CORIE R o E # R Vol. 31 No. 2
2025 43 J CHINA POWDER SCIENCE AND TECHNOLOGY Mar. 2025

XEHS :1008-5548(2025)02-0049-10 DOI:10.13732/j.issn.1008-5548.2025.02.004

AP il A P OB R AR TR 52 0k e

#OF,#GE FHE, IHE
AL RHE R MRRES TR, Jbat 100083

BE: [BM]SR RO EESERITEH SR ARRE BN EGRETEMEKREXR S SR EESE b E
BitFE R, [(ARARIAMBET Lk m e Mams e — A2k, e REs ., e R Fa e K u ™
AR E . SR Z AR P RORE AL A B R R B R R R A R R, N A AR
B HAREARER MY BT EER T E, URBRIRE A EME A BER MY TR T KRS BN
Ao [FHIEERER BB R AR/ 01 o AT Y R AL 27 — WU BL 2 Ak 1R, e 307 380 37 1L 4 v A% T 8 L AR P 4 i 2k
TEEHE AR AR T R P R R B A R AR N O, R R TR G A AR TR R B RO AR A AR & A
BEAREGE T %, TRERBERAH TR ERASTFFE, BEWATAERE ARG TN,
RER: Ry BSEMAR; BAEH

FESZES: TQ174.1; TMI12; TB44 ERERES : A

5| A&

£, BB, FRE, ¥ ORCHESLMFEBE SR NF R R FEREEA, 2025, 31(2): 49-58.

LIAN Fang, FAN Zunhao, LI Jingyi, et al. Research progress on preparation of sulfide solid electrolyte particles[J]. China Pow-
der Science and Technology, 2025, 31(2): 49-58.

HL B 7R 4N — AR BE R A5 IO R SR X B T M ) BE R L Fdn . kR4 T R
BRI SR P I 2 A A U A T (liquid electrolytes , LEs ) FIFG I, 1T LAAG 20 il o A5 kA ) i v
it , A8 JEG A DR LEs Yo Vs B 110 2 4 e ) A0, 44 v o b A G A RE 7 LA B R b 2 4 e 5 TR v B 25 e L
W04 J AR SRR 14 o7 PR 2 — 254 it ) BE A A Tt 1) K R AT AR T I o S SR RHIT 2 LA I
FL Y A 55 T PR R L 9] A0 S g 2 0 [ [ A T Ak 2 - Ak 2 E - E AR A VE RIS, £ e B
flFRFE | FL AR TR | 4 i AR T 2 0 1 A5 P i S A I R PRI, TR R B P S B A i v BB D R
S A TR P10 AL [ 28 b A O 0T 42 1 245 P b 8 T H R FH 28 G EE L

I 38 A A B - R Ak W (Li,S—P,Ss) TR & A Lit S i 1 A 20 42 80 4R AT 1R 32 31 G .
1982 4F , Mercier & B R IR T BA BRACHERR 2 (Li,PS,)fb 22 1R 45 S S B 750K, 0F BRI B AR &
BT 3K EERE AL, 2001 4, Hayashi 55 38 T = REEREE A % T B 55 38 Li,S—-P,Ss Y 7% o 2013 4F Liu
AT A I WA B R Li,S—P,Ss IUTHR R L 1N Li,S Fl P,S, 7E DU S IV A Hh AR B B-LiPS,.

HEA 21 20 J5 , B A4 FE e I A 90 A 32 B DG , 45 PR BB AL 4 15 1 AN Wi i & B, Ak
e [71 75 P 5 P Tt BB e T A R T . Wang S5 SE SRR IR A BT P SR 1 Li,PS,~2LiBH,
B Ak [ 2 H A 5, R AR 240 500 nm, IR FH R PR RE B IE A JF & 1 B %% B R 4t 300 W - h/kg H B AL
F 4 [ SR B H3 1 (all-solid-state lithium-ion batteries , ASSLBs) . F H1J , [ 2% B i i 19 3 B804 0 45
AALY™ . kAR B AL O N AL S R R AR R R AR ik
558 A [ 75 L T AR AR 2 Ak, AR LE TR Ak, B T A H Rk Rl & BE A, AR AL A S
TFHEZL AR AL, PR MR T 1 285 el e o 1) 8 Pl 38 B, O 10 °~10 2 S/em, 1 HLBRJTZE 1Y B 72
A, AE S PO LR T8 R AR EIE " Bbah, By 2 i i B A R G Al ml S o

s BHA: 2024-08-15, {EEIHHA: 2024-12-30, 2 HHA: 2025-02-24,
BEE£UH: BEXARBAEETH , 4% : 52172180, 51872026,
F—1EE/ N EN(1973—), &, 247, Wt WA S0, 075507 moNRERAAE SHEHp R BASRM ., &Stk AR,

E-mail : lianfang@mater. ustb. edu. cno



50 LENEER RN N %31 %

RBGAEREYE , 938 1L A R L S o T S A 1 s o TR AR F AR T
TR Ak T B 6 T B 0 4 o L 26 1 A0 A A B T SR T T
1.

