89510 455 2
Vol. 10 No.2

hESEEEFIR
The Chinese Journal of Nonferrous Metals Apr. 2000

2000 7F 4 H

XEHS: 1004- 0609(2000) 02— 0203- 06

CEELZRLEN

iR RET

FHR, MR, WAz, XEL

(hE TR MR A E K E AR, K 410083)

O A XA I ASOR AR [ R ) R R A S B G P S A S R I B AR A A
FOUERA B <5 FH B2 A A Bt 20 BT L BB R R BE L 410 CAESABIABINE, BE Li, Mn JR7 HERIEE S, BAHG M) LA
SR AR R, B R A R B S R 750 CHRCRT R OGR4k AU B 3 AR B LiMny 04 4R & A F
Mny03 . 500 CHLAL A AN, 28 il JEAH Li, MnO, A 284 LiMny Oy I3 & A7, 099 AR T80 H F Hs 15 6 A B0 20 40 &5

ANGRURR, i 7 3 IR T e A R R B T IR O A

KEEIR): AAE SIS 4 Aubib
PEYZES: T™MI11. 16

SCERFRIRES: A

JE AR G5 W) B0 9 I 4 e B AL B A 4
AR PR 45 6 AR L v B i T R IE AR AR, e BT &
PO Ll 25 B R B AR R R R L R R A
iX, WL w1, UL LrAl LiSi, LiB &
S SR RS R R AT 1,75, 1.9 F1 2.0
V AP xR e R TR R
B BEBUE - AFR et R0 AR Rk R A
S SOV AE AR A, HR v A Y ) Ll T R R L R R
S B VI AR LR A B T AE .

FF = 5 0 s R A D IE AR A B, 40 M nO»,
V.05 55, {5 it i) TAE IR B K (400~ 550 C),
NAFRE M2« 5 505 ah i oR R s R S5 e
MAXZHERAMY LT SEMZE, FHRNa
B, XHEMTHERE. UNEREUYANES
PERE MmO T S T I R, T LA AR
JE Al DLHE— 0 B g B B R Li, Mnp 041571,
Li, V305'®”, Li, CoO,l """ 145 dybml I, 44k
B A] DA o B SR A 1) R i ol

R A U L ) [T AR A e iR AR A
M 78 o R B, A8 2R 45 M 1) Li, CoO,,
Li,NiOy, Li,MnO,, & & R & £ B 45 8 1
Li,MnoOg, LB Li 5 & i B I e P
SRIMAERE Li A6, K s B [ (25 47) 1 H B
SSHMASEHAEN, BERREK, B4 HIEA
DA FIEA R R TR RSP, Wik, meE
(i Li & f2) Fifs e v 2 18] 1) 0 1 2 4 e vt S A6 4
TEARAA o D5 200 R 1) 1) A . AR S MinO, A [RIL 2%

O YisHHE: 1999- 07- 17; 1&3iT B HA: 1999- 10- 26

EZEEN:

BRALFERE N IO 45 K B iR (500 °C) #E— 25 HauAk 24 ik
M N TP ERTT .

1 SRIGAHE

1.1 $BaEidiz

BEAL2E 4 MnOy A1 LiN O5( 35 MARFNE W AS) 4
M4 400 'CHI 200 CTHRALEE 4h Jo5, PA Li/ Mn( JiR
T, FEY A 174, 1/3, 1/2 K ELEIHTF BE IR
Bl 75 200MPa Hs J) FRAE SRR B . (=i N
WE BT RS TFERNUAT, MR E<
2%) . X E LiNO; Byl 55 MnO, 1 VY
ARV E R N L SRR, 2 3 Bk
: LiNOj 1) MnO, FE4& N #F72 (270 CLRIRE Sh);
BEAL V(410 CRIR 6h) 5 S5iHARE AL HL( 750 C
Pt 36 h) o BT A il 25 SR BB A v 2 T 2B &
it o HFX MnO, 5AFREEH K] LINOs M ™
Y2 410 CuE 750 CALFE G B AR 45 i EAT X 5 2k
TS S5 53 H7
1.2 SimBARA IR

B LB/ LiCFK Cl/ #E AL S8 AL Y 16 1 20 o e i
7E 400 CEY, 500 C LA K A [ L 90 25 B T 19 i HE Ak
B, FX-Y eSS 0 He s T A A gl 28 (1
FEATHS) . FLi67% (RS %, TRH) M LB
Héat LisBe A1 Li B PIAHM B AL 50 = A, 5
fE0.4mm), MM EZ(EE 0. 8mm) £ F
45% W T MgO K45 71 1) LiCEK C1 R SR8 £h (45

