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Abstract
LiNixMn,.,O,4 cathode materials were synthesized for Li-ion battery utilizing solution
combustion approachwheremetalnitrates and urea as prepared sample. Characterization
technique was investigated using XRD (X-Ray Diffraction), SEM (Scanning Electron
Microscopy) and TGA (Thermo Gravimetric Analysis). It has been discovered that in the main
yields generated incombustion methods, there was a fundamental crystalline LiMn,O,phase were
present. Pure phase LiMn,O,was formed following additional annealing air in low temperature
of 600°C. Spherical morphology of synthesized sample were obtained SEM results while TGA
reveal that mass is continuous decrease with temperature and it represented by the mass loss
curve. The dopant of Nickel into LiMn,O4cathode materials were comparable to those reported
for characterization of the electro-chemical activities among all cathode results generated by the
solution ofdirect combustion technique. As a result of the research, it was discovered that
LiMn,0O, derived by combustion synthesis was high potential cathode material for LIBs (lithium
ion batteries).
cathode, electrolyte and anode. Recently

1. Introduction lithium ion battery has many applications in
By utilizing electro-chemical  redox manufacture of electronics such as
processes, a battery can convert chemical notebooks, portable electronic devices, and
energy stored within its electrodes into mobile phones. LIB has long cycle life, high
electrical power. The Lithium-ion battery power density, and no memory effect.

(LIB) is a unique sort of secondary batteries, LiMn204(LMO) spinel has low price, nice
which can be re-chargeable for transportable safety and environmental friend lines as well
power tool and electronics equipment, as among the most potential cathode
having slow drawback charge and high (positive) materials, because of this it was
energy densities while it is not on working. attracted the interest of researchers[4,5].
It is one of the many distinct types of But, there is huge problem with spinel
batteries available [1-3]. LIB is a type of LiMn,O,cathode material that was at
battery which has three main components: elevated temperature during repeated
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charge-discharge cycling it is easily capacity
loss. Some of the potential causes of
capacity loss in electrolyte of acidic medium
may be connected to Mn dissolving inacidic-
electrolytes by overstated response, gives:
2Mn**— Mn*+ Mn*[6]. Mn** is totally
released state, and lack of oxygen according
to Jahn Taller. To address this issue,
different investigate groups have created
doped spinel materials LiMyMn,,O04 (M =
Al, Ni, Fe, Co) and made strides their
cyclability.LiNipsMn; 504  compound s
characterised as an adenoidal potential
cathode fabric for lithium particle batteries
with a potential of roughly 4.9V [4, 7, 8].In
spite of the truth that the nickel displays in
spinel renders it more costly than LiMn,0,.
Hence, it is basic to make strides the
electrochemical behaviour of LiMn,O, by
doping these with a little amount of nickel,
as expressed over, in arrange to progress its
conductivity. In this inquire about; we
demonstrated that doping LiMn,O, with a
low concentration of nickel had a
impressive affect on the execution of the
fabric and increments the sum of vitality
amassed and the sum of capacity.

These, lithium-ion batteries are continuously
utilized at the same time as an improvement
made on active density. It permits massive
autonomy for a decrease weight. Completely
powered airplanes by electricity are aviation
by lithium ion battery. However, the
existence and performance of the batteries
are depends at the temperatures. To get
most, efficiency the temperature of the
packs ought to inside the variety. Enhance
battery packs at lower fee than
experimentation: numerical simulation with
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thermal impact is right manner to broaden
lithium ion battery. The electrochemical
cathode substances carry out in exclusive
synthesized approach. Normally, LiNixMns.
«O4cathode materials had been synthesized
the use of the technique of traditional
strong-country  [10,11]. However, this
system necessitates the mechanical blending
of lithium resources with manganese assets,
that is then followed by using a excessive-
temperature response. In comparison, the
strong-kingdom response LiNixMn,.
xQO4spinel materials will include impurities
and feature constrained manage over the
stoichiometry of the reaction. As a end
result, within the synthesis of substituted
LiMxMn,,O, (M = Ni-doping cation)
cathode substances, homogenous
distribution of the cation replacement
element inside the crystal lattice is
considered so essential that it's been
acknowledged as a critical step in the
procedure. If you examine answer synthesis
to solid-kingdom  response,  solution
synthesis is more foremost since it produces
a more uniform composition that contains
few or no impurities. It has been mentioned
that the answer synthesis of the cation-
substituted LiMn,O4spinel shape may be
performed through a variety of approaches,
together with a sprig-drying technique [12],
emulsion-drying approach [13]molten salt
approach [14], and sol-gel technique [15].
Moreover, those systems involve steeply-
priced reagents, time ingesting and not to be
had on commercial programs. As a
consequence,one among theeasy to synthesis
available on industrial market is one among
the answer-combustion methods (SCM)



