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Electrochemical Characteristics of Lithium Manganese
Phosphate Positive Active Materials with
Electron-conductive Networks for Li-ion Battery
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Abstract

Electrochemical characteristics of lithium manganese phosphate (LiMnPO,) positive active materials synthesized
by hydrothermal reaction using carbon-loading methods has been investigated for their practical application to
Li-ion battery. Three-carbon-loading methods were studied : (1) LiMnPO, powders with carbon precursor layer
was synthesized by hydrothermal process followed by heat treatment at 700 °C in N, for the formation of carbon-
ized thin layer on their powders. (2) Additional carbon-loading was carried out by mixing PVA into the materiaz
obtained by method 1 followed by heat treatment at 700 °C in N, for the formation of carbonized layer between
their powders. (3) Carbon-loading was carried out by mixing PVA into LiMnPO, powders with carbon precursor
layer synthesized by hydrothermal process followed by heat treatment at 700 °C in N, for the formation of simul-
taneously carbonized layer in the powders. It was found out that the highest discharge capacity is obtained in
the case of method 3. By means of TEM observation, the surface of LiMnPO, particle prepared by this method
is coated with a carbon layer, and each particle is connected with carbon particles in various shapes. The former
carbon is derived from carbon precursor formed in the hydrothermal process, and the latter one is PVA added
in LiIMnPO, powders with carbon precursor. The enhancement of electrochemical characteristics LiMnPO, posi-
tive active material is verified to be strongly dependent on the formation of these two types of carbon conductive

networks, resulting in reduction of both active material resistance and particle-to-particle contact resistance.
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Fig. 1 Flowchart of three different methods for car-
bon-loading processes on LiIMnPO, positive active
material.
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Fig. 2 XRD patterns of LiMNPO, samples synthe-
sized by hydrothermal reaction using carbon precur-
sor materials of ascorbic acid with various amount
of contents: 0O(—), 2.5(—), 0.05(—), 7.5(—),
10(—),15 (—), and 20 (—) mol% to total amount of
Mn.
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Fig. 3 (a) Charge and discharge characteristics

for positive electrodes with LIMnPO, active material
loaded with carbon conductive layer by synthesis
method 1 in Fig. 1. Amount of ascorbic acid: 0(4A),
2.5(C), 5.0(4), 7.5(<), 10(0),15 (@), and 20 ()
mol% to total amount of Mn. (b) Effect of added
amount of ascorbic acid as carbon precursor on dis-
charge capacity of their positive electrodes. Charge
: 0.01 CmA to 4.5 V vs. Li/Li* for 150 h. Discharge
: 0.01 CmA to 2.0 V vs. Li/Li".
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Fig. 4 (a) Charge and discharge characteristics

for positive electrodes with LiMnPO, active material
loaded with carbon conductive layer by synthesis
method 2 in Fig. 1. Amount of ascorbic acid: 0(4),
2.5(), 5.0(4), 7.5(), 10(0),15 (@), and 20 ()
mol% to total amount of Mn. (b) Effect of added
amount of ascorbic acid as carbon precursor on dis-
charge capacity of their positive electrodes. Charge:
0.01 CmA to 4.5 V vs. Li/Li" for 150 h. Discharge :
0.01 CmA to 2.0 V vs. Li/Li".
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Fig. 5 (a) Charge and discharge characteristics

for positive electrode with LIMNPO, active material
loaded with carbon conductive layer by synthesis
method 3 in Fig. 1. Amount of ascorbic acid : 0(A),
2.5(C), 5.0(4), 7.5(<), 10(0),15 (@), and 20 ()
mol% to total amount of Mn. (b) Effect of added
amount of ascorbic acid as carbon precursor on dis-
charge capacity of their positive electrodes. Charge
: 0.01 CmA to 4.5 V vs. Li/Li* for 150 h. Discharge
0.01 CmA to 2.0 V vs. Li/Li".
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Fig. 6 TEM images X 8000 of carbon-loaded LiMn-
PO, positive active materials with carbon-conductive
layer by method 1 (a), 2 (b), and 3 (c) shown in Fig. 1.
Ascorbic acid content: 10 mol%.

20114128 $8% H2%8|

(@) 500 nm

[ 4
< s

Fig. 7 TEM images X 8000 (a,b) and X 40000 (c,d)
of carbon-loaded LiMnPO, positive active materials
with carbon-conductive layer by method 3 shown in
Fig. 1. Ascorbic acid content of (a.c) is O mol%, and
(b,d) is 10 Mo!%.
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Fig. 8 HAADF-STEM images of LiMnPO, active materials synthesized by hydrothermal method using ascor-
bic acid followed by carbon-coating with PVA in Fig. 7 (d). Distribution of carbon (b), oxygen (c), and manga-
nese (d) by EELS mapping within the surrounding area in (a).
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Fig. 9 EELS spectra at point 1(—), 2 (=), and 3 (—)
of HAADF-STEM image for carbon-loaded LiMnPO,
active materials by new method in Fig. 8 (a).
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