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Advances in solid polymer electrolyte matrices for lithium-ion batteries

ZHANG Hao , CHEN Yu, WEI Jian , FENG Xiaomei , ZHAO Tian , GAO Haonan , ZHANG Junzhan’
(School of Materials Science and Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: Solid state polymer electrolyte (SPE) has a wider application prospect in solid state lithium ion batteries
due to its advantages of high safety, high mechanical strength and good contact with electrode interface. Polymer
matrix is an indispensable part of SPE as the main body, which plays the roles of skeleton support and promotion of
lithium ion dissociation and transport. This paper reviews the latest modification strategies of polymer matrix to
enhance the electrochemical and mechanical properties of SPE. Improving the crystallinity and lithium ion
transport channels of the polymer matrix by modifying its structure, morphology, preparation process, and addi-
tion of inorganic fillers to enhance the electrochemical performance of SPE is expected to contribute to the
commercialisation of solid-state lithium-ion batteries.

Keywords: solid polymer electrolyte; polymer matrices; structural morphology modification; inorganic fillers;

preparation process
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1 BEEREYBEER

Y P A, BE i 1 AR AT Ao
VRS VR A o S AR B S A L T RS L
B, BEBEMEREAU TS ELemm,
A5 FEL i JOT e AT RN Lk YR S P IO TE e i P R
MIF IS I G ,  3 fo IF T B T 2 M s i s 1
TE LA PERE T TH [ 2 F A 5T AT 40 o AR R Y
AR, e IER S, AR E, FEE
H i ot AT 5 AR A R OIS TC L W R R Y fE
B E (>500 W-h/kg)!" "2,

[& 2% H, f#% 5T (Solid state eletrolyte, SSE) 3= %
ST R TEHLR G R . REY M., Tl
W) 25 PR M T B S E AR . AR . PR T
AR R WS YT A SR
YRR . BERR G YRGBT . A Sl
T SO b 2% 25 i BT i P e, S R B
ReE s, LR 1. JCHL M & F A 0T Y = R S
LSRR, TR Y I R L R Ak AR E
RAF, MUMGREE &, Zaeteaels, HMrEX,
TTHMERE =, 5 AR R S AR A R A 2,
i) 5 ALt A, B AR T R Y A P B (R 1(a)~
1(c)). X TRAEYHRMBEU, T RS YR/

DL S RAH 2R, AH L BRI A LA T, I AT B
T (10 2 4 P RN O g (A LR B2 (%1 1(d)~ 18] 1(e))™

[ 25 2 & W) W, f#% i (Solid polymer electrolyte,
SPE) & A & LM AR &, AT DLRRAE —Fh B8 1 5¢
e, HA RIS FiEd B2 EESEE. N
A EF, SPE 32 %y 55 Wy ik 5 R A 4 AR 4y
R (F 2)0, TR T LAE A T
M EARMORL, R VE N BB s s AR, R
T BT R A ML O B RN SR ), A R DA
R T, AR

HR 8 SCHik P9 2890 B8 Ak B AR () SPE &
DRI RLT 8 M5 D) BREMERE S
R (21.0x107° S/cm), LA 2 B R L 09 B ol 75 5K
(2) R HLA SR FE (=30 MPa) 4 | - H 1 1% i T
KL B)HKmEmMHBEASRER N (=40V); (4) 5
L A FIAEEE P (2150°C); (5) B MU HE B T IE B 4L
(i 1); (6) R A7 A b /b fip o S T 422 ik s (7) 4%
R R (e > 8) (e S Fis i AIfg S s (8) 5
FEL AR T A 42 PR

MSCHER TR AT, il 29 SPE R B Rl AR = Y
RS PE (1), (3) F1(6), I ey 7 HL & 3
P v AL 2 RS M T 11 s e BORT R A BT 2 ]

ab B vy 2 &b N 2
WERBE e . ZMEL, ISR, BA%E ) T 5 i, T R S X 26 M BB Y OC i 5L 2 SPE
@) Tonic (b) lonig .
s conductivity
conductivity
: Mechanical
Interface Mechanical Interface property
contact property contact
Electrochemical Flexibility Electroc.hfemical Flexibility
stability stability
Safety
Safety
Tonic Tonic Tonic
(©) conductivity (d) conductivity (©)  conductivity
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stability Flexibility  giapility Flexibility —iapility v

