) with lithium salts of anionic
polymers [J]. Polymer, 1984, 25(9): 1291-1296.
RYU S W, TRAPA P E, OLUGEBEFOLA S C, et
al. Effect of counter ion placement on conductivity in
single-ion conducting block copolymer electrolytes [J].
Journal of the Electrochemical Society, 2005, 152(1) :
A158-A163.

DOYLE M, NEWMAN 1J,

Comparison of modeling predictions with experimental

GOZDZ A 'S, et al

data from plastic lithium ion cells [J]. Journal of the
Electrochemical Society, 1996, 143(6): 1890-1903.

ZHANG S, DENG Z, WAN G. Cationic conductivity
of blend poly [oligo

complexes composed of

[9]

[11]

[13]

[15]

[16]

[18]

(oxyethylene) methacrylate] and the alkali metal salts
of poly (sulfoalkyl methacrylate) [J]. Polymer Journal,
1991, 23(2): 73-78.

SUN X G, HOU J, KERR J B. Comb-shaped single
ion conductors based on polyacrylate ethers and lithium
alkyl sulfonate [J]. Electrochimica Acta, 2005, 50(5) :
1139-1147.

XU W, SIOW K S, GAO Z, et al. Novel alternating
comblike copolymer electrolytes with single lithium
ionic conduction [J]. Chemistry of Materials, 1998, 10
(7): 1951-1957.

COWIE J M G, SPENCE G H. Novel single ion,
comb-branched polymer electrolytes [J]. Solid State
Tonics Diffusion & Reactions, 1999, 123: 233-242.
CAIZJ, LIU Y B, LIU S S, et al. High performance
of lithium-ion polymer battery based on non-aqueous
lithiated perfluorinated sulfonic ion-exchange mem-
branes [J]. Energy &. Environmental Science, 2012, 5
(2): 5690-5693.

GAO J, SUN C S, XU L, et al. Lithiated Nafion as
polymer electrolyte for solid-state lithium sulfur
batteries using carbon-sulfur composite cathode [J].
Journal of Power Sources, 2018, 382: 179-189.
CHANG H P, SUN Y K, KIM D W. Blended
polymer electrolytes based on poly (lithium 4-styrene
sulfonate) for the rechargeable lithium polymer batteries
[J]. Electrochimica Acta, 2004, 50(2/3): 375-378.
DOYLE R P, CHEN X R, MACRAE M, et al. Poly
(ethylenimine) -based polymer blends as single-ion
lithium conductors [J]. Macromolecules, 2014, 47
(10): 3401-3408.
NAKAI Y, ITO K,

molten

OHNO H. Ion conduction in

salts terminal-charged PEO

Diffusion &

prepared by
[J]. Solid State
Reactions, 1998, 113/114/115: 199-204.

WANG S W, COLBY R H. Linear viscoelasticity and

cation conduction in polyurethane sulfonate ionomers

derivatives Tonics

with ions in the soft segment-multiphase systems [J].
Macromolecules, 2018, 51(8): 2767-2775.

JIPY, FANG J, ZHANG Y Y, et al. Novel single
lithium-ion conducting polymer electrolyte based on poly
(hexafluorobutyl methacrylate-co-lithium allyl sulfo-
nate) for lithium-ion batteries [J]. Chem Electro
Chem, 2017, 4(9): 2352-2358.

JEONG K, PARK S, JUNG G Y, et al. Solvent-free,
single  lithium-ion covalent

conducting organic

frameworks [J]. Journal of the American Chemical



o5 37 & 2020 4EH5 2 1) i

F5 G5 B T T B B T S IR RS W vl A I 5 i 21

[21]

[23]

[24]

[26]

[29]

[30]

Society, 2019, 141(14): 5880-5885.

SHEN X, PENG L Q, LIR Y, et al. Semi-interpene-
trating network-structured single-ion conduction poly-
mer electrolyte for lithium-ion batteries [J]. Chemelec-
trochem, 2019, 6(17): 4483-4490.

DING Y, XIU S, JING Z,

et al. Pre-irradiation

grafted  single lithium-ion  conducting  polymer
electrolyte based on poly (vinylidene fluoride) [J].
Solid State Ionics, 2018, 323: 16-24.

LI H, SHEN X, HUA H, et al. A novel single-ion
conductor gel polymer electrolyte prepared by co-
irradiation grafting and electrospinning process [J].
Solid State Tonics, 2020, 347: 115246.

