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Abstract: The rapid development of the industry makes the amount of plastic waste increase.
The difficulty of plastic waste to be degraded makes its handling important to avoid environmental
pollution. This research converts plastic waste into activated carbon with to increase the economic
value by apply the activated carbon as an anode battery additive. Li4Ti50O12 has advantages as a
lithium ion battery such as a good level of safety and thermal stability but poor conductivity. The
recycled carbon is activated using NaOH to obtain a porous structure that can increase the
conductivity of the LTO/C composite. The activated carbon itself has conductivity of 9,65.10-5 S/m.
The effect of activated carbon to the overall battery performance was being studied in this research.
This study synthesized LTO/C using the ball-milling method with variations of 90 minutes, 120
minutes, and 150 minutes milling to determine the optimum composite synthesis time for the battery.
The EIS test showed that the addition of activated carbon was able to increase the LTO conductivity.
Based on the results of EIS, CV and CD the optimal ball mill time is 90 minutes to produce a battery

with the best performance and has the lowest resistance and a specific capacity of 149,8 Q.
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1. Introduction

The rapid development of science and technology and
industrial activities make the intensity of the use of plastic
in product manufacturing and the amount of plastic waste
gradually increase. Plastic waste can pollute the
environment due to the nature of plastic's resistance to
degradation which makes it very difficult to be assimilated
by nature!. Indonesia itself produces around 14% of
plastic waste every day, which is equivalent to 85,000 tons
per year and is considered not to be managed properly?.
As a result, as much as 3.2 million tons of waste produced
by Indonesia is not managed and dumped into the sea,
causing damage to the marine environment®. Plastic
waste is generally handled in three ways: discarded,
incinerated, and recycled. It is estimated that until 2050
the amount of plastic waste that is recycled is still much
lower than the amount that is discarded”. To be able to
improve its implementation, the recycling method must be
able to offer more added value and incentives than other
alternatives, one way is by producing recycled products
that have high economic value.

Carbon is an ideal material for energy storage as an
electrode material in lithium ion batteries. Lithium ion
batteries are often used in portable electronic devices and
electric vehicles (EVs) due to their high capacity and long

cycle life*y. A lot of research related to electric vehicles
is now being carried out to support market growth of
around 60 percent per year®. Graphite is a form of carbon
that is commonly used in lithium ion batteries but has
drawbacks such as limited lithium diffusion kinetics”.
LTO (Li4Ti5012) outperformed graphite as an anode
material with a voltage of 1.55 V vs. Li/Li+ which makes
it does not form a solid electrolyte interphase (SEI) layer,
does not change in volume, and has a very good level of
safety and thermal stability®). The disadvantage of LTO is
that its low conductivity limits the charge/discharge rate
of the battery.

Many research on processing waste into carbon
electrodes have been carried out, especially on biomass
waste such as rice straw, rice husks, coffee husks, plant
stems, green tea, and sisal”). In this case, the precursor and
the method used will affect the structure, characteristics
and electrochemical performance of the carbon product.
The synthesis process and characteristics of LTO/C
composites and the effect of adding activated carbon from
PET plastic waste to the LTO anode were investigated in
this experiment.

2. Materials and Method
2.1 Materials
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Materials that will be used in this research are
Li4Ti5012 from Sigma  Aldrich, polyethylene
terephthalate  collected from  municipal  waste,
hydrochloric acid from Merck, and natrium hydroxide
from Merck.

2.2 Synthesis of Carbon

This study utilizes PET plastic waste as a precursor for
the synthesis of carbon to be activated carbon material
with pyrolysis method. The first stage is the preparation
of plastic waste by collecting a number of PET bottle
waste which is then shredded into small pieces of uniform
size. The PET bottle waste most likely still has a lot of dirt
and oil attached, so it is cleaned using soap and then dried.
Then the clean plastic waste is weighed and mixed with
bentonite with a mixing ratio of 8:2. Bentonite serves as a
catalyst in the carbonization process. The mixture of
plastic flakes and bentonite was carbonized using a tube
furnace in an inert nitrogen atmosphere with a heating rate
of 5°C per minute to reach a temperature of 400°C and
held for 2 hours. The result is amorphous carbon ground
using a ball mill to form a fine powder of carbon.

