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Abstract — In this research, we synthesized LiNio.sMno2Feo202 (NMF622) cathodes by substituting iron for
cobalt in the cathode electrodes, which are typically associated with the chemistry of LiNigsMno2C00.20>
(NMC622) cathode material used in lithium-ion batteries (LIBs). The production of NMF622 nanoparticles
was achieved using the sol-gel method, incorporating metal salts as key components for structure formation.
We meticulously examined the structure of NMF622 nanoparticles and electrodes through X-ray diffraction
(XRD) and field emission scanning electron microscopy (FESEM), revealing the absence of impurities in
the NMF622 nanopowders. Our FESEM analysis further determined particle sizes ranging from 30 to 110
nm. To evaluate the performance of NMF622 cathodes, we conducted galvanostatic charge and discharge
tests at a rate of 1C within the potential range of 2.0 to 4.6 volts. Notably, the NMF622 cathodes exhibited
various capacities at different rates, including 211.86, 206.07, 198.68, 191.56, 167.16, 154.99, 135.62,
115.96, 188.36, 195.36, 202.46, and 209.3 mAh/g at different C-rates. Electrochemical impedance tests
indicated that all resistance values increased with the number of cycles. This study represents a significant
development and evaluation of NMF cathodes, which are proposed as an alternative to NMC chemistry. As
a result, it led to a substantial 60% reduction in cell manufacturing costs compared to NMC chemistry.
Furthermore, the environmentally conscious choice of using iron instead of cobalt, along with the use of
water-soluble binders, contributed to a reduction in toxicity.

Keywords — LiNigsMng2Feq 20, (NMF622), Layered Cathode Material, Cobalt-Free, LiNigsMng2C0020, (NMC622), Lithium-
lon

I. INTRODUCTION

The layered LiCoO> compound, which has a high
theoretical capacity (274 mAh/g) and theoretical

thermal stability, leading to the release of oxygen
under operating conditions over a particular
temperature, causing unexpected cell reactions.

volume capacity (1363 mAh/cm?®), was the first
cathode material in Li-ion batteries to be
commercially used. Another appealing aspect of this
material is its high discharge voltage and good cycle
performance [1]. However, this cathode material
has major drawbacks. Among the commercially
available cathode materials, LiCoO2 has the lowest

However, the toxicity of cobalt and its high cost
have prompted a quest for alternative elements that
can replace cobalt. Given its similar crystal
structure, LiNiO2 may be an adequate alternative to
LiCoO>. This cathode compound is inexpensive and
has a large capacity [2-5]. However, this cathode
material is not commonly used commercially. This
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occurs because Ni* ions block lithium diffusion
pathways during the intercalation process in pure

LiNiO2, resulting in thermal instability and
decomposition at high temperatures. Another
cathode  compound used in LIBs is

LiNio.8C00.15Al005s02 (NCA), which has a high
reversible specific capacity of 265 mAh/g compared
with LiCoO:..

The most important manufacturers of this cathode
compound are Panasonic and Tesla. When the NCA
x value in the LiNixCoyAl;O2 formulation is greater
than or equal to 0.8, it is considered nickel-rich.
Reducing the amount of cobalt in the compound
provides an advantage in terms of cost, and the
amount of energy stored in the battery is also
increased with an increase in nickel content.
However, it should be noted that an increase in
nickel content also facilitates thermal degradation
[5-10]. LiMnO2 cathode compounds, which are
more cost-effective and less toxic than cobalt and
nickel elements synthesized in the past, are widely
used. However, these compounds still have several
Issues, such as the tendency to revert to the spinel
structure during the intercalation process and the
leaching of manganese ions from the layered
structure as a result of electrochemical cycles.
Researchers have developed a Li (NiosMngs)O2
cathode compound to address these issues by doping
nickel ions into the LiMnO2 structure. This
improves the mobility of both lithium and nickel
ions and has an energy density to LiCoO; [11-15].
In addition, researchers have observed that stability
is further increased by adding cobalt to this
compound, resulting in the formation of
LiNixCoyMn;O2 (NMC) which is still in commercial
use today. In the cathode compound known as
NMC, lithium ions are located in the 3a region,
whereas nickel, manganese, and cobalt ions, which
have oxygen atoms in the 3b and 6c regions, are in
a mixed valency state. The cation mixture of Li*
(0.76 A) and Ni?* (0.69 A) occurs because of the
close proximity of their ionic radii, with nickel
occupying regions typically occupied by lithium in
the 3a regions [15-18]. There have been studies on
the synthesis and electrochemical properties of
Li(NiysMny3C01/3)O2 cathode electrodes, such as
those conducted by Dahn and Ohzuku.
Subsequently, research has focused on new
synthesis methods and surface coatings that
incorporate NMC species in different stoichiometric

