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Abstract. The article identified the most promising aspects for achieving a significant level of development in
lithium battery technology. The purpose of this work was to analyse a new approach to increasing the life cycle of lithium
batteries by replacing cobalt with organic electrode material, to demonstrate the operational competitiveness of stable
organic electrode materials in lithium-ion batteries, and to determine the advantages of such application. The object
of the study was the physicochemical foundations of organic materials that dissolved in the electrolyte of a lithium-ion
battery and their transfer to the opposite side of the battery. The research method involved an analysis of the optimal
properties of the physicochemical basis of organic materials and cathodes of lithium-ion batteries on an inorganic
basis at the electrode level. The article analysed the results of scientific studies devoted to the development of high-
performance lithium-ion batteries, mainly using organic electrode materials, namely bis-tetraaminobenzoquinone,
composed of carbon, nitrogen, oxygen and hydrogen. It was found that tetraaminobenzoquinone, owing to hydrogen
bonds, formed nearly flat sheets, which allowed effective layering and storage of lithium ions and provided a tenfold
increase in gravimetric energy density. The article identified the advantages of organic electrode materials in comparison
with leading contemporary lithium-ion integrated batteries cathode technologies. The results of the research based on
the new organic battery technology made it possible to suggest the potential for a breakthrough in the field of large-
capacity batteries and the development of batteries with high charge storage density and rapid charging capability.
The article is recommended for specialists in electric transport and manufacturers of electric vehicles, as well as for
specialists of operating enterprises carrying out conversions, in particular of trolleybuses with autonomous propulsion
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Introduction

The issue of saving fuel and energy resources and the
use of energy-efficient methods is the most important
and acts as a priority direction in the economic policy
of the state. The need to develop the road and transport
complex is due to the improvement of the technical
characteristics of vehicles and the introduction of en-
ergy-efficient and resource-saving technologies. This is
influenced by the increase in the price of fuels and lubri-
cants for motor vehicles and road machinery; the energy
intensity of the country’s gross product is almost twice
as high as the European one. Therefore, the strategic
direction of the state policy for the development of the

economic and social sphere is to strengthen energy sav-
ing, which ensures high economic efficiency. According
to S.V. Voitkiv (2023), a key measure in the implemen-
tation of resource-saving structural optimisation is the
use of resources, which is based on the implementation
of new technological solutions using non-traditional
materials and energy sources. Solving energy saving is-
sues when operating electric vehicles requires a special
method of energy saving and, accordingly, increasing the
service life of energy storage devices for electric vehicles.
Scientific discourse focuses on the prospects for improv-
ing batteries for electric vehicles.
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Lithium-ion batteries (LIBs) play a crucial role in the
decarbonisation of electric transport and energy net-
works. N.V. Martyushev et al. (2023) determined that LIBs
depend on expensive, earth-scarce cobalt in the widely
used high-energy layered cathodes. Authors revealed the
role of lithium deficiency in suppressing the phase trans-
formation of rock salt into a layered structure and crystal
growth using multi-scale correlated experimental char-
acterisation and computer simulation of the calcination
process. The study resulted in small-sized composites
with desirable low anisotropic lattice expansion/con-
traction during charging and discharging. This provided
significant first-cycle coulombic efficiency, 90% capacity
retention, and near-zero voltage drop over 100 deep cy-
cles, demonstrating its potential as a trackless cathode
for stable LIBs. Using stoichiometry, N.V. Martyushev et
al. (2023) demonstrated an effective route to structural
and morphological tuning of lithium batteries to stabilise
cobalt-free cathodes. Moreover, the desired cost-effec-
tiveness was obtained, which was achieved by eliminat-
ing additional coating/doping steps, and a promising and
cost-effective alternative to cobalt-dependent cathodes
was proposed. Therefore, the study addressed the critical
need for the development of stable and commercially vi-
able LIBs. M. Madziel & T. Campisi (2023) highlighted the
importance of addressing the scaling and manufacturing
challenges associated with cobalt-free cathode materials
to enable widespread adoption in commercial batteries.
The study summarised the scientific and technical gaps
and potential of a variety of cobalt-free lithium-ion cath-
odes, including layered, spinel, olivine, and disordered
rock salt systems. It also predicted the enormous potential
of cobalt-free LIBs for sustainable electric vehicle produc-
tion in the coming decades.