2.3 Carbon Activation Process

The next step is carbon activation, amorphous carbon
powder is mixed with NaOH in a ratio of 1:3 using a
magnetic stirrer for 2 hours. The mixture was heated for 4
hours at a temperature of 130°C and then sintered in a
nitrogen gas stream at a temperature of 700°C for 1.5
hours with a heating rate of 20°C. The sintered product
was washed with warm distilled water and 0.1 M HCI
solution to neutralize the solution. Then the result is
heated at 110°C for 24 hours to produce activated carbon
powder. After the activation process is complete, the
activated carbon has formed a pore structure. according to
the literature the mixing ratio for the optimum activation
results when using NaOH reagent is 1:3'9. Therefore,
activated carbon samples with this ratio will be used in
this study to make batteries in order to study the effect of
the synthesis time of anode active materials on battery
performance.

2.4 Synthesis of LisTisO12 — Activated Carbon

Synthesized activated carbon powder with an activation
ratio of 1:3 in the amount of 3 wt% was mixed with
commercial LTO by mechanochemical method using a
high energy ball mill. This process takes place at a speed
of 1560 rpm (26 Hz) with time variations of 60, 120 and
180 minutes, where every 30 minutes a resting time is
carried out for 10 minutes. In the mixing process, +10 ml
of ethanol was added to prevent agglomeration. The
resulting mixture was dried using a hot plate and after that
the mixing product was obtained, namely the LTO/C
composite.

2.5 Battery Fabrication Process

Composites consisting of a mixture of LTO and
activated carbon with an activation ratio of 1:3 were
assembled into a coin cell so that their electrochemical
abilities could be measured. In this stage, polyvinylidene
fluoride (PVDF) binder, acetylene black (AB) conducting
agent, and LTO/carbon active material were mixed in a
ratio of 1:1:8 into 5.5 ml of dimethylacetamide (DMAC)
at 65°C using magnetic stirrer to obtain a slurry with the
desired viscosity. The slurry is then coated on a Cu sheet
to form an anode which after drying will be cut into a
circle and assembled into a CR2032 type coin cell. The
slurry making process, coating and coin cell assembly is
carried out at the LIPI Physics Laboratory, Serpong.

Table 1. composition and stirring time of each sample for
slurry making process

Stirring
Materials LTO/C | PVDF AB (g) Time
® ® (minutes)
LTO/C3%- | 0,5019 0,064 | 0,0628 128
90 minutes 5
LTO/C3%- | 0,5017 0,064 | 0,0625 102
120 minutes 8
LTO/C3%- | 0,5021 0,064 | 0,0622 121
150 minutes 4

2.6 Characterization and Performance Tests

To determine the characteristics of activated carbon,
Scanning Electron Microscopy (SEM), Brunauer-
Emmett-Teller (BET) and X-Ray Diffraction (XRD) tests
were carried out. XRD and SEM-EDS (energy dispersive
spectroscopy) characterization were performed on LTO/C
samples. The BET test aims to determine the surface area
and characteristics of the pores formed on activated
carbon. XRD serves to detect the presence of any elements
and phases contained in the sample. SEM aims to analyze
the shape, structure, and topography of the sample results.

battery anodes performance is tested through Charge-
Discharge (CD), Cyclic Voltammetry (CV), and
Electrochemical Impedance Spectroscopy (EIS) tests. CV
shows the potential values, anodic and cathodic peaks, and
reversibility of the battery sample. CD to determine
charge-discharge capability at various current rate
conditions. Through the EIS test the impedance value of
the battery can be determined and used to measure the
conductivity of the sample.