JOURNAL OF ALGEBRAIC STATISTICS

Volume 13, No. 3, 2022, p.2523-2534
https://publishoa.com

ISSN: 1309-3452

ofwet artificial methods. In our paintings,
we synthesize LiNixMn,_,O4cathode
materials with highercapacity retention and
cheap answer combustion strategies.
Sphericallymorphology of cathode
substances with the samedistributed micro-
size debris is synthesizedand is pleasant to
get more ability performance from
LMOcathode materials [16, 17].As a
preferred, the number one goal of this
research is to synthesis and characterization
of promising cathode materials (LiNixMn,.
«Q4) for lithium ion battery the usage of
solution combustion to increase strength
storage and capacity retention.

2.Experimental Details

The chemicals used in this experiment were
Lithium nitrate (LINO3), Ethylene carbonate
(EC), Nickel nitrate (NiNO3), urea
(Co(NHy),, manganese nitrate tetra-hydrate
(Mn(NO3)2.H,0O, lithium metal (50pum
thick), carbon black, diethyl carbonate
(DEC), lithium  hex-fluorophosphates
(LiPF6), and Aluminium foil (50um thick).
The equipments used in this experiment
were Magnetic stirrer, Scanning Electron
Microscopy (SEM), Thermo Gravimetric
Analysis (TGA), Beaker, Hot plate, X-Ray
Diffraction (XRD), Furnace and Grinding.
The experimental procedure of this study
was developed from the literature [10] a
follows.LiNO3 of 0.550 gm and 0.016 mol,
Mn(NO3y,.4H,0 of 4.00 g and 0.032 mol,
Ni(NO3)2.6H,0, Urea ((NH,),CO) of 1.435
gm and 0.047 mol are the precursors that we
were used in this experiment. 20.00 ml of
double distilled water were needed to
dissolve and the solution was kept under
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high speed magnetic stirrer for 30 minutes at
normal temperature. The reaction was
continued until the material was dissolved
completely. Then after, the solution was
taken to hot plate for 30 minute and
combustion reactions were started. During
this combustion reaction, greatest values of
energy (maximum) were obtained. Here,
stoichiometric calculations were occurred,
by using reducing (R) and Oxidant (O) of
the valences. The ratios of total oxidizing to
reduction were gives unity. Atoms which
were considered as reducing agents were Li,
C, H, Ni and Mn with +1 Li, +4 C, +1 H, +2
Ni and +2Mn valences respectively. Oxygen
atom with -2 valances was used as oxidizing
agent. Pristine samples of LiMn204 were
prepared as equation of stiochiometric
below.

LiN03+2Mn (NO3)2+4.2NH2-CO-
NH,—LiMn,04+6.7No+
4.2C0O,+8.4H,+3.40,

Table 1 represents materials of masses with
appropriate precursors based on
stoichiometric calculations.These precursors
were dissolved by gentle magnetic stirrer
and homogeneous solutions were obtained.
Then after, the solution was taken to furnace
amd calcinated at 500°C. At this stage,
exothermic reactions were took place and
completed at 10 minutes. Powder samples
were  obtained from furnace after
calcinations. In preparations technique, there
is some essential steps, first .boils the
solutions and dehydration is occurred and
decomposing was followed. Trace NOy and
other combustible like NoH, and NH3z were
generated. At this stage, metal oxides were
formed and in order to ignore toxic gases
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extra 10 minutes were added to the reaction.

After that, all of the hazardous NOx was
entirely eliminated from the furnace [15].
The final step is to obtain the powder
product and calcine it at 700°C for 10 hours
to make the spinel crystallographic
geometry of LiMn,O4. Ni was substituted

with Ni ion concentrations of 0.125. 0.25,
0.375 and 0.5 mol was synthesized at700°C
for  10hr. Foamy combustion and
voluminous combustion ash was grounded
without difficulty to obtaining cathode
materials of LiINixMn,-XOg.

Table 1 Calculated stoichiometric ratio materials in gram with respected precursors

Synthesized samples Mass of precursor/gm

(NH2).CO | Mn(NO3),4H,0 | LiNO3 Ni(NO3),.6H,0O
LiMn,O4 1.435 4.000 0.550 0
LiNi.125Mny 87504 1.435 3.750 0.550 0.370
LiNig25Mn3 7504 1.435 3.500 0.550 0.750
LiNig375Mny.62504 1.435 3.250 0.550 1.120
LiNigsMny 504 1.435 3.000 0.550 1.500

In next steps, 2032 coin cells were collected
to gather using Li metals as anode, as a
separator 2400 celgard, the solution of
LiPF6 (1 mol) in 50:50 a combination of
diethylene and ethylene carbonate as
electrolyte [20]. Cathode were prepared by
mixing active materials with powder,
conducting black and vinylinedene fluoride
binder in N-methyl2pyrolidone by ration of
80:10:10 respectively. Furthermore, the
layer of slurry was done over aluminium foil
and cured throughout night at 120 °C for 12
hr. 9 radius of slurry were stroked out as the
cathodes. Finally, TGA (thermo-gravimetric
analyzer) was used to analysis the prepared
power samples.

