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ABSTRACT 

Activated carbon from waste tea (ACt) is prepared via KOH activation under N2 atmosphere at 800°C. The results 

of the ACt shows homogeneous and evenly distributed pores so high specific surface area for achieving high-

performance supercapacitor electrodes. The maximum specific surface area of 1451.07 m
2
/g is observed at the mass 

ratio ACt and KOH 1:3. As the electrode materials, the ACt exhibit ideal capacitive behaviors in H2SO4 electrolyte 

and the maximum specific capacitance is 162.613 F/g. So the utilization of waste tea for the scalable production of 

activated carbon for high-performance supercapacitors as low-cost storage devices. 
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__________________________________________________________________________ 

INTRODUCTION 

Supercapacitors are physical energy storage devices where charge transfer occurs without chemical reactions in the 

energy storage mechanism so it is more environmentally friendly [1]. Supercapacitors have been used extensively in 

areas such as digital technology, electrical machinery, military equipment, cell phones and electric cars [2]. 

Supercapacitors consist of three important components such as electrodes, electrolytes, and separators. Electrode 

materials used for supercapacitors are metal oxides [3], nanocomposites [4], conductive polymers [5] and activated 

carbon [6]. Recently the electrodes that are often used are activated carbon because metal plates are expensive, rare 

and their ability as electrodes to store charges is relatively small. More than 80% of supercapacitor electrodes are 

made of activated carbon [7]. 

Various studies have been reported on the use of activated carbon from biomass as supercapacitor electrodes 

such as candlenut shell waste [8], rubber seed shell [9], coconut fiber [10], humic acid from peat soils [11], lignin 

[12] and palm kernel shell waste [13]. Activated carbon is more beneficial, because the surface area and porosity are 

high, resistant to high temperatures, large electrical conductivity, low toxicity, high stability and inexpensive [10]. 

One of the biomass that can be used as a source of porous activated carbon is waste tea. Waste tea is the remnants of 

tea that has undergone a process of brewing with water. Several studies have been carried out using waste tea as an 
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organic fertilizer, additives in animal feed [14], absorbents [15] and activated carbon [16]. In this research, waste tea 

is used because the use of waste tea as a supercapacitor electrode is not optimal and the production costs are low. 

Theoretically, the selection of waste tea because of its content consists of cellulose 29.42%, lignin 36.94%, ash 

4.53%, and extractive 15.22% [17]. The more cellulose, hemicellulose and lignin content, the more activated carbon 

will be produced [18]. 

Carbon from waste tea is activated using KOH to obtain activated carbon with high surface area and large pore 

volume. KOH activator is the most effective agent for forming micropores [9], where KOH can increase the surface 

area of carbon so that the capacitance value and electrochemical stability of supercapacitor electrodes also increase 

[19]. Activation using KOH on several carbons gives a high capacitance value, excellent electrochemical stability 

and has a 98% capability of initial capacitance up to 1000 times the repetition cycle [9]. In this study, different 

amounts of KOH were used to study the effect of KOH concentrations on pore size, specific surface area, pore 

volume and specific capacitance values produced by activated carbon of waste tea. 

EXPERIMENTAL SECTION 

Preparation of activated carbon 

Waste tea is collected from local restaurants, then washed with distilled water and dried at room temperature. 

Samples were roasted at 110°C until constant weight, then furnace at 300°C for 2 hours. The activation process used 

KOH with a mass ratio of carbon and KOH 1:3, 1:4 and 1:5. Carbon and KOH are stirred until homogeneous for ± 

12 hours. Activated carbon is filtered and roasted at 110°C for 1 hour. After that, ACt in the furnace at a temperature 

of 800°C under a nitrogen atmosphere with a heating rate of 5°C/min for 1.5 hours. The ACt is cooled and washed 

with distilled water until pH reached 7 to remove inorganic impurities, and then the ACt produced is dried at ± 

110°C. 

