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Abstract: LiFePO, has a weakness in the form of low conductivity (10 S/cm). One of the efforts
to increase electrical conductivity is through carbon coating. This study used a carbon source from
teak sawdust (Tectona grandis). Synthesis of carbon by carbonization method with temperature
variations of 350, 450, and 550°C and through the activation process. The synthesis of LFP/C used
the solid-state method due to the simplicity of the process. Based on the SEM-EDX results, the
carbon morphology appears to be microfibrils with the highest carbon content of 81.73%. The results
of XRD and FTIR analysis showed that the LFP/C cathode material had an orthorhombic structure.
Meanwhile, the SEM results show the morphology of the material in the form of a polyhedral. EIS
testing has been carried out with the highest conductivity value of 3.31 x 10~ S/cm and the results
of the specific capacity obtained the highest value of 36.18 mAh/g.
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1. Introduction

The depletion of fossil fuels encourages the
development of clean energy technologies and sustainable
transportation options in order to reduce environmental
problems such as acid rain, air pollution, and global
warming. Innovating new alternative energy sources is
encouraged by this!. One of the necessities of human life
is the battery, an electrical energy storage device.
Generally, batteries can be divided into primary batteries
for single use and secondary batteries that can be used
repeatedly. Sodium ions, lithium ions, and nickel metal
hydride (NiMH) batteries are among the secondary
batteries whose development has accelerated recently.
However, because of its high capacity and long cycle life,
lithium-ion battery is the most used secondary battery>?.

Anode, cathode, separator, and electrolyte are the four
main parts of a lithium-ion battery®. High capacity is
produced by the cathode. Lithium cobalt oxide (LiCoO,),
was the first cathode material to be commercially
successful. Its low level of safety as a result of the high
cobalt content is its weakness?. Other cathode
components include lithium nickel cobalt oxide (NCA)
materials have high capacity but low safety, lithium
manganese oxide (LMO) materials have high thermal
stability but a low capacity, lithium nickel manganese
cobalt oxide (NMC) materials have high specific energy
but low thermal stability®. Lithium iron phosphate

(LiFePQs) is an excellent cathode material for use in
electric vehicles due to its advantages such as high
theoretical capacity (170 mAh/g)”, non-toxicity, long
cycle life, high level of safety and cheap raw material
prices. However, the weakness of LiFePO, is its low
conductivity (10° S/cm). Efforts to increase electrical
conductivity include ion doping, minimizing particle size,
and carbon coating. Among these efforts, carbon coating
is an effective approach that can increase the electrical
conductivity of LiFePO,®.

The presence of abundant natural resources that
produce biomass waste, such as coconut shells, rice husks,
corn cobs, and sawdust, helps in fulfilling the demand for
activated carbon in Indonesia. Utilization of sawdust is
usually used to meet the needs of industry as boiler fuel.
One of the carbon content in natural materials is teak
wood sawdust which can be processed into activated
carbon®!?. Numerous studies have been performed on the
conversion of waste into carbon electrodes, with a focus
on biomass waste®. The carbon source for the LiFePO4/C
cathode material in this study was teak wood powder
using the carbonization method which is anticipated to be
a useful solution to environmental issues'?.

Several synthesis methods in LiFePO4/C include solid
state, sol-gel, co-precipitation, hydrothermal,
carbothermal reduction, and microwave synthesis
methods'?. Based on these several methods, in this study,
the solid-state method was chosen because the control
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variables were easy and simple. Carbon from teak sawdust
waste for use in LiFePO4/C cathode material has never
been studied before. Therefore, a study was conducted on
the synthesis of carbon as a cathode material with
variations in carbonization temperature and a LiFePO4/C
battery performance test.

2. Materials and Methods
2.1 Materials

The following materials were used: teak wood sawdust,
FeSO4 (Hunan, China), H,C;04 (Yuanping Changyuan
Chemicals, China), H3PO4 (Brataco, Indonesia), LioCOs3
(Merck, Germany), distilled water, carboxymethyl
cellulose (CMC), acetylene black (AB), styrene-butadiene
rubber (SBR) (MTI, USA), electrolyte LiPFs and N> gas.

2.2 Methods
2.2.1 Carbon Material Synthesis

The preparation of carbon synthesis was started by
washing the teak wood sawdust and drying it at 110°C to
evaporate the water content. The samples were ground and
then sieved and tested using Thermal Gravimetric
Analysis (TGA). Furthermore, the samples were
carbonized at temperatures of 350, 450, and 550°C for 80
minutes with a N, gas stream. A black powder was
obtained and continued in the activation process with a
10% H3POy4 solution for 24 hours. The sample results were
tested using Scanning Electron Microscopy-Energy
Dispersive X-ray (SEM-EDX) to determine the
morphology and composition of the elements contained in
the sample.