ratios, resulting in the synthesis of higher-capacity
cathode materials by varying the ratios of transition
metals. This type of cathode material exhibits
polymorphic transformations that occur when it
changes from a layered structure to a spinel structure
during certain cycles. This transformation is caused
by the migration of manganese atoms from
tetrahedral positions in the lithium layers during
intercalation and the migration of lithium atoms to
octahedral positions, leaving the manganese atoms
in empty positions. These atom migrations
negatively affect the electrochemical properties of
the structure and decrease its performance. To solve
this problem, researchers have used alkali metals
such as sodium, potassium, and magnesium to fill
the octahedral cavities and prevent ion migration to
the tetrahedral cavities. Another issue that occurs in
these cathode compounds is the irreversible loss of
lithium and oxidation of the electrolyte, which
occurs when the LiMnO3 phase is activated when
the voltage exceeds 4.4 V during the first charge.
This activated phase releases Li>O into the
electrolyte, preventing lithium ions from returning
to the cathode and causing oxygen to react with the
electrolyte, forming an oxide layer. These issues
lead to capacity losses and performance drops in
subsequent cycles. [19,25]. In this study, we
introduced an innovative approach, which involved
the replacement of cobalt with iron in cathode
electrodes. Specifically, we utilized NMC622
chemistry to synthesize NMF622 cathode
electrodes. This strategic substitution not only
addressed the issue of toxicity associated with
cobalt, a heavy metal commonly found in lithium-
ion batteries but also delivered significant cost
advantages. Cobalt typically constitutes a
substantial portion of cell manufacturing costs,
making the use of iron a more cost-effective
alternative. Our primary objective was to develop
cathode electrodes that not only showcased superior
cyclic performance but also enhanced stability.
Ultimately, our aim was to increase the commercial
viability of this innovative approach, which holds
promise for the future of lithium-ion battery
technology.

Il. MATERIALS AND METHOD

A. Synthesis of LiNiosMno2Feo202 (NMF622)
nanopowders

NMF622 nanopowders were synthesized using
the sol-gel method, as shown in Figure 1. The first
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step of this method, known as sol—gel, involves the
formation of an inorganic polymer through
condensation and hydrolysis reactions.

Initially, C;H3Li02.2H20, Ni(CH3C0OO0)..4H20,
Mn(CH3C00)2.4H,0, and Fe(NO3)3.9H.O were
added to 80 ml of distilled water in stoichiometric
ratios and mixed in a magnetic stirrer for 24 h.
Afterward, NHsOH was added to adjust the pH, and
the NH4OH was removed by heating at 80°C.

The resulting mixture forms a colloidal suspension,
called a “sol,” which solidifies into a “gel” as the
temperature decreases [26]. After the gel was
obtained, the powders were dried and heat-treated.
The final NMF622 nanopowders were obtained by
calcination at 100 °C for 24 hours, 350 °C for
3 hours, and 7000 °C for 6 h.

DY
o o ° v
h ;.\o Mixing ﬁ ﬁ ] K
I ™a,: =-I o-l oYOR =-I ceicmtion NMF powders

80 mL of
‘bidistilled water

Sol formation Gel formation

Figure 1. Synthesis of NMF622 nanopowders by sol-gel
method.

B. Synthesis of LiNiosMno2Feo202 (NMF622)
cathode electrodes and production of coin cells

The NMF622 cathode electrodes used in this
study were prepared using the conventional slurry
method. The cathode slurry contained the following
components: 30 mL of distilled water, 2.5%
carboxymethyl cellulose (CMC), 2.5% styrene
butadiene rubber (SBR), 10% Super-P, and 85%
NMF622 nanopowder (Figure 2.). These
components were mixed in a magnetic stirrer for 2
h. Then, it was applied to aluminum foil to a
thickness of 300 um using a doctor’s blade. The
resulting cathodes were dried in a vacuum oven at
85°C for 24 h. The electrodes were then cut to the
appropriate size for battery pressing using an
electrode-cutting device. This study performed half-
and full-cell tests using CR2032 coin-type cells.
Polypropylene (PP) was used as the separator, and
LiPFe was used as the electrolyte.