Characterization of activated carbon 

Crystallite structure was determined by XRD (PIXcel1D) using Cu K α radiation. The morphology surface area and 

composition chemical element were investigated using SEM-EDX (S-3400N). The specific surface area was record 

according to adsorption-desorption isotherms performed by Surface Area Analysis (NOVA 3200e, Quantachrome 

Instrument). The Brunauer-Emmett-Teller (BET) methods were utilized to calculate the specific surface area. The 

pore size distribution was derived from the adsorption branch of the corresponding isotherm using the Barret-

Joyner-Halenda (BJH). 

Electrodes preparation 

The activated carbon of waste tea of 0.7 grams was added with 5% PVA to form a paste. After that, the mixture is 

printed into pellets using a hydraulic press. Then the pellets are dried at 110°C for 24 hours. Two pellets are made 

and formed in a circle with a diameter of 0.7-0.8 cm. The pellet/electrodeis dried at 110°C for 24 hours and then 

the electrode is weighed in mass and soaked in 1M H2SO4 electrolytes for 48 hours. 

Electrochemical measurement 

The two electrodes are arranged like a sandwich separated by a separator in the middle. Then the two electrodes are 

enclosed in a stainless steel plate as the current collector. Measurement of electrochemical properties using Cyclic 
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Voltammetry (CV) with a scan rate of 1 mV/s and a potential range of 0-1 Volt. The specific capacitance value is 

calculated using the following equation: 

Csp = 
   - d 

  .  
      (1) 

Where Csp is the specific capacitance (F/g), Ic=charge current (A), Id=discharge current (A), s=scan rate (mV/s) and 

m=electrodes mass (g). 

RESULT AND DISCUSSION 

The surface morphology of activated carbon of waste tea (ACt) was analyzed using SEM. Figure 1a shows the pores 

formed after the activation process with KOH, it can be seen that the resulting pore size distribution is homogeneous 

and evenly distributed. High porosity in activated carbon of waste tea will increase the surface area and the pores 

will be a place to store charge on the surface of activated carbon to produce a large specific capacitance value. The 

results of the XRD analysis on activated carbon of waste tea are shown in Figure 1b. The results of X-ray diffraction 

patterns at wide peaks at 23° with diffraction peaks (002) and at 44° diffraction peaks (100) following the diffraction 

of graphitic carbon with amorphous character [16]. 

 

Figure 1. SEM image of ACt (1:3) with 5000 and XRD pattern of ACt (1:3) 

The composition of elements contained in ACt was analyzed by EDX. The EDX results in Table 1 show the 

most elemental composition in ACt is 92.49 % carbon. This is also shown in the diffraction pattern of carbon peaks 

seen in Figure 2 this indicates that waste tea has been converted to activated carbon. Besides, there is also an oxygen 

element caused by imperfect carbonization [19,20]. The potassium element may be caused by the KOH activator 

which is still left behind in the activated carbon of waste tea. 

 Table 1. Composition of elements content of ACt (1:3)  

Element Weight (%) 

C 92.49 

O 6.94 

K 0.20 

Ca 0.37 
 

2 θ  degree  
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As mentioned before, waste tea carbon is activated with different amounts of KOH where the ratio is 1:3, 1:4 

and 1:5. KOH activation has been widely used to increase specific surface area and improve electrochemical 

performance. Although KOH activation is often used to produce pores in activated carbon, its activation mechanism 

is not well known due to the complexity of several variables in the experimental parameters. In general, the reaction 

between carbon and KOH starts with a solid-solid reaction, then solid-liquid which reduction the potassium 

compound to metallic K [21,22], oxidation of carbon to carbon oxide and carbonate and other active intermediate 

reactions [23]. The chemical activation reaction with KOH is mostly the process: 6KOH+2C→ 2K+3H2+2K2CO3, at 

the higher temperature (>700°C), the K2CO3 decomposes to K2O and CO2 [24,25]. 

