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Abstract

With the lithium ion battery expansion from mobile phones, digital cameras,
laptop computers and other small electronics to electric vehicle, communication
technology and mobile storage devices field, higher requirements for the performance
of lithium ion battery, especially the power density and energy density, have been set
to satisfy production and people’s demands. Performance of lithium-ion batteries,
such as working voltage and power density, is mainly determined by the property of
the cathode materials. Therefore, the development of high voltage cathode materials is
one of important research direction for lithium ion battery with high energy density.

Because of its low cost, little toxicity and good safety performance, spinel
LiMn204 (LMO) is thought to be an ideal cathode material for lithium ion batteries.
Lots of studies have shown that the Fermi energies of the materials could be improved
and their electrode potentials could be raised resultantly by doping the spinel
LiMn2O4 materials with a certain amount of transition metal elements M to prepare
LiMn,xMxO4 (M=Fe, Co, Ni, Cr etc.). Of the improved cathode materials with spinel
structure, the material LiNiosMn1sO4 is of an acceptable performance and stable
discharge capacity. Because of the discharge platform of LNMO is up to 4.7 V, the
specific weight energy of the LNMO could be expected to be greatly improved
comparing to the conventional cathode materials such as LiCoO2, LiMn13Ni13C01/302,
LiFePO4 and so on. The LNMO can not only meet the power demands for personal
consumer electronics and electric equipment, but also be compatible with high
working voltage anode materials such as LisTisO12 and so on. These advances
improve the energy density and safety performance of the battery, making it one of
the most potential positive electrode material for the next generation of the advanced
lithium ion batteries.

The key problems for LiNiosMni1sOs4 are to improve its electrical
conductivity, fading of capacity, dissolution transition metal ions in electrolyte
solution and rate capacity. This dissertation attempts to solve these problems.
The dissertation includes three major parts. Firstly, micro-sized spherical LNMO,
LMO, and intergrown LMO-LNMO | comprised of aggregated nano-polyhedrons
were synthesized by an impregnation method. Influence of trace amount of Mn®* in

v


app:ds:communication
app:ds:technology

LNMO on the electrochemical properties was explored. The results show that
thermostability, capacity and rate performance of LNMO-LMO | were much
improved compared with LNMO and LMO. Secondly, we controllably synthesized
nano-sized and micron-sized LNMO to examine the relationship between the particle
size and the electrochemical properties of the material. The electrochemical property
of nano-sized LNMO is not as good as that of micron-sized LNMO. Then,
modification of nano-sized LNMO was carried out in the third part as follows: (1) The
Na-doped LNMO was firstly synthesized via a sample method, and the electrical
conductivity and cycle performance were improved as a result. (2) V20s-coated
LNMO were first demonstrated. Resultantly, the lithium ion diffusion coefficient was
increased nearly doubly and dissolution of metal ions in electrolyie was alleviated. (3)
The CuO-coated LNMO was synthesized to improve cycle performance. The detailed

research contents are as follows:

1. Porous micron-sized sphere LNMO, LNMO and LMO-LNMO I and the
electrochemical property of them.

(1) In Chapter 3, the porous micron-sized sphere LiNiosMny504 particles were
synthesized via an impregnation method based on highly prominent
chestnut-cupule-like MnO. spheres as the manganese sources. The micrometer
particles composed of aggregated nano-sized polyhedron also lead to high loading
density and is able to better accommodate the volume change and to reduce the
electrode tension upon cycling. In comparison to conventionally ball-milling method,
the method presented in the dissertation can be easily operated and is
energy-efficient. The electrochemical properties of the sphere LiNiosMn1 504 cathode
material was superior to those made from commercial manganese sources and
conventional approaches, because of its more porous structure for the enhanced
immersion of electrolyte and better structure for insertion/desertion of Li ions. We
also studied the effects of the trace amount of Mn3* ions in the structure on its specific
capacity and cycle stability. We innovatively proposed that these trace Mn®* ions are
beneficial to its rate capability and cycle life, especially at high rates and raised
temperature, by improving the conductivities of Li ions and electrons of the LNMO
material.

