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Abstract

With the rapid development of the global industry, lots of depletable energy
resources (especially the fossil fuels) are increasingly used, which inevitably result in
the emission of greenhouse gases and do harm to our environment. In order to
maintain the stability of ecological climate and environment, there is an urgent need
for efficient, clean, renewable and sustainable sources of energy, as well as new
technologies associated with high energy conversion and storage. Comparing to other
electrochemical energy storage systems, lithium ion batteries (LIBs) are superior
choice for electric vehicles due to their higher energy density and the dominant power
for all sorts of electronic devices. In recent years, transition metal oxides (TMOSs),
sulfides (TMSs), nitrides (TMNSs), phosphides (TMPs), or fluorides (TMFs) have
shown their potential as next generation anode materials for LIBs because of their
potential application in various area, including catalysts, electronics, photonics, and
sensors. Especially, the study about transition metal oxide materials with
nanostructure has become one of the hottest topics and it was investigated extensively.
In this paper, Co3O4-based and NiO-based nanocomposites were synthesized by a
simple hydrothermal reaction. And the structure and properties of the samples were
studied by XRD, SEM, TEM, VSM, BET, Galvanostatic charge/discharge and so on.
The main results are shown as following:

1. Prepared the Co304and Co3O4@PPyvia hydrothermal reaction

A novel hierarchical network-like CosO, were successfully synthesized by
hydrothermal method combined with subsequent annealing treatment in air. The
evolution process of network-like Co(CO3)os5(OH)0.11H,O  precursor —are
characterized by XRD, SEM, TEM and FT-IR methods.

The as-prepared network-like Co3zO4 are tested as an anode material in
lithium-ion batteries. The influences of the Co304 morphology on the electrochemical

performances are investigated. In the specific capability test, the first discharge



capacity of 2008 mAh g™ is recorded at current density of 100 mA g. The excellent
electrochemical properties of the Co3z04 electrodes can be attributed to high specific
surface area which provides more active area that can react with Li" ions, leading to
outstanding specific capacitance. And the sample of Co304@PPy as a conductive
macromolecule coating on the Co304 surface can improve performances of the LIBs
obviously.

2. Prepared the NiO, NIO@C and NiO/Ni via hydrothermal reaction

Symmetrical flower-like precursors of a-Ni(OH), are successfully synthesized
by hydrothermal method. During the process, we found that NH4F, a surface activity
in hydrothermal reaction, strongly affected the growth of a-Ni(OH), precursors.
Without adding it, a-Ni(OH), trends to grow to microsphere structure, while it will
change into symmetrical flower-like structure if NH;F is added.

NiO, NIO@C and NIO/Ni were successfully synthesized respectively based on
the synthesis process of symmetrical flower-like «o-Ni(OH),;, by a simple
hydrothermal reaction. Evaluation of the electrochemical performance of these three
samples suggests that there is an optimum sample for LIBs. The specific capacity of
NiO, NiO@C and NiO/Ni is 1073 mAh g!, 1194 mAh g! and 1094 mAh g?,
respectively during first discharge at a current density of 100 mA g*. Furthermore the
initial capacity losses are 31.2%, 30.5% and 29.5% corresponding to NiO, NiO@C
and NIiO/NIi, respectively. When these three samples were tested at a high current
density of 1000 mA g, NiO/Ni shows good long-life stability and favorable
electrochemical behavior. By means of comprehensive evaluation of the three kinds of

samples, we get the sort of electrochemical performances: NIO/Ni > NiO@C >NiO.

Key words: hydrothermal; lithium ion battery; Co304; Co304@PPy; NiO; NIO@C,;
NiO/Ni;
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Table 1.1 Summary of the physical and chemical properties of the four most-used

commercial rechargeable batteries

Ha i A 7 ik 14 Hfil R (V) TER A
BB Graphite LiCoO, LiPFg 3.7 >1000
TR et Pb PhO; H,SO4 2.1 <500
LA HL Cd NiOOH KOH 1.2 2000
NMH Intermetallic ~ NiOOH KOH 1.2 500-1000
500

400

300

200

Energy density (Wh/L)

100

0 50 100 150 200 250
Specific energy density (Wh/Kg)

B 11 b E LR R BE R B
Fig. 1.1™)Comparison of the different rechargeable battery technologies in terms of

volumetric and gravimetric energy density
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on copper current collector; positive: LiCoO2 on aluminum current collector) in a

nonaqueous liquid electrolyte (LiPF6, EC:DMC=1:1) impregnated in a separator
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