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Abstract

Introduction: Cathode is an important component in the performance of Li-
ion batteries. Various compounds have been used as cathodes in Li-ion
batteries, among which NCA (LiNio.sC00.15Al0.0s02) has attracted a lot of
attention due to its high specific capacity and capacity retention. However,
the applied reversible capacity is lower than the theoretical value, which is
because of the migration of Ni cation to the Li layer (cation mixing).
Therefore, proper synthesis of this structure can help to increase the
capacity and battery lifetime

Methods: In this research, the precursor of NiogCoo.15Alo.0s(OH)2 were
synthesized by co-precipitation method using ammonia as complexing agent
at the temperature and pH of 60°C and 12 and then NCA cathode powder
was obtained by solid state method and calcination and sintering at 550 and
] 800°C respectively, under oxygen atmosphere. For comparison, the
DOr: synthesis of NiogCoo.15(OH)2 and then addition of aluminum hydroxide by
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studied.
Findings: Results showed that in the sample with a synthesis time of 4 days
and then 2 sintering stages, anodic and cathodic peaks in cyclic voltammetry

Keywords: can be seen clearly. Besides, better capacity and capacity retention, lower
Lithium Ion Battery, charge rt_asistance, anq higher Li diffusion were achieved. _ _

LiNiosC0015A100502 Conglt_xspn: Results _1n§1cat¢_a that ammonia as a complexmg agent_ in co-
Elect.roch.emicél ! Co- precipitation synthesis is suitable for the Al ion. Moreover, increasing the

synthesis time helps to have complete layered structures, which is followed
by better capacity. Two times sintering is also effective in reducing the
cation mixing.
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Extended Abstract

Introduction

Batteries have attracted a lot of attention in
the past decades. In particular, the lithium-
ion battery (LIB) has a high power density
and energy along with excellent cycling
ability, which was discovered in 1991. Most
of the studies are done on the cathode
electrode because of its effective role in
determining the overall efficiency of lithium-
ion batteries. One type of cathode is
intercalation compounds and Li[M]O; is one
of the first intercalation compounds with
layered structure used in lithium-ion battery
cathode materials. NCA is one of the most
widely used cathode materials in LIB, which
is widely used due to its high energy, power
density, and high discharge capacity.
However, the applied reversible capacity is
much lower than the theoretical value, and
one of the factors in reducing the capacity is
the migration of the nickel cation to the
lithium layer (cation mixing) and the
destruction of the layered structure of NCA.
In order to address this problem, the proper
synthesis of the structure can help to
increase the capacity and lifespan of the
battery.

There are various methods for the synthesis
of NCA. Among them, co-precipitation is a
conventional method that is widely used to
produce NCA and has advantages such as
uniform  elemental distribution and
controllable spherical morphology. Different
precipitation characteristics of Ni, Co, and Al
components make it difficult to obtain Ni-Co-
Al-O precursor powder with a homogeneous
composition. Especially, Al3* cannot easily
form a complex with any ligand because the
K of Al(OH)3s is equal to 1033
Nevertheless, co-precipitation is acceptable
for obtaining NCA on a large industrial scale,
and according to our studies, this method
was used in this research.

Materials and Methods

1 M aqueous solution of NiS04.6H:0,
C0S04.7H20, and Al2(S04)3.18H20 with a
molar ratio of Ni:Co:Al:80:15:5 was
prepared and stirred by a magnetic stirrer at
60°C. 2 M ammonia (NH3z(g)) solution was
added as a complexing agent to control
aluminum reactivity and reaction speed, and
then 1 M sodium hydroxide solution was
added to the salt solution drop by drop to
reach pH=12. Stirring of the solution was
continued at that temperature and pH for a
certain period of time. In order to determine
the best synthesis time, the synthesis of the
NCA precursor was performed at different
times of 24 h, 48 h, 96 h, and 168 h, which
were named NCA1, NCA2, NCA3, and NCA4,
respectively. To prepare NCA, precursor
powder with a molar ratio of 1:1.1 was
mechanically mixed with LiOH and then
calcined for 5 h at 550 °C and then sintered
for 15 h at 800 °C under oxygen atmosphere.
Ammonia is supposed to control the
reactivity of aluminum by forming a complex
with Al. However, a portion of the ammonia
solution may be in the form of NH4OH, which
can result in the rapid formation of Al(OH)3
precipitates. Furthermore, the formation
constant of aluminum with ammonia was
not found in any reference. For this reason,
another method was performed in addition
to the mentioned synthesis method for
comparison. First, cobalt and nickel
hydroxide were prepared by the co-
precipitation method, and then Al(OH)3
powder was added simultaneously with
LiOH to obtain NCA after heat treatment. The
NCA powder obtained by this method is
denoted as NC+Ab5.

