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Thermodynamic Stability and Cathode Performance of Li-Mn-O Spinel
System as a Cathode Active Material for Lithium Secondary Battery

Y asushi Idemoto

(Received October 25, 2002; Accepted November 30, 2002)

We investigated the relation between the thermodynamic stability and cathode performance
of lithium manganese spinels as cathode active materials for the lithium secondary batteries.
The heat of dissolution of these samples was measured by the solution calorimetry method. The
standard enthalpy of formation, AsH?, the enthalpy change of reaction, AH, and the enthalpy
change per mole of atoms for the formation reaction, AHg, were calculated from the heat of
dissolution. The larger | AH| or | AHr| means a thermodynamically more stable sample. A
more thermodynamically stable sample makes a stable crystal structure and leads to a good

cycle performance.
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Fig.1 The calculation method of enthalpy change of
reaction (AH) and its standard enthalpies of
formation (A¢H?). The coefficients of p and g

are determined by Mn valence.
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ng.Z Flow sheet for the calorimetric measurement
on the LiMn2gxMgxOa.
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Fig.3 Relation between discharge capacity and cycle
number of LiinxMn2oxO4 at 0.2 mA cmo2 and
250. Cut-off voltage: 4.30 3.5Vvs. Li. o : xO
0,5000, 48 h, Ar annealed; o : xO0, 7000, 24
h, Po,0 1.01x 105 Pa calcined; O : xO 0.10, 5000,
48 h, Po,0 2.02x 106 Pa annealed; o : x0O 0.10,
5000, 48 h, Ar annealed; O : x00.10, 70000,
24 h, Po,01.01x 105 Pa calcined; O : x0 0.10,
5000, 48 h, Po,0 2.02x 106 Pa annealed.
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Fig.4 Relation between discharge capacity and cycle
number of LiMn23xMgxOs at 0.2 mA cmo2 and
250. Cut-off voltage: 4.30 3.5 Vvs. Li. (o :
x00,0 :x00.05 0 :x00.10, O : x00.15, O
1 x0 0.20).
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Fig.5 Relation between the enthalpy changes of reaction
(AH) and Mn valence of LiinxMnznxOa. O :
5000, 48 h, Ar annealed; o : 7000, 24 h, Po,O0
1.01x 105 Pa calcined; e : 5000, 48 h, Po,O
2.02x 106 Pa annealed.
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Fig.6 Relation between enthalpy changes of reaction
(AH) and Mg substitution x of LiMnzoxMgy Oa.

Table 1 Relation between thermodynamic stability and
cycle performance. [AHg : Enthalpy change per
mole of atoms for formation reaction, Cycle
performance: Change of discharge capacity after
15 cycles (15th discharge capacity/initial
discharge capacity].

Sample LianO4 LizM n4Og Li4M nsO12
(Lio.ssMn1.7804) (Li133MN1,6704)
Enthalpy changes
for the formation g3, 03 127+ 04 0145:03

reaction, AHg
[kJ (mol of atoms)”1]

Cycle performance

.9 %
(%] 39.9 %

72.8% 91.3%
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