The study by R.V. Bagach (2021) identified the critical
design parameters of high-nickel layered oxide cathodes
intended for implementation in electric vehicles over the
coming decade. It is noted that nickel is of great inter-
est for the production of layered oxide cathodes due to
its lower cost, wider availability and lower toxicity than
other constituent elements. The study outlined various
intrinsic limitations to maximising their energy out-
put. Furthermore, current/new development roadmaps
approaching low-cobalt/zero-cobalt chemistries were
compared. Attention was paid to the production of mate-
rials related to cost reduction and solving practical prob-
lems of high-nickel layered oxides for electric vehicles. As
aresult, a series of stabilisation methods were evaluated
for their prospects for achieving aggressive vehicle elec-
trification goals. V. Haydamaka & L. Ivanov (2022) ana-
lysed in detail the scientific basis of the synthesis of sin-
gle-crystal materials and comparative studies between
single-crystal and polycrystalline materials. Single-crys-
tal materials have great potential to solve the problems
that hinder their polycrystalline counterparts. Industrial
methods and equipment have been identified, which are
considered in combination with some experience in sin-
gle-crystal research. As a result, it has been found that
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future development should focus on simplified produc-
tion with strict control of particle size and distribution,
structural defects and impurities, in order to fully exploit
the advantages of single-crystal materials. In this con-
text, the following prospects for single-crystal technolo-
gy have been considered:

1. Development direction. The favourable properties
of single-crystal materials were taken into account and the
need to develop aroute to single-crystal cathodes forlayered
oxides with an ultra-high nickel content was emphasised.

2. Synthesis problems. To solve this problem, the
molten salt method was recently applied, which includ-
ed comparative studies of different salts instead of the
high-temperature method. According to the results of the
study, it was found that the growth of crystal faces can im-
prove the transport of lithium ions in the presence of any
type of salt.

3. Further technologies. During the study, it was de-
termined that additional processing procedures, including
grinding, sieving and washing, have a significant impact
on the electrochemical characteristics of single-crys-
tal materials, as two important steps for obtaining sin-
gle-crystal materials with well-distributed sizes. It was
found that single-crystal materials can take advantage of
particle size tuning to maximise volumetric energy density.

4. Electrochemical properties. In order to gain insight
into the rational design of cathode materials with thermal
and cyclic stability, it is necessary to investigate the rela-
tionship between the properties and characteristics of sin-
gle-crystal materials.

Ensuring that single-crystal materials exhibit optimal
properties is crucial, which highlights the necessity of de-
veloping reliable strategies for synthesising single-crystal
cathodes based on layered oxides with ultra-high nickel
content. According to V. Haydamaka & L. Ivanov (2022),
the strategies for modifying single-crystal cathodes are at
an early stage and require further research. Issues of oper-
ational characteristics and resource efficiency, in particu-
lar, of traction batteries, are considered in works by W. Li et
al. (2020) and S. Lee & A. Manthiram (2022). The advan-
tages of replacing inorganic cathodes with organic elec-
trode materials (OEMs) were investigated by P. Poizot et
al. (2020) and J. Kim et al. (2023). The implementation of
such technologies is expected to play an important role
in achieving global decarbonisation goals and supporting
the broader adoption of electric vehicles. The purpose of
this work was to evaluate a new method for extending the
service life of LIBs by replacing cobalt with organic elec-
trode materials, to illustrate the functional competitive-
ness of durable OEMs in real batteries, and to determine
the advantages of this application.

Materials and Methods
The study had a theoretical nature and was conducted
within the framework of a qualitative analytical design.
The object of analysis was the process of solving the is-
sues of fast charging and longevity of LIBs, while the sub-
ject was the properties of OEMs. A literature review was



conducted with a focus on cobalt-free cathode materials
for LIBs and alternative technologies for replacing cobalt
in LIB cathodes. The selection of sources included works
by Y. Wang et al. (2008), S.W.D. Gourley et al. (2020) and
A. Zeng et al. (2022). Emphasis was placed on the ap-
proaches of R. Zhang & L. Ma (2023), who demonstrated
that organic materials composed of abundant elements
provide high specific capacity due to the dense arrange-
ment of redox centres and low molar mass. Literature was
searched through scientific databases such as Scopus,
Web of Science, and Google Scholar using keywords such
as “cobalt-free cathode”, “organic electrode material TAQ”,
“bis-tetraaminobenzoquinone”, “redox-active organic
cathode”, and “lithium-ion battery cobalt replacement”.

