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Synthesis of LiNiO, by two-step solid-state method
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LiNiO, was prepared through two-step solid-state reaction by mechanochemical method and heat treatment, using LiOH
(Li;CO3) and Ni(OH), as starting materials. The influence of grinding speed and time, heat treatment time, and starting ma-
terials on the structure of LiNiO, was studied. The as-milled samples and products were characterized by scanning electron
microscope (SEM) and X-ray diffraction (XRD). The results show that uniform as-milled samples can be obtained at grinding
speed of 580 rpm for 0.5 h, using LiOH and Ni(OH), as raw materials. Perfect crystal LiNiO, has been prepared by calcining
the as-milled samples at 700 °C for 15 h. Composite material powders consisting of Li;NigO1¢ and LiNiO, have been obtained

using Li;COj3 as lithium source.
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1. Introduction

Lithium ion battery is a new kind of “green”
chemical cell. Many studies have been focused on
the research and development of cathode materi-
als for Li-ion batteries. The development of cath-
ode materials with high capacity, good charge-
discharge properties, highly reversible embedded
reaction, thermal stability and stabilization of elec-
trolyte is critical for Li-ion batteries. The applica-
tion of LiCoO,, which is the most common com-
mercial lithium ion battery cathode material, is re-
stricted due to the toxicity and scarcity of Co.
LiNiO,, which shows a layered structure, low cost
and is environment friendly, is widely used as the
material substituting LiCoO,.

The general synthesis methods of LiNiO; cath-
ode materials include high temperature solid state
method [1-5], combustion method [6] and molten
salt method [7]. However, these methods are re-
stricted owing to the high temperature, long time,
and low uniformity of the products. Many meth-
ods for preparation of new materials, such as emul-
sion method [8], ion exchange method [9], thin film

*E-mail: lishuiping2002 @hotmail.com

(http://creativecommons.org/licenses/by-nc-nd/3.0/)

processes [10], sol-gel method [11], voltage pre-
diction method [12], precipitation method [13],
hydrolysis of metal alkoxides [14], and reflux-
ing method using acetic acid [15], have been
tried safely and economically to synthesize LiNiO,
cathode materials. However, the results are not
enough satisfactory to the researchers because of
the complex fabrication process and low electro-
chemical performance of the product.

Mechanochemical technology, which is a well-
known method for the preparation of nanomate-
rials, super thin powders and alloys, is extremely
useful for promoting intimate mixing by pulveriza-
tion of the starting materials during high-energy
milling [16]. On the one hand, the impact of
high-energy forces originating from the pulver-
ization enhances diffusion of the starting mate-
rials and consequently, promotes chemical reac-
tions resulting in metastable structures [16, 17]. On
the other hand, the high-energy milling action has
been reported to generate nanostructured as well
as metastable phases of various compounds [17].
Therefore, these advantages could be very useful
for synthesizing LiNiO; at low temperatures.

In the present work, LiNiO, was pre-
pared through two-step solid-state reaction by
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mechanochemical method and heat treatment at
low temperature. The effect of starting materials,
grinding speed and time as well as heat treatment
time on the structure of LiNiO, was studied.

2. Experimental

LiOH~H20, Ni(OH)z-HzO and LizCO3
(99.9 %) were purchased from Shanghai Runjie
Chemical reagent Co., Ltd., Shanghai, China.
In general, certain starting materials containing
LiOH-H,O (or Li,CO3) and Ni(OH);-H,O with a
molar ratio of Ni/Li equal to 1:1 were first placed
in an agate vial. Then, the vial was sealed and
subjected to the milling process using the ND2
Mixer/Mill. The weight ratio of balls to powder
of 8:1 was used as the mechanochemical process
condition. Agate balls with diameters of 20 nm,
10 nm and 6 mm were used in the process. Then,
LiNiO, was synthesized by calcining the as-milled
samples for 5 h to 15 h in air at 700 °C.

The as-milled samples of the final products
were subjected to X-ray diffraction characteriza-
tion (XRD, Y500, Fangyuan, China). The gen-
eral XRD studies were performed in the 20
range of 10° to 90° at 30 kV and 20 mA at
0.09° step size. A Cu X-ray tube was used as
the radiation source in all experiments. Gravimet-
ric/differential thermal analysis was also conducted
on the starting materials using the simultaneous
thermogravimetry-differential scanning calorime-
try instrument (TG/DTA, STA449C, NETZSCH,
Germany). A constant heating rate of 10 °C/min
was used for the samples subjected to TG/DTA
analysis. The morphology of the powders was ob-
served by scanning electron microscopy (SEM,
QUANTA 200, FEI, the USA).

3. Results and discussion

The thermogravimetric behavior of the starting
materials is shown in Fig. 1. In the TG-DTA curve
of LiOH-H,O + Ni(OH),-H,0O (Fig. 1a), a dras-
tic weight loss is observed at 87 °C, which can be
attributed to evaporation of the absorbed water. A
subsequent weight loss appeared at 285 °C, which

can be assigned to decomposition of the crystal wa-
ter. The third weight loss, which can be observed at
425 °C, is attributed to decomposition of Ni(OH),.
The last weight loss is observed at 460 °C, which
can be assigned to the formation of LiNiO,. In
the curve of LiCO3 + Ni(OH),-H,O (Fig. 1b), a
weight loss is observed at 309 °C, which can be
attributed to decomposition of the water contained
in the Ni(OH),-H»O crystal. A subsequent weight
loss is continued beyond 1000 °C. The observed
weight loss can be attributed to the decomposition
of LiCO3 at 520 °C, followed by the subsequent
solid-state reaction between Li,O, and NiO that
continues to 1000 °C.
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Fig. 1. TG-DTA curves of starting materials
(a) LiOH-H,O + Ni(OH);-H,O, (b)
Li,CO3 + Ni(OH),-H,O.