Safety

Safety

Safety

1 FEZSHUR TR RE R &SI -

FULFEARART (a). AR (b). NASICON M HAR (c). FATKAYHAE (d).
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Fig. 1 Radar chart of solid electrolyte performance: Oxide solid electrolyte (a), sulfide solid electrolyte (b), NASICON solid electrolyte (c),

solid polymer electrolyte (d) and gel polymer electrolyte ()"*"!
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Fig.2 Structure diagram of solid polymer electrolyte!"®
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AR, EERR AU R R A . LA R
R AR e B D98, A AT LT S5ismt,

F 1970 4 PEO 3L [ 25 R & W) M kL B ik Bt iz
FER ALK, R AR KR T 2R AWK
£ (B3), EZHEAA L% (PEO). NG
(PAN). w3 £ M (PVDF) 217190
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Fig.3 Development history of polymer matrix

2.1 PEOEESEEYHEBER

R4 % (PEO) 3 SPE ELA 1R i k2 & 1k &
HE A RIS R, PEO MAE B A, 5
FINT, R H o B X 5 (e=8), A R TR
BEs, fER LSRR EY, PEOAEL M
AH DX g it 48U T 5 Lt TR EC A, PR TR S
R AN, AR T LREm™, H2, PEO
B 3 IR 45 5 (70%~80%) . B T HL S R K
(~10° S/cm) MIALA M AE 22, H1 29 T & A KA
Nz P
2.2 PANEESREYBERR

RN IE (PAN) JE SPE H A7 %% i 1 A Ak 22 &
FEVE RIS B R T IR RS R (B0 05 22 4) M
M L H 2L (6=36.6), A A TELEL MRS, ATLRIIL
Fic fes HLUFE IE A% (40 LiCoO, . LiMnO, . LiNi,Co,Mn,0,
SE) FIAR 4 @ b, AR B AR R R e
PRI fEPAN W, C=NH#5 Lit K4l AL, M

hnE R R A, PR R R AR, BAR
KB R W 1 B, BRI PAN A9 S T BH BT
FECOLHR A AR 2, HERE 7SR mA
(10°~10"°S/cm)®,,
2.3 PVDFEEGEREYBEBER

R I £ H5 (PVDF) 3k SPE HA 41 53 A AL
TEREFURE S DR S R A 2 TR] A Al A
[ri] BF B AT 45 15 1 A HL I (e=8.4) MR B8 19 A I
FEJLH (-40°C~150°C), A By TE AR, IRk
F§ SPE 7E = it N ARS8 M, DA T 48 - F S 4
PR PVDF [ 3 2 il 1 2 45 5 B 0 0 25 1
FHAK (<107 S/cm), M DLAE 4 B T H P R AR
g e

gr ek, HETHE LR A Y I A i 5z
T BB AU E REAER R, BFSE A
PR T ACHE . IR L BT L R EOR . AL
fargtty . WA T2 A SOk g g D L n)

3 BAEWERBIERE
3.1 FERBUMEMALE M

B SUEEPESTBUDOR S/ F e g NI
6, WILLI$ET SPE MBS 1 L S R Al fb 22 Ae e 1 o
P T ] 25 B SR Ak 2 38 B 2K IR 4 B (PEO)
HATAOKRE Aotk , FEIR PEO LT 4h R, %
BT S R S B 7511071 S/cm,  ZH 2B 1Y o [ A
HL L 7E 2 C HL 5 BE T 6 BF 700 B, 7R IR AR
WA 97.2%, KA MG EM . Choi %P
o FH DA 32 Bk 3k ] £ 2R 4R & BE (BO)/3A %60 TS %t
(PO) LR WE N R EW T, W HIH T 4VH
B R R TR G W, R SPE 5 B AR 2 [H] Y
TN AN R W QTS ke 28 S D O 1
THRE M IPE