(2) Chestnut-cupule-like shaped MnO: synthesized in Chapter 3 can be

used as manganese source and self-template to synthesize LMO. Due to Mn3*
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Jahn-Teller effect, the electrochemical cycle attenuation of LMO is very serious.
So, in Chapter 4, we firstly synthesized a kind of intergrown composite,
LiMn204-LiNiosMn1504 (LMO-LNMO 1), which are micro-sized spheres
consisted of aggregated nano-sized octahedral particles with a well-defined
cubic spinel structure. In LMO-LNMO I, LNMO acts as a skeleton to stabilize
the structure of LMO, and enables more lithium ions in LMO participate in
charge-discharge process along with these in LNMO, leading to that high
specific discharge capacities and its thermostability can be more enhanced
compared to LNMO due to the high Mn content in LMO-LNMO 1. Also LMO
in LMO-LNMO 1| disorders excessively Ni and Mn ion, which induced a
superior rate performance of LMO-LNMO | by improve the conductivity of the
material. In summary, LMO-LNMO | is superior to LMO, LNMO and the
mixture of LMO and LNMO in electrochemical property, rate capacity and
thermostability.

2. Particle size effect of LNMO.

In Chapter 5, we discussed the LNMO particle size effect on its electrochemical
behavior. Nano-sized and micron-sized LNMO materials were synthesized under the
same calcination conditions and by the same synthesis method. By comparing the
cycle stability of these different sized LNMO, we speculated that capacity and cycle
stability of the nano-graded LNMO was not as good as that of micron-sized LNMO.
In the following, modification of nano-sized LNMO were implemented to improve
the electrical property of spinel.

3. Modification of nano-sized LNMO.

(1) In Chapter 6, the Na-doped LNMO are firstly synthesized via a solid-state
method. Na element is cheap, abundant and environmental friendly than other heavy
metal dopants. The doping of Na ions increases the disorder degree of nickel and
manganese ion in the spinel structure and improves lithium ion diffusion coefficient,
and two additional electron hopping paths happened, which contribute to a better
charge transfer ability and resultantly relieve the ohmic polarization and
electrochemical polarization of the materials. The doping content of Na up to 5% in
the spinel structure exhibited the excellent electrochemical cycle, presenting a
discharge specific capacity of 125 mAh g at 1 C with a retention of 116.2 mAh g

after 100 cycles. In addition, it also shows remarkable rate capability, the discharge
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specific capacity decreased slightly from 121 to 119.4, 118.5, 115.1, 108.4 and 101.3
mAhg'at 0.2 C,05C,1C,2C,5C and 10 C, respectively. Furthermore, it has
striking electrochemical property at elevated temperature and great rates. Even at 5 C
rate at 55 €, the discharge capacity of 5% Na-LNMO is up to 119.7 mAh g, with a
retention of 97.6 mAh g* after 400 cycles.

(2) In Chapter 7, we firstly demonstrated a simple method coating a thin layer of
V205 0n spinel LNMO surface. V20s can react with LIOH/Li.COs impurities and
trace Li ions in the bulk layer when annealed at high temperature to form a
close contact with core materials, which reduces the impedance for electron
transport than other coating materials. Furthermore, the formation of lithium
ion intercalated compound LiV20s lower the pH value of materials and purify
LNMO surface by physical adsorption of residue Li>O/LiOH to enhance the
cycle performance at a high voltage. Also, the V205 layer not only works as an
isolating layer to prevent LNMO cathode from electrolyte corrosion, alleviate the
dissolved metal ions, but also modifies the surface ion transport properties of LNMO
because this thin V20s coating layer is a kind of lithium ion conductor. The Dy
lithium ion diffusion coefficient values of 5% V>0s-LNMO is roughly twice of that
of the pristine LNMO. The 5% V:0s-LNMO (optimal coating content) shows
remarkable rate capability, and its discharge specific capacity retention is much
improved compared with pristine  LNMO. Furthermore, it has superior
electrochemical property at elevated temperature and high rates.

(3) In Chapter 8, the CuO-coated LiNiosMn1504has been synthesized to use as a
cathode material for lithium ion batteries via a wet-method. The coating of CuO on
the material does not have significant effect on the basic spinel structure of LNMO,
but effectively reduces the interaction between electrolyte and LNMO, and prevent
further the dissolution of manganese. During cycling, CuO was transformed into
LiCuO.. Due to electrochemical redox behaviors between LiCuO. and Li.CuO, such
layer LixCuO2 compounds can be advantageous for the fast Li* ion diffusion. The
results show that LNMO with 1% CuO coating has the better electrochemical
performance. Its cycle capacity retention at 1 C is up to 99.5% after 100 cycles. Even
cycling at 5 C rate, the cell with 1% CuO-LNMO cathode can has 99.4% of capacity
retention after 200 cycles, indicating that it is a promising cathode material for lithium

ion batteries.
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