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Abstract

The LiCoo.25Nio.7502 compound was prepared as a cathode active material for lithium—ion

batteries by a citric-urea combustion rout in this study. The study presented a comprehensive
analysis of the decomposition process and formation of metal oxides in LiCoo.25Nio.7502 sample
using Thermogravimetric Analysis (TGA), crystalline structure and surface morphology of the
prepared powder are investigated by (XRD) and (FESEM). In this study, the electrochemical
performance of the a cathode material prepared using different techniques was examined,
including cyclic voltammetry, electrochemical impedance spectroscopy, and measuring the
initial charge and discharge capacities along with the capacity retention. The results of the XRD
patterns for LiCo0o.25Nio7502 sample shows high intensity peaks that indicated a good
crystallinity with the Calcination Temperature, while the morphology findings indicate that the
sample was within nanostructured dimensions. Electrochemical measurements showed. The
capacity of the charging and discharging were of 177.6 mAhg™ and 166.9 mAhg™* delivered by
the LiCo0o.25Nio.7502 cathode. Likewise, a columbic efficiency of 93.9% was obtained for the
cathode.

Keywords: Lithium-ion batteries; citric-urea combustion route; cathode material; TGA,

Electrochemical Characterization.
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Introduction

Energy production and storage have become a significant concern in recent times due to the
continuing depletion of fossil fuels such as coal, oil, and gas, which are predicted to run out
by 2090. To meet the present energy demand, we must thus discover other energy sources
[1,2].

Energy storage batteries are among the most important storage technologies, due to their long
cycle life and high energy density. In case of an emergency, batteries may be used as a
chemical energy storage source [3].

Since lithium-ion batteries offer such high energy, power density, stability, and dependability,
they have long been regarded as an effective energy storage solution. Over the past several
decades, Lithium-ion batteries (LIBs) have taken centre stage in many fields of research. In
addition to being widely used in portable electronics, lithium-ion batteries are also expected
to be a major component of smart power grids and electric car technology [4,5].

The de-intercalation of lithium ions anf the reversible intercalation that occur between anode
and cathode is the basis for their operation [6-8]. The main performance attributes of batteries,
high energy, high voltage, high speed charging, good safety, and better stability improved
power grids, automobiles and drones [9-12]. This has led to a great deal of study in the field
of nanotechnology materials for electrodes in an effort to maximise ion storage operations at
the nanoscale and push the limits of lithium-ion batteries. The development of high-
performance cathode materials is especially crucial because the cathode directly influences
electrochemical properties that are essential to the efficient operation of modern lithium-ion
batteries, included specific capacity, voltage of operation, cycle stability [13-15].

Generally speaking, the quickest approach to enhance the electrochemical performance of
Lithium-ion batteries (LIBs) is to locate the best cathode material combination by creating
preparation techniques with various parameters to manage the cathode architectures and
crystallisation degrees [16]. This work effectively synthesised layered LiCo00.25Nio.7502
cathodes using a new citric-urea self-combustion method. Batteries provide numerous benefits

to society, including energy storage, portable devices, renewable energy integration, electric
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vehicles, medical applications, and energy independence. Overall, batteries are crucial for
technological advancement, improving quality of life, and promoting environmental
sustainability.

Experimental Details

LiCoo.25Nio.7502 Nanoparticles were produced by using of the citric-urea combustion rout.
Stoichiometric molar amounts were weighed in accordance with their molecular weights in
order to create the sample. The following equation was used to get the reactant weights:

Mass (g) = No. of moles x Molar Mass (g/mol) Q)
LiCoo.25Nio.7502 sample preparation involved first weighing and completely dissolving the
materials (LiCl, CoCl..6H20, NiCl..6H20) in distilled water, then mixing the mixture while
stirring continuously. Next, an aqueous solution of urea (NH2.CO.NH>) and citric acid (CsHsO7)
was added to the first solution with mixing to form the starting solution (100 ml), in which the
molar ratio of citric acid to metal ions is (1:2) and the molar ratio of urea to metal ions is (1:1).
Ultimately, HNOs are mixed at a volume ratio of 1:0.1 with the starting solution while being
continuously stirred. The resultant solutions underwent continuous stirring for four hours at a
temperature of 85 °C to facilitate water evaporation. Up until dark blue gel was produced, the
solution’s viscosity was steadily raised while dark blue resin was formed and intermittent
foaming was seen. The resultant resin was cured for six hours at 180 °C. After the gel's volume
was increased three or four times above its starting volume, an intermediate compound known
as polymeric intermediate was created. Additionally, it was calcined for four hours at
temperature of 800°C [15].