-
PVDF
g NMP

tJ

NMP solution
; (
E =
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oY= :] Cathode sheet CR2032 coin cell
NMF622 nanopowders

Figure 2. Electrode preparation and battery assembly
processes.

C. Metarial characterization

The analyzed nanopowders were determined using
Cu radiation in an XRD device named Rigaku
DMax 2200 with a scanning speed of 2°/min
between 10° and 80°. The use of FE-SEM (FEI
Quanta Q400) and energy-dispersive X-ray
spectroscopy (EDS) allowed the investigation of the
sample’s morphology and chemical composition.
Using a Kaiser RXN1 instrument, Raman spectra
were collected. In this study, the laser wavelength
was 785 nm. The NMF622 cathodes were tested for
galvanostatic charge/discharge tests between 2.0
and 4.6 V at 1C (1C = 276 mAh/g) for 500 cycles.
EIS measurements were taken in the frequency
range of 0.01-100 kHz to investigate the
conductivity and Kinetics of these materials.

RESULTS AND DISCUSSION

A. Determination of chemical, physical, and
morphological properties

Figure 3. shows the findings of an X-ray
diffraction (XRD) study of NMF622 nanopowder
prepared by the sol-gel technique. The diffraction
patterns were obtained as a result of the analysis.
The narrow diffraction peaks of the NMF622
nanopowder can be attributed to the homogenous
distribution of cations in the structure and the high
crystallinity of these powders. On the other hand, it
has a - NaFeO: type structure with an R-3m space
group. The ratio of l(os)/l(104) peaks is a critical
indicator of the partial change in the occupancy state
of Li and transition metal ions or cation mixing
between sites. The reason for this is that Li* and Ni*?
ions have similar bonding structures in the R-3m
structure and Li/Ni anticide defects of similar ionic
diameters  occur  [27-29]. (006)/(102)  and
(108)/(110) diffraction pairs play a significant role
in cathode materials with layered structures. The
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obvious separation of these diffraction pairs
demonstrates that the cathode materials with layered
structures have a good hexagonal arrangement. It is
also responsible for assisting lithium intercalation
and deintercalation during the charging and
discharging procedures. In cathode compounds with
a layered structure such as NMF, the
electrochemical properties are improved with an
increase in the lattice parameter value called c.

This phenomenon can be attributed to the ability of
lithium ions to traverse a wider range within the
matrix [30-32]. Notably, the lattice distortion,
defined by the c/a ratio of 4.983, and the cation
mixture, reflected in the loos)/l(104) ratio of 1.428,
further illuminate this behavior. It's worth
mentioning that the R ratio, computed at 0.396,
underscores the prevalence of the hexagonal lattice
structure, indicating only minimal deviation from
the cubic structure.
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Figure 3. XRD analysis results of NMF622 nanopowder.
Table 1. Lattice parameter values of NMF622 nanopowder.

Sample a(Ad) c¢(A) cla | 1ozl R

NMF622 2,853 14,217 4.983 1.428 0.396

To investigate the Raman spectroscopy of NMF622
nanopowder, we first investigated the single-
component oxide structures that form this layered
structure. The NMF structure can be thought of as a
solid solution of LiFeO2, LiMnO2, and LiNiOa.
Polarization occurs because of the electromagnetic
field applied to these solid solutions. Because of this

polarization, two distinct vibration modes, A4 and
Eg, corresponding to the M— O stretch and the O—
M-O bending in the plane, emerge. The detected
vibration modes in LiFeO; are clearly visible at Axg:
533 cm™ and Eg: 646 cm™ wavelengths. The Aag
vibrational mode occurs at higher wavelengths in
LiMnO2 [33-35].