LR P R 3 AR AN R R A AT AR
AU IE R G o THEB 45 b HE, MR R G
P HES LB 1, oIk REEBiE 8, BT
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TR R B 45 A B B B AL R AR IR, 4875 T SPERY
BT S R AR E I He S LIR N
ii (PAN)/3R & M lE (PVA) JLIR Ry KL, 45 1
PAN/PVA & & R & W) M fi# 0T, HE T 4114 PAN
EREGWHME, SR SRANMREEA TY
W R, HE % 0 &k 528V, 414X
Fik e 3t 119 97 25 £ E M 45 . Reddeppa 45 Y 8 5 &
W (PVC) 5 BRI E 2 k% (PEO)LIR, BT H &
A 30°C M 2.56x10”° S/cm, fE 90°C 1] i& 5.01x
10°S/cm. Zou %5 JF & T —Fp B 2K I Bk wk (PBI)
F1 PEO 2L 1 SPE, | F PBI 1% Wi 4 ‘B 22 25 44 il
MR Y B 1 )2 PBI 5 PEO 22 8] 4341 H. 1 FH 38
58 T SPE AR & ME ML M B, EHE TS
IR F] 5.7x10* S/cm, HLALFARE 1 h 4.45V,
PEFIEREGAT] 0639, Xue M B4E T PEO 5
HABR G P 3T IE, IEE NG S 0y B 38 iR
AREYHBMIT R 1), NETATLIE S, W
REWHTIATIE, e TRAYHNE TR
%, Hrh PEO 5 PVDF LR )5, 30°C B & 7 H &
HIKF| 4.9x10° S/cm, MWLM, SR E
B, R RS YRR IR, TR R
IS5, AR,

®1 BHEAZS (PEO) 5EMRSMHREEE FREX
Table 1 Ionic conductivity of polyethylene oxide (PEO) after
blending with other polymers "*!

Toni ductivi
Polymer matrix Lithium salt ’ul;emperature/ onic conductivity/

(S-cm™)
PEO/MEEP LiBF, 25 4.0x10°°
PEO/PES LiClO, 25 1.0x107°
PEO/PET LiClO, 25 2.0x10°
PEO/PVDF LiClO, 30 2.6x107°
PEO/PVDF LiTFSI 30 4.9x107°

Notes: MEEP—Polydiethylene glycol monomethyl ether
phosphonitrile; PES—Polyether sulfone; PET—Polyethylene
terephthalate; PVDF—Polyvinylidene fluoride; LiTFSI—
Li;La;Zr,0,, (LLZO)+Polyethylene oxide (PEO).

3.2 RMEHIER

bR 7 IR Z AN, TER S YR i A TCHLAN
KIERL, M TR R AN s A, B
A FEAS R A Y E BT (CPE), T LA RH# & H
b PERE T, Ah, R JCHL IR = AL AR
i, A LUl SPE $R AL A R PR, HRPLHR
b A7 I 3k R AR A A A R 1Y 2 A ) BB AR
P TCHL K BB A T, AT LA 1 PEIEDRE L 3
PESECR R T REPEEDRL 3 25

3.2.1 TEMEIE R

PEPEEURE (ALO,Y . Si0,* | Zr0,"d %) T EAE
FHZ U G W SR 25 . R DERREh A, 42
1o B T H S R I B T B HOKR B SPE M RE

Wang 55" 3% 11 T 7% &5 ft. PEO 3 16 JE i &
I Si0, 1) CPE, i it SiO, F#1Ik PEO K45 i
JE, BT E T TR (1.8x107 S/cm) I B T
EREEL (1,7=0.42), AN FE SR MAE 05CH T
R B A 161.2 mAh/g 1 = i FL A, FLAE
B 400 B 51547 88% MY A HEIR IR R
3.2.2 kIR

T PEEDRE (LisLagZr,0,14% | Lig La, s TiO44™4
Liy, AL Ti, ((PO,),**" 55) 2l i 2 5 41 8 7 iz
frad R, RE T BT RS R ALMGEE (A 4).
CPE H1 /1) Life fr i 42 FBAH LT 3 Fp: (1) ALK
B 2 RAEYRAREERZ Y, (3) THLIEAL-R
A YBE S AR

