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ABSTRACT: The Li+/H+ cation exchange reactions occur when the cathode is exposed
to water and can cause the degradation of battery performance, posing a significant
challenge in the preparation of cathode aqueous electrodes. In this study, kh570 [3-
(trimethoxysilyl)propyl methacrylate] is used to coat and modify the surface of
LiNi0.5Co0.2Mn0.3O2 cathode particles. During the coating process, kh570 undergoes
hydrolysis to generate silanol groups, which are subsequently bonded onto the surface of
cathode particles and undergo self-polymerization through condensation reactions. As a
result, a coating layer forms on the surface of the cathode. This change alters the surface
properties of the cathode particles from hydrophilic to hydrophobic, thereby increasing
their resistance to water. The coating layers reduce direct contact with water and
minimizes internal particle microcracks formation in aqueous electrode processing. After
the preparation of aqueous electrodes, the modified cathode exhibits lower transfer
resistance and lower polarization, improving both the current rate performance and the
cycling performance of the battery.

1. INTRODUCTION
Since their commercialization by Sony in 1991, lithium-ion
batteries have played an important role in the field of energy
storage due to their high energy density (200−500 W h kg−1).1

Advancements in manufacturing technology have significantly
reduced the costs of lithium-ion batteries, driving the
development and prosperity of electric vehicles (EVs). As a
result, the global market size for lithium-ion batteries has
rapidly expanded to USD 48.19 billion in 2022 and is projected
to reach USD 182.53 billion by 2030.2 However, there are still
numerous challenges in reducing costs and achieving vehicle
electrification goals. Therefore, technological innovation is
necessary to develop low-cost, high-energy, and high-power Li-
ion batteries.
The electrode process is the initial and critical step in

manufacturing lithium-ion batteries. It involves three main
processes: slurry preparation, coating, and the subsequent
drying process. The selection of polymer binders and solvents
not only plays a critical role in preparing stable slurry but also
significantly impacts performance and cost of batteries.
Currently, poly(vinylidene fluoride) (PVDF) binder is widely
employed in the industrial sector for cathode electrodes. This
is due to its excellent electrochemical stability at the potential
range of 0−5 V (vs Li/Li+),3 suitable cohesion between active
materials and current collector, as well as appropriate rheology
for the coating process rheology for coating process.4 The
organic solvent N-methyl-2-pyrrolidone (NMP) is commonly
employed to dissolve PVDF in industrial manufacturing.
However, NMP is costly and has reproductive toxicity,5

which increases manufacturing costs and poses potential

hazards to the physical health of workers. Therefore,
developing low-cost, environmentally friendly solvents and
binders is necessary to meet future development requirements.
The combination of aqueous solvent with water-soluble
binders is the most ideal strategy, which has been successfully
applied in the industrial-scale production of graphite anode
electrodes (CMC and SBR as a composite binder).6 However,
the commercial success of the cathode aqueous electrode still
faces numerous challenges. The selection of water-solution
binders is important work to improve the performance of
cathode aqueous electrodes. Kuenzel et al. utilized guar gum as
a binder for LiNi0.5Mn1.5O4 cathode electrodes to improve
cycling stabilities, further cross-linking with CMC through
citric acid can improve current rate capability.7 Sun et al.
utilized carboxymethyl chitosan as a binder for LiFePO4
cathode electrodes and demonstrated that it exhibited
comparable cycling capability to PVDF at high rates.8 Utilizing
xanthan gum as a binder for Li-rich layered oxide cathode
electrodes can effectively suppress voltage decay and achieve
excellent cycling stability at both room and elevated temper-
atures.9 Loeffler et al. found that polyurethane binder can
encapsulate LiNi1/3Mn1/3Co1/3O2 during the slurry and coating
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process resulting in greatly decreasing the corrosion of the
aluminum foil current collector.10 Other types of water-soluble
polymers, such as chitosan,11 LiPAA,12 CMC,13 and so on,
have also been attempted to be utilized as binders for aqueous
cathode electrodes. Furthermore, some companies are involved
in the design and synthesis of innovative binders. Blue Ocean
& Black Stone in Beijing and Indigo in Chengdu are
representative companies and have currently become industry
leaders.14 Some research reports that the LA132 and LA133
binders, synthesized by Indigo Company, can improve the
cycle life of cathode electrodes due to their strong adhesion
performance resulting from the high polarity of acrylonitrile.15