The specific surface area and pore size of ACt can be determined using the Brunauer Emmet Teller-Barrett 

Joyner Halenda (BET-BJH) method with nitrogen adsorption and desorption isotherms at a temperature of 77 K. In 

Figure 2a shows the curve of nitrogen adsorption-desorption isotherms of activated carbon waste tea based on the 

IUPAC classification is type I showing the presence of micropores and mesopores structures, where the dominant 

pore structure is micropores. The curves display of the majority of nitrogen adsorption occurred at relatively low 

pressures (P/Po<0.2), indicating the micropores are dominant. Moreover, at the relative medium pressure (0.2<P / 

P0<0.8) the appearance of small hysteresis indicating the existence of some mesopores. The results show that there 

are micropores and mesopores on the ACt surface, where micropores provide a space for energy storage and 

mesopores provide ion transport pathways [2]. 

 

Figure 2. (a) Nitrogen adsorption-desorption isotherms and (b) BJH pore distributions of ACt 

Figure 2b shows the pore size distribution calculated by the Barret-Joyner-Halenda (BJH) method. Most pore 

distributions are found in pore sizes <2 nm, this means that many micropores structures are formed in the activated 

carbon of waste tea. And there is also a pore distribution in the pore size between 2-10 nm indicating there are little 

mesopores in the activated carbon of waste tea. Small pore size and large pore volume are some of the advantages of 

KOH as an activating agent [16], this can also be seen in Table 2. 
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Table 2. Specific Surface area, pore volume andspecific capacitance of Act 

ACt : KOH (% wt) 

Specific Surface Area 

(m
2
/g) Pore Volume (cm3/g) 

Specific 

Capacitance (F/g) 

1:3 1451.07 0.78645 162.613 

1:4 1347.26 0.73250 128 

1:5 845.904 0.57360 102 

Table 2 shows the highest specific surface area and the largest pore volume of activated carbon of waste tea 

obtained at a ratio of 1:3 of 1451.07 m
2
/g and 0.78645 cm

3
/g. This is because the micropores formed by KOH 

activation are considerable than 1:4 and 1:5 ratio. The more micropores formed will increase the specific surface 

area of activated carbon of waste tea. Activated carbon which contains many micropores which produce a large 

surface area (~1000-2500 m
2
/g) can produce higher specific capacitance (100-350 F/g) [26]. The high specific 

surface area of ACt causes a lot of contact with electrolytes to form an electric double layer on the surface of the 

electrodes to increases the specific capacitance produced. The large pore volume also increases the specific 

capacitance because a lot of the charge is absorbed and stored on the electrodes. In the ratio of ACt and KOH 1:4 

and 1:5, the specific capacitance decreased because more KOH quantity which caused pores damage due to 

incorporation of smaller pores becomes one bigger pore according to the facts of decreasing specific surface area 

and pore volume [27]. 

 

Figure 3. The CV curve of ACt at a scan rate of 1 mVs-1 

The electrochemical properties of ACt as supercapacitor electrodes were measured by Cyclic Voltammetry 

(CV). Figure 3 shows the result of the CV measurement of ACt at a scan rate of 1 mV/s with a potential range of 0 

to 1 Volt. The current produced by supercapacitor cells increases significantly and has a wide range seen in Figure 3, 

this condition shows that ion diffusion from an electrolyte to electrodes surface occurs without resistance. Seen from 

the voltammogram curves shape, the ratio of ACt and KOH 1:3 has a good symmetrical quasi rectangular shape and 

produces higher specific capacitance than ACt 1:4 and 1:5. The CV curves of ACt present quasi rectangular shape 

with scan rate 1 mV/s reveal the ideal storage behavior of supercapacitor. Cyclic voltammogram showsno peaks 

indicating the supercapacitive character of the electrodes is not from a redox reaction but based on an electrostatic 

mechanism [28]. 
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CONCLUSIONS 

High porous ACt has been successfully produced from waste tea through KOH activation by carbonization under N2 

atmosphere at 800°C. Activation with KOH will increase the specific surface area and pore volume of activated 

carbon of waste tea so that the value of the capacitance produced is too large. The resulting ACt shows a higher 

specific surface area and maximum specific capacitance of 1451.07 m
2
/g and 162.613 F/g at mass ratio ACt and 

KOH 1:3. This work provides easy, low cost and reliable methods to produce activated carbon from waste tea for 

high-performance supercapacitors electrodes. 
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