Zhang % Ml % T PEO-LIClO,-
Lig 4LagZr; 4Ta, 60y, A& &2 & [ 25 A i it (15 5(a)),
BARFREASE D (47V), ERE FH SR
=ik 6.74x107* S/cm, £ E & 0.1 mA/cm® 1) HL I
R R E G AT 1000h, 4% A 4 S
FL 7t 7E %5 L 0.5 C 19 78 5 FE R R 24 240 P 5 9 25 it
P45 F A 35 3] 92.6%., Wang 255 3% ] NaCl A A
Wi, ##E 3D BB £ fL Li; 3Aly5Ti, -(PO,); (LATP) FE
28 5 PEO I B M M 4, 1IL4h, 3D Z 4L LATP A~
{0 Litfe it 7 P B 5 E il , 8 v L CPE (1
VLM IR, 7E 60°C I, CPE MBS T ML 5 R & ik
7.47x107* S/cm, 412 % Li/Li %R E b ] LLAS E 16
it 1000h (& 5(b)). 156 HIA A & 19 T HLYY
K SEURL Al B AS) R AL T AT B T R i R Ak
e, (EHE NN -HZAWMEBREREVWES,
PR B A EARA Y B T IURR E, Sh R
TGP AL PR AL f i, [W A T A A
Ak,
3.2.3 TRtk CHLIE R

& 58 ToHL W % kL5 R A ) LA 22 [a] 11 255 (]
B2, X B S R m A PR, T St
4 & SRR T BB M SEURL TT LAk Litf% i 42 it o8 2 1
A2, YRAN SPE MY JE B 4 & A HLAE 4L 44 K}
(MOF) H A AS 18 F1 4 J 47 25, 7T LA 5 BH 5 40 4
L RHET BB T L 0, B MOF Y R 4 i
AR GE K4 R A 2H 20 %) 3 0 AT AT o] A A A BTl
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4 (a) THLIUK LiLasZr,0,, (LLZO) S5RINA LKt (PEO) JEIRE AR G YIHART (CPE) /R EEIFY; (b) LY/ AifE PEO R, PEO SEfAA
PEO/PgZ A IHIAL . PEO JL{AFIFGZAR & PEO/ B & S IAL 1% SAR R B PY; () LitfE LLZO-PEO-LITFST AN [ L f3i) i 52 4 v ffe v (B A T )
Fig. 4 (a) Inorganic filler Li;La;Zr,0,, (LLZO) and polyethylene oxide (PEO) form composite solid polymer electrolyte (CPE) diagram®?; (b) Conduction
pathway diagram of Li" distributed in the PEO matrix, PEO matrix and PEO/ceramic interface, PEO matrix and ceramic phase and PEO/ceramic

interfacel®’; (c) Path diagram of Li* in LLZO-PEO-LIiTFSI composite electrolyte with different proportions'®?
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LLZTO 0.2 i
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2' . N SN Teflon plate .
iy itri 5 —0.2
LiClO, Acetonitrile [ %’ -
§ 04 135%% <
L d v .""
oo | A = T~ 58~
08 LATP/NaCl/PTFE Removal of NaCl Heat treated at 900°C Composite electrolyte
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_1'0 1 1 1 1
0 200 400 600 800 1 000
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SN—Succinonitrile; LCPE—PEO+SN; PTFE—Polytetrafluoroethylene; CPE-R—Random LATP particles and PEO; CPE-3D—3D LATP particles and PEO
5 SRR DEH 2 & PEO-LICIO,-Lig JLayZr, 4Tag 60, (LLZTO) 52 4 125 HLff B A s 75 18 () %
4 =L LG iy 5AlyTiy ,(PO,); (LATP) F- 4L M I 4IAS A KR ] ()P

Fig.5 Schematic diagram of preparation of PEO-LiClO,-Lig ;LasZr, ,Tay 40, (LLZTO) composite solid electrolyte by solution casting process (a)"** and
preparation of three-dimensional porous Li; 3Aly 3Ti; ;(PO,); (LATP) skeleton and inhibition of lithium dendrite growth (b)"*”