In this study, we utilized LA132, a triblock copolymer
consisting of acrylamide (AM), lithium methacrylate
(LiMAA), and acrylonitrile (AN), as the binder to prepare
aqueous electrodes.
Although many water-soluble polymers have been utilized in

preparing cathode electrodes so far. There are still intricate
challenges to substitute NMP with water due to the occurrence
of Li+/H+ cation exchange reactions when cathode materials
are exposed to water.16,17 The Li+/H+ cation exchange
reactions are particularly serious for high-energy density
LiNixCoyMn(Al)1−x−yO2 cathode materials, which are widely
applied in the commercial: The Li+ ions migrate from the
lattice outward to the surface where they then react with CO2
and H2O to form lithium hydroxide, bicarbonates, and
carbonates. Simultaneously, H+ migrates in the opposite
direction and attaches to the corner oxygen atom in one of
the CoO6 octahedra. Equations 1−3 describes the chemical
process.

+ ++ +Li H O H LiOH2 (1)

+LiOH CO LiHCO2 3 (2)

+ +LiOH LiHCO H O Li CO3 2 2 3 (3)

Additionally, Ni3+ reduces to Ni2+ and forms rock salt phase
NiO at the cathode surface.18 The pH of the LiNixCoyMn-
(Al)1−x−yO2 cathode aqueous slurry usually was strong
alkalinity due to the high concentration of LiOH. It can
corrode the aluminum current collector and increase
resistance. As the aluminum foil corrodes the reaction anyway,
H2 is generated at the same time.19,20 The integrity of the
cathode electrodes may be damaged due to the generation of
cracks when H2 bubbles are emitted during the coating
process.21 The above reactions degrade the capacity and cycle
life and increase the polarization of the cathode electrodes.16,22

To mitigate the Li+/H+ cation exchange reaction, several
researchers propose diverse strategies. The application of the
cathode particles coating to enhance resistance to water is one
of the methods. Tanabe et al. utilized carbon, AlOx, NbOx to
coat LiNi0.5Mn1.5O4 and suppressed the degradation of the
cycle caused by contacting water with the cathode surface.23

They also researched the TiOx coating layer on the
LiNiaCobAl1−a−bO2 surface. The coating layers improve the
specific capacity of aqueous cathode electrodes.24 Hofmann et
al. utilized Li3PO4 as a coating layer for LiNixCoyAl1−x−yO2 to
suppress Li+ leaching and decreased the alkalinity of the
cathode slurry, thereby optimizing battery performance.25

Watanabe et al. used H3PO4 to form a Li3PO4 coating layer on
the LiNixCoyAl1−x−yO2 (x > 0.85) surface, thereby enhancing
cyclability and high-rate performance.26

Figure 1. Coating process and reaction mechanism.
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Although current inorganic coating schemes can enhance
resistance to water and improve the electrochemical perform-
ance of cathode aqueous electrodes, their implementation
requires sintering at 300 to 600 °C, resulting in increased
energy consumption and material preparation costs. Simulta-
neously, the performance of cathode aqueous electrodes
prepared by the existing schemes still falls short of meeting
the requirements for industrial-scale production. In this work,
we proposed an organic hydrophobic coating layer strategy to
modify the surface of LiNi0.5Co0.2Mn0.3O2 particles, which can
be implemented at a low temperature (<100 °C) and improve
the performance of cathode aqueous electrodes. We chose
kh570 (3-(trimethoxysilyl)propyl methacrylate) as a coating
reagent which is usually utilized for the modification of solid
surfaces.27 Figure 1 shows the coating mechanism and process:
after contact with small doses of water, kh570 undergoes a
hydrolysis reaction to form silanol groups. The silanol groups
undergo a polycondensation reaction and also bond with the
hydroxyl on the surface of the solid and then form polymeric
coating layers on the surface of the solid. Due to the
abundance of ester functional groups in the coating layers, the
solid surface transforms form hydrophilic into hydrophobic.
The coating layers can protect cathode particles by reducing
direct contact with water during the cathode aqueous electrode
process.

2. EXPERIMENTAL SECTION
2.1. Materials. The kh570 (98%, RG) was obtained from

the Admas company. The ethanol (97%, AR) was obtained
from the Greagen company. The LiNi0.5Co0.2Mn0.3O2 particles
(NCM523) were produced by Beijing Easpring company. The
LA132 (15% solid content) was produced by Indigo company.

2.2. Cathode Coating. 0.36 g of kh570, 4 g of ethanol, 18
g of NCM523, and 0.36 g of deionized water were added to a
25 mL beaker and magnetically stirred for 4 h at room
temperature. Subsequently, the mixture was dried at 60 °C for
3 h and 80 °C overnight to obtain modified particles
NCM523@kh570.

