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Abstract. Commercial Samsung 25R lithium-ion battery has been used as object of reverse engineering study. The aim of
this study was to observe the physical parameters and insight of the cathode materials, that became a benchmark for
developing the new materials. The first method was to dismantled the cylindrical cell, into the battery components. The
cathode was coated on the Al-foil with the length of 875 mm and 570 mm width, and the thickness of about 1.41 mm.
Meanwhile the anode was coated on the Cu-foil with the length of 930 mm and 570 mm width, and the thickness of about
1.28 mm. The length separator was 1820 mm, twice longer from the length of electrodes, and its width wider to prevent the
short circuit. The separator was the thin sheet only 0.15 mm. The inside of the cylindrical cell was almost similar to other
lithium-ion battery. The XRD pattern of the cathode material was identified as layered a-NaFeO: hexagonal structure
belonged to the layered LiNiisMn13Co1302. According to the database, the diffraction pattern is the most compatible with
NMCI111 (ICSD 98-016-2295). It was found that, the peaks (006) and (012), as well as (018) and (110), are separated
indicating the ordering of the layered hexagonal structure. The optimal c/a ratio was more than 4.899 exhibited the ideal c/a
values, indicating the presence of cation mixing. A ratio of 1(003)/I(104) was 2.5796, indicating desired cation mixing
occurs. The sample's R value was low enough to indicate that it had good lattice ordering. In conclusion, the commercial
Samsung 25R 18650 has proven to be good crystalline materials with layer NMC111.

INTRODUCTION

Lithium-ion battery (LIB) has become important issue on achieving the sustainable development goals through the
clean energy [1][2]. The LIB has been applied not only in a daily life, for electronic devices such as mobile phone,
laptop, iPad, camera, drone etc, but also in various emerging technology, from small scale in energy storage system
to large storage system in electric vehicles [3][4]. Various developing technology of this lithium-ion battery mainly
concerned to increase the performance in terms of capacity and working voltage window, reliability of usage of the
battery in vehicle application, cost-effective manufacture, and the safety concerns [5].

From materials to cell fabrication, there are many aspects that affect the performance of the battery [6][7]. Such
that aspects must be determined by trial-and-error experiments to obtain the parameters for optimizing performance
of the battery. Given that in mind, each battery producers have their own recipe for achieving the best battery
performance given from different material produced [6][8][9].

Recently there are significant increase of researches on cathode materials based on nickel, such as the LiNij_
MnyCo,0, (NMC) and LiNiyCoyAl,O, (NCA) with x +y +z =1 [10]. This is due their better performance and higher
capacity in comparison to the non-nickel based cathode [11][12]. The research showed also that the nickel rich cathode
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materials even exhibited better capacities, and among them, Ni-rich layered oxides, LiNipgCo0.15Alp.0s02 (NCA) and
LiNi 9.3C00.1Mng 10> (NCM811) are increasingly popular active cathode elements used in commercial LIBs for electric
cars and planes [10][7][12].

This paper gives insights of one of the commercial lithium batteries in market, Samsung 25R 18650. The reverse
engineering process was conducted to study the insight of physical parameters, and the structural analysis of the
materials that gave characteristic of the battery. By dismantling the cell, it will bring the information on the physical
parameters and actual dimension in the cell [13][14]. It is also important to investigate the crystal structure of the
cathode materials of this commercial lithium-ion battery and its morphology, so that more understanding what the
market’s need. The characterization was performed by using an X-ray diffractometer (XRD) and the morphology was
conducted by a Scanning Electron Microscopy (SEM). It is expected that the result can be used as a bench mark for
developing new materials with better battery performance. Aim of this paper would discuss comprehensively on the
physical properties and insight of cathode materials, meanwhile the battery performance has been separately discussed
in the other article in this issue.