MEZIANE R, BONNET J P, COURTY M, et al.
Single-ion polymer electrolytes based on a delocalized
polyanion for lithium batteries [J]. Electrochim Acta,
2011, 57: 14-19.

BOUCHET R, MARIA S, MEZIANE R,

Single-ion BAB triblock copolymers as highly efficient

et al.

electrolytes for lithium-metal batteries [J]. Nat Mater,
2013, 12(5): 452-457.

MA Q, ZHANG H, ZHOU C W, et al. Single lithium-
ion conducting polymer electrolytes based on a super-
[J].
International Edition, 2016, 55(7): 2521-2525.
PORCARELLI L., SHAPLOV A S, SALSAMENDI
M, et al. Single-ion block copoly (ionic liquid) s as

delocalized polyanion Angewandte Chemie-

electrolytes for all-solid state lithium batteries [J]. ACS
Applied Materials &. Interfaces, 2016, 8(16) : 10350-
10359.

PORCARELLI L, ABOUDZADEH M A,
RUBATAT L, et al. Single-ion triblock copolymer
oxide) and

electrolytes based on poly (ethylene

methacrylic  sulfonamide blocks for lithium metal
batteries [J]. Journal of Power Sources, 2017, 364:
191-199.

CAO C, L1Y, FENG Y Y, etal. A solid-state single-
ion polymer electrolyte with ultrahigh ionic conductivity
for dendrite-free lithium metal batteries [J]. Energy
Storage Materials, 2019, 19:401-407.

YUAN HY, LUANJY, YANG Z L, et al. Single
lithium-ion conducting solid polymer electrolyte with
superior  electrochemical — stability and interfacial
compatibility for solid-state lithium metal batteries [J].
ACS Applied Materials &. Interfaces, 2020, 12 (6) :
7249-7256.

ROHAN R, PAREEK K, CHEN Z X, et al. A high

[31]

[32]

[33]

[34]

[35]

[37]

[39]

[40]

performance polysiloxane-based single ion conducting
polymeric electrolyte membrane for application in
lithium ion batteries [J]. Journal of Materials Chemistry
A, 2015, 3(40): 20267-20276.

LIU Y, ZHANG Y F, PAN M Z,

mechanically

et al. A

robust porous single ion conducting
electrolyte membrane fabricated via self-assembly [J].
Journal of Membrane Science, 2016, 507: 99-106.
CHEN Y Z, L1 Z, LIU X P, et al. Construction of
interconnected micropores in poly (arylene ether) based
single ion conducting blend polymer membranes via
[J].
Membrane Science, 2017, 544 :47-57.

PORCARELLI L, MANOJKUMAR K, SARDON

vapor-induced phase separation Journal  of

H, et al. Single ion conducting polymer electrolytes
based on versatile polyurethanes [J]. Electrochimica
Acta, 2017, 241: 526-534.

LUO G M, YUAN B, GUAN T Y, et al. Synthesis
of single lithium-ion conducting polymer electrolyte
membrane for solid-state lithium metal batteries [J].
ACS Applied Energy Materials, 2019, 2(5) : 3028-
3034.

ZHANG J W, WANG S J, HAN D M, et al. Lithium
(4-styrenesulfonyl)  (trifluoromethanesulfonyl) imide
based single-ion polymer electrolyte with superior
battery performance [J]. Energy Storage Materials,
2020, 24: 579-587.

PAN Q Y, ZHANG W C, PAN M Z,

Construction of a lithium ion transport network in

et al.

cathode with lithiated bis (benzene sulfonyl) imide based
single ion polymer ionomers [J]. Journal of Power
Sources, 2015, 283: 279-288.

ZHU Y S, WANG X J, HOU Y Y, et al. A new
single-ion polymer electrolyte based on polyvinyl
alcohol for lithium ion batteries [J]. Electrochim Acta,
2013, 87: 113-118.

FET Y Q, LIU S M, LONG Y, et al. New single
lithium ion conducting polymer electrolyte derived from
delocalized tetrazolate bonding to polyurethane [J].
Electrochimica Acta, 2019, 299: 902-913.

