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Abstract: The application of gel polymer electrolyte (GPE) provides a promising scheme for improving the safety of
lithium-sulfur batteries and inhibiting the shuttle effect. The GPE can improve the charge transfer obstruction and
uneven lithium deposition caused by the high interface impedance between the all-solid electrolyte and the double
electrode, and effectively solve the defects such as fast capacity decay and poor cycle stability. In this paper, two
different technological means, in-situ polymerization and non-in-situ polymerization, are introduced for the
preparation of GPE in lithium-sulfur batteries. The methods of improving the GPE base by different synthetic

processes are described, and the "benefits" brought by different processes are analyzed, and the application of
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real-time and accurate in-situ characterization instruments in lithium-sulfur batteries is introduced. It is pointed

out that in situ advanced characterization technology can guide the electrode material design of lithium-sulfur

battery and provide researchers with more suitable synthesis technology of GPE for industrialization.

Keywords: lithium sulfur battery; gel polymer electrolyte; synthesis process; advanced characterization; gel

polymer
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Fig.1 Different synthesis techniques and advanced characterization

techniques of lithium-sulfur battery gel polymer electrolyte (GPE)
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Table1 Advantages of using different synthetic processes GPE and the performance parameters of assembling
lithium-sulfur batteries
PT— . BTSSR W/ ARILAR ey
BT (LW GPE (S-cm ) (mg-cm) (mAhg) FEfE
PVFH-TOC- 3(om 1103 8 mA-cm™, 650K IG5
PEG 8x107(25C) 5 (2mA-cm™) JiCH L 25 1680 mA-h-g ™!
PVDF-HFP-m- 3.23x10°(53E) 2 _ 0.5 Hgglsork?}ﬁﬁfiﬁi%
o AR % P f& Co30,-NH,4 L% 5620 mA-h-g .
vy AETACFIEATEM, 3% PVDE-HFP- N 0.1 C. 150/ IEH 5 i,
EYANNE Y 3, D=
FBRAE  pepiiiir, 5 TieaSH ALO, 1.85x107(i) 1 1233010y sektea1.s mahg
R A oy ,
PEO-PAN- sran 1 C. 300AEH TR L
LiLa,Zr,0, 2.1x10°(30°C) 2+0.3 1459(0.1 C) #4575 mAh-g !
s 0.2 C. 450X IEIRE TR H
PI10 6.22x10°(Z ) 1 - [ %1 1543 mA-h-g!
EBIER SN SNE Rpp o, 5.56x10°(F 1) 2 110201¢) %L Gy 20O LG
g oy LA FBIGPE, fif IOTCER) O1€) " wasitsos mang”
o P PR/ GPE S i Re s 0.1 C. 200X fHFRJ5 i
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3.7x1073( =)
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0.2 C. 260K AGHA 5 iR
I %5 42673.5 mA-h-g™!

1024(0.05C)

1.5+0.02 1194.7(0.2 C)

Notes: PVFH—Polyvinylidene fluoride-hexafluoropropylene; PEG—Polyethylene glycol; TOC—Tis,0,4(OCH,CH,0)3,(RCO0);4(EGH) 4
(R: t-CH;3-CH,CH,CH,—; EGH: —OCH,CH,0H); PVDF-HFP—Poly(vinylidene fluoride)-hexafluoropropylene; PEO-PAN—Polyethylene
oxide-polyacrylonitrile; PI10—Polyimide10; PDOL—Poly (1, 3-dioxopentylene); PVA-CN—Cyanoethyl polyvinyl alcohol; SHGP—Novel
gel polymer synthesized from polyethylene glycol diglycidyl ester and branched polyethylene imide; PDOL@InPc—Indium

phthalocyanine added to PDOL.
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Fig.3 Schematic illustration showing the in situ interfacial polymerization of liquid electrolyte realized

with the LiPFg/Al,O;/polyethylene (PE) separator'*”
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Fig.4 (a) Charge and discharge cycle curves of Li-thioacetamide (TAA)/S/C battery at 0.1 C rate; (b) Rate performance of Li-TAA/S/C and
Li-S/C cells; (c) Cycling performance of Li-TAA/S/C and Li-S/C cells (Rate: 0.1 C)®*"

R R A S 2 a2 E T, v LA
b 2 B AL AR A RN . FL L2 M e R I A 2%
BB L S E 0.2 C A 3T BEAT 780 L A BR B 3R
4 950 mA-h-g™ [ & LA B, 7E 05 C 5% T Rl
LA 1 100 IR 1 45 i DR 5 3 5 ik 98%, R I
S B FR AR M

