Evaluation of KOH activator concentration variation on the physical properties of supercapasitor electrodes from activated carbon of cocoa pods
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Abstract. The study of preparing activated carbon from the cocoa pods which will be used as supercapacitor electrodes has been successfully made with KOH activators of 0.3 M and 0.4 M at 700oC. Activated carbon electrodes are made by a combination of chemical activation and physical activation methods. Physical properties were tested by measuring the density, X-Ray Diffraction (XRD) and Scanning Electron Microscopy (SEM). The technique of preparing carbon electrodes starts from pre-carbonization, milling, chemical activation, pellet making, carbonization, and physical activation. Analysis of dimensions, and density in the manufacture of carbon electrodes showed the mass, diameter, thickness and density of the electrodes decreased along with the addition of KOH concentration from 0.3 M to 0.4 M. XRD measurement data obtained values of 2θ in the range of 23.569o-24.747o for the reflection plane 002 and 44.634o-44.781o for the reflection plane 100. X-ray diffraction curve analysis shows that the sample 0.4 M 700oC has a smaller microcrystalline dimension height (Lc) value and lattice distance than the 0.3 M 700oC sample, so it can be indicated that the surface area of the sample is 0.4 M 700oC greater than the 0.3M 700oC sample. With an increase in the surface area of the sample, there is an indication that the activated carbon of cocoa pods can be used as a supercapacitor electrode as a renewable energy source.
1. Introduction
In connection with the current energy crisis, the world has begun to focus its research on the energy sector to look for new and renewable alternative energy sources, one of which is research on materials for energy generation [1]. One alternative energy source that is currently being developed is a capacitor which is used as a substitute for fuel oil from organic materials. The existence of organic materials is easily obtained and guaranteed continuity, and is environmentally friendly. Such harmony and environment friendly are the main factors of researchers making organic material as a source of energy for the future in realizing green technology [2].
     The advantage of supercapacitors is that they have a storage capacity of thousands of times the charge and higher energy compared to general capacitors, the time needed to charge a supercapacitor is only 30 seconds with a capacity of hundreds of farads [3]. Supercapacitors consist of carbon with a very active surface area and a thin layer of electrolyte that functions as a dielectric and charge separator [4]. One component of the supercapacitor is the electrode, which is the anode and cathode. Currently the commercial electrode materials that have been developed are porous carbon and composites made from natural materials [2]. Activated carbon is very often used as a supercapacitor electrode material, because activated carbon is easily produced in large quantities and has a high surface area [3].

     Cocoa pod husk is a waste of natural material which has the potential to become porous activated carbon. Because cocoa pods contain 21.06%, hemicellulose, 20.15% cellulose, and 51.98% lignin, so it is very possible for cocoa pods to be used as raw materials in making supercapacitors [5]. This can help the processing of cocoa pod waste in Indonesia and reduce the number of carbon electrodes imported by industries in Indonesia.

      Previous studies have been made of supercapacitors from various organic materials such as elephant grass flower [6], rubber wood sawdust [7], durian skin [8], banana stem waste [9], coconut shell [10], and sago pulp [11], but haven't given desired results yet. Based on this, it is necessary to look for new alternative sources as a basis for supercapacitors, one of which is activated carbon from the cocoa pods.
2. Methods of Experimental
The process of making activated carbon for cocoa pods begins with thin cutting of cocoa pods, dried with no direct sunlight, pre-carbonized at 250oC for 2.5 hours in a vacuum environment. The next process: 30 grams of dried cocoa pods are put into a stainless steel tube and then put into an oven with an initial temperature of 50°C, and every 30 minutes the temperature is raised 50°C, until it turns blackish brown. Then crushed with a grinder and then ground using ballmiling for 40 hours, then sieved to obtain particle size less than 38 μm. The next stage was activated with 0.3 M and 0.4 M KOH in the beaker glass. The results of activation are washed with distilled water until the pH of the sample is neutral, and then dry the sample in an oven at 105oC for 24 hours.

     Dry samples are refined with mortal grinding and sieved to their original size. To make pellets, weighed samples with a mass of 0.7 grams 10 times per variation. Carbon pellet molding is carried out using a hydrolic press at 8 tons pressure. The next step is the carbonization process using furnace, from room temperature to 305oC, and held for one hour. Then proceed to the maximum temperature of 600oC in the N2 gas environment and proceed with physics activation at 700oC using CO2 gas.
     Dimension measurements performed include measurements of mass, diameter, thickness and density of each pellet before and after carbonization-activation of physics. After density measurements, the carbon pellet sample is polished to a diameter of ± 8 mm and a thickness of ± 0.3 mm, followed by washing until the pH of the washing water becomes neutral. Carbon electrodes that have been neutral soaked in 1 M H2SO4 solution that functions as electrolytes in supercapacitor cells. The results obtained were characterized by XRD type XPert Pro XRD PW 3040/60, and SEM type Hitachi S3400N.
3. Results and Discussion
3.1 Analysis of Physical Properties

The results of measurements of mass (m), diameter (d), thickness (t), and density calculation (ρ) for each variation, before and after carbonization-physical activation can be seen in Table 1. From the table, it can be seen that the increase in KOH concentration from 0.3 M to 0.4 M, causes a decrease in the dimensions and the process of shrinking the mass, diameter and thickness of the sample, causing a reduction in the value of the carbon pellet density. The reduction in density on the carbon electrode is due to the addition of the pore structure due to the combination of activation [10]. Previous researchers who made supercapacitor electrodes from rubber wood using the chemical activation of KOH and HNO3 also experienced a reduction in density after activation [7].
Table 1. Mass, Diameter, Thickness, and Density before and after physical activation 700oC

	Concentration
	Sample
	m(g)
	d(cm)
	t(cm)
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(g/cm3)

