IDENTIFICATION OF CACAO PEELS POTENTIAL AS A BASIC OF ELECTRODES ENVIRONMENTAL FRIENDLY SUPERCAPACITORS
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Abstract. Identification of the potential of cacao peel as the basic material of environmentally friendly supercapacitor electrodes had been identified. This identification was carried out through analysis of specific dimensions, densities, and capacitances. Activated carbon electrodes were made by a combination of chemical and physics activation methods. The technique of preparing carbon electrodes started from pre-carbonization, milling, chemical activation, pellet making, carbonization, and completed it with physics activation. In addition, the chemical activation applied 0.3 M KOH activator, whereas the physical activation used CO2 gas at a temperature of 700oC. The physical properties were tested by density and X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), and Energy Dipersive X-Ray (EDX). While the electrochemical properties were tested using the Ciclic Voltammetric (CV) method. The results showed that the mass, diameter, thickness, and density of the electrode decreased after passing the carbonization-activation process. A value of 2θ in the range of 23,569o for the reflection fields 002 and 44,781o for the reflection field 100 was obtained in the XRD measurements . The X-ray diffraction curve pointed out that the surface area of C 0,3 M sample was sizeable with the Lc value and lattice distance d002 around 20,01669 Å and 3,771705 Å. SEM analysis indicated the presence of pores between particles spread almost evenly on the surface of the sample, with an irregular and elongated shape. EDX testing showed carbon element of 87.05% while atomic percentage of 91.02%, and correspondently, electrochemical test showed the value of specific capacitance obtained at a concentration of 0.3 M was 90.2 F/gr with a density of 0.850gr/cm3. From the results of the tests obtained, it was shown that cacao peels was very potential to be used as electrodes for supercapacitors.
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Introduction
Supercapacitors are energy storage devices that have several advantages over ordinary capacitors such as: short charging times, great power, environmentally friendly, and biomass usable [1]. The constituent components of supercapacitor cells are current collectors, electrodes, separators, and electrolytes [2]. The achievement of supercapacitors is like: energy and power in a supercapacitor device which are determined by electrode selection, because electrodes are a major contributor to the supercapacitor's energy storage capacity [2]. Electrode components can be made from semiconductor materials such as carbon aerogels, nanofoam, nanotubes, porous carbon, metal oxides and conductive polymers [3].   

Carbon electrodes are widely used because they have high energy density potential, good pore accessibility, and are made from natural materials withrelatively cheap prices, easily obtained, guaranteed continuity, and environmentally friendly [4]. One of the biomass that is potentially to be developed as a carbon electrode is the skin of cacao  (Theobroma cacao), because the skin of cacao fruit has a high lignin and cellulose content [5-6]. The analysis of raw materials for cacao peels contained 51.98% lignin, 21.06% hemicellulose, 20.15% cellulose and alpha cellulose 21.80% [6]. The high content of lignin and cellulose is very promising to be converted into activated carbon which will be used as the basic material for making supercapacitors. Indonesia is the number 3 producer of cacao in the world with plantation area in 2017 is 1.5 million hectares and production of cacao plants ranges from 1.0 million tons per year. Cacao in the form of fresh fruit consists of 73% fruit peel, 2% placenta, and 24.2% seed [7]. About (73-75)% of fresh cacao fruit is waste that has not been maximally processed, and if left unchecked it will damage the environment [7-8].
.  Some previous studies have utilized the skin of cacao as a corrosion inhibitor [8-10], particle board [11], and mechanical property recovery [12]. The selection of cacao skin as raw material in the manufacture of supercapacitor electrodes can assist the process of skin waste which has not been optimally utilized, and reduce the number of carbon electrodes imported by Indonesian industries.
Research Methods
The Production of cacao peel activated carbon initiated with the pre-carbonization process at 250oC in a vacuum biosphere for 2.5 hours. Proceed to the cutting process using a grinder and grinding with ballmiling for 40 hours. The carbon samples were then sieved to obtain a particle size of less than 38 μm. Furthermore, the Thermogravimetric Analysis (TGA) test was carried out to determine the best thermal temperature for the samples to be tested during physics carbonization. Next was the activation process with KOH 0.3 M, and then dried in the oven at 105oC for 24 hours. The dry sample was mashed using the mortal grinding, and weighed 0.7 grams for 10 pieces to be moulded into pellets using a hydraulic press at 8 tons pressure. The next one was integrated heating process using the furnace, starting with carbonization from room temperature to a maximum temperature of 600 oC in the N2 gas environment, and moving to physics activation at a temperature of 700oC using CO2 gas. The conducted dimension measurements includeed the measurements of mass, diameter, thickness before and after physical carbonization. Density was calculated by the formula Eq.1.
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 is the density, m is mass and V is the volume of carbon pellets.