The XRD patterns of the products pre-
pared by two-step solid-state reaction using dif-
ferent starting materials are shown in Fig. 2.
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In the XRD pattern of the product originating from
Li,CO3; and Ni(OH);-H,O, most of diffraction
peaks can be attributed to the characteristic peaks
of Li;NigOjg. All diffraction peaks in the XRD pat-
tern, originating from LiOH-H,O + Ni(OH),-H,O0,
can be assigned to the characteristic peaks of
LiNiO,, which implies a well-crystallized na-
ture of the final products. In the mechanochem-
ical process, LiOH-H,O decomposes easily into
LiO; and H>O. The LiO; can directly react with
NiO which is the main decomposition product of
Ni(OH);-H,0O in the mechanochemical process, to
generate LiNiO,. The obtained results demonstrate
that LiNiO, can be fabricated through two-step
solid-state reaction method, using LiOH-H;O and
Ni(OH);-H,O as starting materials. The decompo-
sition enthalpy of Li,COj3 is higher than that of
LiOH-H;O0.
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Fig. 2. XRD patterns of the products originating
from (a) Li,CO3; + Ni(OH);-H,O and (b)
LiOH-H,0 + Ni(OH),-H,O.

Fig. 3 shows the XRD patterns of the prod-
ucts prepared by mechanochemical process at dif-
ferent grinding speeds. The diffraction peaks in
the curve of the sample prepared at 580 rpm are
attributed to the characteristic peaks of LiNiO;.
However, the diffraction peaks in the curve of the
sample prepared at 400 rpm are mainly assigned
to the characteristic peaks of LipNigO1o. These re-
sults indicate that LiNiO, can be obtained through
mechanochemical process conducted at 580 rpm,
followed by heat treatment. The forces exerted on

the material through grinding at 580 rpm are more
effective than those at 400 rpm, which improves
diffusion of the components of the starting materi-
als, thus promoting chemical reactions in heat treat-
ment process [16].
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Fig. 3. XRD patterns of samples obtained at different
grinding speeds (a) 580 rpm and (b) 400 rpm.

Fig. 4 shows the XRD patterns of the prod-
ucts prepared at different times of mechanochem-
ical process. In Fig. 4 it is observed that the diffrac-
tion peak at 2-theta angle of 18.9° starts to evolve
at 0 h i.e. in the sample not subjected to the
mechanochemical process. However, the character-
istic peak of the (0 0 3) plane is lower than that of
the (1 0 4). This result implies that the (0 0 3) crys-
talline plane of LiNiO; has not completely formed.
For 0.5 h sample, distinct peaks have occurred im-
plying a well-crystallized nature of the product.
It indicates that LiNiO, can be prepared through
mechanochemical process lasting for 0.5 h. The
patterns of other samples show the characteristic
peaks of Li;NigOj¢. Furthermore, the intensity ra-
tio of (0 0 3) to (1 0 4) peaks, Ligo3)/I(104), is the
most important index to evaluate the crystal struc-
ture of LiNiO;. When I(o3)/I(104) ratio is higher
than 1, the product shows a good crystal structure
in which nickel and lithium ions are well ordered.
In Fig. 4 it can be observed that the I(o3)/I(104) 12~
tio of the product obtained at grinding time of 0.5 h
is higher than 1. Therefore, the feasible time of
mechanochemical process should be 0.5 h.
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Fig. 4. XRD patterns of samples prepared at different
grinding times (a) 0 h to 2 h samples and (b) 4 h
to 24 h samples.

Fig. 5 shows the XRD patterns of the products
prepared by heat treatment at 700 °C for different
times. In Fig. 5 it is observed that a diffraction peak
at 2-theta angle of 18.9° starts to evolve for 5 h
annealed sample. More peaks are observed for the
sample obtained after heat treatment time of 10 h.
However, the main composition of the above two
products is Li;NigOjg. For 15 h annealed sample,
distinct peaks, which can be assigned to the char-
acteristic peaks of LiNiO,, can be observed. These
results demonstrate that the optimal heat treatment
time is 15 h.

Incorporation of lithium ion into an electrode
depends on the morphological structure of cath-
ode materials [4]. Therefore, morphological study

Fig. 5. XRD patterns of samples prepared by heat treat-
ment for different time periods.

of cathode materials for Li-ion batteries is essen-
tial. Fig. 6 shows the scanning electron microscope
images of the product prepared at grinding speed
of 580 rpm for 0.5 h, followed by heat treatment at
700 °C for 15. It is observed that the average diam-
eter of LiNiO, particles is about 15 pum. In addition,
single LiNiO, particle is a microsphere with a good
mobility which consequently, improves the energy
density of Li-ion batteries.

4. Conclusions

LiNiO, was prepared through two-step solid-
state reaction method. The products were charac-
terized by XRD and SEM. The results indicated
that LiNiO, could be obtained by mechanochem-
ical process at 580 rpm for 0.5 h, followed
by heat treatment at 700 °C for 15 h, using
LiOH-H,0 and Ni(OH),-H;O as starting materials.
The mechanochemical process can promote chem-
ical reactions between these two materials leading
to the preparation of LiNiO, which can be further
improved by heat treatment process.
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