ZER(1968- ), T, YR, HEwFREA



« 204 ¢ P E AT 4 8

2000 4 4 H

55, ¥ 80352 °C), hoE A A A P I A 1 S H
fe, B AN 30% f) LiCFKCI 5% 40% HJ LiCEKCl+
10% 471 88 K}, HAEZSH 410 TR 1h, ik LiCk
KCl #3595 W b, WAk BAR 17. Smm, 1ER A E
0.4g, £ N 1. Omm JERILEEF . B AT, F%
T T min Lb Lt R 4RI B SE IR B . BB &
(IR AR A R U e, HURE JEAT XS ZeAiT 5 ik
5, AT AR I R AR A AR

2 ZRERSSH

2.1 FEENSEETK

Bl 1 EAR Li/Mn RS 410 TR A
PG X SFERAT a0, B rT UG W TAL B S
B-MnO, A1 LINO; TR &ML LINOs( 45 55 264 C)
LR MnO, BB F1 410 CIRIR AL BE, A4 451 &
AT, R Li/Mn A 174 F0 1 3 IRREE, TS
KIS IR 2R, BT, 5 LioMnOs 4k
(R F 527 —1252) %85 Li/Mnh 1720, #7482
I A1 45 H B LiMnoOa( R 5 18 —736) , 1 £6 15 4%

\(i)J

{(c)

{a)

30 50 70 9
26/0)

Bl 1 410 CREHLMY X SF AT i
Fig. 1 XRD patterns for specimens
heat treated at 410 C with Li/ Mn atomic ratios
(a) —Li/Mn= 0; (b) —Li/ Mn= 1/4;
(¢) —Li/Mn= 1/3; (d) —Li/Mn= 1/2
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Fig. 2 XRD patterns for specimens heat treated

at 750 C with different Li/ Mn atomic ratios
(a) —Li/ Mn= 1/3; (b) —Li/Mn= 1/2
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Fig. 3 Discharge curves at 5A/dm? for specimens
with Li/ Mn, initial atomic ratios, of (a) 0; (b) 1/4;
(c¢) 1/3; (d) 1/2, after heat-treated at 410 'C and
(e) 750 C; discharging condition: 500 C,
LB anode and LiCFKCI electrolyte
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Table 1 Discharge properties at 5A/ dm?

Initial atomic Specific capacity  Specific capacity Value of x in

ratios of at A at B Li, Mn;04 for
LiMa  [(Assg ) I(Arse ) T,

-jr 232 300 0.93  1.06

-3L 149 210 0.94 1.07

L. a0c 108 150 .21 1.30

- 750 C 14 54 1.025 1.101

Note: specific capacity is the discharge capacity for per unit of initial

Li,Mny04.
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Fig. 4 Schematic drawing of discharge curve’s

epitaxial treatment
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Fig. 5 XRD spectra for discharged specimens

with Li/ Mn (initial atomic ratios) of (a) 0;
(b) 174; (¢) 1/3; (d) 1/2, treated at 410 C
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Fig. 6 Pulsedischarge curve for vacancy-rich
spinel specimen with Li/ Mn initial value of 1/ 3,
cyclically loaded with 5A/dm? for 40s and out of

load for 20s; discharging condition: 500 C,

Lt B anode, LiCFKCI electrolyte
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Fig.7 Discharge curves at 20 A/ dm” for specimens
with Li/Mn (initial atomic ratios) of (a) 0; (b) 1/4;

(c¢) 1/3; (d) 1/2, after treated at 410 C and (e) 1/2,

after 750 C; discharging condition: 500 C,
Lt B anode and LiCFKCI electrolyte
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Fig. 8 Discharge curves for specially treated
product with Li/ Mn of 1/4 at current density of
(a) 5; (b) 10 and (¢) 20A/dm?; discharging
condition: 500 C, LB anode and LiCFKCI electrolyte
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Electrochemical intercalation performance of chemically lithiated

manganese dioxide at high temperature

LI Zhryou, QU Xuan-hui, HUANG Baryun, LIU Zhrjian
State Key Laboratory for Powder Metallurgy,
Central South University of Technology, Changsha, 410083, P. R. China

Abstract: Changes of crystal structure of manganese dioxide during chemical and following electrochemical lithiation at high tempera-

tures were determined using X-ray diffractometer, and the cathodical discharge properties of the compounds were analysed by simulat-

ing thermal batteries with a lithium-boron alloy anode. After chemically lithiated at 410 'C, with the increase of Li/ Mn molar ratio,

B-MnO,; turns to spinelstructure compounds through layered lithiated manganese dioxide which can change to spinel compounds and
p p g y g g p p

Mn,03 if longtime exposed at 750 C. Intermediate phase Li,MnO, and final spinel phase LiMn,04 also occurred if MnO, or

Li,MnO; were electrochemically lithiated at 500 C. The voltage of chemically lithiated compounds was not sensitive to Mn’ s initial

valence when they were cathodically discharged, while overpotential was dependent mainly on the channels in which lithium-ions can

diffuse inside the crystals.

Key words: manganese dioxide; lithium alloys; thermal battery
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