Results and Discussions

1. Thermal Gravimatric Analysis (TGA)

The TGA diagram of LiCo0o.25Nio.7502, which was synthesized using the citric-urea combustion
rout, is depicted in Figure 1. The LiCoo.25Nio.7502 sample, synthesized by the citric-urea
combustion rout, undergoes four decomposition stages with a total weight loss of 56.02%. The
stages are as follows: 5.99% weight loss at 40-160°C (likely from water loss), 8.99% weight
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loss at 160-285°C (possibly from organic decomposition), a significant 28.55% weight loss at
285-475°C (likely from further organic decomposition and metal oxide formation), and 12.49%
weight loss at 475 - 740°C (possibly from further metal oxide transformations) [17,18]. Tablel

lists both temperature zones and loss weight of the prepared LiCog.25Nio. 7502 sample.

100 A . l 5.999%

90 - - |8.9926

28.55%0

12.49%%0

o 200 400 600 800 1000
Temperature (°C)

Figure 1: The TGA diagram for LiCoo.25Nio.7502 sample.

Table 1: The TGA results of LiCoo.25Nio 7502 sample

. Temperature . o
Sample synthesis method De?c?rg:ogs?tfion Range (°C) Weight Loss (%)
P Start End Partial Total
1st 40 160 5.99%
. . citric-urea 2nd 160 285 8.99% .
L1C0025Nlo.502 combustion rout 31 285 | 475 | 2855% | °09%%
4™ 475 | <800 | 12.49%

2. X-ray Diffraction (XRD)

The structure and the phases of LiCoo.2s5Nio.7502 powder have been determined by X-Ray
Diffraction analysis. The characteristic peaks at (20=37.82°, 43.93°, 44.99°, 63.92°, 65.07°,
76.73° and 79.8°) of the planes (111), (002), (104), (022), (018), (113) and (222) respectively,
indicates the formation of cubic LiNiO2 nanostructure of space group (Fm-3m no. 225), which
well agreed with (JCPDS 98-002-9236) and (JCPDS 98-01-4801), as shown in figure (2). The
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crystalline size of LiCo0o.2sNio.7s02 powder was calculated by Scherrers equation (eq.2) [19],

to be 38.49 nm).
D =0.9 1/ (p cosO) (2)
Where D is the crystallite size, A is the X-ray wavelength, B is the full width athalf maximum

(FWHM) and 0 is the Bragg’s angle.
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Figure 2: XRD pattern of (LiC00.2sNio.7502) sample.

3. Field-Emission Scanning Electron Microscopy:
The morphology and particle size distributions histogram of LiC0o.25Nio.7502 sample were

described using FESEM images. As shown in Figure 3a,b, The images show that the sample is
well-formed polycrystalline materials. The majority of the crystals in all the materials are
polyhedrals. It seemed that a few of the crystals were modestly aggregating into larger particles

[20].
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Figure 3: a- FESEM images for LiC00.25Ni0.7502 at various magnification levels.

b- Histograms depicting particle size distributions

4, Electrochemical Characterization
e Cyclic voltammetry (CV)

Figure 1 demonstrates the cyclic voltammograms of the cathode material of LiC0o.25 Nio.7505.
The CV diagrams were obtained using Potentiostat/Galvanostat Autolab at a scan rate of 0.1
mV stin the potential ranging from 2.5 to 4.5 V. A sharp oxidation peak is detected at ~3.9 V
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and a broad reduction peak at ~3.7 V, which are attributed to the insertion/extraction of lithium
ions within the electrode. In addition, an attenuated oxidation peak approximately located at 4.2
V and also a weak reduction peak situated at ~4.0 V are found in the CV curve of the cathode
material. In the LiCoo.25 Nio.7502 cathode material, the operating voltage is ascribed to the Fermi
energy level of the electrons of 3d orbital, which varies as CoO2 (3d5/3d6) > NiO2 (3d6/3d7).
If the Ni*® ions in the cathode are mainly associated with intercalation/de-intercalation of the
lithium ions, the redox peaks located at higher potential can be imputed to the contribution of
Co™ ions in the redox reaction, since Co*3/Co*™ appears at a higher potential than that of