2.3. Electrodes Preparation. 3.6 g of LA132 (3.6 g) was
diluted in water (4.5 g) by magnetically stirring for 30 min in a
25 mL beaker. Subsequently, 0.27 g of SP (conductive black)
was added and magnetically stirred for 1 h. Then, 12.69 g of
NCM523 particles were added and magnetically stirred for 1.5
h to obtain a slurry. The slurry was coated on a 16 μm
aluminum foil using a doctor blade coater and subsequently
dried at 60 °C for 3 h and 80 °C overnight. The dried
electrodes were punched into pieces with a diameter of 1.5 cm
to obtain NCM523 electrodes. The same process was
employed to prepare the NCM523@kh570 electrodes.

2.4. Batteries Assembly and Measurement. The
cathode electrods with a mass loading of 8-9 mg cm−2were
selected to assemble CR2032 type coin cells in an Ar-filled
glovebox atmosphere (H2O < 0.1 ppm, O2 < 0.1 ppm).
Lithium metal foils with a diameter of 16 mm were used as

Figure 2. SEM images of (a) pristine NCM523 particles and (b) NCM523@kh570 particles; (c) XRD patterns of NCM523 and NCM523@kh570
particles; (d) EDS spectra of NCM523 and NCM523@kh570 particles.
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anode. The polypropylene film (Celgard 2500) with a diameter
of 19 mm was used as the separator. Each cell was filled with
180 μL of electrolyte with 1 mol L−1 LiPF6 dissolved in a
mixture of ethylene carbonate (EC) and dimethyl carbonate
(DMC) at a volume ratio of 1:1. Cyclic voltammetry (CV) was
tested by electrochemical workstations (Gamry interface
5000E) with a potential range of 2.8−4.3 V (vs Li/Li+) and
a scan rate of 0.1 mV s−1. Electrochemical impedance
measurements were conducted by an electrochemical work-
station (Gamry interface 5000E) at frequencies ranging from
0.1 to 105 Hz with a potential perturbation of 5 mV. The
capacity and cycling performance were tested by LAND
CT2001A at the potential range of 2.8−4.3 V (vs Li/Li+), with
a rest time of 5 min between charge and discharge process. All
electrochemical measurements are conducted at 25 ± 0.5 °C.
2.5. Characterization. The cross sections of the electrodes

were prepared by an argon ion polishing system (Ilion II 697,
Gantan company). The morphologies and element mapping
images of cathode particles were characterized by an Apreo
(Thermo Fisher company) field emission scanning electron
microscope. The morphologies of electrodes were charac-
terized by a JEM-7800F field (Jeol company) emission
scanning electron microscope. The connect angles were
measured by Optical Tensiometer (Theta Flex, Biolin
company). The crystal structures were characterized by XRD
(Bruker AXS D8 ADVANCE) using Cu-Kα radiation (10° <
2θ < 90°). Diffraction patterns were recorded at a scanning
angle of 2° min−1 and a step size of 0.02°. The coating layers
and crystal lattice on the surface were characterized by
HRTEM (Tecnai G2 F20, FEI company) at acceleration
voltage of 200 kV. The pH value was measured by pH meter
(PHS-3C, Shanghai INESA Scientific company). The resist-
ance of electrodes was measured using a multifunctional
resistance testing instrument (BER2500, IEST company).

3. RESULTS AND DISCUSSION
The morphologies of NCM523 and NCM523@kh570 are
shown in Figure 2a,b, respectively. Both pristine and modified
particles exhibit distinct polycrystalline morphologies, with the
majority of the particles displaying a spherical polycrystalline
morphology and a minority exhibiting an irregular polycrystal-
line morphology. The average diameter of pristine and
modified particles is approximately 10 μm, which consists of
primary particles with an approximate size of about 500 nm.
The morphology of the NCM523 particles and NCM523@
kh570 particles is highly similar, suggesting that the cathode
particles remain intact during the coating process.

The crystal structures were characterized by XRD and the
diffraction pattern is shown in Figure 2c. Both the diffraction
peaks of NCM523 and NCM523@kh570 particles show a
typical hexagonal α-NaFeO2 structure, belonging to R3̅m space
group (JCPDF card no. 85-1969).28 The crystalline structures
of the two kinds of particles are nearly identical, indicating that
the chemical reactions initiated by kh570 in the coating
process do not disrupt the crystal structure of Li-
Ni0.5Co0.2Mn0.3O2. The results also demonstrate that no new
crystalline material is introduced during the coating process.
The EDS spectrum is shown in Figure 2d. Comparing the
NCM523 spectrum, a new peak of Si is observed in the
NCM523@kh570 spectrum, suggesting that kh570 has been
bonded to the cathode particles.