Yuan %559 R B A B A T S AR CPE, B T-HL $%Rik%] 4.90x10*S/cm, Hig] %48
LiTaO, Fij & SR E M ThREHTRL, 5 PVDE il & T XHFREL M AE 0.1 mA/cm?® T ] FE MG IR 4 000 he
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YEF N LiTaOg Y8k f PRSI T 25 [ i £ 23 19 2
A NI L B RAn R AW < =S o = = A )
W%, H LiTaO, AJ 42 {141 b (19 Litf i i 15
24 T CPE WY T HL 5%, Shi %7 1% PVDF
515 1R BaTiOs (BTO) ., G PEIEEL Liy 35La, 56TiO4
(BTO-LLTO) 44 K £k 4 i PVDF 3 CPE, Jf-if it %
Bz RS T T LinE &L v BTO 5 LLTO 1%
fig & 21k (B 6(a)). THE LR R, WiLBH A
J5i BaTiOg the KA F THEER A B, H 2 Li”
A AR F R H G RS BIRE G Y LLTO 44 K 4%
e, IMPSEEL T LitHY Ui i % CPE BB HL &
FikF) 8.2x107*S/cm, H:4H# () LiNip 4Co,,Mn, 0,
(NCM811)/PVBL/Li [ # Hi ith 7F 180 mA/g 119 HL i
’ Li*‘

LiFSI 1 o

@

PVDF solid-state electrolyte

o
g 2909%
o

FSI”

T AR E PGP 1500 Y, A0 H v L SR B
WAL SR B AL 2E e e 2 e bERE, LA 6(b).

Huang %5 & BT AS [F] i 19 U i 45 - MOF
(Zr-BDC-F, (x=0, 2, 4)), ‘5 PVDF-NH M4 (HFP)
ZH %5 % CPE, 18 i Zr-BDC-F, 1 48 A7 15 1 1k 2% 4%
4 B8 T PVDE-HFP 4 (9 B AH G P 4R B IR 45
P2 i Lithy i s M e Ol TR A AR K
Jiang %51 3 i # R 5 1 PVDF R IE S, B AL
% Ak 2 1H 19 CPE (K 7(a) F1& 7(b)), BEJS A
ZIF-8(MOF), i% CPE7E E iR T & T i T K ik %
1.5x107* S/cm, £HEF T H4A %) 0.833,

ZE LTI, DURETE RN A 2R A Y A o
o, AT DUA RO R R SR A A, AR

Cathode
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: 2 L oa |LILII0) S
?ﬁﬂfﬁﬁ#@ﬁ&%&&&
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Fig.6 (a) Schematic representation of Li" states in poly(vinylidene fluoride) (PVDF) and PVBL electrolytes and dissociation of coupled BaTiO5-
Liy 33Lag 56 Ti05., (BTO-LLTO) Li salts in PVDF+BaTiO3-Lij 3312, 5¢TiO3 (PVBL) electrolyte; (b) Cycle test diagram of
LiNiy 4Coy;Mn, ;0, (NCM811)/PVBL/Li solid-state battery®”
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Fig.7 (a) Schematic diagram of the preparation process of ZIF-8+PVDF+LiTFSI (CEPZ);
(b) Schematic diagram of the possible transmission path of Li* in CPEZ*’!
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Fig. 8 Preparation process of PEO/polyacrylonitrile (PAN)-Li, Al 3Ti; ,(PO,); (LATP) double-layer composite electrolyte and the passivation mechanism

of C=N group and O atom through hydrogen bonding are illustrated'®!
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Fig.9 Structure design and electrochemical performance test of anodized aluminum oxide (AAO)-polymer composite electrolyte (APCE): Schematic

diagram of internal lithium ion transport channel (a), preparation process of composite electrolyte (b), lithium deposition/stripping in lithium symmetric
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Fig. 11 Mechanism diagram of PAMAM-CNT as the intermediate layer of the battery®
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Fig. 12 Preparation of solid polymer electrolyte hyperbranched polystyrene-(polytrifluoroethyl methacrylate-b-polytrifluoroethyl
methacrylate),;/lithium bis(trifluoromethylsulphonyl)imide ((HBPS-(PTFEMA-b-PPEGMA),;)/LiTFSI) and cycle performance diagram'*®!
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