XRD and EDX were carried out for the NCA
samples’ characterization. Coin cells were
used to evaluate the electrochemical
performance such as electrochemical
impedance spectroscopy (EIS), cyclic
voltammetry (CV), the formation process of
the cells at 0.1C, and cyclability at 0.5C.
Findings and Discussion
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The XRD results show a hexagonal single-
phase material with a layered a-NaFeO2
structure. EDX analysis also showed the
ratio of nickel, cobalt, and aluminum cations
is close to the original composition.

As the synthesis time increases (up to 96 h),
which is followed by the increase in particle
size, the reaction of the particle surface with
the electrolyte decreases, and thus the SEI
layer is formed with a smaller thickness.
Therefore, the specific capacity and capacity
retention of NCA3 are better than those of
other samples. NCA1 does not show the
linear region of the Nyquist diagram, which
is related to lithium diffusion at low
frequencies. The incompleteness of the
layered structure can be one of the reasons
for this, which does not allow the diffusion of
lithium ions. This problem has been solved
by increasing the co-precipitation synthesis
time. Using the slope of the linear region,
lithium’s diffusion coefficient can be
calculated, which is 0.862 x 10712, 3.93 x
10712, and 1.056 x 1072 for NCA2, NCA3,
and NCA4, respectively. The synthesis time
of 7 days does not show a good result. [t may
be due to the excessive coarsening of the
particles, and as the calculation of the
diffusion coefficient showed, it can lead to
the difficult diffusion of lithium ions.
Therefore, the synthesis time of 4 days was
considered more appropriate. The EDS
result of NC+A5 shows that the chemical
composition is acceptable, although the
distribution of the elements in NCA3 is a
little better. The diffusion coefficient of
lithium in the NC+A5 structure was found to
be 2.94 x 10712, By comparing the results of
NCA3 and NC+A5 samples, it can be
concluded that both methods of synthesis
are appropriate, but the capacity, capacity
retention, and diffusion coefficient of lithium
in the NCA3 sample are slightly higher. It
seems that Al does not form a complex with
ammonia. In the initial stage of the reaction,
aluminum hydroxide precipitates, while
nickel and cobalt ions form a complex with
ammonia. As the pH of the solution
increases, Al(OH)3() dissolves (it is said that
Al(OH)s; dissolves at a pH higher than
11,( AL(OH)4 ) TOH - Al(OH)Z(aq))).

Meanwhile, the nickel and cobalt complexes
release from NH; to form hydroxides. The
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presence of nickel and cobaltions can help to
precipitate Al(OH)s(s) again. Therefore, it is
believed that the formation of the hydroxide
of all three ions of nickel, cobalt, and
aluminum occurs at the same time, and it is
possible to synthesize a homogeneous
cathode material with a suitable particle
size.

The results showed that carrying out 2
stages of sintering led to an increase in
capacity from 113.79 to 130.79 mAh/g.
Besides, the diffusion coefficient of lithium
increased to 5.88 x 10712,

Conclusion

In this Study, Nio,gCOo,15Alo,os(OH)2 and
NiosCo015(OH)2 cathode precursors were
synthesized by co-precipitation method and
using ammonia as a complexing agent. The
best result was obtained for the synthesis
time of 4 days. The EDS results showed that
in both precursors, a homogeneous chemical
composition was obtained, and the
electrochemical evaluation of both
synthesized cathodes showed relatively
similar results. Two sintering operations
increased the capacity by reducing the
amount of Ni2* and cation mixing.
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