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Abstract. The synthesis of LiMn2O4 cathode was began by manufactured a slurry with consisting of 90% LiMn204, 5%
Acetylene Black (AB) and 5% PVDF. The sample was dissolved in 3 ml of NMP solution that had been mixed with 5% PVDF,
then stirred with a vacuum mixer for 15 minutes until the sample become a slurry. The slurry is placed on top of aluminum foil
to be used as a cathode using a dactor blade. Characterization was done using XRD, PSA, SEM and LCR meter. It was found
that the diffraction peaks were the strongest in the LiMn2O4 powder sample. The average particle size of LiMn2Os is in the
range between 214.64 nm - 318.18nm. The LiMn20O4 cathode is seen if there are nets that bind between the particles which is
caused by the addition of PVDF polymer. So that PVDF causes one particle to bind to another, which will create gaps in the
LiMn204 cathode. The conductivity of LiMn2O4 was obtained of about 3.00 x 10-3 S.cm™.

INTRODUCTION

Batteries are divided into 2 types, namely primary batteries and secondary batteries. The primary battery is used
only once and cannot be recharged, due to an irreversible electrochemical reaction. In contrast, secondary batteries,
also called rechargeable batteries, are electrochemical batteries that can be reused cyclically by discharging and
recharging. This is because the electrochemical reaction is reversible. The development of secondary batteries has
increased rapidly, including the development of secondary batteries for nickel-metal hydride batteries, lithium-ion
batteries, and sodium-ion batteries [1]. Among the secondary batteries, lithium-ion batteries commonly known as Li-
ion batteries or LIBs exhibit high energy density and excellent working performance. In addition, Li-ion batteries are
lighter in weight and have a longer cycle time than the previous generation secondary batteries. Because batteries have
a very important role as a power source in technological innovation, Li-ion batteries are also a suitable choice so that
they can lead other secondary batteries and have been widely used in various fields such as being used in
communication equipment, portable equipment to electric vehicles [2][3]. Li-ion batteries are experiencing rapid and
innovative development due to the increasing market demand that requires better and cheaper materials, especially
the electrode materials. Li-ion batteries use an intercalated lithium compound as the electrode material, in contrast to
the metallic lithium used in non-rechargeable lithium batteries [4][5]. This battery is the most popular type of
rechargeable battery for portable electronic equipment, as it has one of the best energy densities, has no memory effect,
and experiences slow charge loss when not in use. In addition to being used in consumer electronic equipment, Li-ion
batteries are also often used by the military, electric vehicles, and aerospace industries. Numerous studies seek to
improve the technology of traditional Li-ion batteries, focusing on energy density, durability, cost and intrinsic safety
[3][6][7]. The next-generation Li-ion battery is expected to not only have high power, high capacity, high charge rate,
long life, but also dramatically improve safety performance and low cost [8].

A basic Li-ion cell consists of a cathode (positive electrode) and anode (negative electrode) which are contacted
by an electrolyte containing lithium ions [9]. The electrodes are isolated from each other by a separator which allows
the exchange of lithium ions between the two electrodes. Li-ion battery cell operation has a distinctive principle
[17[10]. During the charging process, the two electrodes are externally connected to an external power supply. The
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electrons are forced to be released at the cathode and move externally to the anode [11]. Simultaneously, the Li+ ions
move in the same direction, but internally, from the cathode to the anode through the electrolyte. In this way the
external energy is stored electrochemically in the battery. On the other hand, during the discharging process, electrons
move from anode to cathode through an external load which must act and Li+ ions move from anode to cathode in the
electrolyte [12].

Therefore, in this study the author will examine the electrodes for Li-ion batteries, especially on the cathode
material. This is because LiMn,O4 has abundant manganese resources and this material can be easily obtained.
Moreover, this material does not involve the use of toxic metal elements. All these advantages can promote the large-
scale application of LiMn,Os. Therefore, further analysis of LiMn,Oys is needed to improve battery performance.Since
the performance of Li-ion batteries is largely determined by the quality of the cathode material, so the cathode material
is being actively developed and the cathode fabrication technology is being improved. The manufacture of this Li-ion
battery cathode will go through a characterization stage using XRD, PSA, SEM/EDS and LCR Meter. Because of the
nature of the material, it is very important to understand the relationship between battery material and battery quality
before cell assembly is carried out. The active material used for the cathode in this study is LiMn204.

METHODOLOGY

Sample Preparation the materials used for the sample preparation of LiMn,O4 sheet were, commercial LiMn,O4
(2.7 grams), serves as the active material used. Acetylene Black (AB) (0.15 gram), serves as a carbon-based conductive
material. NMP+PVDF (3 ml), NMP functioned as sample solvent and PVDF as binder. Aluminum Foil (1 sheet),
serves to be coated with slurry. Alcohol, serves as a tool cleaner to be used.