The methodology included a systematic critical liter-
ature review to identify and assess relevant publications.
A content analysis of scientific texts was used for in-depth
analysis, employing categorical coding that covered
chemical structure, redox-reaction mechanisms, molec-
ular packing, solubility in electrolytes, Li+ ion diffusion,
electronic conductivity, cyclic stability, and energy density
at the electrode level. A comparative method was used to
contrast the characteristics of TAQ with traditional cath-
odes Mn (e.g., LiCoO, (LCO) and LiNi, . MnxCoyO, (NMC),
LiFePO, (LFP)), particularly in terms of electrochemical
efficiency and operational stability. A synthetic analysis
combined results from various studies to create a concep-
tual model of the advantages of TAQ as a cobalt-free cath-
ode material. Special attention was given to the analysis
of graphical materials, including diagrams, spectroscopic
data (*H and !3C NMR), and structural schemes present-
ed in the source base of the article. The critical evaluation
method allowed for the identification of the limitations of
existing organic materials, such as solubility, low conduc-
tivity, and the need for large additives, and justified the
innovative potential of TAQ due to its properties: virtually
zero solubility, high electronic conductivity due to inter-
molecular interactions, and rapid Li+ diffusion in the two
dimensions (2D)-layered structure. The study was based
on an interdisciplinary approach combining elements of
materials science, electrochemistry, and environmental
chemistry. The methodology used enabled the generalisa-
tion of the current state of research and the formulation
of conclusions regarding the practical prospects of using
TAQ in LIBs for electric transportation.