To investigate the uniformity of the coating layers in the
particles, we employed EDS to characterize the elemental
mapping of NCM523@kh570. The SEM image of NCM523@
kh570 is shown in Figure 3a, and the associated elemental
mapping images of O, Ni, Mn, Co, and Si are shown in Figure
3b−f, respectively. The elemental distribution of O, Ni, Co,
and Mn follows the distribution of particles since they are
intrinsic elements. Figure 3f demonstrates that Si, which is a

Figure 3. (a) SEM images of NCM523@kh570 and the corresponding EDS mapping of (b) O, (c) Ni, (d) Mn, (e) Co, and (f) Si; (g) HRTEM
images of NCM523@kh570; Contact angles of (h) NCM523 and (i) NCM523@kh570 with water.
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characteristic element of kh570, exhibits same distribution
mapping as other elements. This indicates that kh570 has been
effectively and uniformly bonded to the surface of cathode
particles. To further investigate the thickness and structure of
the coating layers, the NCM523@kh570 particles were
dispersed in deionized water for 5 min and adhered to copper
mesh. Subsequently, the NCM523@kh570 particles were
characterized by HRTEM. In Figure 3g, HRTEM images of
NCM523@kh570 particles show the presence of an
amorphous layer with a thickness of 3−4 nm on the surface.
It can be inferred that the amorphous layer is an organic
coating layer formed by the polymerization of kh570.
Furthermore, there are also obvious lattice streaks in the
HRTEM image with a lattice spacing of 0.24 nm, which
corresponds the (101) interplanar crystal spacing of
LiNi0.5Co0.2Mn0.3O2 (R3̅m).29 It also illustrates that the crystal
structure of the cathode particles remains intact after the
coating process.
To investigate the impact of the coating layers on the surface

properties of cathode particles, we measured the contact angles
of the NCM523 and NCM523@kh570 powders with water.
The powders were coated on double-faced adhesive tape with
another side adhesive on a glass sheet. Subsequently, the
sample was compacted by using another glass sheet. The
resulting sample is shown in Figure S1. The contact angles of
pristine NCM523 and NCM523@kh570 powders with water
are shown in Figure 3h,i, respectively. The contact angle of
NCM523 ranges from 53.05 to 58.22°, indicating its
hydrophilic nature. However, coating NCM523 with kh570
significantly increases the contact angle to a range of 117.64−
118.27°, suggesting a transformation to hydrophobicity on the
surface of particles. The alteration of the surface property of
cathode particles is attributed to the presence of a substantial
number of hydrophobic ester bonds in the coating layers. The
pH values of NCM523 and NCM523@kh570 slurry are 11.03
and 10.85, respectively. This indicates that the hydrophobicity
layers reduce direct contact between the cathode particles and
water, thereby mitigating the Li+/H+ cation exchange reactions
during aqueous electrodes processing.
The top and cross-sectional morphologies of NCM523 and

NCM523@kh570 aqueous electrodes were investigated by
SEM. The top microscopic morphology of NCM523 and
NCM523@kh570 electrodes at 100× is presented in Figure
4a,b, respectively. Both two types of electrodes exhibit a
uniform, crack-free, and flat topography. The top microscopic

morphology of NCM523 and NCM523@kh570 electrodes at
3000× is presented in Figure 4c,d, respectively. Both two types
of electrodes exhibit a uniform distribution of binders,
particles, and conductive additives topography, which plays a
critical role in performance of batteries.30 The results
demonstrate that the alteration of the surface characteristics
of cathode particles has not had an adverse effect on the
dispersion of particles in the slurry process. The cross-sectional
morphology of NCM523 and NCM523@kh570 electrodes is
shown in Figure 4e,f, respectively. In Figure 4e, certain
microcracks can be observed along the intergranular
boundaries within spherical polycrystalline particles in the
NCM523 electrodes. In Figure 4f, no visible microcracks are
observed in the NCM523@kh570 electrodes. The results are
consistent with previous reports that the intergranular bonding
of polycrystalline LiNixCoyMn1−x−yO2 becomes fragile when
exposed to water and the agitation process.31 The formation of
new microcracks leads to the creation of additional surfaces,
which enhances the extent of interaction with water and
facilitates the reconstruction of the interfacial structure,
resulting in the formation of a new NiO layer.16,32,33 The
results demonstrate the effectiveness of the hydrophobic
coating layers in protecting cathode particles during aqueous
electrodes processing.

