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--------------------------------------------------------ABSTRACT---------------------------------------------------------------- 

This research was conducted with the aim of characterizing the semiconductor TiO2 and coconut shell as the 

mass of the coconut shell increases. The study was carried out through experimental methods and 

characterization using SEM with three levels of magnification. The results obtained are as follows: in a 1:1 mass 

ratio, the particle size is 6.5 µm; in a 1:3 mass ratio, the particle size is 8.9 µm, and the largest coconut shell 

mass ratio is 1:5, resulting in a particle size of 7.7 µm. The differences in size in each variation are due to the 

physical and chemical characteristics of the observed materials, and particle size can influence the 

supercapacitor storage capacity.  
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I. INTRODUCTION  
The use of forest biomass is not only for wood products, but also has great potential to be used as 

active carbon or activated charcoal with a high level of porosity. This is based on the renewable nature of 

biomass and the increasing demand for carbon materials as the main component in several superior strategic 

products [1]. The use of biomass waste materials as electrodes in supercapacitors, especially activated carbon 

(AC) derived from coconut shells, has been reported to produce superior electrode quality compared to other 

sources [2]. Coconut shell has become an attractive choice as a raw material for supercapacitor electrodes 

because it has a number of advantageous characteristics such as high porosity, good mechanical strength, 

recyclability, and low environmental impact [3]. Electrodes can be applied to become supercapacitors. 

Supercapacitors are highly efficient green energy storage devices. According to the electrochemical energy 

storage mechanism, supercapacitors, in terms of electrical double layer capacitors (EDLC), are considered to be 

the best for electricity storage. EDLC basically stores energy by absorbing electrostatic charges on the porosity 

of the electrode surface [4]. The limitation of supercapacitors lies in their inability to produce high power 

quickly. Supercapacitors are devices that have high specific power levels, exceeding 10 kW kg-1, fast charge-

discharge kinetics, good stability, and long lifetimes, often exceeding (>100,000 cycles). Because of these 

properties, supercapacitors are attracting great attention due to their potential to address the gap between current 

energy supplies requiring high currents that can be provided by conventional capacitors and the long-term 

energy storage provided by batteries [5]. Semiconductor materials that are often used as electrodes in 

supercapacitors are transition metal oxides such as TiO2 (titanium dioxide) [6], MnO2 (mangan dioxide) [7], ZnO 
[8] dan Co3O4 (Cobalt Oxide). Penggunaan TiO2 (titanium dioxide) as an electrode material in supercapacitors 

has several advantages such as Good Electrochemical Storage Capacity, High Chemical Stability, Good Cycle 

Stability. In the development of supercapacitors, the electrode material selection process has a very important 

role. SEM can be used to study material characteristics, such as pore distribution and surface composition, 

which have a direct impact on supercapacitor performance [9]. SEM makes it possible to observe the morphology 

and surface structure of supercapacitor electrodes with a high level of resolution, particle size and pore 
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distribution. In the article created, SEM testing was carried out with 3 magnifications, namely 1000x, 2500x and 

7500x. This is done so that you can see finer details on the surface of the sample, because with high resolution 

the identification and characterization will also be better. 

 

II. METHODOLOGY  
This research method is experimental in designing a supercapacitor prototype using a TiO/rGO 

composite material based on natural coconut shell as graphene. This design is expected to have a good function 

in storing energy which has variables that must be taken into account, one of which is the variable variation in 

mixing the TiO/rGO composite with the data collected later comparing the particle size and morphology of the 

material that has been made. The material used is TiO2, coconut shell waste which is made into active carbon 

using a temperature of 400oC. Next, TiO2 and coconut shell activated carbon are mixed using 1-Buthanol. Then 

it is activated using sulfuric acid and then slowly adding KmnO4 for 1 hour. Next, the samples were washed and 

dried, then crushed, then SEM characterization was carried out with 3 magnifications, 1000x, 2500x and 7500x. 

 

III. RESULT VIEW  
 

a. SEM (Scaning Electron Microscope) Analysis 

SEM testing aims to observe the morphology of a surface and the shape of the particles of the prepared 

sample. This test uses an SEM instrument with the voltage used is 15000 kV. In synthesis, supercapacitor 

electrode morphology plays a role in determining the performance, efficiency, stability and safety of the device. 

Morphology optimization through innovative synthesis approaches and materials processing is a key research 

area in the development of next-generation supercapacitors. In principle, the microstructure and morphology of 

the material have an important role in capacitance and energy storage performance [10] Where, this analysis can 

study the effects on morphology which can be used to improve capacitor performance. On the surface of 

TiO2:rGO it can be seen based on the following image: 

 

   

Figure 1: Morphology of mass comparison on 1:1 with magnification 1000x, 2500x dan 7500x 

   

Figure 2: Morphology of mass comparison on 1:3 with magnification 1000x, 2500x dan 7500x 
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Figure 3: Morphology of mass comparison on 1:5 with magnification 1000x, 2500x dan 7500x 

All composites produced with varying amounts of TiO2 showed very similar morphological 

characteristics. The resulting composite shows a rod-shaped morphology, this shows similarities with the 

research [11]. However, in this study, the majority of morphologies tended to be round. This behavior was likely 

caused by changes in the monomer arrangement in local areas, which prevented the formation of elongated rod 

structures. Based on Figure 2 and 3, it can be seen that the distribution of particles at 1:3 and 1:5 is not evenly 

distributed over the entire surface and is not uniform. This could happen due to differences in chemical 

composition variations in consistency. 

 
Figure 4: Mass Compare on 1:1 Grain Measurement Results 

 
Figure 5: Mass Compare on 1:3 Grain Measurement Results 
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Figure 6. Mass Compare on 1:5 Grain Measurement Results 

Based on the results of measuring the grain diameter of TiO2 particles and coconut shell activated carbon in 

Figures 4, 5 and 6, the average measurement can be taken for each variation of mass comparison based on 

Figure 7. 

 

Figure 7: Diagram of Particle Size of TiO2 : Coconut Shell 

 

 

Based on Figure 8, it can be seen that the smallest particle size has a mass ratio of 1:1, while the largest 

particle has a mass of 1:5. Differences in particle size in the material have an influence on capacitance, this 

happens because when particles come into contact with electrolyte ion they can facilitate charge which of course 

has a role in charging and discharging supercapacitors. In this condition, the smallest particle size is 1:1, 

therefore efficient supercapacitor activity is at that mass ratio. The addition of carbon black to the carbon 

electrode changes its surface morphology. The addition of carbon black increases the number of carbon black 

granules covering the surface of the electrode, which likely impacts the properties of the electrode [12]. 

 

IV. CONCLUSION  
From the research that has been carried out it can be concluded that all composites produced with 

varying amounts of TiO2 show very similar morphological characteristics and have each particle size. At a mass 

ratio of 1:1, the particle size is found to be 6.5 µm, while at 1:3 the size is 8.9 µm and the largest coconut shell 

mass ratio is 1:5 with a particle size of 7.7 µm. The difference in size in each of these variations is due to the 

physical and chemical characteristics of the material being observed and the particle size can affect the storage 

capacity of the supercapacitor. Small particles can have a higher storage capacity because they have more active 

surface area. Based on research that has been carried out, the mass ratio of 1:1 has the smallest size so it has a 

high storage capacity compared to the others. 
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