Results and Discussion
A key avenue for advancing energy-efficient technologies
in the transportation sector is the deployment of lithi-
um-ion batteries in electric vehicles. Batteries are de-
signed to store and use electricity that is not used during
generation, increasing energy self-sufficiency and inde-
pendence. It should be noted that LIBs are the predomi-
nant energy storage solutions for energy efficiency in elec-
tric vehicles. It is modern LIBs that provide high energy
density, which ensures sufficient range. Energy density is
a crucial indicator for electric vehicles, as it determines
the range. Conventional cathodes for LIBs are made of
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inorganic oxides, particularly Co, Ni, and Mn (LCO, NMC,
LFP). Among these, cobalt presents serious limitations
due to its rarity and significant social costs (e.g., child la-
bour). The complete elimination of cobalt has been dif-
ficult because cobalt-free oxide cathodes experience in-
sufficient cycling or capacity (Wang et al., 2008). In fact,
electric vehicles currently use mainly cobalt-based batter-
ies. But the growth of the global electric vehicle fleet is vir-
tually impossible without the development of cobalt-free
technologies, as noted by A. Zeng et al. (2022). Articles by
J.-M. Tarascon (2010), D. Larcher & J.-M. Tarascon (2015)
and B.M. Spears et al. (2022) identified an organic sub-
stance that could replace the environmentally harmful
cobalt currently widely used in LIBs. Redox organic ma-
terials derived entirely from earth-based elements rep-
resent just such an opportunity. TAQ is a distinct organ-
ic compound, or TAQ, composed of carbon, nitrogen,
oxygen, and hydrogen. Its structure, a sequence of three
connected hexagons, is similar to graphite, which is often
used in battery anodes. TAQ is characterised by the fact
that it forms nearly flat sheets through hydrogen bond-
ing, which allows it to efficiently layer and store lithium
ions (Mishchenko, 2024). From a design perspective, small
organic molecules offer high specific capacity due to the
compact arrangement of redox centres and their low mo-
lar mass compared to redox polymers or framework mate-
rials. However, discrete molecules typically have low bulk
conductivity and are often soluble in battery electrolytes,
leading to poor utilisation of redox sites, low charge-dis-
charge rates, and poor cycling stability (Lu et al., 2018; Lu
& Chen, 2020). These problems are routinely addressed
by the addition of conductive and/or stabilising polymer
additives, often exceeding 50 wt%, which significantly
reduces the effective capacitance, making the electrodes
impractical (Luo et al.,, 2017). Consequently, there remains
considerable enthusiasm for the fabrication of inherent-
ly insoluble and conductive OEMs. The goal is to achieve
high specific capacitances at appropriate cathode poten-
tials exceeding 2.0 V for LIBs, as shown in Figure 1.
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Figure 1. Characteristics of TAQ
Source: R. Zhang & L. Ma (2023)
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Poly(acetylene), poly(pyrrole), poly(thiophene) and
poly(aniline) are omitted because they function through
anion incorporation rather than Li* incorporation. Aster-
isks indicate a rapid capacity decline during the first few
cycles, mainly as a result of dissolution. TAQ, a molecule
consisting of fused conjugated elements with a rigid lay-
ered arrangement in the solid state, has been found to
be an effective component for OEMs used in LIB cath-
odes, exhibiting properties such as fast charging, high
energy density, and extended cycle life (MIT team de-
velops..., 2024). The defining feature of TAQ is its tightly
packed structure, which includes a conjugated framework
filled with redox-active carbonyl (C=0) and imine (C=N)
groups. These are the active sites. The TAQ molecule ex-
hibits strong intermolecular hydrogen bonds and do-
nor-acceptor o—w interactions, which render it insoluble
in standard battery electrolytes. At the same time, these
interactions contribute to the extended electron delocal-
isation within the molecule, leading to high bulk conduc-
tivity, as shown in reference (Zhang & Ma, 2023). Due to its
small solid-state packing, TAQ exhibits very low solubility
in common organic solvents and battery electrolytes. A
notable observation is that when TAQ is heated in deu-
terated N,N-dimethylformamide at 120°C for extended
periods of time, including overnight, it becomes virtually
insoluble. This conclusion is supported by the fact that the
1H and 13C spectra of the supernatant show no detectable
signals corresponding to TAQ. Due to its small solid-state
packing, TAQ exhibits very low solubility in common or-
ganic solvents and battery electrolytes. The minimal sol-
ubility of TAQ, which is maintained even at elevated tem-
peratures, is strikingly different from that of other OEMs
used in lithium-ion batteries (LIBs). This characteristic is
crucial for achieving extended battery life in these batter-
ies (Zhang & Ma, 2023). Due to these specific characteris-
tics, electrodes containing a minimum of 90 wt% TAQ are
able to store charge reversibly and operate safely for more
than two thousand cycles. This is a notable improvement,
especially when compared to the persistent electrode dis-
solution problems often observed in established OEMs
(Fig. 1). The layered structure characteristic of TAQ mole-
cules in two dimensions 2D facilitates the easy movement
of Li*-ions — both input and extraction — within the lay-
ers. Thus, extraordinary capabilities are achieved with full
charging in just three minutes. In addition, the optimised
electrodes demonstrate excellent performance. They
maintain this quality even when operating with significant
planar loads, reaching 16 mg/cm2. The resulting capacity
area, up to 3.52 mAh cm?, rivals that observed in com-
monly used LIBs. This fully demonstrates the potential of
TAQ for practical applications in the field of LIBs (Zhang
& Ma, 2023). This metal-free, layered organic material,
designed for use as a cathode in Li-ion batteries, offers
superior performance. It facilitates the intercalation of Li*
ions and achieves a higher energy storage capacity within
a significantly reduced charging duration, compared to
the established inorganic battery technologies. AQ elec-
trodes, when composed of a pure substance, demonstrate
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commendable durability, enduring no fewer than 50 cy-
cles. These cycles are executed under a constant-current
constant-voltage (CCCV) regime, set at a rate of 0.2 C for
charging and 0.125 C for discharging. The experiments
conducted by R. Zhang & L. Ma (2023) involved a complete
depletion of capacity, reaching a 100% depth of discharge
(DOD). After this rigorous testing, the electrodes retained
75% of their original capacity, with an average coulombic
efficiency (CE) exceeding 98% (Fig. 2).
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Figure 2. Characterisation of clean TAQ electrodes
Source: R. Zhang & L. Ma (2023)

The cycling behaviour demonstrated by these pristine
factory standard electrodes surpasses all previous records.
This remarkable performance is indicative of the efficient
ion diffusion and charge transfer characteristics of TAQ,
as well as its almost complete resistance to dissolution in
standard battery electrolyte solutions. In fact, although
the claimed voltage of TAQ is lower than that of traditional
inorganic cathodes, the gravimetric specific energies ob-
served in the electrode itself in the C range exceed those of
even the most advanced inorganic cathodes. The energy
density achieved at the electrode level with TAQ cathodes
exceeds that of many alternative composite cathodes.
These include single crystal NMC811 (NMC811-sc), as
well as the conventional polycrystalline variants NMC811
and NMCI111. Furthermore, TAQ cathodes outperform