Completing the density measuring, the carbon pellet sample was polished to the desired thickness, and continued to the washing process until the pH of the washing water becoming neutral. The neutralized carbon electrodes were immersed in a solution of sulfuric acid (H2SO4) 1 M which functioned as an electrolyte in supercapacitor cells.
The electrochemical properties of carbon electrodes testing was carried out by assembling a supercapacitor cell. The specific capacitance values of supercapacitors can be calculated by applying the CV method at a rate of 1 mV / s to 100 mV/s. This specific capacitance can be calculated using the following Eq.2.
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 is the specific capacitance, [image: image10.png]


 is  inflow and, [image: image12.png]


 is outflow, s is rate, and m is activated carbon electrodes mass.
Results And Discussion
1. Thermal Stability of Cacao Peels Biomass
Pre-carbonization was carried out for 30 grams of sample at 250oC in a vacuum for 2.5 hours, where the average mass shrinkage is 25.3%. Hence, the thermal analysis in determining the decrease in mass as a function of temperature utilizes Thermal Gravimetry (TG). Here, DTG/TG curves of cacao peels powder as shown in Fig. 1. shows that the blue line indicates a graph of mass decrease (TG) time function, and the red line is a temperature graph (DTG ) time function.
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Figure 1. DTG and TG of cacao peels curves


TG curve shows three peaks occured. The formation of these peaks on the curve indicates the mass shrinkage in units of time. The shrinkage on the first peak at the temperature of 30oC to 110.1oC is 7.06oC indicating that the water content in the sample has evaporated. Significant mass shrinkage occured at the temperature of 110.1oC to 300oC of 17.14oC points out that at these temperatures complex compounds such as lignin, cellulose and hemicellulose have begun to break down into carbon. Hemicellulose decomposition was obtained at the temperature of (200-390)oC and lignin at the temperatures of (160-900)oC [13]. How ever, the decrease in the TG curve still occurs at 552.8oC at 30.35oC, indicating that there are some elements of cellulose or lignin which is still being decomposed at the temperature over 552.8 oC.
2. Physical Properties of Supercapacitor Electrodes (Mass, Diameter, Thickness and Density)


The physical properties analysis of electrode supercapacitors was carried out on measurements of mass (m), diameter (d), thickness (t), and calculation of density (ρ) before and after physics-carbonization. The average value of the dimension measurement results is shown in Table 1.On the other hands, the dimension shrinkage and density analysis of the activated carbon at 0.3 M KOH is presented in Fig. 2.
Table 1. Mass, diameter, thickness, and density before and after activation of physics 700oC

	Concentration
(M)
	Sample
	m

(gram)
	d

(cm)
	T
(cm)
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(g/cm3)

	0.3
	Pre-Carbonization Activation
	0.703
	1.985
	0.254
	0.918

	
	After Carbonization Activation 
	0.256
	1.480
	0.187
	0.850
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Figure 2. Percentage of mass and density shrinkage
The mass experiences the highest shrinkage compared to the diameter and thickness. It is due to the evaporation of materials other than carbon during the carbonization and activation processes. Direct heating will present an empty space between carbon atoms, so that a stronger bond or arrangement of carbon atoms is formed. The dominant mass shrinkage compared to the diameter shrinkage and thickness will clearly produce a lower density of activated carbon than carbon before activation [14].
3. Analysis of X-RD 

Figure 3. below shows that the XRD carbon pattern from the biomass of cacao peelson the chemical activation of KOH 0.3 M. The figure is in the form of a graph highlighting the relationship between X-ray intensity to scattering angle (2θ) in the sample during chemical activation. The characterization results point out that there are two wide peaks with the angle of 2θ in the range of 10 to 100, and are related to the diffraction plane (002) and (100), as displayed in Fig. 3. and Table 2.
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Figure 3. X-ray Diffraction Pattern on C 0.3 M Sample 

Figure 3. exhibits the range of angles produced in each electrode sample, namely in the C 0.3M sample with the angle of 2θ in each reflection lattice field 002 and 100 are 23.569o and 44.781orespectively, as shown in Table 2.

