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Abstract: The layered compound Li(NigsMngs);—T1,0, powders were prepared with Ni(OH),, MnCO;, Li,CO;5 and TiO, by
one-step solid state reaction. The effect of doping Ti on the structure and electrochemical properties was studied. The XRD results
indicate that the powders with 0<Xx<:0.05 have good layered structure and trace of impurity appears in the samples with x=0.1. The
SEM photographs show that the particle size distributes homogeneously and the sample with x=0.15 has larger particle size than
other samples. The charge-discharge tests show that Li(NigsMngs)gosTig0sO, synthesized at 800 ‘C for 36 h exhibits good
electrochemical properties. It firstly delivers 173 mA-h/g and maintains 90% of the initial discharge capacity after 30 cycles. The
cyclic voltammetry and differential capacity vs voltage curves show that the major oxidation and reduction peaks are around 3.95 V
and 3.75 V, respectively, assigned to Ni**/Ni*" oxidation-reduction process. A weak peak around 4.5 V is found during the oxidation
process in the first cycle, which can be regarded as the main reason of the large drop of discharge capacity in the initial cycle.
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1 Introduction

Many efforts have been made to develop new
materials as an alternative to LiCoO, due to the relatively
high cost and toxicity of Co. Since OHZUKU and
MAKIMURA[1] successfully synthesized LiNigsMng s-
0O, with excellent performance by solid state reaction at
1 000 ‘C, LiNiysMnysO, has attracted much attention
from researchers in view of its high reversible capacity,
high thermal stability, lower cost and less toxicity.
Simultaneously LU et al[2] synthesized a series of
layered  Li[NLLigs-20mMnps-03]O,  using mixed
hydroxide method. XPS studies showed that the
transition metal elements are predominantly in Ni** and
Mn"" oxidation state and 6%—8% of Ni- and Mn-ions in
the compound are in mixed valence state due to the
dynamic ion-equilibrium, Ni*+Mn'"  Ni**+Mn**[3].
The Ni and Mn K-edge X-ray absorption near-edge
structure(XANES) study on LiNigsMnysO, is also in
agreement with that Ni and Mn ions are predominantly
2+ and 4+ oxidation states[4]. A two-electron redox

reaction (Ni** Ni*) is assumed for the charge-
discharge process and confirmed by XANES up to 4.2 V
in LiNig sMn, s0,[3-5].

It was reported that an electrochemically inactive
component Li,MnO; notated as Li[Li;3M,3]0, can
stabilize the structure of LiNi, sMn, 50, and suppress the
transformation of the layered LiNiysMngsO, to a spinel
structure[6]. When xL1,MnO;+(1-x)LiIMO, electrodes are
initially charged to a high potential, typically above 4.5V
(vs Li/Li"), lithia(Li,O) is extracted from the Li,MnOs
component in a combined electrochemical process
(lithium removal) and chemical process (oxygen loss)
before electrolyte oxidation[7]. This initial reaction is
coulombically inefficient and the discharge capacity can
be 20%—30% less than the charge capacity. In the
previous study we have successfully synthesized the
layered LiNijsMnysO, with Ni(OH),, MnCO; and
Li,CO;z as starting materials by one step solid-state
reaction without preheating process. However the
cycling performance of the sample still needs to be
improved. We think the loss of capacity relates to the
coulombically inefficient reaction of Li,MnO; which
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was confirmed to exist in the electrode from the XRD
pattern and the loss of oxygen at the surface of electrode
with high charged state. JOHNSON et al[8] reported that
Li,TiO; can decrease the activity of oxygen on the
surface of delithiated electrode at high charge stages.
And KANG et al[9] reported that doping Al, Ti and Co
increased the discharge capacity and electrochemical
conductivity of LiNiysMngs0,. Therefore we intend to
synthesize Li(NiypsMngs);-, 11,0, with conventional
solid-state reaction to improve its electrochemical
properties. The effect of doping Ti on the structure and
electrochemical properties of Li(NiysMng s)1-, 11,0, with
different x is systematically studied.

2 Experimental

The stoichiometrical Ni(OH),, MnCOs3, Li,CO; and
Ti10, were thoroughly mixed according to the formula of
Li(NigsMny 5);-, 11,0, (x=0, 0.02, 0.05, 0.10, 0.15) and
ground for 6 h with a ball mill. The ground powder was
heated at 800 °C in air for 36 h and then cooled naturally
to room temperature in furnace.