2.2.2 Cathode Material Synthesis

Asin Fig. 1, iron oxalate was produced using FeSO4 and
H>C>04 as much as 27.8 g and 12.6 g, respectively, which
were dissolved in 200 mL of distilled water and heated at
60°C. The H,Cy04 solution was slowly added to the
solution and maintained at 60°C with stirring for 2 hours.
The yellow solution was obtained after becoming
homogeneous, then filtered and washed to neutral pH with
distilled water until a yellow precipitate was obtained and
dried in the oven. Furthermore, the manufacture of LFP/C
cathode used 11.53 grams of 85% H3POs, and 3.7 grams
of Li,CO3 mixed with an overhead stirrer and added
methanol little by little. After the slurry was formed, 18 g
of FeC,O4 was added and stirred for 2 hours until
homogeneous, followed by drying in the oven. Then, 5%
w/w carbon was mixed with dry LFP. The resulting
mixture is then heated in a furnace at a temperature of
700°C for 10 hours with a N, gas stream. The resulting
LFP/C product was ground with a mortar and pestle and
sieved using a 400 mesh sieve and continued with testing
using X-Ray Diffractometer (D2 Phaser Bruker,
Germany) to determine the crystal structure, SEM-EDX
(JEOL JSM-6510LA, Japan) to investigate particle

morphology elemental composition contained in the
sample, and Fourier Transform Infrared (FTIR)
(Shimadzu FTIR, Japan) to detect functional groups.

2.2.3 Battery Assembly and Testing

The LFP/C cathode sheet was prepared by mixing
LFP/C:AB:CMC:SBR 89:5:2:3 in distilled water and
coated on both sides of the Al foil (Fig. 2). The coated
sheets were dried and assembled into a type 18650
cylindrical cell battery with graphite as the anode. The
electrolyte used is LiPFs. The assembled battery was
tested using a Neware Battery Analyzer (Neware, China)
to determine battery capacity and Electrochemical
Impedance Spectroscopy (EIS) (Nuvant System Inc.,
USA) to determine the LFP/C conductivity.

H,C,04
C FeC;0, Li,CO;5
HaPO4 methanol
= _ —_— i —y
Feso FeC,0,
powders W ¥

o0 [ o0 HlleTe

LFP powders + carbon powders
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LFP/C powders

® FURNACE

Fig. 1: Experimental method for cathode material synthesis

LFP/C powders + AB
PVDF + CMC + aquades

—_ g [ ——

O® oVEN LFP/C electrode sheet)

Fig. 2: Experimental method for LFP electrode sheet

3. Results and Discussion

The thermal properties of teak sawdust are depicted in
Fig. 3. The temperature range between 30 - 50°C is the
step of removing water content, and the endothermic peak
is found on the DTA curve at a temperature of 26.05°C.
The decrease in the weight of the two teak sawdust
occurred at a temperature of 50 - 370°C. While on the DTA
curve, there is a peak at a temperature of around 370°C
due to excessive heat release. This was due to the
evaporation of organic matter. The weight also decreases
as hemicellulose and cellulose content decompose
between 380 - 480°C. Teak sawdust's remaining lignin is
believed to be decomposing at temperatures between 480
-700°C™. This is in accordance with Adeleke's research'®,
where the thermogravimetric curve of teak sawdust is
divided into three different heating stages: first, the drying
stage at temperatures below 12°C, the second stage occurs
between 125 - 500°C temperatures when decomposition of
hemicellulose, cellulose, and some of the lignin occurs,
and the third stage is above the temperature of 500°C
when the decomposition of residual lignin occurs slowly
and continuously.
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Fig. 3: Results of TGA-DTA teak wood powder

In the carbonization process, it requires impregnation
the starting material with a dehydrating chemical agent.
H3PO4 solution was being used in this research to
dehydrate the precursor and extract tar from the biomass
material. The chemically treated teak wood biomass in the
next step, activation takes place at high temperature in the
presence of supporting gases (N») that can prevent CO;
formation and generate pores of diverse sizes in the
activated carbon during activation process '“19.

x1000, (b) x10000, (c) x1000, (d) x10000, (€) x1000, and (f)
x10000

The higher carbonization temperature, the cells making
up the wood become denser and the cell cavities are
smaller because increasing the heating temperature will
cause a decrease in the moisture content of the wood!?.
This is also shown on how the morphology of samples

change significantly (Fig. 4). According to Pavithra’s
research, teak wood fiber consists of several microfibrils
and each fiber has a compact structure!®. As a result, the
SEM image (Fig. 4) reveal that the increasing of the
temperature, the more dense and compact the structure of
carbon obtains.