Ni*3/Ni*4. Accordingly, the oxidation and reduction peaks respectively at 4.2 and 4.0 V are
associated with the Co*3/Co** redox reaction [21].

oxidation peak

oxidation peak

|

Current (mA)
o
N

-0.2 =

reduction peak

reduction/p'eak
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Figure 4: The CV curve of LiC00.25Ni0.7502 recorded at a scan rate of 0.1 mV s in the
voltage range of 2.5t0 4.5V

e Electrochemical impedance spectroscopy (EIS)

Figure 5 demonstrates the electrochemical impedance spectroscopy (EIS) curves of the
LiCoo.25Nio.7502 cathode material. The equivalent circuit shown in Figure 5 2 was used for the

fitting of the Nyquist plots. The Nyquist diagrams of the cathode material shown in Figure 5
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comprise of a semicircle found at medium-to-low frequency along with a straight slope line
detected at low frequency. The intersection point of the Nyquist plots and the Z" axis at high
frequency is relevant to the electrolyte bulk resistance (Rs), which signifies the ionic
conductivity of the electrolyte. The semicircular changing from the medium to low frequency
is pertinent to the charge transfer resistance (Rct) between the cathode and electrolyte and also
the kinetic of the electrochemical reactions occurred in the positive electrode. The straight slope
line defined as the Warburg impedance (Wo) corresponds to the diffusion of Li* ions within the
bulk of the cathode material [22-24]. According to the results, the LiCoo.25Nio.7502 cathode
material exhibited an electrolyte bulk resistance of 2.6 €, a charge transfer resistance of 49.14

Q, and a Warburg impedance of 0.051 Q.
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Figure 5: The Nyquist plots of the LiCoo.2sNio.7s02 electrode and the equivalent circuit hired
for the fitting of the EIS curves

e Charge and discharge cycles

The initial charge and discharge cycles of the half-cells of the LiC0o.25Nio.7502 cathode material
as the working electrode and the lithium foil as the counter electrode. The measurements were

done in the voltage (2.5-4.5) V at 0.1C using a battery tester. The results reveals that
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LiCoo.25Ni0.7502 cathode delivered a charge capacity of 177.6 mAh/g and a discharge capacity
of 166.9 mAh/g, corresponding to a Coulombic efficiency of 93.9%.

Voltage (V)

l = Charge
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Figure 6: The first charge and discharge cycle of half-cells where LiCog.25Nio 7502 was

assigned as the working lithium and electrode was used as the counter electrode

e Stability percentage

The capacity retention versus the cycle number curves of the LiCog.25Nio.7502 electrode material
is appeared in Figure 7. The cyclic performance of the electrodes was examined using a battery
tester, a voltage of 2.5 to 4.5 V and a C-rate of 0.1. The LiCo0g.25Nio.7502 electrode material
showed delivered a capacity retention of 92.1%.
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Figure 7: The stability percentage versus the cycle number of LiC0o.25Nio.7502
electrode material after 100 cycles in the voltage ranged (2.5-4.5) V and the C-rate of 0.1.

Conclusions

The citric-urea combustion rout was used to successfully synthesize LiC0o.25Nio.7502 for
lithium—ion battery cathode. The citric-urea combustion rout led to a total weight loss of up to
56.02%. Suggesting a more complete decomposition and formation of metal oxides. This could
have been attributed to the citric-urea combustion rout’s higher efficiency in decomposing
organic components and forming metal oxides. The composition and structure of these
materials have been investigated; XRD pattern shows the formation of cubic LiNiO>
nanostructure and confirms that all the peaks are very sharp, indicating a high crystallinity of
the powder. The electrochemical performance was assessed using techniques like cyclic
voltammetry and electrochemical impedance spectroscopy. The preparation method of
electrode materials crucially influences their structure and surface characteristics, enhancing

conductivity and structural stability, and leading to improved charge retention.
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