even advanced cobalt-free oxides. This advantage, which
provides an increase of at least 20-30%, is maintained over
a wide range of charge/discharge rates, extending from
approximately 0.1 C to 10 C (Zhang & Ma, 2023). Moreo-
ver, TAQ outperforms LiFePO4 graphite-coated cathodes
(LFP-GC) in terms of gravimetric energy density, achiev-
ing this at a charging rate that is at least ten times faster
(MIT team develops..., 2024; Chen et al., 2024). It should
be noted that although the nominal voltage of TAQ is
lower than that of conventional inorganic cathodes, the
gravimetric specific energies at the electrode level for
TAQ cathodes in the range of C values exceed even those
of optimised inorganic cathodes. As the analysis showed,
cobalt, a critical metal used in LIBs, is predominantly ob-
tained from low-concentration by-products of nickel and
copper mining, making it the most valuable metal in this
context. Given this, the necessity and feasibility of devel-
oping cobalt-free materials and substituting them with
organic materials for LIBs have been carefully evaluated.
Therefore, increasing efforts to develop cobalt-free cath-
ode materials, particularly through the use of layered or-
ganic electrodes with advantageous properties, presents
a promising solution to the issue of cobalt scarcity. This
approach could significantly enhance the performance of
LIBs and contribute to their widespread adoption, espe-
cially in electric vehicles.

Based on a comparison of results reported by various
authors and the present study, several trends were iden-
tified. First, it was evident that cobalt-free cathode ma-
terials, particularly organic alternatives, show promising
potential for replacing cobalt in LIBs, as highlighted in the
studies by S. Lee & A. Manthiram (2022). Depending on
the cathode composition, 80-200 g of cobalt per kWh is
added to commercial LIBs. Cobalt has long been an im-
portant element in the layered oxide cathode family, from
the parent LCO composition to the NMC family with var-
ious Ni/Mn/Co ratios. The paper also considered the pos-
sibility of replacing Co with Ni and Mn as a viable way to
increase the usable specific capacitance by utilising Ni2+/3+
and Ni3+/4 redox centres while maintaining the advantag-
es of Co, such as good electronic conductivity and low
Li/Ni miscibility for easy ionic conductivity. Therefore,
layered oxides with increasing Ni content are gradually
being introduced. At the limit of Ni content is the arche-
typal high-energy material LiNiO2 (LNO), which provides
an average voltage of ~3.8 VLi (V vs Li/Li) and a specif-
ic capacity of up to ~240-250 mAh+. However, increasing
the Ni content in layered oxides also increases surface,
structural and thermal instabilities, which negatively af-
fects battery life and safety. At higher lithium extraction
rates at high state of charge (SoC), layered oxides with
high Ni content undergo a phase transformation (H2 —
H3), which causes large anisotropic compression and
collapse of the layered structure. It was found that dur-
ing thermal retreat, layered oxides with high Ni content
experienced a larger exothermic energy release at a lower
initial temperature, which compromised battery safety.
Rational compositional designs and material engineering
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strategies on high-Ni oxides, such as surface coatings and
electrolyte modifications, have achieved some success in
overcoming these instability issues. Thus, high-layer ox-
ide cathodes remain an ideal choice for electric vehicles
due to their high energy density, sufficient cycle life and
rate performance, and long-standing large-scale synthe-
sis infrastructure (Lee & Manthiram, 2022). Although Fe-
and Mn-based cathodes have lower energy densities, they
are attractive alternatives to Co- and Ni-based cathodes
for electric vehicles due to the abundance of raw mate-
rials. LFP is the most ideal Fe-based compound, provid-
ing decent energy density at the material level (~3.4 V Li,
~160 mAh g1). Combined with the facile phase transfor-
mation kinetics with nanoparticles and low charge cut-off
voltage (~3.6 V), LFP has demonstrated exceptional cycle
life and rate capability, as well as robust resistance to ex-
treme operating conditions. As a result, a low-Ni cathode,
HE-N50, was successfully developed to remove Co from a
commercial ternary layered cathode based on a sophisti-
cated concentrated doping strategy This strategy provid-
ed outstanding structural and thermal stability, leading to
improved cycling performance both at room temperature
and under thermal stress conditions. Furthermore, the re-
duced use of Ni and zero use of Co can reduce the cost of
the cathode compared to the basic NMC materials while
maintaining high energy density. This work also opened
up opportunities for optimising low-NiMn cathodes, in-
cluding Li-excess cathodes, through controlled combina-
tions of several elemental components.

