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ABSTRACT: The development of Li-ion batteries leads to high-density Li-ion battery
technology as a storage system. to realize a Li-ion battery with a high energy density is to
modify its anode, called a thin-film anode. The anode used is coated with a material thickness
of 10 um, increasing the cathode material that can be accommodated in one cell. This study
aimed to analyze the Cu-powder and LTO materials used in Thin-film Li-ion batteries as a
substitute for graphite because they offer higher capacity, chemical stability, fast charging
technology (LTO), cheap, and environmentally friendly (Cu-powder). Based on XRD and FTIR
tests, the material has a good crystal structure, and not many impurities are still contained in
it. The SEM results showed that both particles showed uniformity in the shape of a single
particle and were strengthened by the SEM-EDX test to review the quantity of each element
present in the two materials. The electrochemical test results showed that Cu-powder
material was better, with a specific capacity of 144.82 mAh g% higher than LTO (81.04 mAh

g")-
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1.

Introduction

Li-ion is becoming a significant player
in rechargeable energy storage technology.
Li-ion batteries are chosen as the primary
energy source for portable devices such as
mobile phones, laptops, and power tools.
They are now being applied to electric
vehicles such as e-bikes, motorcycles, and
[1]- Rapid technological
developments encourage improvements in
the Li-ion battery energy storage system.
High-density energy Li-ion batteries are a

electric cars

21

new challenge in developing Li-ion batteries
because, in the same cell, they must produce
a greater energy density [2]. Li-ion batteries
consist of four parts: cathode, anode,
separator, and electrolyte. One of the things
that can be done to realize a high-density Li-
ion battery is to modify the electrodes.

The modified electrode is the anode.
The anode is the electrode's negative side, a
reducing agent [3]. The anode has a vital role
in the performance of Li-ion batteries
because it affects the cycle performance,
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battery charge rate, and energy density, so
the selection of anode material is very
important [4]. The dendritic phenomenon is
another reason for the importance of
choosing anode material. Dendrite is the
accumulation of Li ions that cannot be
recalculated back to the cathode side, called
dead-Li [5].

Graphite is an anode material that has
been used commercially in Li-ion batteries.
The electrochemical activity of the carbon
material
process of Li ions between the graphene
planes, which provides good mechanical
stability, electrical conductivity, and Li
transport. Carbon materials balance cost
factors with good electrochemical activity
[6]- However, the low specific capacity of
carbon materials is the reason for the
emergence of alternative anode materials
for lithium-ion batteries [7]. Graphite
materials also have limitations in filling
rates. At high charging rates, the graphite
material has the potential to short-circuit,
which affects battery safety. This is due to
the emergence of a lithiation effect in the
form of the appearance of dendrites on the
anode layer due to the one-dimensional
intercalation space of the graphite material
[8]- The Li* ion intercalation voltage is so low
(<0.25 V vs. Li/Li*) that Li metal can quickly
form a layer on the graphite surface when
charging Li-ion batteries, especially at high
currents and cold temperatures. The Li-
coated graphite reacts with the electrolyte
solvent, degrade battery
performance and form dendrites, posing a
potential safety hazard. Other disadvantages
of carbon anode materials are 10 - 20%
irreversible capacity in the first cycle due to
SEI formation, low density affecting the
battery's volumetric energy density, and
unsuitability for fast charging due to
possible Li coating [9]. Therefore, the
development of anode materials leads to
graphite replacement materials

comes from the intercalation

which can
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several material sources such as carbon
nanomaterials, silicon, and transition group
metals (Fe, Co, Ni, Sn, Cu, etc.) [10].