Table 2. Results of X-ray diffraction data fitting on cacao peel electrodes

	Electrodes Code
	2θ(002)       (o)
	2θ(100)       (o)
	d(002)
	d(100)
	Lc
	La

	
	
	
	(Å)
	(Å)
	(Å)
	(Å)

	C 0,3M
	23.569
	44.781
	3.771705
	2.022225
	20.01669
	11.93877


4. Scanning Electron Microscopy (SEM) dan Energy Dispersive X-Ray (EDX)
Morphology analysis of cacao peels carbon electrodes was conducted by looking at porous distribution using SEM. The sample testing was done with 5000X and 40,000X magnification, as seen in Fig. 4. Figure 4 (a) shows C 0.3M electrode SEM with 5000X magnification. The surface morphology of activated carbon points outthat there have been pores presented between particles spread almost evenly on the surface of the sample, the shape of which is elongated and irregular. The clean surface of the sample indicates the absence of any material other than carbon in the C 0.3M sample or free particles which do not evaporate perfectly when the carbonization and activation process is carried out. Figure 4 (b) is SEM of C 0.3M carbon electrodes with a magnification of 40,000X. The formed particles look clearer and between these particles there are pores which are spread evenly in various shapes and sizes.
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	Figure 4. SEM results of C 0.3M carbon electrodes (a) 5000 times Magnification, (b) 40,000 times Magnification


The EDX results can show the purity level of carbon elements in samples of cacao peels carbon electrodes and other compound elements contained therein. The percentage of elemental content in carbon electrode samples can be seen in Fig. 5. Its figure demonstrates the percentage of the elements content contained in the C 0.3 M sample, namely Carbon (C), Oxygen (O), Magnesium (Mg) and Calcium (Ca) are 87.05%, 10.12%, 0.75%, and 2.07%. This data specifies that the carbonization-activation process forms the maximum carbon element.
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	Figure 5. Results of energy dispersive X-ray samples C3


5. Electrochemical properties
          The measurement of specific capacitance values is done using the Cyclic Voltametry (CV) method. Using the Physics CV UR Rad-Er 5841 tool with a rate of 1 mV / s in the potential window of 0 mV - 500 mV. The graph of the current strength with respect to the stress on the CV measurements for concentrations of KOH 0.3 M is shown in Fig. 6.
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Figure 6. CV Curve of KOH Active Carbon 0.3 M

In addition, in Fig. 6, it is clearly seen that the number of ions is flowing into the electrode marked by the width of the charge-discharge curve. The wider the charge-discharge curve, the more specific capacitance produced by the activated carbon electrode. Changes in the scan rate increase value present a narrow potential middle area. The widest potential middle area is reached at a scan rate of 1 mV/s, when the process of loading the charge on activated carbon takes place so that the amount of charge transferred from the electrolyte into the electrode pores is greater. Using the calculation results using Eq. 2, a specific capacitance value at a concentration of 0.3M is 90.2 F/gr is obtained. This value can be seen in Table 3.  
Table 3. Specific capacitance values C 0.3 M

	Treatment
	Cell
	Massa

(gr)
	Average
Massa
	Ic

(µA)
	Id

(µA)
	Csp

(F/gr)

	0.3 M

700oC
	C 0.3M-4
	0.0135
	0,0132
	707
	-483
	90.2

	
	C0.3M-5
	0.0129
	
	
	
	


Previous research has made electrodes for supercapacitor base materials from various organic materials such as banana fiber [15], sawdust [16], bamboo [17], pandanus leave [18], and terminalia catappa leaf [19]. But the specific capacitance produced is lower than the specific capacitance of cacao fruit skin as shown in Table 4. From these data show that the peels of cacao fruit has the potential to be used as a base for electrodes for supercapacitors. It is expected that the use of cacao peels waste can produce good supercapacitors. Thus, this finding will later be able to be a renewable energy source that can be sterilized, and at the same time will reduce the import of supercapacitors from materials that are not environmentally friendly. And what is not less important is the impact of agricultural waste pollution on the environment.
Table 4. The comparison of specific capacitance for different organic materials as electrodes for supercapacitor
	Organic Materials
	Specific capacitance
 (F g-1)
	References

	Banana fiber
Sawdust

Bamboo

Pandanus leave

Terminalia Catappa leaf (TCL)
	74
80

60

56

54
	35
36

32

33

34


Conclusion
Cacao peels has the potential to be used as the base material for supercapacitor electrodes. This can be proven from the results of physical and electrochemical characterization of the supercapacitor electrodes. Analysis of dimensions, density, and specific capacitance on the carbon electrode of the cacao peels supercapacitor shows a decrease in the diameter and thickness of the carbon electrode pellets. The most dominant mass shrinkage results a decrease in the value of the carbon electrode density. X-ray diffraction curve data shows 0,3M sample C has Lc value and lattice distance (d002) that is 20.01669 nm and 3.771705nm. The result of the Cyclic Voltametry measurement obtained in a specific capacitance value of C 0.3 M sample is 90.2 F/gr. 
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