The article by S.W.D. Goutley et al. (2020) raised the
need to develop cobalt-free cathode materials for LIBs.
LIBs are a straightforward solution for recovering cobalt,
but the technical challenges of disassembling the bat-
tery pack and the mixed metal components limit its use.
A more efficient and long-term solution for a sustainable
future for LIBs is the development of cobalt-free cathode
materials. To achieve a significant increase in energy den-
sity, the cathode must be combined with a high-capacity
anode, specifically silicon or lithium metal. Engineering
innovation is needed to optimise cell production for these
new technologies. As noted in the article, LIB technology
for electric vehicles is currently dominated by two main
cathode compositions - layered LiNi, , KoxElO,, x+y<0.2
(NCA) and LiNixMinnesotayKozO,, x +y+z =1 (NMC).
Among NMC-type compositions, LiNil/3Minneso-
tal/3Ko1/302 (NMC111) is the best known, characterised
by its stability and safety. Taking into account the increase
in power (at 4.3 V versus the upper limit of Li/Li) and low
cobalt content, a replacement for NMC111 (~160 mAh g,
20.4 wt% Co) was developed with LiNi0.6Minneso-
ta0.2Ko0.202 (NMC622, ~180 mAh g, 12.2 wt% Co) and
LiNi0.8Minnesota0.1Ko0.102 (NMC811, ~200 mAh g,
6.1 wt% Co) (Myung Ni-rich cathodes also suffer from
increased sensitivity to moisture. These cathodes exhib-
it Li/Ni*2+ cationic mixing and electrolyte side reactions
(solvent oxidation from Ni#"). They are also characterised
by phase transitions to spinel and rock salt structures.
Furthermore, they exhibit oxygen evolution at elevated
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temperatures and stresses (Gourley et al, 2020). This
study also proposed a promising approach to address-
ing these issues: synthesising NMCs in the form of mi-
cron-sized single-crystal particles. The single-crystal mor-
phology has a minimal number of grain boundaries and,
therefore, is capable of mitigating particle cracks and side
reactions with the electrolyte. It was found that one of the
most promising approaches to developing cathodes for
LIBs with less cobalt dependence was the improvement
of multilayer LiNi with Ni-xMxO, (M =Mn, Al, and/or Co)
materials. Accordingly, the main barriers hindering the
further adoption of cobalt-free layered cathodes over ex-
isting materials in modern lithium-ion batteries (LIBs) are
thermal instability. This study confirms the feasibility of
replacing cobalt with nickel in NMC and NCA-type com-
positions, which has proven to be an effective method for
stabilising Ni2+ ions in the transition metal layer, thereby
reducing the degree of cation mixing. High-temperature
performance (=50°C) can improve the rate for cobalt-free
formulations; however, operating above 30°C may acceler-
ate structural failure.

Therefore, the use of modern low-cobalt materials
(e.g.,, NMC622, NMC811, NCA) is not a sufficient mitiga-
tion strategy, as cobalt supply shortages may arise in the
near future depending on the sales situation of electric
vehicles. S.W.D. Gourley et al. (2020) noted that, due to
their high energy density, layered transition metal oxides
based on LiNiO, have attracted significant research ef-
forts. A cation doping strategy was considered, which can
be combined with morphology control (e.g., individual
crystals to suppress cracks). Moreover, the doping strategy
can also be combined with coatings that improve inter-
particle conductivity, provide a protective barrier against
electrolyte side reactions, suppress oxygen production,
and adjust the oxide packing structure to suppress phase
changes. Research in this area has provided the most prac-
tical and immediate path to the use of cobalt-free cath-
odes. On the other hand, cationically disordered rock salt
cathodes represent a new class of materials with high en-
ergy density (up to ~1,000 Wh kg?). The results of J. Song et
al. (2016) demonstrated that applying an ultrathin, highly
graphitic carbon coating to LiFePO4 significantly enhanc-
es electronic conductivity and reduces the Li+ diffusion
path, enabling excellent rate performance and cycling sta-
bility even at high currents and low temperatures. In the
present study, TAQ also outperforms traditional LFP-GC
in energy density, with at least ten times faster charging
speed, without requiring additional conductive additives
due to its own high electronic conductivity, attributed to
hydrogen bonding and w-w interactions. Thus, while both
approaches aim to overcome the low conductivity of LFP,
TAQ offers a more radical solution — a complete shift away
from inorganic cathodes and cobalt, providing higher ca-
pacity with minimal additives and a significantly longer
lifespan. In the work of C. Barchasz et al. (2013), the fo-
cus was on ether-based electrolytes for lithium-sulphur
batteries, where the key issue is the dissolution of poly-
sulfides, leading to the “shuttle effect” and rapid capacity
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degradation during cycling. In contrast, the key achieve-
ment of TAQ in this study is its virtually zero solubility in
standard lithium-ion battery electrolytes, due to strong
intermolecular hydrogen bonds and dense packing, which
completely prevents material migration and short circuits,
allowing for over 2,000 stable cycles.