The multifunctional resistance testing instrument is shown
in Figure S2. Figure 5 shows the specific resistance of
electrodes under different levels of pressure intensity. The
specific resistances of NCM523 electrodes at 5, 15, 30, 45, and
60 MPa are 24,088, 9572, 2900, 1295, and 736 Ω·cm,
respectively. For NCM523@kh570 electrodes, the specific
resistances are as follows: 10,451, 3635, 1157, 562, and 333 Ω·
cm, respectively. The specific resistance of NCM523@kh570
electrodes is obviously lower than that of NCM523 electrodes.
In aqueous slurry, the cation exchange reaction of Li+/H+

between cathode particles and water can generate LiOH and
achieve chemical equilibrium in a short time.20 When coated
on the aluminum foil current collector, the alkaline slurry can
corrode the foil and disrupt the chemical equilibrium, further
promoting the cation exchange reaction of Li+/H+ reactions.
The hydrophobic coating layers effectively surppress this
process, thereby reducing corrosion between the aqueous
slurry and the aluminum foil current collector. As a result,
specific resistance of electrodes is reduced.

The electrochemical performance of the batteries are
assessed in Figure 6, with the NCM523 and NCM523@

Figure 4. Top images at 100× of (a) NCM523 electrodes and (b) NCM523@kh570 electrodes; at 3000× of (c) NCM523 electrodes and (d)
NCM523@kh570 electrodes; and the cross-sectional images of (e) NCM523 electrodes and (f) NCM523@kh570 electrodes.
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kh570 samples represented by the black and blue curves,
respectively. The first and second cycles of the CV curves
(2.8−4.3 V) are shown in Figure 6a,b, respectively. The
NCM523 and NCM523@kh570 batteries both exhibit a pair
of redox peaks, which are associated with the H1 (hexagonal 1)
to M (monoclinic) phase transition.34 In the first cycle, the
cathodic peaks for NCM523 and NCM523@kh570 batteries
are >4.3 (due to significant polarization of the battery, only the
left half of the cathodic peak can be observed) and 3.967 V,
respectively. Their anodic peak potentials are 3.579 and 3.683
V, respectively. The potential interval (ΔV) between the

cathodic and anodic peaks of NCM523@kh570 electrodes is
relatively narrower than that observed for NCM523 electrodes,
suggesting reduced polarization in NCM523@kh570 electro-
des. The same results were obtained in the second through
fifth cycle voltammetry curves, as shown in Figures 6b and
S3a−c. The NiO, Li2CO3, and LiOH easily formed on the
cathode surface during the aqueous electrodes process are
electrochemically inert and can increase impedance and
polarization of batteires.16,32 The resistance of electrodes also
has a significant impact on polarization of batteries. The lower
polarization observed in NCM523@kh570 electrodes can be
attributed to the presence of the hydrophobic layers, which
effectively reduces direct contact between the cathode particles
and water during the aqueous process, thereby surppressing
future Li+/H+ cation exchange reactions, reducing the specific
resistance of electrodes and reducing the occurrence of
microcracks. Compared to the first CV cycle, both NCM523
and NCM523@kh570 electrodes exhibit a significant reduc-
tion in the cathodic peak during the second CV cycle. This
reduction is attributed to the formation of a solid electrolyte
(CEI film) in the initial cycle.35

The specific capacity at different current rates is shown in
Figure 6c. The specific capacities of the NCM523 and
NCM523@kh570 electrodes are 163.23 mA h g−1 and
160.8092 mA h g−1 at 0.1C, respectively. They are similar.
However, when the current rate increases to 0.5−5C, the
NCM523@kh570 electrodes exhibit superior specific capacity
performance compared to the NCM523 electrodes. This
contributes to the reduction in polarization of NCM523@
kh570 electrodes. The first charge−discharge curves are shown
in Figure 6d. The NCM523@kh570 electrodes exhibit a lower
charge voltage plateau and a higher discharge plateau in

Figure 5. Specific resistance of electrodes under different levels of
pressure intensity.