3. Results and Discussion

3.1 Activated Carbon’s Surface Characteristic

After activation with NaOH, the surface area of
activated carbon will increase by the formation of pores.
Figure 1a depicted the active carbon isotherm curve of N2
adsorption is increasing until one point, this curve is the
characteristic of Isotherm Type 1 according to TUPAC
which indicates formation of micropores'V. Figure 1b
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depicted carbon active pores distribution that ranges from
0,3 — 0,8 nm and included to micropores (0,1 — 1 nm)
resulting the specific surface area of 459,352 m2/g. This
surface area is still relatively low comparing to KOH
activated carbon and the pores formed micropores instead
of mesopores which sufficient for lithium intercalation.
This limitation is because the natrium can only intercalate
in on the low structural order material up to lower
temperature of 450 °C, heating above this temperature will
not resulting many changes after contact with natrium gas
because no intercalation occur. Meanwhile, in this
research the carbon was activated on 700 °C which result
on redundancy'?. On low ordered carbon structure,
sodium is only able to be intercalated in highly defective
materials especially on the interstition'>. However, the
impurities from bentonite resulting substitutive

deformation which make NaOH could not intercalate well.
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Fig. 1: (a) carbon active cumulative pore volume (b)
activated carbon pore distribution.

3.2 Phase Analysis of Activated Carbon and LTO/C

The diffraction peak is identified using Crystallography
Open Database (COD). The activated carbon shows the
characteristic of activated carbon diffraction that has wide
peak on 26 = 430 and has no sharp peak on 26,370 that
indicates the carbon formed is not graphite. XRD results
of activated carbon in figure 2a shows wide and fuzzy
diffraction peak that depicted indicating a turbostratic

structure, which implies that the composition of graphitic-
like microcrystallites that are randomly oriented and well
distributed throughout the samples'® and no sharp peak
that indicate the full formation of amorphous or not
oriented structure'?. Figure 2a depicted wide and fuzzy
peak as the characteristic of activated carbon and sharp
peaks that detected are impurities phases which are Fel2
with 26 =22 (COD 96-431-0031), CaMg2 with 26 = 360
(COD 96-900-6621), Ca4Mg3Al5 with 28 = 340 (COD
96-431-3241), and Fel0Si with 26 = 460 (COD 96-900-
6621). The impurities phases came from the bentonite
catalyst which uncleaned or untreated.

Figure 2b shows the diffraction of LTO/C samples. The
main phase that identified according to pattern and peaks
is Li10.67Ti13.33032 (COD 96-100-1099). LTO/C 3% -
90 minutes has 3 highest peaks with 26 position of 18,60,
43,4 0, dan 35,80. LTO/C 3% - 120 minutes has 3 highest
peaks with 20 position of 18,70, 43,50, dan 35,90. Lastly,
LTO/C 3% - 90 minutes has 3 highest peaks with 20
position of 18,60, 43,4 0, dan 35,80. LTO/C 3% - 150
minutes has 3 highest peaks with 26 position of 18,50,
43,40, dan 35,70. The three samples shows similar peak
position that indicate the phases formed are the same.
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Fig. 2: XRD results of (a) activated carbon (b) LTO/C
composites.

3.3 Morphology of Activated Carbon and LTO/C

The natrium in activation step works by intercalate on
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the carbon particle surface resulting the reduction of
carbon size. The carbon active has relatively smooth and
homogenous particle. From the SEM image and particle
size distribution of activated carbon in figure 2a and 2b, it
clarifies that the resulting active carbon size ranging from
30 — 100 pm with pore size of 0,3 — 0,8 nm according to
BET characterization.