Cu transition metal group as an anode
can improve the performance of Li-ion
batteries. The use of Cu material can
maximize the capacity and cycle stability of
Li-ion batteries [10]. Another advantage
that it provides
performance stability at a low price, is easy
to obtain, has a high theoretical capacity, and
is environmentally friendly [11], [12].
Another potential material for graphite
substitute is Lithium Titanate (LisTis012).
Lithium Titanate (LTO) has good structural
stability without changes in structure or
volume during the lithiation/de-lithiation
process (charging and discharging process)
[13]. Therefore, the LTO anode material is
classified as a non-strain material and has a
capacity of 175 mAh gt [14]. The high
crystallinity of LTO is the advantage of this
material, especially for its electrochemical
performance. Synthesis of LTO anode
material can use several methods. The
methods used are sol-gel, molten salt, spray
pyrolysis, hydrothermal, and solid-state
[15]. The sol-gel method was used to
synthesize LTO at low temperatures. To
achieve high LTO crystallinity, the molten-
salt method can be used. However, the final
product synthesized using the molten-salt
method requires a washing process to
remove the salt content. As a result, much
wastewater containing lithium salts will be
[16]. The
hydrothermal method used for the synthesis
of LTO can be an option. However, the
process in this method requires high
temperatures and pressures to reach a
critical point so it will require alarge amount
of energy [17]. The solid-state method is a
choice that is considered. This method is the
most straightforward and efficient method
of mixing raw materials in the solid phase
[15].

offered is excellent

wasted in the environment
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This
comparative study of novelty thin films for
Li-ion batteries. The use of thin-film Cu (Cu-
powder) and LTO anode materials attempts
to increase the energy density in one battery
cell. By decreasing the thickness of the
anode, the amount of cathode material that
can be inserted into the battery becomes
more so that it can increase the energy
density in one battery cell. The conclusion

research will discuss the

that will be drawn in this research is which
material is better than other materials when
applied as thin-film anodes for high-energy-
density Li-ion batteries.

2. Methodology
2.2. Material synthesis and preparation

The primary materials used in this
research are Cu powder and LTO. Cu powder
was obtained from Polimikro Berdikari
Nusantara, Ltd (Polimikro Berdikari
Nusantara, Ltd., Indonesia). The LTO
material was obtained by synthesis using the
solid-state method. The materials used are
TiO, Methanol from Agung Jaya, Ltd. (Agung
Jaya, Ltd., Indonesia), and LiOH.H20 from
Leverton (Leverton, UK). The cathode
material used is NMC622 from Gelon (Gelon,
China). The schematic of the LTO material
synthesis is illustrated in Fig. 1. TiO; as a
source of Ti and LiOH as a source of Li were
mixed in a solid-state with a mole ratio of Li:
Ti = 4:5, and the mixing process was assisted
with methanol as a dispersant. The solid-
state mixing process uses a stirrer with a
rotational speed of 1000 rpm for 2 hours.
This stirring process is carried out until the
reaction is perfectly marked by a change in
temperature to cold in the mixed material.
The mixed material is dried to evaporate
methanol in an oven to dry to form a
precursor. The precursors were heated and
sintered under O; conditions at 800° C for 12
After the sintering process is
complete, the LTO product is cooled, and the
final step is size reduction to 200 mesh. The

hours.

Ikhsanudin, et. al, 2022, Comparative Study of Novel Thin-films for Li-lons Batteries

material was tested for XRD, FTIR, SEM, and
electrochemical performance tests.
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Figure 1. Synthesis scheme for LTO

material

2.3. Coating and battery manufacturing

Cu-powder and LTO materials were
applied as Thin-film anodes in high energy
density Li-ion batteries. These two materials
are coated on the surface of Cu-foil with a
thickness of 10 um as Li-host. XRD and FTIR
test results show that both materials have
good crystallinity and few impurities.
Morphological SEM and EDX tests showed
uniformity of particle shape with an average
size of 8.78 um Cu-powder, 1.69 um, and
agglomeration appeared to occur in the LTO
At a current of 0.1 C, the
electrochemical performance test showed
that Cu-powder material was better than
LTO with the first specific capacity of 144.82
mAh g1 compared to LTO 81.04 mAh g-! the
cycle stability test of Cu-powder material
was more stable than LTO material.

material.