Based on the conducted analysis, it has been deter-
mined that the potential for replacing cobalt with other
organic materials or avoiding reliance on cobalt in LIBs is
both feasible and promising. Fe- and Mn-based cathodes,
although having lower energy densities, present an attrac-
tive alternative to Co- and Ni-based cathodes. Therefore,
replacing Co with Ni and Mn has been proposed as a viable
way to increase the specific capacity of LIBs. Furthermore,
as an alternative to substituting Co with Ni, an ideal mix-
ture of LiFePO4 (LFP) has been proposed, which provides
a respectable energy density at the material level (~3.4 V
Li, ~160 mAh g). LFP remains a viable and cobalt-free al-
ternative as long as the energy density at the cell level is
adequate. It is noteworthy that the electrical conductivity
of TAQ is comparable to that of LCO and modern NMC,
and approximately five orders of magnitude higher than
that of LFP. These favourable properties of TAQ enable the
production of electrodes with minimal or no additives.
Equally important is that TAQ provides a higher gravimet-
ric energy density than graphite-coated LiFePO4 (LFP-GC)
cathodes, with a charge rate at least ten times higher. In
terms of energy density, TAQ offers at least 20-30% high-
er energy density at the electrode level compared to most
monocrystalline oxide composite cathodes, commercial
polycrystalline cathodes, and even modern cobalt-free ox-
ides. The proposed method may reduce or even eliminate
the need for cobalt, leading to the development of a new
generation of LIBs.

Conclusions
The research has thus identified a cobalt replacement: a
layered organic electrode. This material has properties
that are important for excellent battery performance.
Its excellent electrical conductivity, significant storage
capacity, and absolute insolubility contribute to the
smooth intercalation of Li+ ions. It rivals the capabilities
of traditional inorganic lithium-ion battery cathodes,
matching them in all key performance indicators at the
electrode level. It is worth noting that the results demon-
strate the practical viability of stable organic electrode
materials in the field of LIBs, highlighting their function-
al advantages. TAQ electrodes also have the significant
advantage of offering a higher volumetric energy densi-
ty compared to similar LFP electrodes. The author notes
that TAQ offers significant advantages over the com-
mon cathode technologies for LIBs currently available.
The primary pathway for organic materials to degrade
is through their dissolution in the battery electrolyte.
The dissolved material then migrates to the opposite
side of the battery, ultimately leading to a short circuit.
The author believes that by making the material com-
pletely impermeable to dissolution, this phenomenon is



prevented, allowing for over 2,000 charge cycles with lit-
tle degradation. It should be noted that the material cost
of assembling these organic batteries can be approxi-
mately one-third to one-half the cost of cobalt batter-
ies. Overall, the findings indicate that the development
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ensuring the cost-effectiveness of large-scale produc-
tion, as well as on refining electrolytes to maximise their
compatibility with new materials.
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HoBiTHiM niaxia wopao 36iblEeHHA XKUTTEBOTO LUKNY
€HEepProHAKoOnNuYyBaAYaA A8 €/IEKTPUYHOrO TPAHCNOPTHOro 3acoby

CTtaHicnaB Xapaamos
AcnipaHT
HarioraibHAM TPaHCIOPTHUH YHIBEpCUTET
01010, Bys1. M. OmenaHoBu4a-IlaBaenka, 1, M. Kuis, Ykpaina
https://orcid.org/0009-0005-2358-850X