ZHUY S, GAO X W, WANG X J, et al. A single-ion
polymer electrolyte based on boronate for lithium ion

batteries [ J]. Electrochem Commun, 2012, 22: 29-32.
QIN B, LIU Z, DING G, et al. A single-ion gel

polymer electrolyte system for improving cycle
performance of LiMn,O, battery at elevated
temperatures [J]. Electrochim Acta, 2014, 141:



AR (R 3E30)

22 AEROSPACE SHANGHAI(CHINESE &. ENGLISH) 5537 & 2020 4E5 2 W
167-172. [48] FENG Y, TAN R, ZHAO Y, et al. Insight into fast

[41] ABU-LEBDEH Y, ALARCO P J, ABOUIMRANE ion migration kinetics of a new hybrid single Li-ion
A, et al. A single-phased ringed pyrazolium imide and conductor based on aluminate complexes for solid-state
its potential application for plastic crystal-lithium Li-ion batteries [J]. Nanoscale, 2018, 10(13) : 5975-
batteries [J]. Journal of New Materials for 5984.

Electrochemical Systems, 2005, 8(3): 197-201. [49] BLAZEJCZYK A, SZCZUPAK M, WIECZOREK

[42] QIN B, LIU Z, ZHENG J, et al. Single-ion W, et al. Anion-binding calixarene receptors:
dominantly conducting polyborates towards high synthesis, microstructure, and effect on properties of
performance electrolytes in lithium batteries [J]. polyether electrolytes [J]. Chem Mater, 2005, 17:
Journal of Materials Chemistry A, 2015, 3(15): 7773- 1535-1547.

7779. [50] ZHAO J, WANG X, PENG L, et al. Magnesium

[43] DENG K R, WANG SJ, REN S, et al. Network type borate fiber coating separators with high Li-ion
sp”  boron-based single-ion conducting polymer transference number for lithium ion batteries [J/OL].
electrolytes for lithium ion batteries [J]. Journal of ChemElectroChem, 2020 [2020-03-14]. https://doi.
Power Sources, 2017, 360: 98-105. org/10.1002/celc.201901916.

[44] ZHAO H, ASFOUR F, FU Y B, et al. Plasticized [51] LUF, LIGR, YUY, et al. Zwitterionic impetus on
polymer composite single-ion conductors for lithium single lithium-ion conduction in solid polymer
batteries [J]. ACS Applied Materials &. Interfaces, electrolyte for all-solid-state lithium-ion batteries [J].
2015, 7(34): 19494-19499. Chemical Engineering Journal, 2020, 384: 123237.

[45] ZHAO H, JIA Z, YUAN W, et al. Fumed silica- [52] MARENICH A V, HO J, COOTE M L, et al.
based single-ion nanocomposite electrolyte for lithium Computational electrochemistry: prediction of liquid-
batteries [J]. ACS Applied Materials &. Interfaces, phase reduction potentials [J]. Physical Chemistry
2015, 7(34): 19335-19341. Chemical Physics, 2014, 16(29): 15068-15106.

[46] LAGO N, GARCIA-CALVO O, LOPEZ DEL AMO [53] MOGURAMPELLY S, BORODIN O, GANESAN
J M, et al. All-solid-state lithium-ion batteries with V. Computer simulations of ion transport in polymer
grafted ceramic nanoparticles dispersed in solid polymer electrolyte membranes [J]. Annual Review of Chemical
electrolytes [J]. Chemsuschem, 2015, 8(18) : 3039- and Biomolecular Engineering, 2016, 7 (1) : annurev-
3043. chembioeng-080615-034655.

[47] BERTASI F, NEGRO E, VEZZU K, et al. Single- [54] ZHANG H, CHEN F, LAKUNTZA O, et al

ion-conducting nanocomposite polymer electrolytes for

Suppressed mobility of negative charges in polymer

lithium batteries based on lithiated-fluorinated-iron electrolytes with an ether-functionalized anion [J].
oxide and poly (ethylene glycol) 400 [J]. Angew Chem Int Ed Engl, 2019, 58 (35) : 12070-
Electrochimica Acta, 2015, 175: 113-123. 12075.

— - - - SN — - — - - - SN

RBKFERTNBELRS
T L) BT A I 2 R A 0, R Ay A B L T 0 A
e VR AT L B T B P R S, AT SO R AR N 340 1 R 0 b AR
A5 TN 2 R 5 4 R I o TR O 2 B S B R B R
SEIR R (LA ) 1 T 2 R 0