The manufacture of LiMn,O4 cathode begins with preparing a slurry composition consisting of 90% LiMn;0O4, 5%
Acetylene Black (AB) and 5% PVDF. 2.7 grams of LiMn,04 and 0.15 grams of AB were ground for 1 hour. Then put
in a Hasuc vacuum oven at 100°C for 6 hours. Then the sample was ground again for 20 minutes. After that, the sample
was dissolved in 3 ml of NMP solution that had been mixed with 5% PVDF. Then stirred with a vacuum mixer for 15
minutes until the sample is like a sweet viscous called a slurry. The aluminum foil is vacuumed over the doctor blade
and cleaned with alcohol first. Then the slurry is placed on top of aluminum foil to be used as a cathode using a dactor
blade with a thickness of 150 microns. Then the cathode was put into a vacuum oven for 2 hours at 80°C. Then it is
molded into a circle shape for the coin battery cathode.

Characterization

LiMn,O4 cathode was characterized using XRD, PSA, SEM/EDS and LCR Meter. XRD serves to ensure that the
sample used is based on the diffractogram and determines the crystal phase. Then PSA serves to determine the particle
size quantitatively. SEM serves to observe the microstructure of the sample. The LiMn,O4 sample was tested for
microstructure by coating with Au first in order to produce a clearer image. SEM test was carried out for samples of
LiMn,Oy4 active material, LiMn204 cathode and cathode without active material (AB+NMP+PVDF only). EDS is a
complementary SEM device that serves to determine the composition in the sample. The samples used are LiMn>O4
active material and LiMn,O4 cathode. The last characterization is the LCR Meter which is used to measure the
conductivity of the LiMn,O4 cathode.

RESULTS AND DISCUSSION

In this study will discuss more deeply about the positive electrode (cathode). The active material used in the
manufacture of the cathode is LiMn,Os. The manufacture of this LiMn,O4 cathode uses a composition ratio of
90%:5%:5% LiMnyO4:AB:PVDF. At first, LiMn,O4 and AB were ground for 1 hour to homogenize the two. Then
heated using a vacuum oven for 100°C for 6 hours which serves to evaporate the oxide contained in the sample.
Furthermore, the sample was ground again and dissolved into the NMP solution containing 3 ml of PVDF. The
NMP+PVDF solvent that has been used has a yellow color which according to the 2017 Puspita journal, heating gives
a yellowish color to the resulting solution which may be caused by an oxidation reaction or the formation of conjugate
bonds in the PVDF polymer. The higher the heating temperature, the darker the yellow color produced. NMP is used
as a solvent and PVDF is a polymer that functions to bind particles to one another. Then the sample is stirred using a
vacuum mixer to form a slurry. Slurry is smeared on aluminum foil to be used as a cathode using a doctor blade with
a size of 150 microns. The LiMn,O4 cathode was heated using a vacuum oven for 2 hours at 80°C to evaporate the
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NMP. After that the cathode is cut into the form of a coin cell cathode, After that, the LiMn204 cathode
characterization test was carried out.

LiMn,O 4

LiMn ,04 Cathode

Intensity

20 (degree)
FIGURE 1. XRD patern of LiMn204 powder (a) and LiMn2O4 sheet (b).

The characterization test with XRD was carried out using 2 samples, namely LiMn,O4 powder samples and
LiMn,04 cathodes. Figure 1 shows a graph of the relationship between intensity and 20 in both samples. XRD data is
taken from an angle of 10°-80°, The anode used is Cu with a wavelength of 1.54 . Based on the Cristalography Open
Data base (COD) data base, it was found that the diffraction peaks at 8 angles of 20 were the strongest in the LiMn,O4
powder sample, namely 18.675°% 36,330°% 37.906° 44,097°; 48.262° 58,280° 64.133° and 67.398°. While at the
LiMn,04 cathode there are 8 strongest 20 angles, namely 18,586° 36,153° 38.049° 44.116° 48,160° 58,271°%
63,958°; and 67,245°. The detected peaks are almost the same with each other and the COD data base is almost the
same. So that the elements detected in the sample are the same. The peaks formed belong to the elements Li, Mn and
O in both samples. So that in the LiMn,04 cathode sample the content remains even though there is a process where
AB and PVDF are added. This is because AB is amorphous and PVDF is semicrystalline so XRD cannot detect
elements from the addition of the two. However, on the LiMn,O4 powder graph there is an additional 1 peak where
the element cannot be determined because there is only 1 additional peak. This additional peak is at 44.615°. This is
because the LiMn,O4 powder used is a commercial LiMn,Oy4 so it is difficult to interpret the additional elements. The
crystal structure obtained from the sample is in the form of a simple cubic. In the graph above, it can be seen that the
intensity of the LiMn,O4 powder is greater than that of the LiMn,Oj4 cathode. This is because at the LiMn>O4 cathode
there are several treatments such as heating and grinding that allow a change in crystal orientation when XRD is
carried out so that there is a decrease in intensity.