The SEM image of LTO/C composites in figure 2b-d
show the LTO particle clearly but the activated carbon is
unseen which assumed that the activated carbon particle
size has already reduced and well mixed by the
employment of ball milling. LTO/C 3% - 90 minutes
sample has the highest average particle size of 0,524 pm,
following by the LTO/C 3% - 120 with the size of 0,471
um and LTO/C 3% - 150 with the size of 0,366 pm as the
smoothest particle size. According to the histogram in the
figure 2f-h, LTO/C 3% - 120 minutes has the poorest
distribution which is broader than the other two sample.
Meanwhile, LTO/C 3% - 90 minutes has more uniform
particle size which depicted by the narrow distribution.
The particle size and distribution have influence to the
battery electrode perform because the uniform size
distribution and less agglomeration particle will be
resulting better capacity retention'®).
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Fig. 3: SEM image of (a) activated carbon (b) LTO/C 3%
- 90 minutes (c) LTO/C 3% - 120 minutes (d) LTO/C 3% -
150 minutes, particle size distribution of (e) activated carbon
(f) LTO/C 3% - 90 minutes (g) LTO/C 3% - 120 minutes (h)
LTO/C 3% - 150 minutes

Figure 4 shows the EDS characterization results in
spectrums of each sample that inform the elements
contained in that area. Table 1 presents the total of each
element in the spectrums. The element contained in each
spectrum in the same sample have significantly different
amount which indicate the mixing had not result the
homogenous phase. The Si indicated as the impurities
from the bentonite catalyst from the pyrolysis.

Table 2. EDS characterization results of LTO/C

Element (wt%)
Sample  Spectrum
Ti (0] C Si
LTO/C
3% -90 2 41 55,7 33 -
minutes
LTO/C 5 57,1 429 - -
3% - 120
) 6 100 - - -
minutes
LTO/C 7 39,2 55,1 5,3 0,4
3% - 150
. 8 39,4 60 - 0,5
minutes

10pm

@
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Fig. 4: EDS spectrum of (a) LTO/C 3% - 90 minutes (b)
LTO/C 3% - 120 menit (¢) LTO/C 3% - 150 menit

3.4 Conductivity of activated carbon and LTO/C

EIS characterization resulting the semi-circle Nyquist
curve, the top of the curve is Re (electrolyte resistance)
and the the curve intercept with x-axis is R (charge
transfer resistance). R is the resistance of electrolyte
component, separator and the electrode!”. Figure 5a
shows that the activated carbon resistance is high which
mean that it is still less conductive and confirmed by the
low conductivity as calculated in table 2. Figure 5b
depicted the samples R. from the lowest respectively, of
LTO/C 3% - 90 minutes, LTO/C 3% - 120 minutes, LTO/C
3% - 150 minutes. The R. can be increasing by the
existence of passive layer growth on the electrode surface
due to deposition of electrolyte and the instability of
electrolyte during the testing!®. Other probability is
because there was the structural change due to particle
microcrack'®.
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Fig. 5: EIS results of (a) activated carbon (b) LTO/C
composites

The conductivity was calculated from the EIS result
using equation 1. Ry, is the bulk resistance or equal to R,
1 is the coating thickness, and A is the surface area of coin.
The carbon active resulting the conductivity of 9,65.10
S/m and successfully increased the conductivity of the
three LTO/C samples. LTO/C 3% - 90 minutes has highest
conductivity between the three samples. The ball-milling
process resulting the less agglomerated and smaller size
particles which increase the conductivity?”. The increase
of conductivity was also affected by the addition of
activated carbon addition as the conductive particle?".
LTO/C 3% - 120 minutes has lowest conductivity
compared to the other two samples, this confirmed by the
more agglomerated particle on the previous
characterization

l (D
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Table 3. Conductivity of activated carbon and LTO/C

composites
Condu
Sample I(m) Rect(Q) (m?) ctivity
(S/m)
Activated 38672 9,65.10°
Carbon
LTO/C
3% - 90 12,2413 3,05.102
Minutes
LTO/C 0,0075 2’006
3% - 120 27,2946 1,37.102
Minutes
LTO/C
3% - 150 24,9722 1,49.102
Minutes

3.5 Cyclic Voltammetry of LTO/C

The cyclic voltammetry testing resulting the cathodic
and anodic curve where each peak identified the potential
value. Figure 6 depicted the peaks of all sample are
relatively symmetric, this shows that the samples have
good reversibility. The cyclic voltammetry testing also
inform the specific capacitance from the samples. The
three samples have anodic and cathodic peak near 1,55 V
which is the LTO theoretically potential value.