This can be attributed to the higher polarization of
electrons in the tzg. In the case of LiNiO2, the Ay
mode becomes apparent in the spectral range of 560-
600 cm™, primarily due to the varying oxidation
states of nickel ions. As depicted in Figure 4, two
distinct vibration modes known as Aig and Eg
manifest at 430 cm™ and 557 cm™, respectively.
These modes are associated with the stretching of
M-O bonds and the bending of O-M-O angles
within the plane of the NMF622 nanopowder. It's
important to note that the presence of Super-P in the
slurry composition of the NMF622 cathode
contributes to the detection of the D and G bands,
prominently seen as strong peaks at 1352 cm™ and
1602 cm™. The D band is categorized as a double
resonance peak due to the irregularities in carbon
sequencing, and its heightened intensity suggests
the presence of additional sp® carbons. The G band
exhibits impurities and irregularities stemming from
the first-order scattering of the Ezq phonon in the sp?
carbon-carbon bonds [35-38].

D band

G band
Eg

Intensity / arbitrary units

Alg

T
500 1000 1500

Raman Shift (cm?)

2000

Figure 4. Raman spectroscopy of the NMF622 cathode
electrode.

Figure 5. shows FESEM images and dot mapping
analysis of NMF622 nanopowders synthesized
using the sol-gel technique at x50 000 and X200 000
magnifications. All grains formed after the two-
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stage calcination process have a polyhedron
structure and are partially sintered with each other,
with radii ranging from 30 to 110 nm. The excess of
oxygen in the structure is caused by the fact that the
grain structures, which represent the lighter grains
in the FESEM image and are characterized as white,
are oxidized, as confirmed by the EDS analysis
(Figure 6.).

%200 000

Figure 5. FESEM image of the NMF622 nanopowder. (a) x50 000 (b) at 200 000 magnification.
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Figure 6. Dot mapping analysis and EDS pattern of NMF622 nanopowder.

B. Electrochemical characterization

A cyclic voltammetry test was applied to
examine the phase transformations that occur in
the structure of the cathode electrodes obtained
from NMF nanopowders during the charging and
discharging processes, and to observe the kinetic
behavior of this electrode. Test conditions were
carried out between 2.0 V and 4.6 V with a
scanning rate of 0.1 mV/s. The data obtained
because of the test are shown in Figure 7. On the
CV curve of the NMF622 cathode, one can
observe a peak for oxidation and one for
reduction. The anodic peak is observed at 3.80 V,
and the cathodic peak is observed at 3.45 V. The
oxidation peak is due to the conversion of Mn*® to
Mn*4. During discharge and at 3.45 V, the
reduction peak to Mn** belongs to Mn*3. At about
3.25 and 4.15 V, the absence of oxidation or
reduction peaks in the structure indicates that Fe
and Ni ions are still present as +2 [39,40].

0.00006 —

1st Cycle
2nd Cycle
3rd Cycle
0.00004 4 |—— 4¢th Cycle
| [——5th Cycle

Mn*/Mn*?
0.00002 -

Current (A)

0.00000 4

-0.00002 4
Mn*™/Mn*3

2.0 25 3.0 3.5 4.0 4.5

5.0
Potential (V) vs LVLi"

Figure 7. Cyclic voltammetry (CV) curve of the NMF622
cathode electrode.
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The diffusion ability of Li* ions in the NMF622
sample enables us to determine the differences
between the maximum voltages of the redox
plateaus in the CV curve. The decrease in the
differential between these plateaus indicates that
diffusion happens  quickly and  the
electrochemical process is efficient. The CV
curve of the NMF622 cathode electrode reveals
almost no variation in voltage levels between
cycles, indicating low polarization. The NMF
cathode electrode's redox potentials and
polarization values are observed throughout the
course of five cycles.

Figure 8. depicts the impedance spectra of
NMF622 electrodes before and after the cycle (1%
cycle, 250" cycle, and 500" cycle) using a
Nyquist diagram. EIS measurements were taken
in the frequency range of 0.01 Hz - 100 kHz to
investigate the conductivity and kinetics of these
materials. Simultaneously, the equivalent circuit
supplement is plotted on the graph. The graph
shows that a semicircle and a linear straight line
are formed. The charge transfer resistance (Rct) is
expressed by the semicircle's diameter, and this
resistance is identical to the polarization
resistance (Rp). Furthermore, the semicircle is in
the high-frequency region, and the larger the
diameter of this circle, the greater the resistance
and the higher the concentration. The linear part
is known as the low-frequency region because it
includes diffusion information. This curved line
also represents the Warburg impedance [41,42].
The charge transfer resistances of the electrodes
are 43.23 Q, 46.89 Q, 121.3 Q, and 168.6 Q,
respectively, as shown in Table 2.
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Figure 8. Impedance spectra of cathode electrodes
pre and after-cycle.