Figure 6. Voltammetry curves of NCM523 and NCM523@kh570 batteries at (a) the first cycle and (b) the second cycle; (c) the specific capacity
of NCM523 and NCM523@kh570 batteries at different current rates; and (d) the first charge−discharge curve at 0.1C; the cycle curves at (e)
0.1C and (f) 0.2C.
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comparison to those of the NCM523 electrodes, thereby
providing further evidence of the reduced polarization
characteristics.
The cycling curves of the batteries are presented in Figure

6e,f. The specific capacity values of NCM523 and NCM523@
kh570 electrodes after 40 cycles at 0.1C are 94.78 and 145 mA
h g−1, respectively. After 100 cycles at 0.2C, the specific
capacity values of NCM523 and NCM523@kh570 electrodes
are 25.22 and 53 mA h g−1, respectively. The data demonstrate
that the NCM523@kh570 electrodes exhibit superior cycle
performance. The existence of microcracks inside the cathode
is an important factor in reducing the cycling perform of
polycrystalline cathode LiNixCoyMn1−x−yO2.

36 During cycling,
the occurrence of microcracks leads to the formation of
additional reaction sites with electrolytes, resulting in the
generation of novel solid electrolyte interfaces (CEI) that can
consume more electrolytes and increase the impedance. The
corrosion of the Al current collector also impacts the cyclic
performance. As previously mentioned, the NCM523@kh570
particles were encapsulated with hydrophobic layers to
mitigate microcrack formation and reduce the corrosion of
the Al current collector. Consequently, the NCM523@kh570
electrodes exhibited an improved cycling stability.
Figure 7a shows the electrochemical impedance (EIS)

curves of the NCM523 and NCM523@kh570 batteries, and
Figure 7b shows their equivalent circuit model. The
intersection of the semicircle with the x-axis at high frequency
is related to Ohmic resistance (Re). A semicircular shape is
observed at intermediate frequencies, which reflects the charge
transfer resistance (Rct). At low frequencies, it appears as a

slash, which is related to Warburg resistance (ZW). The data
obtained from fitting the equivalent circuit are presented in
Table 1. Compared to NMC523 electrodes, the Rct of the

NMC523@kh570 electrodes is lower. This can be attributed to
the presence of hydrophobic coating layers, which suppresses
the Li+/H+ reaction between cathode particles and water by
minimizing direct contact. It is noted that the Re of
NCM523@kh570 batteries is increased slightly due to the
nonelectronic conductive of the coating layer. The Warburg
slope can be observed in the low-frequency region. The real
part of the current corresponds to the Warburg factor σ as
described by equation37 (4)

= + +Z R Re ct
1/2 (4)

The diffusion coefficient of Li+ is inversely related to that of
σ2. To further investigate the diffusion behavior of Li+ in the
electrodes, we investigated the low-frequency region where the
dominant diffusion mechanism occurs. A plot of Z′ against
angular frequency ω−1/2 is shown in Figure 7c. The results
demonstrate that the NCM523@kh570 electrodes exhibit a
steeper slope, suggesting lower Li+ diffusion coefficients. This
observation can be attributed to the nonionic conductivity of

Figure 7. (a) Nyquist plot of the NCM523 and NCM523@kh570 batteries. (b) Equivalent circuit model of EIS spectra. (c) Graph of Z′−ω−1/2.

Table 1. Simulation Data of EIS

cathodes Re (Ω) Rct (Ω)

NCM523 1.619 88.93
NCM523@kh570 4.952 67.36
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the hydrophobic polymer coating layer, which reduces the
diffusion of Li+ within the electrodes.

4. CONCLUSIONS
In conclusion, we utilized kh570 to generate an organic
amorphous coating layer with a thickness of 2−3 nm on the
surface of the LiNi0.5Co0.2Mn0.3O2 cathode. It transforms the
surface properties of the cathode particles from hydrophilic to
hydrophobic due to the presence of numerous hydrophobic
ester bonds in the coating layers. Although the Ohmic
resistance (Re) of the NCM523@kh570 electrodes slightly
increases due to the no-electrically conductive and the
diffusion of Li+ slightly decreases due to the no-ion conductive
nature of the coating layer, it effectively mitigates direct
contact between cathode particles and water, and reducing
formation of microcracks within cathode particles during
aqueous electrode processing and subsequently suppressing
Li+/H+ cation exchange reactions. Compared to the NCM523
aqueous electrodes, the NCM523@kh570 aqueous electrodes
exhibit smaller charge transfer resistance (Rct), lower polar-
ization, higher current rate performance, and superior cycling
performance. This coating strategy is applicable not only to the
LiNi0.5Co0.2Mn0.3O2 cathode but also to other cathode
materials in aqueous electrodes processing.
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