Furthermore, from the results of the EDX data, the table
of elemental composition contained in the sample can be
seen in Table 1. where the carbon element composition of
the teak sawdust material is highest in sample C-550,
which is 81.73%. This is consistent with Nor's research,
which found that the carbonization temperature, followed
by the carbonization time, had the greatest impact'”).

Table 1. Elemental composition in carbonized samples

Element Mass%
C-350 C-450 C-550
C 71.55+0.77 78.47+0.86 81.73+0.85
(0] 28.45+1.37 21.53+1.55 18.27+1.44
Total 100 100 100

These results suggest that the carbon content produced
increases with increasing carbonization temperature.

According to JCPDS Card No. 81-1173, it can be seen
in Fig. 5 at the tops of the 26 angle range from 15 - 60°C,
indicating that the LFP has an orthorhombic structure'®.
This is by the study of Zhou'?, that sharp and narrow
peaks imply a good crystalline phase of the material. Due
to the amorphous structure of carbon and its low content
in LFP, the carbon peak was not observed and didn’t have
an impact on the crystal structure'®.

LFP/C-550
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(211)

=
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Fig. 5: XRD results of LFP/C

The Debye Scherrer equation was used to determine the
crystal size of the LFP/C sample, which is depicted in
Table 2. The LFP/C-450 sample had the smallest crystal
size, measuring 9.46 nm. This is due to peak broadening,
which was discovered at this temperature. Indicating that
LFP/C-450 has an amorphous structure contained. High
electrochemical performance can be achieved with
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smaller crystal sizes by reducing the path length for
lithium-ion transport and boosting its diffusion
coefficient?). This is consistent with Liu's research??,
which found that the phase transition during lithium-ion
intercalation and deintercalation can be accelerated by a
shorter transport path brought on by a lower crystal size.

Table 2. Crystal size value

Materials D (nm)
LFP/C-350 12.40
LFP/C-450 9.46

LFP/C-550 12.99

Figure 6 illustrates the particle morphology with and
without the addition of carbon, and it reveals that some
particles are polyhedral®». Without carbon, the LFP
material has an average size of particles of 3.68 um. When
compared with LFP/C-350, LFP/C-450, and LFP/C-550
materials which have added carbon material, the average
particle sizes are not much different, namely 4.48 pm,
3.73 um, and 4.52 pm. The smallest particle size is in the
LFP/C-450 variation. As a result, the surface area where
lithium-ions diffuse during the intercalation and
deintercalation processes is greatly increased.

x2500, (d) LFP/C-350 x5000, (¢) LFP/C-450 x2500, (f) LFP/C-
450 x5000, (g) LFP/C-550 x2500, and (h) LFP/C-550 x500

— 50um

—— 50um

— 50U

— 50pm 50U [ 50um

01 5 ' — 50U
Fig. 7: EDX elemental mapping of the (a) LFP/C-350, (b)
LFP/C-450, (c) LFP/C-550.

The EDX test was also conducted to ascertain the
chemical elements' composition. Table 3 displays the
breakdown of the components found in the sample. Figure
7 shows the mapping results from the EDX test, which can
be used to determine the distribution of carbon in the
LFP/C-350, LFP/C-450, and LFP/C-550 sample.

Table 3. Elemental composition of LFP/C samples

Mass%
Element

LFP/C-350 LFP/C-450 | LFP/C-550
C 8.83+0.60 10.06+0.58 51.77+0.80
O 45.09+1.27 43+1.19 27.83£1.16
P 18.33+0.64 13.54+0.55 4.81+0.26
Fe 27.76+1.63 33.41+1.74 15.59+1.01

Total 100 100 100

The FTIR test was used to determine the resulting bond
in LFP/C. Figure 8 illustrates that the sample falls between
wave numbers 400 — 4000 c¢m™!. It demonstrates the
presence of P-O stretching vibrations at the peaks of
waves 1139, 1050, and 956 cm™!. O-P-O stretching
vibrations are wave numbers 651, 633, 576, and 549
cm™!. The movement of lithium ions in LiFePOy is then
represented by waves with wavelengths of 499 and 469
Cm—l 24)'

Fig. 6: Surface morphology of samples: (a) LFP without
carbon x2500, (b) LFP without catbon x5000, (c) LFP/C-350
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Fig. 8: FTIR results of LFP/C

The three samples almost resemble a semicircle, as
shown in Fig. 9. Each diameter's size corresponds to an
impedance value, with larger diameters corresponding to
higher impedance values and vice versa. This value can
affect the conductivity value where the higher the
impedance value, the smaller the conductivity value®.
While the high peak of the semi-circle curve indicates the
capacitive nature of the three samples, where the higher
the peak of the curve, the lower the capacitive properties
it has. The LFP/C-450 sample has the best capacitive
properties among the three samples, which are associated
with the material's capacity to store Li ions in its structure.