The charge transfer resistance exhibits a
noticeable increment with an increasing number
of cycles. Notably, there were minimal alterations
observed in the values of Rs. Additionally, it's
evident that the sample thicknesses increase as the
number of cycles progresses. This phenomenon
can be attributed to both the growing number of
cycles and an augmented electrostatic repulsion
between the MOg layers. Consequently, this leads
to an increase in the c/a ratio, often referred to as
lattice distortion.

The increase in the c-axis dimension correlates
with an expansion in the sample thickness. Before
the cycling process, the NMF622 cathode
electrode exhibited the lowest charge transfer
resistance, primarily owing to the limited
occurrence of side reactions between the active
material and the electrolyte. Additionally, the
smaller semicircle diameter observed for the
NMF622 cathode electrode prior to cycling
signifies that the fabricated electrode possesses a
stable structure, facilitates rapid electrochemical
reactions, and offers enhanced ionic conductivity.
In stark contrast, the cathode electrode at the
500th cycle exhibited the highest charge transfer
resistance. This phenomenon can be attributed to
the development of a diffusion barrier for Li* ions,
stemming from the formation of irregular layers
between the plates and the consequential increase
in polarization.
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Table 2. Lattice parameter values of
NMF622 nanopowder.

Sample Rs Rct = Thickness
@ (@ (mm)
NMF622 Pre Cycle 4469 4323  0.0266
NMF622 1st Cycle 5757 46.89 = 0.0296
NMF622 250th Cycle 6.67 121.3  0.0456
NMF622 500th Cycle 9.689 168.6  0.0617

Figure 9. shows the diffusion coefficient graph of
the cathode electrodes in the pre-cycle, 1. cycle,
250. cycle and 500. cycle, Table 3. displays the
diffusion coefficients (Li*) and values derived
using this graph.

3504 | @ NMF622 Pre Cycle 0
NMF622 1st Cycle °
@ NMF622 250th Cycle °
3001 | @ NMF622 500th Cycle °
2
250 0 °
) o
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Figure 9. The relationship between -Zreal vs o™*2 graphs
of NMF622 before and after cycling (1st cycle, 250th
cycle and 500th cycle).

Table 3 presents the diffusion coefficients (Li")
and their corresponding values extracted from the
graph. As per the data in Table 3, prior to the
cycling process, NMF622 exhibited the lowest
Li* diffusion coefficient. This can be attributed to
limited grain mobility at high frequencies,
resulting in reduced diffusion. Conversely, lower
frequencies facilitate greater particle diffusion,
leading to higher diffusion coefficients. A high
diffusion coefficient is a desirable trait in the
manufactured cathode electrodes, primarily to
support high load density and rapid capacity.
Nevertheless, it's evident from the calculations
that the diffusion of Li* ions in the NMF622
cathode electrode during the 500th cycle has
become increasingly challenging. The hindrance
of lithium-ion diffusion significantly impacts the
cycling performance of the cathode electrode
compounds. Pre-cycling, NMF622 boasted the
highest diffusion coefficient among the
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compounds,  signifying  superior  kinetic
performance and cycle life when compared to
other electrodes. This underscores the enhanced
kinetic performance within the cathode electrode.

Table 3. o and D+ values of NMF622
cathode electrodes before and after cycling.

Sample ¢ (0's¥?)  Dui* (cm?-s7h)
NMF622 Pre Cycle 161.3048 3.37892.101°
NMF622 1st Cycle 333.6863 7.8958.101

NMF622 250th Cycle 1477.938 4.02495.10%?
NMF622 500th Cycle 2407.157 1.51727.10%2

NMF622 cathode electrodes were tested for 500
cycles at 1C between 2.0 and 4.6 Volts (1C = 276
mAh/g). The specific capacities of the NMF622
cathode electrode at the end of the first, 250. and
500. cycles were determined to be 191.56 mAh/g,
179.21 mAh/g, and 162.48 mAh/g, respectively,
as shown in Table 4. Among other layered
cathode materials, the NMF622 cathode electrode
shows promise with a high specific capacity of
191.56 mAh/g. According to the study's findings,
doping the cathode material will improve
performance and yield the desired capacity value.