3. Result and Discussion

Figure 1 represents the SEM image
synthesizedLiNixMn,-XO, in terms of their
structural and morphology were
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analyzed.SEM image also examine the
morphology of as prepared of LiMn;0y,
LiNio.125Mn1 87504,  LiNig2sMn1 504 and
LiNi0.375Mn1.52504.FigU|’e 1 (a'd) diSplayS
SEM images of prepared samples of
LiMn204, LiNi0_25Mn1.35O4’
LiNio.12sMny.87504,and  LiNig375Mn1 62504
respectively. The prepared spinel of
LiNixMn,.,O4 at x = 0.375, 0.25, 0.125 had
spherical images. The calculated particle
size was failed in the region of micrometer.
During charge and discharge reaction, zero
stress structure .were deviated due to
spherical shaped of prepared LiMn,O,
cathode materials. Furthermore, during
charge and discharge reaction distortion
from Jahn Taller can countered in certain
side in opposite of their morphological
shapes [20- 22].The life cycle of all prepared
cathode materials is due the formation of the
micro-sized of the spherical shapes.The
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average particle sizes calculated by Scherrer
equation for the composition of x = 0.375, x

Figure 1: SEM image of the product seen from abovea) LiMn,0, b) LiNi0.125Mn1.87504 c)

= 0.25, x =0.125, and are 6.5 — 10, 4.2 — 10
um, and 3.4 — 8 um, respectively.

: .
o Ve T2 G

-

LiNi0.25Mn1.7504 and d) LiNi0.375Mn1.62504.

Here, the prepared LiNixMn,O4 crystal
structures are examined by utilizing XRD.
The typical XRD diffraction spectrum of as
prepared micro-materials in the range of 26
= 0% 70° where depicted in figure 2
below.All diffraction peaks confirms were
indexed in (111), (311), (400), (511) and
(440) of diffraction plane of prepared cubic
structure of spinel LiMn,O, with Fd3 m
space group. The presences of impurities
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were reflected from the XRD results.Crystal
structure were increased after Ni substitution
i.e. Ni?* ion was substituted at Mn** site in
prepared LiMn,O, cathodes materials.
Therefore, no other phases were formed.
Moreover, the peak of XRD graph become
sharp with increasing Ni substitutions and
high crystalline of the powder were
observed.
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Figure 2: X-ray diffraction pattern of the prepared LiNixMn2x0O4 (x = 0, 0.125, 0.25, 0.375,
and 0.5) spinel cathode material.

The theoretical expressions were explained
in the following [22].

CT = 268+

1)

Where Mand p represents molecular weight
of doped LiMn,O4and number of Mn(lll)
respectively. By using eq. 1 above the
theoretical output of LiNixMn,.,O4 cathode
ion were 148, 132.2, 115.6, 98.3, and 80.3
mAhg-1 for x=0, x=0.125, x=0.25, x=0.375,
and x=0.5, respectively. In first cycle, the
discharge capacities of pristine LiNixMn2-
xO4 in relation to Nicontent were explained
in figure 3. There no significant difference
between to discharge ability of pristine
LiMn204 and LiNi0_125Mn1_875O4_The lattice
parameterof LiNig125Mn1g7504 is 8.3228 A
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while the lattice parameter of LiMn,O, is
8.3232 A (see figure 3). The calculated
lattice parameter is almost equal.From
theoretical and experimental results, as
prepared of pristine LiMn,O, and some
doped LiNig125Mn1 67504 samples displays
high capacity of discharges of the first cycle
and had large lattice parameter compared to
other high Nickel doped samples. Li-ions
can be transfer easily due to large lattice
parameter and anincreased discharge
capacity. At x = 0.25, 0.375 and 0.5 the first
cycle of doped material is lower than that of
preparation (pure LiMn,0). The decrease in
lattice parameter observed with high Ni-ion
doping leads to lower discharge capacity.



JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 3, 2022, p.2523-2534
https://publishoa.com

ISSN: 1309-3452

140

135

130

Capacity (mAh/g)

T
Q2

Ni content (gm)

T
03 04 as

Figure 3: First cycle discharge capacity of LiNixMn,.O4and (b) calculated lattice
parameter of LiNixMn,.,O,composition (x =0, 0.125, 0.25, 0.375, 0.5)

The charge and discharge capacity or 50th
cycle output or first cycle discharge capacity
of the LiNixMn,.,Oscathode material has
been shown in Figure 4. Here, the
LiNig125Mn; 8750, composition does not
improve.Cyclecapacity compared with pure
LiMn,O, cathode materials while other
doped materials retain their original capacity
for a large number of cycles, moreover,
nickel-doped compositions LiNig 25Mny 7504,
LiNig.375Mn1 62504and LiNigsMny 504,
respectively, maintain 1.5, 1.6 and 1.3 times
that of pure LiMn,O4as a typical example.
High retention (85%) was observed at Ni-
ion concentration x = 0.375 after 50 cycles
[24] In this case, the LiNio_375Mn1_62504
sample is attributed to optimal Ni-ion
doping resulting in a stable spinner
structure. As shown in Figure 4, as the
amount of Ni-dopant increases, the amount
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of negatively charged interlayer energy
increases, indicating that Li-ion transport is
Very easy.

From thermo-gravimetric analysis (TGA), a
mass or mass reduction curve with
temperature was analyzed. Figure 5 shows
gravimetric analysis curves at a heating rate
of 10°C/min in an inert atmosphere. The
temperature at which the greatest mass loss
is observed is determined by the first
derivative of the TGA curves. The weight
loss observed at 96.5°C, 494 °C and 543°C
was attributed to the decomposition of
functional groups and the desorption of the
adsorbed water, including carboxylic and
hydroxyl groups. The continuous mass loss
with temperature is demonstrated from the
TGA curves. A greater discharge capacity of
the voltage cell is achieved when placed in a
well-insulated environment or in an
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adiabatic condition. Under the adiabatic
condition of the first cycle discharge, the
cell temperature increases at a high rate,

0

resulting in a decrease in the diffusion limit
and a higher diffusion coefficient of the
binary electrolyte [25].
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Figure 4: Retention capacity of LiNiyMn,.xO4flowing after 50 cycles at C-rate = 0.2C, (b)
calculated interleaving potential per Li atom
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A comparison of the constant discharge
curves is shown in Figure 6 below. From the
figure below, because of the different initial

values, the first charge cycle is different
from the rest, and there is a gradual decrease
in the battery's voltage in each cycle.

4.1 cycle=2, Cell voltage 9
cyclhe=4, Cell voltage
a4 cycle=6, Cell voltage 5
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Figure 6: Battery voltage discharge current vs time comparison for cycles 2, 4, 6, 8 and 10.

Different current densities are simulated by
modelling and visualization over discharges
and lead to different battery discharge rates.
The final charge information is obtained
from this model when the cell voltage drops
below 3V. The maximum discharge capacity
(17.5 Ah/m?) obtained for a current density
of 1.75 Ah/m? (0.1C) is illustrated in figure

7 below. The results also show that the 3V
discharge capacity decreases when a 1C
discharge current is applied. The capacity of
a C battery is about half its theoretical
capacity until it reaches a cell voltage of 3V
[26].
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Voltage (V)
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Figure 7: Discharge curves for different discharge rates.
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Conclusion

The pristine spinel cathode (LMO) and Ni-
doped lithium manganese oxide (LiNixMn,.
«Q4) materials were efficiently synthesized
using a solution combustion process in
which metal nitrate and urea were precursor
samples.The advantage of low nickel
substitution in the Spinel LiMn,O,4 cathode
material for lithium-ion batteries has been
investigated. Sample data were
characterized by battery charge/discharge
tester, thermogravimetric analysis (TGA),
scanning electron microscope (SEM), X-ray
diffraction (XRD), as well as using
COMSOL  Multiphysicssoftware.  The
structure analyzed by SEM showed that the
synthesized LiNiyMn,.xO, cathode material
has a spherical shape. Examination of the X-
ray diffraction patterns indicates that the
powder has a high degree of crystallinity,
which is evidenced by the fact that all peaks
are quite sharp. The TGA curve shows the
temperature at which the greatest mass
reduction exists. The mass loss curve shows
a continuous decrease in mass with
temperature. The discharge capacity of the

blank samples LiMn,04 and
LiNig 125Mn; g7504did not change
significantly. The higher the Ilattice

coefficient, the easier it is for Li ions to
move freely, leading to a greater discharge
capacity. Compared with the pristine
LiMn,O,4 cathode material, the composition
LiNig125Mn; 7504 does not improve the
periodicity, while the other doped spinel
formulations retain their inherent
capabilities over the long term; for example,
nickel-doped compositions LiNig 25Mny 7504,
LiNio.375Mny62504and LiNigsMny 50a.

[1]

2]

[3]

[4]

[5]

2532

Moreover, compared with other samples,
sample  LiNig375Mny 62504exhibits  more
continuous discharge capacity. In cycles
from 2 to 10, the voltage of the battery
gradually decreases in each cycle.
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