3.3.Testing

Cu-powder and LTO materials were
applied as Thin-film anodes in high energy
density Li-ion batteries. These two
materials are coated on the surface of Cu-
foil with a thickness of 10 pm as Li-host.
XRD and FTIR test results show that both
materials have good crystallinity and few
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impurities. Morphological SEM and EDX
tests showed uniformity of particle shape
with an average size of 8.78 um Cu-powder,
1.69 um, and agglomeration appeared to
occur in the LTO material. At a current of 0.1
C, the electrochemical performance test
showed that Cu-powder material was better
than LTO with the first specific capacity of
144.82 mAh g! compared to LTO 81.04
mAh g-! the cycle stability test of Cu-powder

material was more stable than LTO
material.
3.3. Result and Discussion

3.1. Materials Characterization

{111 a00) LTO

11) |: Cu powder

Intensity (a.u)

(200)

20 25 30 35 40 45 50 55 60 65 70
2 Theta
Figure 2. XRD pattern for Cu powder and

LTO materials

X-Ray Diffraction (XRD) analysis is one
of the solid materials or materials research
characteristics. XRD test aims to determine
the phase of a crystal and the impurity of the
material produced. Fig. 2 is the XRD pattern
for the Cu-powder sample and LTO product,
including the miller index. XRD pattern of
Cu-powder material in the first row shows
two main peaks of Cu, namely peaks (111)
and (200), at two theta angles of 41.95° and
49.04° [18], [19]. This shows that the
material is indeed Cu-powder, and there are
no impurities in it. The second line has the
XRD pattern of LTO materials synthesized
by the solid-state method. The results show
that all significant LTO material peaks
appear compared to ICDD-LTO data. The
LTO peaks that appear are peaks (111),

Transmitance (%)
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(311), (400), (331), (333), (440), and (531)
with two theta angles of 19.70°, 36.71c,
44.58°, 48.83°, 58.750, 64.450, and 67.81°
[20], [21]. There is a little noise on the
curve, but it does not indicate significant
impurities. The two XRD patterns of each
material show sharp peaks so that the
material has a high level of crystallinity
[20]-[22].

LTO|

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 3. FTIR spectrum for Cu powder and
LTO materials

FTIR spectrum analysis analyzes the
organic functional groups present on the
particle surface. This functional group
makes it possible to determine the carbon
bonds still left behind as impurities and
determine the bonds that occur in the main
product [23]. Fig. 3 displays the FTIR
spectrum for Cu-powder and LTO materials.
The FTIR spectrum of Cu-powder material
in the first row shows four peaks. The first
peak at wavenumber 173294 cm!
indicates the presence of a C=C alkene
group. The second peak at wavenumber
1185 cm-! indicates the presence of a C-O
group and a C-H group seen at wavenumber
738.82 cmt. The fourth peak at
wavenumber 486.36 cm indicates the
presence of the Cu-O functional group [24]-
[26]. There is a Cu-O bond group, and
carbon functional groups dominate other
functional groups. The second FTIR
spectrum is LTO material, which shows five
peaks. The peaks at wavenumbers 486.36
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and 586.21 cm! indicate the presence of a
symmetrical and asymmetrical spectrum of
the stretching octahedral group so that it
can be ascertained that there is a spinel LTO
peak [21]. The FTIR spectrum at
wavenumber 937.07 cm! represents the
presence of C-O groups [27] and
wavenumber 1473.36 cm! represents the
spectrum of carboxyl groups -CH

respectively [28].

Figure 4. SEM-surface morphology for Cu
powder with (a) x1000
magnification, (b) x2500 magnification, (c)
x5000 magnification and SEM-surface
morphology for LTO materials with (a)
x1000 magnification, (b) x2500
magnification, (c) x5000 magnification

materials

Scanning Electron Microscopy (SEM)
morphology aims to determine the surface
morphology of the appearance of the
particles analyzed at x1000, x2500, and
x5000 magnifications. The first three line
drawings in Fig. 4 (a), (b), and (c) are the
results of the surface morphology analysis
of the Cu-powder material. At x1000
magnification, the particles have a uniform
spherical shape. No agglomeration occurs
between Cu-powder particles at high
magnification (x2500 and x5000). Particle
size analysis based on surface morphology,
Cu-powder has an average particle size of
8.78 um. The three second-row images in
Fig. 4 (d), (e), and (f) are SEM results of the
surface morphology of the LTO material.
There is uniformity of particle shape but
visible agglomeration, which is visible at
x5000 magnification. The average size of a
single LTO particle is 1.69 pm. SEM-EDX
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(Energy Dispersive X-ray) analysis was also
carried out to determine the elemental
impurities. This test will
determine the purity and mass percentage
of the elements present in the tested
material. Fig. 5 (a) shows the energy
spectrum of the Cu-powder material, and
Fig. 5 (b) shows the energy spectrum of the
CuO material. Fig. 5 is reinforced by the
description in Table 1, which contains the
percentage of mass contained in both
samples. Fig. 5 (a) high Cu-La peaks are
seen. This indicates the high intensity of
energy absorbed due to the presence of Cu,
which shows a high Cu content compared to
the C and O content at the peaks of C-Ka and
0-Ka.