METHODOLOGY

A commercial Samsung 25R lithium-ion battery was used as an object of reverse engineering study, which has a
cylindrical shape with a diameter 18 mm and length 650 mm. It was obtained from commercial market. The cylindrical
cell was dismantled to obtain the components inside such as anode, cathode, separator sheet, current collector, Tab
and isolator as shown in Figure 1(a)-(d). The inside materials and physical parameters of the cell was observed. The
dimension (length, width, thickness) of calendar roll of each anode and cathode were measured. The cathode material
was measured by X-ray diffractometer to determine its crystal structure, and then it was analysed by using full proof
software. The morphology of the cathode was observed by a Scanning Electron Microscope (SEM).

RESULTS AND DISCUSSION

Physical Parameters of Cylindrical Battery Components

€)) (b)
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FIGURE 1. Disassembled results of Samsung 25R commercial battery 18650 (a) cylindrical parts, (b) battery components of the
cylindrical cell, (c) cathode sheet materials, (d) anode sheet materials.

The disassembly process was conducted to study the physical parameters inside the commercial battery that gave
the overall information of the battery. It is believed that every battery manufacturer has their own recipe of their battery
that gives a good performance to be sold in market. Therefore, it is important to study this reverse engineering. Figure
1(a) show the parts of cylindrical cell from Samsung 25R 18650 that consisted of the Al-case, cover, isolator,
connector and tabs. The Al-case has been cut to take off the battery components in rolled form, as seen in Fig.1(b).
Then the cathode and anode sheets were opened from the rolled form, that respectively shown in Figs.1 (c) and 1(d).
The cathode as a positive electrode was coated on the Al-foil with the length of 875 mm and 570 mm width, and the
thickness of about 1.41 mm. Meanwhile the anode as negative electrode was coated on the Cu-foil with the length of
930 mm and 570 mm width, and the thickness of about 1.28 mm. The separator was 1820 mm, twice longer from the
length of electrodes, and its width wider to prevent the short circuit. The separator was the pore material with the tiny
sheet only 0.15 mm. The inside of the cylindrical cell was almost similar to other lithium ion battery, except the
dimensions and the formula of cathode [15][16].

TABLE 1. Physical parameters of components inside the 18650 lithium-ion battery.

Components Length Width Thickness
(mm) (mm) (mm)
Negative electrode 930 57 1.28
Positive electrode 875 57 1.41
Separator 1820 60 0.15

Crystal Structure Observation of Cathode materials

Further analysis was to observe the insight of cathode materials from the commercial Samsung 25R 18650. The
cathode materials were peeled from coated positive electrode on the Al-foil sheet. Then the crystallography
characterization of cathode was conducted by an X-Ray Diffraction. The analysis is performed to determine the
structure of the cathode material and also to retrieve the nickel-manganese-cobalt composition of the analysed
material. The typical NMC cathode material with different composition can have similar XRD pattern so it needs to
be analysed further to obtain the right composition of each materials [12].
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FIGURE 2. XRD analysis of the cathode material inside the Samsung 25R 18650 cell.

Figure 2 shows XRD patterns of Samsung cathode active material. The pattern was identified as layered a-NaFeO»
hexagonal structure. According to the database, the diffraction pattern is the most compatible with NMC111 (ICSD
98-016-2295). It is then further analysed from the pattern that shows the Samsung cathode material composition of
nickel-manganese-cobalt belongs to 1:1:1 (NMC 111). The earlier study of NMC111 have also been conducted by
Feng Wu et.al [17]. The study showed that, the layered LiNi;;3Mni3Co130, materials with good crystalline have
successfully been synthesized by a novel method of hydrothermal method followed by a short calcination process.
The layered LiNixMnyCo;—x-yO> composites have attracted many attentions due to their high capacity, good cycling

stability and excellent thermal stability
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FIGURE 3. Diffraction pattern of Cathode Samsung 25R 18650 with the magnification of two pairs of nearby peaks is seen in