——LTOIC 3% 90 Minutes
6004 || TO/C 3% 120 Minutes
—— LTO/C 3% 150 Minutes

400

200 ~

Current density (mAg™)

-200

-400

1.0 15 2.0 25
Voltage (V)

(a)
Fig. 6: Cyclic Voltammetry testing of LTO/C composites

The table 3 shows the polarization, specific capacity
and working potential (E®). The highest specific
capacitance was achieved by LTO/C 3% 90 minutes
followed by LTO/C 3% 150 minutes and LTO/C 3% 120
minutes. The conductivity is consistence with the EIS
characterization. LTO/C 3% 90 minutes has highest and
sharpest peak that indicate the fast charge-discharge
process. LTO/C 3% 120 minutes, again, shows the poorest
result as occurred in EIS characterization. This might
because the agglomeration in the LTO/C 3% 120 minutes
slurry on the mixing process. Agglomeration resulting in

capacity lost due to reduction of surface area®> 2,

Table 4. Conductivity of activated carbon and LTO/C

composites
Specific
Sample E' (V) Polarization = Capacity
(mAh/g)
LTO/C
3%-90 1,5935 0,267 149,8
Minutes
LTO/C
3%-120 1,5845 0,281 110,71
Minutes
LTO/C
3%-150 1,5600 0.316 137,63
Minutes

3.6 Charge-Discharge Testing of LTO/C

The charge-discharge testing informed the battery
performance by the increasing of the cycles. The testing is
conducted in 5 current rates which are C/2, 1C, 2C, 5C,
10C and 15C. Current rate is the current given on the
certain time to the battery that will result the discharge
capacity and changes in different cycles?”. The optimum
capacity of battery will be differed in each cycle where in
C/2 the charge-discharge duration is 2 hours, in 1C the
charge-discharge duration is 1 hours and the shortest
duration in 15C is 4 minutes®¥. In figure 7a plateau can be
seen in C/2 which similar as the characteristic of LTO.
Meanwhile in the 15C, plateau was not formed because of
the short duration. In the figure 7b, the LTO/C 3% 90
minutes reached specific capacity of 130 mAH/g on C/2
and 54 mAH/g on 15C which was the highest capacity
compared to the two samples.
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(b)
Fig. 7: Charge-discharge testing on (a) C/2 (b) 15C

The figure 8 shows the discharge capacity lost. In C/2
to 15C, the three sample have the consistence decrease
where the highest to lowest capacity in all current rates
respectively are LTO/C 3% 90 minutes, LTO/C 3% 150
minutes and LTO/C 3% 120. The LTO/C 3% 90 minutes
shows best performance even in the high current rates.

160

Il L T0/C 3% 90 Minutes
I LTO/C 3% 120 Minutes
] LTO/C 3% 150 Minutes

140

120 4

o
S
1

Discharge Capacity (mAh/g)
3 8
1 1

cr 1C 2c 5C 10C 15C
C-rates
(a)
Fig. 8: Capacity lost of LTO/C composite from C/2 to
15C

4 Conclusion

The mixing time of activation of carbon and LTO can
effecting the conductivity of the battery anode. In this
research, LTO/C 3% which mixed for 90 minutes achieved
highest conductivity of 3,05.102 S/m and resulting the
highest capacity of 149,8 mAh/g. The agglomeration can
decrease the mixture conductivity due to the high
resistance which occured in LTO/C 3% 120 minutes,
resulting the lowest specific capacity compared to the
other mixtures.
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