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Abstract: To synthesize activated charcoal from kitchen waste by hydrothermal method, analyze the
effects of activated charcoal, and study the effect of activated charcoal produced in a supercapacitor.
After potassium hydroxide activation, the heteroatoms incorporated hydrothermal carbons exhibit higher
specific capacitance. After covering the actuated material, the supercapacitor went through various tests
where execution of the supercapacitor was tried. The product distinguishes the charge and release cycles.
Lastly, after 10,000 cycles, the presentation was noted. Also, the qualities were contrasted and other
supercapacitors. The recent supercapacitor had better execution. By expanding the arrangement of the
carbon in the example, the accessibility of the pores in the example is expanded, and subsequently, the
capacitance of the battery can be expanded. Helps in expanding the lifetime of the battery.
Supercapacitor tracks the application in environmentally friendly power framework and shrewd matrices
and miniature and smaller than usual networks.

Keywords: Activated Charcoal, Hydrothermal Method, Super Capacitor.

I. INTRODUCTION

Electrical energy needs have been increased widely in the modern world [1]-[5]. The development of
automation and wireless devices requires energy for effective function. The storage devices are used [6]-
[11]. A supercapacitor is a device used to store higher energy and deliver quickly than other devices of the
same kind. Activated carbon produced from biomass is used as a coating material for supercapacitors to
increase efficiency [12].

Hydrothermal Carbonization

The process of treating carbon content in hydrothermal conditions enhances the solubility, unfreeze the
crystalline parts and increases the interlinkage between the testing agents and thinner [13]-[17] (figure 1).
There are two types of hydrothermal carbonization:

© 2022, CAJOTAS, Central Asian Studies, All Rights Reserved 259

Copyright (c) 2022 Author (s). This is an open-access article distributed under the terms of Creative Commons
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/



CENTRAL ASIAN JOURNAL OF THEORETICAL AND APPLIED SCIENCES

Volume: 03 Issue: 05 | May 2022, ISSN: 2660-5317

* High-temperature hydrothermal carbonization

* Low-temperature hydrothermal carbonization

Hydrothermal #' . Y ,
1 B Environmental

Car i
Hydrochar 4 Applicatioh
.-

Blomass

Fig. 1. Hydrothermal Carbonization
II. SOURCE

The raw materials used to prepare carbon from biomass are tea powder and vegetable wastes collected
from the market [18]-[24]. The vegetable wastes include onion peels and beans which are rich in sulfur
and nitrogen [25]-[34] (sources for hetero-atoms) (figure 2).

Fig. 2. Onion peel and bean

III. METHODS

*  Hydrothermal Preparation of Carbon Precursor
* Activation of Carbon

* pH Reduction

» Testing of Samples

*  Preparation of Coating Material

*  Coating the Supercapacitor

» Testing of Supercapacitors
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Fig. 3. Hydrothermal Preparation of Carbon Precursor

The preparation of carbon precursor is done by the hydrothermal method in an autoclave [35]-[41]. In
which equal ratios of raw materials (tea powder (figure 3): (onion peel + beans)) are introduced into the
autoclave along with distilled water to fill 75% of the autoclave. The remaining part is left free to
compensate for pressure developed during the process [42]-[51]. The autoclave is maintained at 250°C for
6 hours. The above process is repeated for the same parameters [52]-[58] but at different time duration (12
hours and 24 hours), and the samples were taken for analysis [59]-[64].

Activation of Carbon

Carbon produced was soaked into the 0.1N KOH for 5 to 6 hours. The immersed sample was activated in
an autoclave at 250°C for 45 minutes [65]-[91]. A similar process was carried out in a furnace at 600°C
[92-115]. Then the samples were taken out from the autoclave and desiccated in the oven at 120°C for the
complete elimination of moisture [116-135]. Hence, the activated carbon will have increased surface
structures than the normal carbon (figure 4).

Fig. 4. Soaking of carbon in KOH
pH Reduction

The carbon thus produced were basic (based on pH scale). Carbon which is to be used in the
supercapacitor, should have neutral values; hence pH reduction must be carried out [136-155]. To reduce
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the pH washing process is done. 0.1N HNO3 is used along with distilled water for washing purposes
(figure 5) [156-171].

Fig. 5. PH meter
Preparation of Coating Material

A coating material is prepared by heating the activated carbon in a beaker along with dimethyl sulphide or
acetone, Manganese dioxide and Wax [172-189]. Dimethyl sulphide acts as a solvent, and the addition of
MnO?2 increases the conductivity of the carbon. MnO2 occupies the pores inside the carbon and increases
the conductivity [190-195].

Coating the Supercapacitor

The supercapacitor to be used contains an anode and cathode made up of a thin metallic sheet separated
by a thin paper sheet called a separator. A silver strip is attached to the anode, and the cathode provides
the current supply. In this process, we altered the coating material for the anode to increase the
performance of the supercapacitor (figure 6).