AHoTauif. ¥V cTarTi BU3Ha4YeHO HANOIIBII MTepCIeKTUBHI aCeKTH [IJISI TOCATHEHHSI 3HAYHOTO PiBHS PO3BUTKY
TexHoJIoTil JiTieBux OaTapeii. Meroio poboru Oy/o IpoaHaTi3yBaTH HOBUM Miaxin mo 30ijgbIIeHHS TepMiHy
cIy>k6u JiTieBux Garapeil MIAXOM 3aMiHM K0OaJIbTy HAa OPTaHIYHUN eJeKTPOIHUN MaTepias, IPoJeMOHCTPyBaTH
eKCITyaTalmiiHy KOHKYPEHTOCIIPOMOYKHICTh CTa0iTbHUX OPraHivYHUX eJEeKTPOAHUX MarepiasiB y JiTili-ioHHHX
Oarapestx, a TaKOK BU3HAYUTHU IepeBaru TaKoro 3acTtocyBaHHsS. O0'€KTOM HOCTiIKeHHS CTaau (pisuKo-XiMiuHi
OCHOBHU OPTaHIYHUX MarepiasiB, AKi PO3YMHAIOTHCA B eJEKTPOJITi JiTili-ioHHOI OaTapei Ta ix IepeHeceHHs Ha
npoTuaeskHui 6ik 6arapei. MeTon JOCTiIKeHHS MOJISITaB B aHAJIi3i ONTUMATbHUX BJAACTUBOCTEN (PidnKo-xiMidHOT
OCHOBH OpraHiyHHX MaTepiaJjiiBiKkaToxiB iTili-ioHHIX 6aTapeii Ha HeopraHiuHil 0OCHOBi Ha piBHI eleKTPOAiB. ¥V cTaTTi
NIpoaHaji30BaHO Pe3yJIETaTd HayKOBHUX JOCIiIKeHb, IPUCBSIYEHNX PO3POOIli BUCOKONPOAYKTUBHUX JITil-i0HHUX
Oarapeii, mepeBaskHO 3 BUKOPUCTAHHSIM OPraHiuHUX eJIeKTPOIHUX MaTepiaJis, a came Oic-TeTpaaMiHOOEH30XiHOHY;,
1[0 CKJIAJAEThCA 3 BYIVIEIIO, a30Ty, KUCHIO Ta BOJHIO. ByJi0 BCTaHOBJIEHO, II[0 TeTpaaMiHOOEH30XiHOH 3aBISKU
BOJHEBUM 3B’sI3KaM YTBOPIOE MaiiKe MJIacKi JUCTH, SAKi JO3BOJIAIOTH e(DeKTUBHO IIapyBaTu Ta 30epiratu ioHM
JIiTio, 3a0e3meuyioun JecATUKpaTHe 30i/IbIIIeHHA IPaBiMeTPUYHOI TYCTUHU eHepril. Y cTaTTi BU3Ha4YeHO IlepeBaru
OpraHivHUX eJeKTPOAHUX MaTepiasiB NOPIBHAHO 3 IPOBIIHUMU CyYaCHUMU TEXHOJIOTIAMU KAaTOAIB iHTErpOBAaHUX
Jgitifi-ionHux Garapeil. Pe3ysibraté JOCJIiIKEHHsI Ha OCHOBiI HOBOI OpraHiuHOI TexHOJIOTril 6arapeil Jasu 3MOTY
3alpOIIOHYBAaTHU MTOTEeHIiaJI AJ1d IPOPUBY B rajiy3i BeJIMKOEMKICHUX 6aTapeil Ta po3poOKU aKyMyJIATOPIB i3 BUCOKOIO
TYCTHHOIO 30epiranHsi 3apsiIy Ta MOKJINBICTIO MIBUIKOTO 3apsskandsi. CTaTTI0 peKOMEHI0BAHO J1JI5 CIEIialiCTiB
€JIEKTPUYHOTO TPAHCIIOPTY Ta BUPOOHUKIB €JIEKTPOMODIJIiB, @ TAKOK JJ151 paxiBIiB eKCITyaTalifHUX TiATPUEMCTB,
sIKi 3AiHCHIOIOTH ITepeo0JIalHaHHSA, 30KpeMa TPoJieli0yciB 3 aBBTOHOMHUM XOIOM

Knio4oBi cnoBa: akymysisiTop; KaToau 0e3 KoOabTy; 3apsiayKaHHsl; BOLHEBI 3B’sI3KH; OpraHiuHUN MaTepia
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