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Hydrothermal Synthesis Mechanism of Lithium
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Abstract

Synthesis mechanism of lithium manganese phosphate (LiMnPO,) by hydrothermal process has been investigated
in order to establish a method for controlling particle size and its morphology as positive active material of lithi-
um-ion cells. The obtained materials after the reaction at the condition of 100 °C in N, atmosphere under ordinary
pressure for different times were examined by TEM, EELS, XRD, quantitative analysis, etc. LIMnPO, particles were
found out to be generated by the way of the flake-like reaction products consisting of the same atomic composition
of Li, Mn, and P as LiMnPO,. The observation analyses by ex-situ measurement indicate that LiMnPO, is formed by
the following mechanism steps : (1) aggregation of Li;PO, particle and substitution of Mn* for Li", (2) formation of
intermediate material of Li-Mn-PO,-H,0, and (3) formation of nano-size LIMnPO, crystalline on the surface of inter-

mediate material.
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Fig. 1 Change in appearance of reaction solution during hydrothermal synthesis process for LiMnPO, under ordinary

pressure in N, atmosphere at 100 °C.
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Fig. 2 Change in XRD patterns of reaction products
obtained at different time of hydrothermal synthesis
process for LiIMnPO, under ordinary pressurein N, at-
mosphere at 100 °C.
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Fig. 3 Change in element composition of reaction
products obtained at different time of hydrothermal
synthesis process by ICP measurements for LiMnPO,
under ordinary pressure in N, atmosphere at 100 °C.
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=3:1:1

Data at 0 h : Sample taken from solution at 25 °C.
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Fig.4 (a) TG curves of reaction products obtained at
different times of hydrothermal synthesis process for
LiMnPO, under ordinary pressure in N, atmosphere at
100 °C. (b) Mass loss ratio of TG curves at 700 °C as a
function of the reaction time.
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Fig.5 Change in TEM image of reaction product by hydrothermal synthesis process during Step 1 for LIMNnPO, un-
der ordinary pressure in N, atmosphere at 100 °C. (a) Initial state, (b) After 5 h. Step 1 is shown in Fig. 3.
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Fig. 6 Change in TEM image of reaction product by hydrothermal synthesis process from Step 1 of 5 h (a) to Step
2 of 6 h (b) for LIMnPO, under ordinary pressure in N, atmosphereat 100 °C. Distributions of P and Mn in the regions
denoted by square lines in TEM images were obtained by EELS spectra. Each step is shown in Fig. 3.
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Fig.7 TEM images of flake-like reaction products ob-
tained by thermal synthesis process at Step 2 of 6 h for
LiMnPO, under ordinary pressure in N, atmosphere at
100 °C. Inset shows electron diffraction pattern from
the region denoted by around circle, verifying crystal-
line structure. Step 2 is shown in Fig. 3.
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Fig. 8 TEM image of reaction product obtained by
hydrothermal synthesis process at Step 3 of 7 h for
LiMnPQ, under ordinary pressure in N, atmosphere at
100 °C. Distributions of P and Mn in the regions denot-
ed by square line in TEM image were obtained by EELS
spectra. Step 3 is shown in Fig. 3.
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Fig. 9 TEM images of reaction products obtained by
hydrothermal synthesis process at Step 3 of 7 h for
LiMnPO, under ordinary pressure at 100 °C. Inset shows
electron diffraction pattern for the region denoted by
around circle, verifying crystalline structure. Step 3 is
shown in Fig. 3.
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