LiMn204 powder was characterized using PSA to determine the particle size in detail and determine the size
distribution distribution. In Figure 2, it can be seen that if there are 3 peaks with the first peak (the highest) there are
particles with a size of 176 nm as much as 85.3%, the second peak with particles measuring 9.825 nm as much as
13.4% and the lowest peak with 4861 nm particles as much as 1.3%. . So that the average particle size in PSA is
214.64 nm with the largest size being 176 nm.
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FIGURE 2. LiMn;O4 powder was characterized using PSA.

SEM tests were carried out for the active material, LiMn,0O4 cathode and cathode without active material
(AB+NMP+PVDF only). All samples were characterized by SEM with Au coated and without Au coating where the
results will be clearer on Au coated samples. The Au-coated LiMn,O4 powder will be more clearly visible than the
uncoated LiMn204 powder, as shown in Figure3. The particle gaps in Figure 3a are more clearly visible. Meanwhile,
in the sample without coating, it is seen that the particles accumulate between each other. This is because the Au-
coated LiMn,0O4 sample will be more conductive so it will be easier to observe by SEM. Au coating is done using
sputtering. Au was chosen because of its high conductive properties. In non-conductive samples, for 0-2000x
magnification without Au coated and with low vacuum, SEM can still observe the morphology of the sample quite
clearly. As for the magnification of more than 2000x, the sample must be coated to make it more clearly visible. In
Figure 4.4 it can be seen that the particles of LiMn,O4 powder have a shape mostly like a pyramid. In Figure 4.4b,
there is a white part of the collection of particles (cannot be clearly observed by SEM) which is called charging. Then
the comparison for the LiMn,0O4 cathode sample with Au coating and without coating which has the following image.

i, .
WD10mm  SS40 x10,000 1pm

FIGURE 3. SEM display of (a) LiMn204 powder without Au coating (b) LiMn2O4 powder with Au coating
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FIGURE 4. LiMn;04 cathode SEM 10,000x display at different positions

In Figure 4a, it can be seen that there are nets that bind between the particles. The nets are caused by the addition
of PVDF polymer. So that PVDF causes one particle to bind to another, which will create pores on the LiMn>O4
cathode as shown in Figure 4b.

SEM devices are equipped with EDS or Energy Dispersive Spectroscopy. EDS is used to determine the chemical
composition of the particles that make up the sample. The material characterization with EDS uses X-rays that are
emitted when the material collides with electrons. The energy level depends on the energy level of the atomic shell,
because X-rays are emitted from transitioning electrons from the atomic shell layer. So that by detecting the level of
energy emitted from X-rays and their intensity, it can be seen the atoms making up the material and their mass
percentage. In this study, the composition of EDS for LiMn,0O4 powder samples was obtained as shown in Figure 5.
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FIGURE 5. EDS results of LiMn20O4 powder composition
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FIGURE 6. Graph of Log Conductivity Vs Log Frequency of Cathode LiMnxO4

Characterization using LCR Meter was carried out to measure the conductivity at the LiMn,O4 cathode. Changes
in the conductivity value on the curve indicate the movement of Li+ ions. On the LCR Meter data obtained in the form
of G and Frequency. Frequency here is a given energy response. Measurements were made with a sample thickness
of 9.3x10-3 cm and the cross-sectional area of the sample used was 1.76625 cm. Processing is done with the help of
Origin software. Based on the graph above, the magnitude of the DC conductivity (DC) is 3.003 x 10-5 S/cm.

CONCLUSION

The manufacture of LiMn,O4 cathode has been successfully carried out with a composition of 90%:5%:5%
LiMn,04:AB:PVDF. The materials used are mixed to form a slurry, then coated on an aluminum sheet as a substrate.
Based on the Cristalography Open Data base (COD) data base, it was found that the diffraction peaks at 8 angles of
26 were the strongest in the LiMn,O4 powder sample. The average particle size of LiMn,O4 using PSA is 214.64 nm,
most of which are 176 nm. While the measurement of LiMn,O4 particles using SEM obtained an average of 318.18
nm. Through SEM, the LiMn,O4 cathode is seen if there are nets that bind between the particles. The nets are caused
by the addition of PVDF polymer. Measurement of LiMn,;O4 conductivity through LCR Meter obtained a conductivity
of 3,003 x 10 S/cm.
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