The powder X-ray diffraction (Rigaku, Rint-2000)
with CuK, radiation was used to identify the crystalline
phase of the as-prepared powders at a scanning rate of
2(")/min. The scanning electron microscopy (SEM) study
of the powders was performed on JEOL JSM-5600LV
electron microscope.

The charge/discharge tests were carried out using
the CR2025 coin-type cell, which consisted of a cathode
and lithium metal anode separated by a Celgard 2400
porous polypropylene film with the electrolyte of
1 mol/LL LiPF4 in EC+DMC+EMC(1:1:1, volume ratio).
The positive electrode consisted of oxide powder,
acetylene balck and PVDF at a ratio of 80:10:10. The
cathode mixture was thoroughly mixed, then coated on
an aluminum mesh current collector and dried at 120 C
for 12 h under vacuum. The cells were assembled in a
glove box filled with dried argon gas. The cells were first
charged to 4.5 V at a rate of 20 mA/g and held for 2 h
under 4.5 V, then discharged to 2.5 V at a rate of 20
mA/g.

The cyclic voltammetry study was carried out by
means of tri-electrode cell, using lithium metal as
counter and reference electrodes. The cell was operated
at a scan rate of 0.05 mV/s (vs Li/Li") in the voltage
range of 2.5—4.7 V at room temperature. The differential
capacity vs voltage study was operated on the coin cell
from 2.5 V to 4.7 V. The fresh assembled cells were set
for several hours before tests.

3 Results and discussion

The XRD patterns of Li(Niy sMny 5);-, 11,0, powder

synthesized with different value of x are shown in Fig.1.
All peaks are sharp and well defined for materials with 0
<x<:0.05, which demonstrates that the compounds are
well crystallized and indexed to a-NaFeO, layered
structure with space group of R3m. The peaks marked
with # between 20° and 25° caused by superlattice
ordering of Li, Ni and Mn in the 3a site indicate a
layered structure with Li,MnO; character (space group:
C2/m)[10,11]. According to Ref.[6], Li,MnO; contri-
butes to the structural stabilization of LiNiysMnysO,
material during the cycling process of electrode materials.
With the increase of x, the diffraction intensity of
L1,MnO; increases because of the appearance of Li,T10;
which has isostructure with Li,MnO;[12]. Meanwhile,
the split degree for peaks (018) and (110) becomes more
obvious, which demonstrates that the materials have
more integrated layered structure. And all diffraction
peaks shift toward lower angle, which demonstrates the
lattice parameters changed. Peaks (marked with ) of
some uncertain impurity appear when x=0.10 and
become more obvious for x=0.15. The lattice parameters
are shown in Table 1. It is clear that a axis shrinks and ¢
axis expands with the increase of x when 0<x<:0.05.
The ratio of ¢/a also increases and 1s above 4.936, which
is in good agreement with layered structure. The change
of lattice parameters may be related to the partial
substitution of Ni** (=0.69 A) and Mn** (=0.53 A) by
Ti" (r=0.68 A). The increasing ratio of yes/l104 SUggEStS
that the degree of cation mixing becomes less severe,
which means that less Ni*" and Li" ions interchange their
sites in the layered structure[1,13].
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Fig.1 XRD patterns of synthesized Li(Niy sMng s);-, 11,0,

Table 1 Lattice parameters of Li(Niy sMng 5);-, 11,0,

Li(NigsMng 5);,T1,0,  a/A c/A cla  Iyo3/1i04
x=0 2.885 14242 4937 0962
x=0.02 2.884 14243 4939 1.017
x=0.05 2.883 14252 4944  1.067
x=0.10 2.883 14244 4941 1.157

x=0.15 2.873 14265 4966 1.229
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Fig2 shows the SEM photographs for
Li(NipsMngs);-,11,0, synthesized with different x. All
samples have homogeneous particle size distribution.
The average particle size of samples with 0<xx<:0.10 is
about 200 nm. The difference of the morphology is not
obvious except for the sample with x=0 (Fig.2(a)).
However the particle size increases quickly (Fig.2(e))
when x=0.15, which maybe relates to the existence of
great amount of impurity. The particles with large size
would hinder the diffusion of lithium ions between
particles, and then
performance of the sample, which will be discussed later.

The first charge-discharge curves of synthesized
samples with different x are shown in Fig.3. The samples
with x=0, 0.02, 0.05, 0.10, 0.15 deliver the capacities of
176, 186, 173, 140 and 84 mA-h/g, respectively. It can be
seen that a slight amount (x<:0.02) of dopant TiO,
evidently increases the discharge capacity, which may be
related to the increase of electrical conductivity of
materials after doping. However, the first discharge
capacity decreases rapidly with the increase of x when

influence the electrochemical

x==0.05, which is due to the decrease of the theoretical
capacity of Li(NiypsMngs);-, 11,0, with the increasing
amount of electrochemically inactive dopant TiO,. The
cathode material with x=0.15 shows larger polarization
than others because larger particles expand the diffusion
distance between particles.