content and

Table 1. The mass percentage of Cu-
powder and LTO elements from SEM-EDX
analysis

Mass Percentage (%)

Elements Cu Powder LTO
Cu 95.01 0
0 1.08 67.11
C 391 0
Ti 0 32.89

The data from Table 1 reinforce this;
the percentage of the mass of the element
Cu is 95.01%m. Fig. 5 (b) shows two main
peaks, Ti-Ka and 0-Ka, with an insignificant
difference in peak heights. Mass percentage
of Ti: O = 32.89 : 67.11. The number of
elements O is more than the element Ti. this
is in line with the chemical formula LTO
(Li4Tis012), which shows the composition
and quantity percentage by mass of element
0 is more than element Ti.
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Figure 5. Energy-dispersive X-ray for Cu
powder and LTO materials
3.2.  Electrochemical Performance
Test

The electrochemical performance test
was carried out in a fully 18650 cylindrical
cell. The cathode used was NMC622, with a
theoretical specific capacity of 200 mAh g
The electrochemical tests reviewed the
performance of the first three cycles of
specific charge/discharge capacity and the
stability of the cycle up to the 50t cycle. Fig.
6 (a) shows the charge/discharge curve of
the first three battery cycles using Cu-
powder as anode material. Fig. 6 (b) shows
the results for a battery with LTO anode
material. It can be seen that the first three
cycles of these two batteries differ quite a
lot. The first capacity is 144.83 mAh g1
which increases in the second cycle to
153.33 mAh g1. This value is greater than
the battery using LTO material with the first
specific capacity of 96.77 mAg g1 and a drop
of 81 mAh g?! in the third cycle. The
superiority of the Cu material is reinforced
by cycle stability data that is tested up to 50
cycles. Fig. 6 (c) shows the results of the
second cycle stability test of anode material.
The initial capacity of Cu powder material is
strengthened with good stability in the first
five cycles compared to LTO material. The
LTO material drops, and the capacity runs
out in the 19t cycle. At the same time, the
battery with Cu powder drops in the 41st
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cycle. LTO materials are generally stable at
a voltage of 2.3 V. However, the results of
this study show a tendency to form the same
curve and are stable at a voltage of 3.8 V.
Therefore, the battery performance shown
by both the Cu-powder and LTO materials
which are thinly coated with a thickness of
10 micrometers is close to anode-free Li-ion

battery performance.
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Figure 6. (a) The first three cycles of the
charge/discharge specific capacity curve of
the battery with Cu powder, (b) The first
three cycles of the charge/discharge
specific capacity curve of the battery with
LTO, and (c) The first fifty cycles of stability
for Cu powder and LTO anode-poor

4. Conclusions

Cu-powder and LTO materials were applied
as Thin-film anodes in high energy density
Li-ion batteries. These two materials are
coated on the surface of Cu-foil with a
thickness of 10 um as Li-host. XRD and FTIR
test results show that both materials have
good crystallinity and few impurities.
Morphological SEM and EDX tests showed
uniformity of particle shape with an average
size of 8.78 um Cu-powder, 1.69 um, and
agglomeration appeared to occur in the LTO
material. At a current of 0.1 C, the
electrochemical performance test showed
that Cu-powder material was better than
LTO with the first specific capacity of
144.82 mAh g-1 compared to LTO 81.04
mAh g-1 the cycle stability test of Cu-
powder material was more stable than LTO
material.
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