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Discharge mechanisms of vanadium-lithium oxide cathodes for
thermal cell

LI Zhi-you, CAO Du-meng, ZHOU Ke-chao

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Thermal battery potential cathode materials, LiV30g, y-LiV,05 and VO,, were synthesized and discharged at a
current density of 100 mA/cm?, with an anode of Li-B alloy and electrolyte of LiCI-KCl eutectic molten salt at 500 C.
The attention was paid to the phase evolutions to investigate the discharge characteristics of these cathode compounds in
the V,05-V,03-Li,0 system at high temperature. The discharge reactions of V,0s, f-Lig3V,0s, V,0,,:1 and V,0,,-; were
also discussed. The results indicate that LiV;0g, y-LiV,05 and VO, all show decomposing discharge mechanism in which
LiV,0s, LizVO,, V,0; and LiVO, gradually appear. The phase relationship is schemed for the V,05-V,03-Li,0 system to
be discharged as thermal battery cathode, during which V,05 and f-Liy;V,05 may firstly turn to dischargeable y-LiV,0s
through the lithium-insertion reaction, V,0,,:; and V,0,,; are both discharged to become the mixture of Li;VO, and
V,0; finally. Because of the disproportionate reaction of V*in y-LiV,05 and VO, on discharging, Li;VO, and V,0; are
obtained. The low electron-conductivity of Li;VO4 may make these cathode materials all lose the discharge ability at high
current density needed for thermal battery.

Key words: vanadium oxide; lithium vanadium oxide; cathode; thermal battery
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Fig.1 XRD pattern(a) and SEM image(b) of LiV;0;z obtained
at 600 ‘C for 24 h
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Fig.2 XRD pattern(a) and SEM image(b) of p-LiV,0s
obtained at 600 ‘C for 4 h
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Fig.3 XRD pattern(a) and SEM image(b) of VO, powder
obtained by decomposing NH,VOs; at 560 ‘C
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Fig.4 Discharge curves of three compounds (100 mA/cm?,
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Fig.5 XRD patterns of LiV30g before and after discharge
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Fig.6 XRD patterns of y-LiV,0s before and after discharge
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Fig.7 XRD patterns of VO, before and after discharge
F1 500 CrCrbE EARER R I AH 4
Table 1 Phase composition of positive electrodes discharge at

500 C

Voltage/

v L1V3Og y-LiVQOS V02
LiV,0s,Li;VO,,
LiV;04
Li3VO4a VZO:‘”
23 1
vVO,"
22 Li;VO,, LiV,0s
LiV,05,LisVO, LisVO,, LiV,05,
2.0 1 1 1 L13VO4 V203
V,0;" Vv,0;" vocl?
s Li;VO, V,0;,
’ LivO,"
4 Li;VO4,LiV,0s  Li;VOy, V,0;

V,0, LiV,0s
0 V,05, LizVO,  LisVO,, V,05

Arrange of phase illuminates phase content from high to low;

1) Signifies the exist indeterminacy of phases.
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Fig.8 Li,-Li,0-V,05-VO, phase diagram at 650 ‘CI '
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Table 2 Discharge reactions of LiV30g, y-LiV,05 and VO, as

cathode of thermal cell

Capacity/

Material (Asg)

Discharge reaction

LiV;0¢+xLi" = Li;, V504
LiV;0g  3Lij+V305+(4—3x)e = 4LiV,05+Li; VO, 447(x=0)
5LiV,05+7Li"+7e = 4Li;VO,+3V,0, 626
LiV,05  5LiV,0s+7Li*+7e = 4Li;VO,+3V,0, 715
VO, 5VO,+3Li"+3e = Li;VO,+2V,0; 698

PIREE Li;VO, & A 3@ ML, AN AT PR
BRI E (R — E A TR R, X RS EAT

AN AL 2R RE S PP TSR AN A3 A RS R T80
B %
2Li3VO4+4Li++4C = 5Li20+V203 (3)

JRIQ)M@) P VIR R VP, LA R
LiVO; F1 LisVO, HHHL A f 730l 8 726 F111 415 A-s/g.
KNG LibO M1 V,05 AT AT IR 524 SOV :
LizO+V203 = 2L1V02 (4)
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Mg 20 v DLAT 2B E W R B, Hod
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JEC R PR
5V,,0011+(3n+6)Li +(3n+6)e =
(n+2)LisVO,+2n—1)V,04 (5)
5V,00,1+(3n—6)Li' +(3n—6)e =
(n—2)LisVO,+2n+1)V,05 (6)
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Fig.9 Phase relationship of vanadium oxides discharged at

high temperature
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Table 3 Conductivity of phases formed during discharge at 500 ‘C (S-cm™")
LiV;04 VO, »-LiV,05""] Livo;!™! Li;vO,["" LivO,?" V,0;21
0.29 44.21 3.51 4.34x107° 1.03 30

— TR I A A R, LA R
LisVO, H&—FrRE 1 344, (HHL 3 S0 1M 5
K, HHPRHEEME, EBBRTH 2%, H
TR VEERE K V', 1R Li;VO,
(TR R A LA M, 7 ST O R ) L AS S R
T IHIHE . BEA 3 HEE V,05 AR R, BSGE
WA RE S, BT LisVO, ZE M T2 8
BELASHIS L s B FRTEA T, BAZR T LR B 32 0 LR
DAL, TP 2 i 43 M AL RO 2 &
FALIERIARL, — HIERIS =56 40 LisVO,
HFIV,05, IR L TN H A& MK R RE ) .
B A P SR S FE AR A AR 25 S S L T AR
BRI HLT 5 L ] R X AR S (R &4,
W MoO; #57% LiV;0g fff /3-8 25 13RI A +4 4, nf
DA S 2 v T Pl R TSP AR R R s

3 g

1) V,05-V,05-Li,O & RENIE R LG 4 5tk
TS J2 R PR ) LE AR P R ERGE RO S B V505
Al B-LigsV,0s 1 g LK N N, H 24548 9-LiV,0s
AF, LiViOga 9-LiVy0ss VOy. V00014 V0001 254k
EW R E B RN, ARG R AR R IR
B RE BT, AHAR L LiV,05. LisVO,. V05, LiVO,
SR

2) BT VYR RN P AE VIR, TR
O R v E B RIAH 9-LiV,Os, p-LiVaOs.
VO, V, 00,1 1 V, 0y, T IR T=H) 0 Liz VO, Fl
V,05.

3) —EIESJBOR 58424 LisVO4s M1 V,05, 1
T Lis VO, ZE 10 14252 fE Jf BELRS S Ha S N PR kA7, 4
Hth TE AR R 2R 25 B L 48 R K L OB BE T o
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