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Research Status and Progress in Preparation Technology of Inorganic
Solid Electrolyte for Lithium Ion Battery

YU Lele, LIU Meng, WANG Qingwei

(College of Materials Science and Engineering, Henan University of Technology, Zhengzhou 450001, Henan, China)

Abstract: Solid electrolyte is considered to be one of the effective solutions to the safety problem of lithium-ion batteries,
while inorganic solid electrolytes have been widely studied because of their highest ionic conductivity. The preparation
method has a great impact on the performance of inorganic solid electrolyte. Therefore, seven preparation methods of
inorganic solid electrolyte, including high temperature solid phase method, sol-gel method, chemical coprecipitation method,
hydrothermal, casting method, magnetron sputtering method and 3D printing method, were reviewed. The principle and
research status of the above-mentioned preparation methods were discussed and their advantages and disadvantages were
compared. Finally, the preparation method of inorganic solid electrolyte was prospected, in order to provide a new idea for the
preparation of inorganic solid electrolyte and open up new possibilities in industrial production and scientific research.
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Fig. 1 (a) Schematic diagram of electrochemical deposition behavior of lithium metal anodes in solid and liquid electrolytes

[10]

(b) Schematic diagram of an inorganic solid-state electrolyte all-solid-state battery, with the green, blue and gray spheres to
represent active anode, active cathode and solid electrolyte materials respectively !
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Tab. 1 Classification of inorganic solid electrolytes
Category State Structure Advantage Insufficient Common
Excessive resistance at
electrolyte/electrode
Garnet Good thermal stability, interface and rapid Li;La3Zr,0p,
manufacturing costs lower growth of lithium (LLZO)
dendrites at
grain boundary %
Crystalline Perovskite Good electrochemical r}el:ls%; agrf Séniz(s);ﬁ?iry Lay;-Li3, TiOs
Oxide stability eosidnee, a1y (LLTO)
Hich ionic It is easy to have Ll”"?ﬁggff)@o“%
NASICON g lont side reactions with . -
conductivity lithium metal Li AL Ti,—(POy,)s
(LATP)
Stable and relatively wide Low ionic
Amorphous LiPON electrochemical window . LiPON
for lithium metal [' conductivity
Li,S-GeS,-P,Ss . High ionic conductivity,
. Li, S-SiS,-P,Ss, excellent machining .
Crystalline LiiS-SnSi-stz, performance. The crystalline Poor electrode/ Li;¢GeP,S),
Li-S-Al,S+-P,S state has a lower grain .
Sulfuret : ) S boundary resistance, eiicéio;}t/itgii?teratige
II:,IZSS'(I; ZSSS’ and the amorphous state rapid Ic) apaci t;y decay
Amorphous Ll? . BeS > has a wider 75Li,S-25P,S5
125-5233, electrochemical
leS-SlSz window
M is a Group 3 . .
metallic element LisYCle, LisYBrs
M is a group 13 . . Li-Al-X,
. Li,MX, metallic element S .. Reduction .stablhty Li-Ga-X, Li-In-X
Halide _ . . High ionic conductivity and moisture
(X=FCl,Br,I) Misabivalent i .
metallic element stability are poor LigMXg
M is a non- Li,0X

metallic element
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Tab. 2 Comparison of preparation methods of traditional inorganic solid electrolytes

Room-temperature

Preparation method Advantage Insufficient Category conductivity/(S-cm™)

High temperature solid Easy to introduce impurities, 4 4
state method Large output, easy to operate sintering temperature is high Garnet 1.410x10 "-7.200x10

The powder size is small and The preparation process is Garnet 8.830x10°-2.222x10"*

Sol-gel method the sintering temperature is . R » »
Tow complicated and the yield is small NASICON  1.100%107-9.440%10

The powder size is small and  The preparation process is complicated ~ Garnet 1.000%107*-4.900x10™*

Chemical

coprecipitation method the quality of doping elements

can be precisely controlled

Precise stoichiometric
ratio compared to the
preparation of drugs

Hydrothermal method

Strong dependence on equipment

and the price of chemical
reagents used is high

NASICON  2.000x107-5.870x10™*

NASICON  2.100x107°-4.800x10™*
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T2 ARk T SR AR 1) i 53 e B %o 0 25 b o
HPERE 2 e %L, Schrokert Z5PTHESY T 3BT IR
PR AR L B A RIS RGN LLTO WA
Wi, WFFEERE, 2 wt.%A o B L LASRAS 5]
MHRHEIR IR, BEG R SIS LHIE R 2 1 1.
B FIFIE IR M 15 wt %SO AT A e
JFR B9 LLTO iR . Tron 0P8 FH SR [A] B B4
FIH 5 LigPSsCl I, AFFTRMT, H—Fhah7IMELL
I o L o TR A LB L A2 MR, 2R3 4t
TR IS A0 SRR S~ (76 2 i f G v L T Fl
PR2F P RE A REOR B