FEJEA R A T2 v ki e A 2E A7 18 i ok
A B I A 1) SR A SRR N Bl T2, FEAR TR
%4 GPE #FH M RE WA W& /E/H . Zhang %1
T 1 7E R A KA B i Mo,C 448 K ki g S 1
P 5 114 T 32 R B i Y SR A A R Bl T 2
FHZS B BR 5] % DOL JE 17 AT 3R 3R 40k Ak
e R A W it (181 5(e)). i B LAY GPE 5
i I AR R B AR 38 EL AT R 1 B TR M R A
R =S S SRS S I il N R o A I
A, B RS 45 R R, Mo,C il i ##
1o B 1) SR A T S I Bl 0 2, SRR R R rh &2
WAL B ZEAR RN . ARG AL R AR R &
Yrra i AR b, IR R LA RAF R A2 MR
H1 1% GPE 41 %% ¥ £ 6 i 7th 76 0.05 C 5 T it 47

FECEAE IS, R A Ak #1024 mAheg
£ 0.5 CAE T BB IG A 100 )5, B HL A it
5445 521 mA-h-g™',

TE R A SN 3k 2 rf I AR N 700 %65 5 i SRS
HL AR T ) D RE IR AT & B 1T, X F R R A GPE
B H b P Ak A R RE R B TR Y . Guo A
e JE A 3R A S 3k 2 v Jim A AT ¥ PR 4 (InPc),
TE 51 % 37 = 0% BR BT (Sc(OTh);) W51 % T % A4 T
IO ] A — o B BE I SRS W L T . Gl )
R A2 R AEFR S ST AR LS S, S5 R
g LB R H 400 o i L s TR AT
AR, T s o A Tk 0 R A1 A A R B SR S
fift Jot R R C AL R, ) R M 2 R AL PR B AR
BN, PO A InPe WY EER R A W o g T nT DL S
B AR EAE FDE R B S S S5 R i R 9 2
(1K 5(f)). F PDOL@InPc £ % (1) Li-S 4%k 1 3l 7%
8.0mg-cm™ WAL 12k, 0.2 CHER T 4T 7k B A
HHA 1194.7 mAh-g" W L2 RN 325 Wohekg™
W RE B AT, RN R &Y Li-S b 75T
REVR VR SE bR g B BRI 77 .



EaMB=ER

- 1832 -
Lewi id Li metal
~ €WIS acl anode
(a) Stepl (0] O - - H{O“"’«O/anH (b) %0
25°C oN
. . eC
Step2 £ M\O d Lewis acid ;\8 N NN ' El
‘;\l 70°C > HNg O §Cmss -linked
< . PVA-CN
Immobilizing  Inhibiting uttlmg ofpolysulﬁdes Uniform Li
polysulﬁdes deposmon
(©)
N d N, I\I[
Q_,..- LR ,_/Ni " ,_/N\L J’ SNH (d) PEGDE N¢N~Nw ««
v 2 NI 2 ™N NH, H, N Polymcrlzatlon
% %‘ ‘o ”T\ "'I\H m
<) H
H‘\ZN é HN 0\ JHN_ N, N, @Hﬂ N\ WH
> —_ n
., }\N/—’ ) NH, ]\N’r ‘/.NN
) H N'\‘N"'NI-L m \N H
PEI

SHGP electrolyte

-(-CHZ— CH,— o-}
iy B, A S22

olyte
.
ectrolyte

t

o E‘ ! Gel polymer electrolyte
* g B !
— o > | Li| |Li il |Lif
L L] © .
i~} iEI &
d’ e s =
* Mo,C Sq # o Polysulfides

rFast kinetics

Do &

PP—Polypropylene; PDXL—Polymerization of 1,3-dioxolane

€5 (a)1,3- UK (DOL) HF IR ZMEE (PVA-CN) SR I L M4 (IPN)-GPE P SN HLE s (b) HA AEXTHK GPE M4 1Y LilIPN-GPE|S HiLit/R
HEE (o) e BT SRR RS (SHGP) LAt 5 iy JFUHE R A0 TR ; (d) B2 W 4i/K H Ml (PEGDE) M3 AL % Z M e (PED) B4 Ay

I (e) RABRIKAT

(CNT)/Mo,C/S TEAR I GPE Lt - A RESRABLHIR TR ™ s (f) 2 549 F AT, AR (LE).

PDOL Fll PDOL@PKT54H (InPc) 1 S 2 [ il (8] {5 142
Fig.5 (a) The two-step reaction mechanisms of 1,3-dioxolane (DOL) and PVA-CN to form the interpenetrating network (IPN)-GPE; (b) Schematic

diagram of the Li|IPN-GPE|S battery with the asymmetric GPE network®; (c) Schematic illustration and the working principle of super-high ionic

conductive gel polymer (SHGP) electrolyte; (d) Synthesis scheme of the polar polymer by polymerization of poly(ethylene glycol) diglycidyl ether (PEGDE)
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Table 2 Different in situ characterization methods and their uses
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Fig. 7 (a) Dynamic processes of nucleation, growth, deposition, and dissolution of Li,S, and Li,S"”; (b) In-situ UV-Vis spectra of soluble lithium

polysulfide; (c) Dynamic distribution of Li,S, on the positive sulfur electrode’®”; (d) In situ/operando S K-edge XAS observations at the anodic side of

Li/$ cells with/without bismuth sulfide/bismuth oxide nanoclusters in a carbon matrix (BSOC) layer'®"
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