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Fig.1 The relationship between temperature and saturated vapor pressure

and evaporation rate of lithium metal
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Fig.2 The physical image of lithium embedded in graphite layer under different immersion time
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Table 1 Experimental data of lithium embedded in

graphite layer under different immersion time

T HIYER R, RMER R/ i A8 BT/
% 2EW) /g %
60 min 0.04 13.79 0. 82 30. 49
120 min 0. 09 31.03 0.74 27.03
180 min 0.13 44.83 0.62 25.81
240 min 0.14 48.28 0.56 26.79
300 min 0.15 51.72 0. 66 21.21
i, %

I 1 0, B 0 B TR AR 36, R4 % R K R
PTH N W 13.79% F+ 2 51. 72% , WiFEREI= A
[E] >4 180 min Z i 4% & R ZY , 2 5 B4 & 2R
F#A ,60 min PIUIE K 0. 01 g, 3168 180 min J&—
ANEEYT R KB TR B & 1, AT — s B[]
ROPE R NME, I R Z5ie (e D3 el T A
BRI, R IE A BRI )2, FERII , #GE
ANAT B AS R & BB IR HERS A R A
PR 37 0T 282 Al W 1A B R A
YR o M R LR N 2R A T AR AR R R
iKF 44. 83% J& , AN A S5 LR S) )2 S LK By
Ab AR A, AR TR W] DUHE A e R
AR TG FITE 21. 21% ~27. 03% |, 1Mt 45 & A [a] 5
R[] R ik A 22 2R SC YL, R LG 180 min
BH A BB A8 LRV BB B H A% 2.5 em
R, Bt 12 o TR A E | 29 I Sk S S

LN 2R BT R R A RN LSRR A
AR SRR R ] R 180 min R AE
2.3 HMUBENE/ AEESYRUEENZN

J T HIHACIR E X R E S YA
(R sEm X 5 — BORA AR R 1173 K A 54
FEIREE 5. 8: 1 M= s [A] 180 min 4514 F T34/ f1
B GY TR, 5 B AR 5 S B L
BFE] 40 min R 58 A BE YR 15: 1,116
AGIREE 73 5% M 373 K 393 K 413 K 433 K #1453 K,
IR AL IR XL A B A IR AL R s | 25
RILE 3 F2,

& 3 AT 7R B Ak I A 393 K JE U IAS
SN WY 8 Bt , LG R T M R S T
5% BA DB ER /L | BB Ak VL EE R 453 KB AR AR AL/
AREAY ., &2 PRI T AR AR BRI
iF, A% &t 55 /0 (5. 33% . 10. 00% ) ; B AL IR B Ry
453 K B IE AR & 58 4, A5 & Rk 5 79. 58%
HSRYE—EREEE b mT DL o e N m e A AR A
Y o AR AR S BB AL R I (ER TE TR HERR 7
e AR BAR BA AR A BRI A W AR T o R I 5
M o AR, PR AS [ AR AG RS T A s R A
YIRS = EAT T Raman 38 R AFEL 1 58 2 &)
(TR LN, i — 2 38 1 1 A Ak & B 25 FI T AL 11
TR

TR 8RR R RN R R R A S
Ao A L 5 S A B R R AL AR
A5G AW HEATHEES SR 5 2% Raman 15, 45 5% 00
Kl 4, m 4 a] LOUE 31, 78 6 Ak il B2 373 ~433 K



2025 4F2 A1 BB S R - OB Ak ] A A AL L SR RS IE AR R - 89 -

(a) BiALIEEE373 K (b) BiAL 393 K

(o) HALIRE413 K

() Ak 433 K (e) ALl 453 K

B3 AREsALERE TR 52 Sy K

Fig.3 Sulfide diagram of lithium/graphite composites at different sulfidation temperatures
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Table 2  Sulfuration experimental data of lithium/

graphite composites at different sulfidation

temperatures
T AL iR EE AR/ g TR/ %
373 K 0. 06 5.33
393 K 0.48 10. 00
413 K 0.79 16. 46
433 K 1.85 38.54
453 K 3.82 79.58
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Fig.4 Raman spectra of lithium/graphite

composites at different sulfidation temperatures
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Fig.5 Sulfide diagram of lithium/graphite composite at different sulfidation time
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Table 3  Sulfuration experimental data of lithium/

graphite composites at different sulfuration time

B AT ] B A g BLA% R/ %
15 min 3.55 73.96
20 min 3.63 75.63
25 min 4.33 90. 21
30 min 4.49 91.25
35 min 3.99 83.13
40 min 3.82 79.58
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Fig.6 Raman spectra of lithium/graphite

composites at different sulfidation temperatures



2025 4F2 A1 BB S R - OB Ak ] A A AL L SR RS IE AR R - 91 -

3 YT
3.1 @/ EBEAEN
Jg T Wi I S 7 ) v B A A R A TE

(a~d) -l A BEEGYARMENSHHRE; (e~1) -3k
REL/ A1 SRS I WT IR RLE ] EDS [
7 #0855k SEM/EDS
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composite powder
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Fig.9 XRD of lithium sulfide/graphite

composites
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Fig. 10 The first cycle specific capacity (0.1 C)

of lithium sulfide/graphite composite cathode
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Abstract : The preparation of lithium sulfide composite graphite materials is a hot topic for many scholars, and how
to prepare high-capacity lithium sulfide composite graphite structural materials is of more research significance. At
present, the method of graphite thermal reduction of lithium sulfate is used to produce this material on an industrial
scale. The process requires a high-temperature system and belongs to a solid phase reaction. The reaction rate and
particle size are limited by lithium sulfate. In this paper, the idea of preparing lithium sulfide/graphite composite
cathode material by using high temperature to immerse lithium into a cheap graphite layer in a vacuum system and
sulfurizing in the same system is proposed. The effects of various parameters on the lithium volatilization rate and
lithium filling rate of the prepared materials were investigated. The main conclusions are as follows: The optimum
leaching process parameters are the leaching temperature of 1 173 K and the time of 180 min. The optimum
vulcanization process parameters are the vulcanization temperature of 453 K and the time of 40 min. The reaction
process is in a vacuum system, which not only stabilizes the highly active lithium but also improves the reaction
degree of lithium and sulfur. The lithium immersed in graphite is protected and the lithium size is limited to the
micron level. The lithium in the prepared lithium sulfide/graphite composite cathode material is basically in the
graphite interlayer, and the content of lithium sulfide in the product is 78. 88% . The structure of lithium sulfide/
graphite composite is more conducive to electron conduction. It is used as a positive electrode for energy storage
tests. The barrier is only 3. 0 V, and the specific capacity is as high as 921. 6 mAh/g.

Key words: lithium sulfide composite graphite structural material; composite cathode material ; melt-immersion-

liquid phase vulcanization; lithium filling rate; energy storage; specific capacity; potential barrier