The cycling performance of the samples is shown in
Fig.4. The samples with x=0, 0.02, 0.05, 0.10, 0.15 retain
75%, 78%, 90%, 99%, 134% of the initial discharge
capacity respectively after 30 cycles between 2.5 V and
45 V at a current of 20 mA/g. It is obvious that the
samples have better cycling performance with the
increase of x, which may be related to the decrease of
activity of oxygen at the surface of delithiated electrode
at high charge stages. In addition, it also relates to more
stable layered structure of materials after doping Ti
because Ti—O (470.4 klJ/mol) has more strong bond
energy compared with Ni—O (391.6 kJ/mol) and
Mn—O (402.34 kJ/mol). The similar doping effect of Ti
substitution for the Mn site was already reported
elsewhere[14]. However, the reversible capacity of

Fig.2 SEM photographs of synthesized
Li(Nig s Mnyg 5),-TiO0,: (a) x=0; (b) x=0.02;
(c) x=0.05; (d) x=0.10; (e) x=0.15
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Fig.3 First discharge curves of synthesized samples

Li(Nig sMng 5);-,T1,0,: (a) x=0; (b) x=0.02; (c¢) »=0.05; (d)

x=0.10; (e) x»=0.15
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Fig.4 Cycling performance curves of synthesized samples
Li(Nig sMny 5)1-, 11,0, cycled between 2.5 V and 4.5 V at
current of 20 mA/g

samples with x=0.10 decreases rapidly compared with
other samples due to the decrease of theoretical capacity.
During the cycling process the reversible capacity for
samples with x=0.10, 0.15 firstly increases and then
decreases, which maybe relates to the difficult activation
of samples with large particles.

In order to understand the reason for the large drop
of discharge capacity for Li(NigsMng s)y08T10,020- in the
first cycle, the cyclic voltammograms(CV) and
differential capacity voltage tests were carried out. The
CV curves of Li(NigsMngs)oosT190,0, cell between 2.5
V and 4.7 V for the first three cycles at room temperature
are shown in Fig.5. It is clear that the major oxidation
and reduction peaks are observed at around 3.95 V (4.0
V for the first cycle) and 3.75 V respectively. These two
observed peaks assigned to Ni°/Ni"
oxidation-reduction redox. Obvious difference can be

can be

observed between the first cycle and the following two
cycles. For the oxidation process of the first cycle, an

additional weak peak around 4.5 V is observed, yet
disappears in the following cycles. All these can also be
seen from the differential capacity vs voltage curves in
Fig.6. The similar oxidation peak around 4.5 V was also
reported in other Refs.[12,15]. However there is still no
related report about the origin of this weak peak. It was
reported that a plateau near 4.5 V appeared in Li,Mn,-
Ni;_, O, prepared by solid state method, which means the
presence of NiO[16]. However, there is no existence of
the plateau near 4.5 V in the charge curves in Fig.3.
From the difference of curves of different cycles in Fig.5
and Fig.6, it is suggested that the oxidation peak around
4.5 V is the main reason for the large capacity drop of
Li(NiysMny 5).05T10.0,0, after the first cycle. The origin
of this oxidation peak probably is related to the
coulombically inefficient reaction of Li,MnO; under
high voltage[7].
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Fig.5 Cyclic voltammogram (CV) curves of Li(NigsMnyg s).05-
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4 Conclusions

The layered compound Li(NipsMngs);- 11,0, was
prepared by one step solid-state reaction with Ni(OH),,
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MnCO;, L1,CO5 and T10,. The XRD results indicate that
the powders with 0 <X x <X 0.05 have good layered
structure. The SEM photographs show the particle size
distributes homogeneously. The Li(NiysMng s)o.05 1190502
synthesized at 800 °‘C for 36 h exhibits good
electrochemical properties. It firstly delivers 173 mA-h/g
and retains 90% of the initial discharge capacity after 30
cycles. During the charge-discharge electrochemical
process the major oxidation and reduction peaks are
around 3.95 V (4.0 V for the first cycle) and 3.75 V
respectively, which can be assigned to Ni*/Ni**
oxidation-reduction process. The weak peak around 4.5
V during the oxidation process in the first cycle can be
regarded as the main reason of the large drop of
discharge capacity in the initial cycles.
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