By replacing the iron in the structure for cobalt,
the cost of the NMC cathode material will be
greatly reduced. Additionally, toxicity, one of the
main issues with the element cobalt, will be
prevented. The cathode electrodes' capacitance
losses are shown in Table 4. The capacitance loss
after 500 cycles was found to be 15.18%.

5.0
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w
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1
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0 50 100 150 200
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Figure 10. Galvanostatic charge/discharge curves of the
cathode electrode NMF622.

200

“
cl e —
= 150
-
E
£ 191.56 mAh.g!
]
£.100 7 162.48 mAh.g!
o
@
£
=
=
2 50+
=

0 T T T T T T T T T
0 100 200 300 400 500

Number of Cycles (n)

Figure 11. Graph of the specific discharge capacity of the
NMF622 cathode electrode over 500 cycles.

Table 4. NMF622 cathode electrode capacity loss and
galvanostatic charge/discharge results.

Sample 1st 250th 500th
and Cycle Cycle Cycle Loss

number = (mAh/g) (mAh/g) (mAh/g) (%)

of cycles

NMF622 &= 191.56 179.21 162.48 15.18

Capacity

NMF622 cathode electrodes were tested at
various C velocities and the data obtained as a
result of the analysis are shown in Figure 12." is
also seen. It can be seen that the capacity value
decreases with the increase in the numerical value
of C. The lowest capacity value at 8C is 115
mANh/g, and the highest capacity value at C/20
speed is 211.4 mAh/g. During the first 20 cycles,
no ordinary decrease in capacity values was
observed. The greatest capacity loss was found
during the transition from 4C to 6C speed; yet,
decreasing from 8C to C/20 speed allowed the lost
capacity to be regained.
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I11. RESULTS

The cost of electric vehicle batteries remains
relatively high, with NMC and NCA cathode
materials, known for their layered structure,
remaining the most dependable choices.
Meanwhile, the anode side typically utilizes
graphite due to its cost-effectiveness. Efforts have
been ongoing to reduce these costs, and one of the
key cost-driving components is cobalt within the
cathode materials. Recent experiments conducted
in the past three years have yielded promising
findings, particularly in the substitution of cobalt
with alternative elements. Notably, manganese
and iron have been successfully employed as
substitutes for cobalt in NCA cathodes, although
this  substitution hasn't seen significant
exploration in NMC cathode electrodes.

The primary goal of this research is to synthesize
LiNio.sMno.2Feo.202 (NMF622) cathode
electrodes by substituting iron for cobalt in
cathode electrodes, while still utilizing
LiNio.sMno2C00202 (NMC622) chemistry. The
study concludes that the NMF compound
demonstrates competitive potential against the
proposed NMC layered material. Furthermore,
the data obtained from this research affirms that
using and commercializing NMF622 cathode
material, as an alternative to NMC622 cathode
material, leads to improved cycle performance
and stability.

112

IvV.DISCUSSION

Given the commendable cycling performance
of the NMF622 cathode electrodes and the
impressive retention of approximately 86% of
their capacity after 500 cycles, we strongly
recommend the commercialization of this cathode
material. Moreover, there is promising potential
for enhancing cell capacity further by
incorporating various elements or carbon-based
materials into the NMF622 cathode material.

V. CONCLUSION

To summarize, this study focused on the
synthesis of LiNiosMno2Feo20, (NMF622)
cathode electrodes, offering insights into the
development of low-cost, next-generation
lithium-ion batteries with a cobalt-free layered
structure. The active material used in crafting
NMF622 cathode electrodes was produced
through the sol-gel method. Numerous factors
influence the preparation of these cathode
electrodes, including the  microstructural
properties of the active material. Given the
nanoscale nature of the active material, it
demonstrated enhanced electrochemical
properties. X-ray diffraction analysis confirmed
the absence of impurities in the produced
nanopowders, and the structure was found to be in
alignment with a-NaFeO». The prepared cathode
electrodes underwent 500 cycles at a 1C rate, and
the results indicated that approximately 85% of
the initial capacity was retained at the end of this
extensive testing. This exceptional cycle
performance and stability were achieved,
providing a promising outlook for NMF cathode
material.

In contrast to the limited attention NMF cathode
material has received in prior literature, this study
contributes valuable insights. It not only supports
the potential of NMF material in influencing
future research but also highlights the
development of a competitive cathode material
capable of challenging NMC chemistry.
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