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storage applications such as lithium-ion batteries over the past few years.
Methods: the new synthesized ionic liquid (1-ethyl-3-(2-(2-
methoxyethoxy)ethyl)imidazoliumvtetrafluoroborate) was investigated
as an electrolyte additive for lithium-ion batteries to improve the
performance of NMCS811 cathode. A galvanic charge-discharge test,
electrochemical impedance spectroscopy (EIS) and Scanning electron
microscopy of the cathode samples was performed.

Findings: The ionic liquid additive provides the best performance and
after 9 formation cycles, at the beginning of 100 cycles, it shows a
capacity of 191 mAh/g. At the end of 100 cycles, specific capacities of
161, 147 and 133 mAh/g were obtained for the IL, VC and base
electrolytes, respectively. Then, by increasing the rate to 2C, capacities
of 136, 122 and 100 mAh/g were observed for the IL, VC and base
electrolytes, respectively. Other characterizations were performed using
SEM images and EIS, EIS results showed that the CEI and charge
transfer resistance were lower in the presence of additional IL and VC
compared to the ground state.

Conclusion: IL and VC additives prevent cracking of the cathode layer
and powder during the charging and discharging process by forming a
stable solid electrolyte interface (CEI) layer. Also, the performance of
this layer was observed to be much better when using IL additives than
VC additives.
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Extended Abstract

Introduction

Lithium-ion batteries, play an undeniable role
in today's industry. Although researchers are
looking to replace these batteries with post-
lithium-ion battery generations, these batteries
are still considered a reliable technology by the
industry. Much research is being done in the
field of lithium-ion batteries to increase energy
density, power density, geometric design,
safety, etc.

One of the most important components of any
lithium-ion battery is the electrolyte and its
accompanying additives. The electrolyte is an
important component in a lithium-ion battery
that includes various solvents, main salt,
auxiliary salts, cathode additive, anode
additive, etc. The main role of additives is to
form the cathode electrolyte interface (CEI) and
anode electrolyte interface (SEI) layers on the
cathode and anode surfaces, respectively. These
layers play a significant role in the stability of
lithium-ion batteries, which is important for
increasing battery life. In order to form a
suitable layer in combination with conventional
electrolytes, the additive must have the ability
to reduced and oxidized easier than
conventional electrolytes used in lithium-ion
batteries. Of course, reducing and oxidizing
faster than conventional electrolytes does not
guarantee the formation of a suitable layer, but
rather is a necessary condition for the presence
of the additive in the layer formation process.
Ionic liquids, as a new class of materials, have
attracted the attention of many researchers in
the field of lithium-ion batteries over the past
few years. Compared to conventional solvents,

these materials have low volatility, high
viscosity, high conductivity, wide
electrochemical stability range, long-term

thermal stability, etc. These unique properties
of ionic liquids have led to extensive research
in the field of their application over the past
years.

In this article,

* based on the author's information; The ionic
liquid used has been synthesized for the first
time and has been used in lithium-ion batteries
to improve the cyclability of the NMCS811
cathode electrode as one of the main
representatives of industrial cathodes.
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* The proposed ionic liquid is based on the
imidazolium cation as a common and available
cation, which reduces production costs.

* The effect of the proposed additive was
investigated in comparison with VC as a
reference additive in lithium-ion batteries for
the ability to be used in industrial applications.

Findings and Discussion

Density functional theory (DFT) calculation
was performed using Gaussian 09 package.
These theoretical calculations were performed
at B3LYP level using 6-311 + G (d,p) basis set.
based on the calculations, the ionic liquid 1-
ethyl-3-(2-(2-methoxyethoxy)ethyl)-
imidazolium tetrafluoroborate (IL) has highest
occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO)
energies values of -5.9819 eV and -1.4629 eV,
respectively. The HOMO and LUMO energy
levels of the IL respectively are higher and
lower than of conventional electrolytes, so the
IL is easily oxidized and reduced at charge and
discharge cycles. Therefore, when the IL is
used as the electrolyte additive, the IL is
decomposed prior electrolyte, which may form
a protective layer on the cathode surface.

As DFT calculation, the ionic liquid was
synthesized using the required raw materials.
The accuracy of the synthesis process was
studied by Fourier transform infrared
spectroscopy (FTIR) and Nuclear magnetic
resonance spectroscopy (NMR). The results of
these tests confirmed the authenticity of the
synthesized ionic liquid.

The SEM images of the cathode powder and its
coating on the aluminum substrate surface
before the cyclability test shows suitable slurry
preparation, coating method, and drying.

The cyclic performance of cathode half-cells
with electrolyte without additive and electrolyte
with different additives including IL and VC
showed that the sample without additive,
although it provided a suitable capacity during
the initial charge and discharge cycles (209
mAh/g), the capacity loss rate was much higher
than the samples with additives, the final
capacity was 100 mAh/g for this electrolyte. In
contrast, the sample containing ionic liquid
showed the highest specific capacity in the
initial and the last cycle (220 and 136 mAh/g
respectively) and the most stable cyclic
behavior. The capacity changes for the sample
with VC additive ranged from 218 mAh/g in the
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initial cycle to 122 mAh/g in the final cycle.
Investigation at different C-rates of charge and
discharge also showed that the ionic liquid
additive provided the best performance, such
that the performance of this ionic liquid in the
charge and discharge process was also superior
to the VC sample.

The post-mortem technique was used to
investigate the reason for this capacity
difference. SEM images of cathode coatings
after cycling showed that in the samples
containing IL and VC, dense CEI layer with
slight cracking was formation in the electrode
surface. In contrast, CEI layer in the sample
without additives has severe cracks. These
images can indicate the reason for the capacity
difference observed in the cyclability test of the
samples.

According to the Electrochemical Impedance
Spectroscopy (EIS) test, it was determined that
the resistance of the samples without additive
was significantly higher than the other two
samples, which can be attributed to the
formation of an inappropriate CEI layer and
cracks in the structure of the coating and
cathode powder. On the other hand, the total
resistance of the CEI and charge transfer of the
ionic liquid sample is lower than that of the VC
sample.

Conclusion

After synthesis ionic liquid and assemble of
different coin cell battery the important results
were briefly reported as follows:

1. The sample without additives significantly
decreased capacity in the cyclability test, which
can be attributed to the presence of cracks in the
structure of the powder and coating.

2. The presence of appropriate additives,
namely VC and IL, effectively prevents
cracking of the coating layer and cathode
powder.

3. The electrochemical impedance test showed
that the presence of appropriate additives
caused the formation of a better and uniform
intermediate layer between the electrolyte and
the cathode, which shows a lower value of the
layer formation resistance and charge transfer.
4. The synthesized ionic liquid showed superior

performance in maintaining the cathode
capacity compared to VC.
74
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5. As the charge and discharge rates increase,
the capacity of the samples decreases as
expected.
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