the inset image.
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The magnification of two pairs of nearby peaks is seen in the inset image in Fig.3. The separation of the peaks
(006) and (012), as well as (018) and (110), indicates the ordering of the layered hexagonal structure [18][19] . Table
2 displays the Rietveld refinement and crystallite size analysis results. Despite cation mixing, the optimal c/a ratio is
more than 4.899. The samples exhibit the ideal c/a values, indicating the presence of cation mixing while remaining
within ideal limits. When the ratio of 1(003)/I(104) is >1.2, desired cation mixing occurs. The cathode commercial
material’s [(003)/I(104) ratio was 2.5796, indicating appropriate cation mixing. The sample's R value was low enough
to indicate that it had good lattice ordering. The lower the R value, the higher the lattice ordering of the NMC crystal
structure [11][19].

TABLE 2. Rietveld refinement and size analysis results of XRD patterns.

Parameters Samsung Information
Rexp 2.38
R 3.66

wp
a(A) 2.8606
c(A) 14.2687
c/a 4.9880 Ideal: > 4.899
o3y L104) 2.5796 Ideal: >1.2
(desirable cation
mixing)

R=[I 0127 Loos))/ 1101 0.4568 Lower > better
Crystallite size (A) 27913

Those parameters obtained from the refinement results of the measured commercial cathode corresponded to the
layer NMC111 with an ideal condition. It has shown almost the ideal value of c/a that larger than 4.899; the ratio of
T003)/I(104) 1s higher than 1.2 and the R value is lower. Showing the higher ordering. Similar results were also observed
for the NMC111 cathodes synthesized by a novel method of hydrothermal method followed by a short calcination
process. In their XRD pattern, the integrated peaks of (006)/(102) and (108)/(110) split, regardless of short calcination
time. Indicating the layered LiNi;sMni3Co130, materials are successfully synthesized [17][19].

Morphology of the Commercial Cathode

The microstructural morphologies of the cathode material after several steps of charge-discharge process are
shown in Figs.4(a)-(c). The SEM images of the Samsung commercial LiNi;3Mn;3C0130; are presented in Fig.
4(a),(b) and (c) with the enlargement of 1000x, 2500x and 5000x, respectively. It can be seen that the surface
morphology was not smooth and homogenous. There are distinction composites, it agglomerated in several clusters
but some paths existed in between surrounding the area (Fig.4(a). Further observed in more detail, the path seems like
the crack, after the cathode being charge and discharge for 100 cycles. The average particle size of
LiNi1/3Mn1/3Co1/302 was 300—500nm, which are greatly agglomerate.
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FIGURE 4. SEM observation of cathode material inside the lithium-ion battery in different zoom scaling (a) 1000x, (b) 2500x
and (c) 5000x.

There is an evident distinction in morphology insight the cathodes. The cathodes, that in forms of square are
composed of small layered particles (100—300nm) which are greatly agglomerate. After charging and discharging,
rock-shaped grains with sharp edges morphology are formed, and the grain size increases to 200—400 nm. Figure 4(c)
the images are magnified to 5,000 times, it is clearly to see that the distribution of the particles is much more uniform
after charging treatment. It is known that particle shape and size of cathode materials were not only depending on the
synthesize method but can also affect the energy density in practical use, so controlling particle morphology is very
important [14][20].

CONCLUSION

The commercial Samsung 25R in the form of cylindrical cell 18650 has been successfully investigated via reverse
engineering. The study showed that the cathode material corresponded to the the layered LiNij3Mn;3Co1302 materials
with good crystalline. Several facts that this crystal has high ordering layered hexagonal structure, it is shown by the
separation of the peaks (006) and (012), as well as (018) and (110). The Rietveld refinement and crystallite size
analysis results, indicated the cation mixing, with the optimal c/a ratio is larger than 4.899. The ratio of 1(003)/1(104)
is 2.5796, which fulfilled the desired cation mixing. it had also good lattice ordering whereas R value was low enough
to indicate that. It can be concluded that the cathode material of the commercial Samsung 25R 18650 has good
crystallinity and high ordering.
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