100 ——
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80 F. ' ¥
E 60+ °v“{';';.'.;';q'.'.,'7;'w ~
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-
o L °
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Fig. 9: Nyquist plot of LFP/C

Table 4 shows the result of calculating the value of the
cathode conductivity. Based on these results, it is known
that the LFP/C-450 sample has the highest conductivity
value 0of 3.31x 1073 S/cm. When compared with the LFP
material without carbon, which has a conductivity of
107° S/cm, the sample LFP/C-450 has a higher
conductivity value. This also corresponds to the particle
size and crystal size of LFP/C-450 which is smaller than
the other samples. Additions with different carbon content
compositions produce different conductivity values?®?”,
Based on research by Raj & Sil?”, a very high carbon
content (too thick a carbon layer) can slow the diffusion
of lithium ions so that the rate of charge transfer in the

material is restrained.

Table 4. Cathode conductivity values

Materials Conductivity (S/cm)
LFP/C-350 0.23x 103
LFP/C-450 3.31x 1073
LFP/C-550 1.82x 1073

Figure 10 illustrates the charge-discharge formation
curve of an LFP/C battery with graphite as the anode and
a current rate of 0.03C applied to the battery during the
electrochemical performance test. The curve with
increasing voltage shows the charging process in which
the lithium at the cathode is transferred to the anode
through the electrolyte medium. While the voltage drop
curve depicts the process by which lithium moves from
the anode to the cathode during a discharge. Table 5 shows
the results of the specific charge-discharge capacity, initial
coulombic efficiency, and energy density of the three
samples. The highest specific capacity was in the LFP/C-
450 sample, which was 36.18 mAh/g. This could be since
the average particle size and crystal size in the LFP/C-450
sample were smaller than the other samples, thereby
shortening the Li+ ion diffusion path and expanding the
specific contact area between particles which could
increase charge transfer during intercalation and
deintercalation®®. However, the specific capacity results
are still far from commercial LiFePOy battery which has a
capacity of 170 mAh/g. This could be due to the different
test methods where in this study the full-cell method was
carried out while the theoretical capacity of commercial
LiFePO, batteries was carried out using the half-cell
method. In addition, the sample material is exposed to air
for too long when filtering LFP/C solids which can cause
damage to the sample®®. Kashi reported a specific
discharge capacity at the formation of 86 mAh/g with an
initial coulomb efficiency of 78%>.

In this study, the coulombic efficiency during formation
was 38.08%, 31.73%, and 27.6%. This could be attributed
to the non-uniform charge allocation formed at the
electrode/electrolyte interface resulting in uncontrolled Li
deposition, resulting in Li dendrites which could pose a
safety hazard. During the charge/discharge process, the Li
metal anode's solid electrolyte interface (SEI) can
continually form and break. The SEI is unstable, leading
to low coulombic efficiency, as a result of the battery's
recurrent usage of Li and electrolyte supplies 3°-33. On the
other hand, during the charge/discharge process, the Li
metal anode's solid electrolyte interface (SEI) can
continually break and form. Low coulombic efficiency is
caused by the SEI being unstable as a result of the battery's
frequent utilization of Li and electrolyte supplies’*3).
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Fig. 10: Specific capacity results of LFP/C battery

Table 5. Calculation results of the charge-discharge test

Materials | Specific | Specific Initial Specific
Charge |Discharge |Coulombic |Discharge
Capacity | Capacity | Efficiency | Energy
(mAh/g) | (mAh/g) (%) (mWh/g)
LFP/C- 65.7 25.02 38.08 55.03
350
LFP/C- 114 36.18 31.73 79.59
450
LFP/C- 69.32 19.13 27.6 42.08
550

4. Conclusion

Carbon was successfully synthesized from teak sawdust
using the carbonization method and the activation process
from phosphoric acid. Variations in carbonization
temperature affect the composition of carbon content in
each sample. This was confirmed in the SEM-EDX test
where the highest carbon content was obtained at a
carbonization temperature of 550°C at 81.73%. The
addition of carbon to the LFP cathode material can
increase the conductivity value of the material where the
highest conductivity is shown in the LFP/C-450 sample of
3.31 x 1073 S/cm. This result is higher than the
commercial LFP of 107° S/cm. Meanwhile, the highest
specific battery capacity of the three samples is the
LFP/C-450 sample of 36.18 mAh/g. This has been
confirmed on specific capacity tests and EIS tests
supported by XRD, SEM-EDX, and FTIR test results. In
this case, the use of carbon from teak sawdust can increase
the conductivity of the LFP, influencing lithium-ion
transport during intercalation/deintercalation. However,
there are still weaknesses in the form of low specific
capacity results due to different test methods and samples
being exposed to air for an excessive period.
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