AR SCH B LA 1 5 T P L AT SR LA, X B ) 5 0 P R P2 T 7 7E 9
B, 45 B A AORDRE PR 30 2 0O T (LB R MR O RIS 0 R, BRI B AL L et
SRR MR ARG , B 42 T 8 A A 96 S B A7 4 0 A B 1 25 Y R
EZ 3
1 B P [ 28 L A 2= T Y Pk

B EL A ] 55 8 P A TR BB S 1 55 B 1 R S R A R 38, (RO i A 2 1 25 e it ™l
XFHOREE A B R — PR RLARRORE L S A A R A A R R R BRI
UTARSR , ST B A L v i o 2 1 L S R I DRSS PR RESR TH A 4 S 2, AT T B35 BRI
R T AREAR T A R ES 7 AR AN B 2 R i S AR T i A AR AR JLAS 5 T BB

-y
’ N SE oxidization

Li dendrite S ok ‘
W 277X Insufficient solid-

solid contact

SE reduction R

V Volume change

Li volume expansion ‘0

SE decomposition

Limetal  Active material  SE Carbon “

SE—Solid electrolyte.
Bl SUAemEESEGEMR. RE. SR RREBEEEE LFEENEAR @I

Fig. 1 Technical challenges of sulfide-based solid-state batteries at material, interface,

composite electrode, and cell level
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Fig.2 Microscopic morphologies of Li,,GeP,S , particle with a size of 1~3 um at different

moments under a certain force
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Fig. 3 Microscopic morphologies of Li,,GeP,S,, particle with a size of less than 1 pm at

different moments under a certain force
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Tab.1 Variance of Li,PS, particle size distribution with ball milling process parameters

Sulfide particle size/pm

Grinding media diameter/mm Grinding media filling ratio Ball mill speed/(r+min™")

dyy dg, dy,
10 03 600 1.9 6.2 14.8
10 03 800 35 11.2 26.4
10 03 1000 5.0 16.5 425
10 03 1200 2.0 49 1.1
5 03 800 2.9 6.9 16.1
7 03 800 2.9 7.1 21.0
10 0.2 800 33 122 337
10 05 800 29 7.1 24.0
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Fig. 6 Atomic layer deposition-based coating strategy for preparing oxide-coated Li,PS,Cl particles
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Abstract

Significance Sulfide solid electrolytes (SSEs) have become one of the most promising materials for the industrialization of solid-
state batteries, owing to their high ionic conductivity at room temperature and unique mechanical properties. However, in terms
of material types, the development of SSEs still faces a series of challenges, including poor chemical stability, severe electrode
interface side reactions, mechanical contact loss, and the absence of large-scale production technologies. Over the past decade,
many approaches have been proposed to address the above issues. This review focuses on particle size reduction and particle
coating/modification to improve the chemical stability and electrochemical performance of SSEs.

Progress Small-sized sulfide particles have lower electrochemical/mechanical strain energy, which suppresses mechanical deac-
tivation/degradation. Due to the unique mechanical processing and low-temperature crystallization characteristics of sulfides,
mechanical ball milling and mechanochemical solid solution synthesis methods are currently effective for obtaining small -sized
sulfides. However, the crystallinity of sulfides is changed during the mechanical ball milling process, and the Li" ionic conduc-
tivity decreases. In contrast, the liquid-phase synthesis method has the advantages of lower synthesis temperature, shortened
synthesis procedure, production of fine sulfide particles, and simultaneous modification, which is expected to be employed for
low-cost large-scale preparation of sulfide electrolyte powders. However, sulfides are unstable in air and solvents, limiting the
solvents available for liquid-phase sulfide synthesis. The residual solvents and generated impurities are detrimental to the perfor-
mance of sulfide electrolytes. Therefore, exploring more feasible processes for large-scale production of sulfide powders will be
crucial for the industrialization of sulfide-based solid-state batteries in the future. The surface state and chemical sensitivity of
sulfide particles can be precisely controlled by coating and surface modifying, which can significantly suppress the reactivity of
particles under humid and oxidized conditions, improve the interface compatibility between SSEs and electrode materials, and
reduce the electronic conductivity. In the future development of sulfide electrolyte, it is important to explore coating materials
and their coating techniques to further improve interface stability without compromising ionic conductivity.

Conclusions and Prospects By optimizing the synthesis methods and modifying the particle surface, sulfide electrolyte have
made great progress in the application for solid-state batteries. It is vital to further enhance the performance of sulfide materials
for solid-state batteries. Future studies can focus on the strategies for producing electrolyte membranes and exploring composite

electrode designs to ensure compatibility with production equipment and processes of liquid lithium-ion batteries.

Keywords: sulfide; solid electrolyte; solid-state battery
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