Fig. 7. Cathode of supercapacitor

As discussed earlier, supercapacitors can provide a huge amount of energy in a shorter duration. Hence,
they should be stable in condition for that perfect coating is required (figure 7). We coated the anode with
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the brush for the laboratory conditions and gave the sample for analysis. In the case of industries, the
chemical vapour deposition method will be most effective in maintaining uniformity. The coated material
is packed with the cathode and the silver strip separated by a layer, and then the material is covered by
carbon material. Finally, the moulding of the battery is done (figure 8).

Fig. 8. Coating of anode material
Testing of Supercapacitor
The multiple charges and discharge cycles can test the efficiency of the supercapacitor. The testing can be
carried out by connecting the supercapacitor to bestrode calibration equipment and the UPS for the steady
power supply. LCN software is used to run each cycle effectively. The current supplied to the
supercapacitor is kept constant, and the limit is set to the voltage. After reaching that particular voltage,
the battery starts to discharge, continuing the cycle (figure 9).

(a)
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(b)
Fig. 9. Testing of Supercapacitor

B Step 1 - Rest [Open Circuit)

@ Sample Time at 000:00:02 H:M:S

- P Reset Amp-Hours and Watt-Hours? YES

- P~ Reset Step time? YES

~[=2] If Step Time = 000:00:01 H:M:S Then Go to Step 2

Step 2 - Discharge

¥y Current at 2.000 &,

Yoltage at 0.000 %V

Power at 450.00 w/

Sample Time at 000:00:02 H:M:S

Reset Amp-Hours and Watt-Hours? YES
~ Reset Step time? YES

- If Woltage <= 0.000% Then Go to Step 3

Step 3 - Rest [Open Circuit)

&% Sample Time at 000:00:02 H:M:S

- P Reset &mp-Hours and Watt-Hours? YES

- P~ Reset Step time? YES

~{22] If Step Time = 000:00:01 H:M:S Then Go to Step 4

@ Step 4 - Charge

€3 Current at 2.000 &

Yoltage at 15.000 Y

Power at 450.00 '/

Sample Time at 000:00:02 H:M:5

Reset Amp-Hours and Watt-Hours? YES

Reset Step time? YES

~[=3] If Yoltage >=15.000 Then Go to Step 1

--{22] If Cycle = 9999 Then End Test

Y666

VG006

The above figure shows that the testing takes place in 4 steps. In STEP 1, we have to reset the current and
voltage values, and the reading should be taken for every 2seconds.In STEP 2, there will be some charges
inside the supercapacitor; hence, we have to discharge it completely. The discharging process is done at
2A current and 15V voltage. In STEP 3, we have to reset the values once again after discharge. In STEP
4, the charging of the supercapacitor is done as per conditions in step 2. Then the cycle is repeated 9999
times for complete calibration.
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Tests Done

Chns Analysis
X-Ray Diffraction (XRD)

*  Fourier Transform Infrared Spectroscopy (FTIR)
*  Scanning Electron Microscope (SEM)

IV. RESULTS

The values are shown in table 1 and figures 10 to 17.

Table 1. CHNS Test

Cl1 C2 C3 C4 G5 CepP
Pos (N)% (O)% H)% (S)% (0)%
24hours 6.391 87.949 4.907 3.127 0

12 hours 12.553 77.75 4.836 8.202 0

6 hours 16.168 66.91 4.517 12.405 0

FTIR Analysis (Carbon 24 Hours)
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Fig.11. SEM Analysis (24 Hours Carbon Sample)
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Fig. 13. X-RAY Diffraction (24 Hours Activated Carbon Sample)
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o Power and Current Curve

(b)
Fig. 14. Voltage and Current Curve (5 Amps)

. Current and Voltage Curve
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Fig. 15. Voltage and Current Curve (7 Amps)

Current and Voltage Curve

Fig. 16. Voltage and Current Curve (10 Amps)
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Fig. 17. Comparison Chart
V. CONCLUSION

Hydrothermal carbonization is a constructive method. The presence of heteroatoms in the hydrothermal
reaction results in the amplification of conductivity of the carbon precursor. After potassium hydroxide
activation, the heteroatoms incorporated hydrothermal carbons exhibit higher specific capacitance. After
coating activated material, the supercapacitor underwent numerous tests where the performance of the
supercapacitor was tested. The software detects the charge and discharge cycles and finally after ten
thousand cycles. And the values were compared with other supercapacitors. The newly supercapacitor had
higher performance. By increasing the composition of the carbon in the sample, the availability of the
pores in the sample is increased, and hence the capacitance of the battery can be increased. The carbon
composition can be increased by increasing the settling time of the sample during the hydrothermal
operation. The percentage of nitrogen need to be increased for effective conductivity.

Scope

* Enhancing the properties of supercapacitor

* Increased energy storage

* Helps in increasing the lifetime of the battery

*  Supercapacitor finds application in the renewable energy system and smart grids as well as micro and
mini-grids
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