BEAR, T AE TR A T Hh e T2 o P 1 5
S —EREE . il Oh ZEOLR i AE
1 NZSP #ifiE, BF5t#W], NZSP 1) ASR FE5
5eR J3E i P A T TR JEE B B i g I, 55 pm JEE
f) NZSP 1) ASR 4 42.7 Q-cm®, 86 pm JEf¥) NZSP
[ 25404 R AR 0.2 C i 8L 73 mAh-g ' ~
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MIELT A T Nasi6Zr1 34Y016S1PO1 AR, WFF5EER
B, LA R R A ML BE DL R R T
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g5 1, VAETARE NS T A5 R R, SRR AN
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il % [ A F R RS, PR TR AR, S —Fb
WL SR RS I T o R R A S — A PR
DB, B TAEAMEL . iE R
FLLE A FI IR, PR R I S o A 0 1 S e A
PR B . SRR G . DR R
e AR T AR R A A o

Tl 42 0 S %) B R A T o 71 245 b, fe SR T 1)
PERE M, AR SO S R TR S 4 LATP
MR A B, BEE TR DR AT, LATP S
TS5 HURBEZ T TREE TR SRR T, LATP
WA B i PR e B S TR, 24
IR 200 W, SJEH 0.3 Pa i, 343K LATP
PR B T SRk E] 1.16x10 * S-em ' B S {H
Zhang 252 4JE f Li-Si-Ti-P-O (LSTP)HEfRHT &
PR, YIRS RARRE 160 W I, 15349 LSTP #
JERRHED B 5], BA 4.12x10°° Seem ' AYES
THL SR 8 NMUBERINT Cion/Oae o N T HE
— IR R SRR, Tan Z5USTRT RGBS A5 2 1Y
LLTO A THAb B 530 Zad U B LLTO
AR, B3 1.22x107° S-em ' 42713
9.56x107° S-em ',

SRINT, XoF I S o 0y s B A PR AL AR 2 3 5K
WP Li 0045 %, DROH IR SR IS S i
[ Li, Xiao 2541 4 LiPON B, i I B £ Lis 3P0
AL Y LisPO, A, il 55 H BLAME 1Y

LiPON (Li-LiPON) i, H B8 7 Hi 5 48 5 5
3.2x10°° S-em™', Sastre ZF| A LLZO I Li,O
FOAF BEAT LIRSS, 4 T AOK S LLZO
il F L TR UL IR 3(b), A ATTRR I S A A T S
SEHMHEERIOCRE B, PR AN, Ga BHK
LLZO #RAE 700 °CiR K AbHLS B BT H S5 H
1.9x10* S-em™ ',

BEAl, 5550 2 H g O A O A L, R
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% T I 4IE ek IR 5 I B, A Tk h AR DR Bk
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Tab. 3 Preparation technologies of other inorganic solid electrolyte films

Film preparation method Materials Room-temperature conductivity/(S-cm™") Refs.
Li; 1 AL Tir(POy)s 1.000x10~* [68]
. Lis,Lay3-,TiO; 2.200x10°6 [69]
Pulsed laser deposition . s
L16‘25A10'25L33Zr2012 2.900%x10 [67]
Lig.17Lag ¢ TiO; 3.760x107* [70]
Electron beam evaporation LigsLag sTiO3 1.800x1077 [71]
Ion beam sputtering LiPON 2.000x1077 [72]
Lis;La;Zr,0y, 2.400x107° [73]
Sol-gel deposition Lig3sLag 55sTiO3 8.000x10°° [74]
Lig33La0.56TiO5 4.420x10°° [75]
" Lij sAlpsGey 5(PO4); 0.500x10° [76]
Aerosol deposition ) . 6
L11‘3A10'3T11‘7(PO4)3 1.100x10 [77]
Atomic 1 d " LiPON (1.450+3.000)x10”” [78]
omic layer deposition ~
yeraep Li;LasZr,01, 1.000x10°8 [79]
CO, laser assisted chemical Li;La3Zr,0, 4.200x10°° [80]
vapor deposition LisLa;Ta,0, 3.800x107° [81]
Metal-organic chemical vapor LiPON 2.950x107" [82]
deposition Li;PO, 5.000x10°8 [83]
. . LigsLag sTiOs 1.000x10°® [84]
Solution deposition ) . 3
Ll3xLa(2/3),xT103 3.890%x10 [85]
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