	0.3 M
	Before Pra-carbonisation
	0.703
	1.985
	0.254
	0.918

	
	After Physical activation
	0.256
	1.480
	0.187
	0.850

	0.4 M
	Before Pra-carbonisation
	0.689
	1.978
	0.240
	0.950

	
	After Physical activation
	0.231
	1.486
	0.187
	0.802


The percentage depreciation analysis of the dimensions of mass, diameter, thickness and density of carbon pellets and the density of activated carbon in both concentration variations are presented in Table 2.
Table 2. Analysis of the percentage depreciation of dimension values

	No
	KOH (M)
	Percentage depreciation of dimension (%)

	
	
	M (gram)
	d (cm)
	t (cm)
	ρ (g/cm3)

	1
	0.3
	63.6
	25.3
	26.9
	  9.9

	2
	0.4
	64.1
	29.8
	25.0
	18.6


     The mass loss that occurs in the 0.4 M sample with an activation temperature of 700oC is greater than the loss of mass in the 0.3 M sample with the same activation temperature, but not too significant. This happens because the carbonization process causes the decomposition of organic material in the cocoa pods and releases volatile substances such as water vapor during the carbonization and activation process. The dominant mass loss will impact on the diameter and thickness losses. There is a significant difference in the dimensions of thickness, The highest shrinkage occurs in masses caused by the evaporation of material other than carbon during the carbonization and activation process. Shrinkage in diameter and thickness is also caused by heating which directly presents the empty space between carbon atoms, so that bonds or carbon atoms form stronger bonds [13]. Shrink mass is more dominant than shrinkage in diameter and thickness. This condition will clearly result in lower density of activated carbon than green carbon [13].the shrinkage of thickness in the 0.3 M sample with a temperature of 700oC is much greater than in the sample 0.4 M with the same temperature, while the dimensions of the diameter indicate adjacent values. The appearance of these physical parameter values will clearly result in a lower density of carbon after activation than carbon before carbonization [12].
3.2 Analysis of X-RD
The carbon X-RD pattern of the cocoa pods with chemical activation of KOH 0.3 M and 0.4 M with the diffraction angle used is 2θ ie in the 10º-100º angular range can be seen in Figure 1. The characterization results show that there are two wide peaks with angle 2θ in the range 10-100 relating to the diffraction plane (002) and (100). The difference in the electrode structure of 0.3 M and 0.4 M at 700oC can be observed from the height of the peak height and the half height of the XRD diffractogram peak which is 95.380 nm and 15.176 nm for the 0.3 M sample at 700oC. As for the 0.4 M sample with a temperature of 700oC of 194.64 nm and 6.8725 nm. Shifting peak height and width half the height of the peak indicates the rearrangement of carbon atoms [14].
     The first XRD data is fitting, the fitting results of each sample obtained at the lattice distance d002 and d100, can be seen in Table 3. The largest Lc / La ratio numbers are obtained on the 0.3 M electrode sample and the smallest on the 0.4 M electrode sample at the same temperature of 700oC.
Table 3. Results of data fitting of X-ray diffraction data of cocoa pod electrodes

	Elektrode

code
	2θ(002)       (0)
	2θ(100)       (0)
	d(002)
	d(100)
	Lc
	La

	
	
	
	(Å)
	(Å)
	(Å)
	(Å)

	C 0.3 M
	23.569
	44.781
	3.771705
	2.022225
	20.01669
	11.93877

	C 0.4 M
	24.747
	44.634
	3.594769
	2.028543
	3.256256
	30.3769


       Based on the empirical formula, to produce a higher surface area of carbon electrodes a smaller lattice spacing and microcrystalline dimensions (Lc) are required. The X-ray diffraction curve data shows that the C 0.4 M sample has a smaller Lc value and lattice distance than the C 0.3 M sample, so it can be indicated that the surface area of the C 0.4 M sample is greater than the C 0.3 sample M.
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	Figure 1.  X-ray Diffraction Pattern


3.3 Analysis of Scanning Electron Microscopy
The results of observing samples with SEM with a magnification of 5000 times at a temperature of 700oC can be seen in Figure 2. Figure 2a results of the surface morphology of the activated carbon electrode surface of activated carbon indicate the presence of pores. The pore shape is elongated and irregular in various sizes, and the pores between the particles are clearly visible and spread almost evenly on the surface of the sample. On the surface of the sample there are still small particles which indicate the presence of material other than carbon in the 0.3 M 700oC sample or free particles that do not completely evaporate during the carbonization and activation process.
     The results of SEM analysis of carbon electrodes of 0.4 M temperature of 700oC are shown in Figure 2b, where visible chunks on the surface of the carbon electrode. These chunks show a denser electrode sample structure. The figure also shows that the pores between particles are larger than the 0.3 M carbon electrode sample temperature of 700oC, uneven size and irregular shape. The particles formed appear more clearly and between the particles are large enough pore with uneven size.
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	Figure2.  SEM electrode results varying the concentration of the KOH activator at 700oC with a magnification of 5000X, a. 0.3 M, and b. 0.4 M 
  


4. CONCLUSION

Cocoa pods have the potential to be the basis for supercapacitor electrodes. The results of physical characterization, dimensional analysis (mass, diameter, thickness) and density of carbon electrodes of supercapacitor cocoa pods based on variations in activator concentration decreased. Depreciation of mass causes the carbon electrode density to decrease. The increase in KOH concentration resulted in a decrease in the density value of 0.850 gr / cm3 for C 0.3 M and 0.802 gr / cm3 for C 0.4 M. X-ray diffraction curve data showed a C 0.4 M sample had a Lc value and a lattice distance smaller than the C 0.3 M. Sample
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