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Highlights 

• Novel route to synthesize activated carbon for supercapacitor electrode using waste CDs as 

precursor. 

• Highest surface area of 1214.25 m2g-1 was achieved at 900°C temperature and 8 hours 

activation time. 

• The electrochemical measurements of waste CDs derived activated carbon exhibited good 

specific capacitance (51 Fg-1) and cycle stability (80%) compared to other waste derived 

activated carbon.  

• This sustainable pathway will reduce the huge volumes of waste CDs in landfill and will create 

alternative resource for supercapacitor electrode. 

 

Abstract 

Microporous activated carbon was synthesised using waste compact discs as precursor through 

physical activation method for supercapacitor electrode application. The activated carbon 

prepared at 900 ˚C for a time interval of 8 hours showed highest surface area of 1214.25 m2 g-1. 

The electrochemical measurements showed that waste CDs derived activated carbon exhibited 

good specific capacitance, cycle stability and good rate capability compared to other waste 

derived activated carbon. The specific capacitance 51 F g-1 at the current density of 10 mV s-1 

and energy density of 21.43 Wh kg-1 at power density 0.7 kW kg-1 was achieved in non-aqueous 

electrolyte.  

Keywords: Supercapacitor; Waste CDs; Activated Carbons; Electrochemistry; Sustainability 

1. Introduction 

Supercapacitors or electrochemical capacitors are electrical energy storage devices, which lie 

between batteries and conventional dielectric capacitors in terms of energy and power densities 

ACCEPTED M
ANUSCRIP

T



3 
 

[1-3]. They offer higher power, better life cycle and higher reliability than batteries, but have 

much lower energy density and higher self-discharge. Hence, supercapacitors have applications 

in appliances such as electronic devices, electrical vehicles and military equipment’s [4]. 

Supercapacitors primarily consist of electrodes, current collectors, electrolyte and a spacer. 

Electrodes which operates at the electrode/electrolyte interface are important as the power 

density and cyclability mainly depends on electrode properties [5-7]. Common materials used as 

supercapacitor electrode are activated carbons, conducting polymers, metal oxides/nitrides, 

graphene and carbon nanotube [8-10]. Activated carbon looks more promising compared to other 

materials due to its easy availability, low cost, high surface area, good electrical conductivity, 

good anti-causticity and high electrochemical stability [6, 11]. Activated carbons are mainly 

produced by physical activation or chemical activation by using coal, coke, carbonized organic 

precursor or char as primary source. Chars produced by pyrolysis and coal/coke consist of 

elementary crystallites with large number of interstices which concurrently lower the extent of 

porosity by blocking the pore entrance. In order to increase surface area of char or coal, chemical 

or physical activation process (steam or CO2) is performed through a controlled carbon burn off 

and elimination of volatiles [11, 12]. Carbon precursor, activation temperature and time greatly 

influence the properties of activated carbon such as pore size distribution and surface area [11]. 

Activated carbons are traditionally produced from petroleum coke, pitch and coals, but the 

scarcity of fossil fuels has recently stimulated an interest in researchers to investigate 

inexpensive precursors [8]. One of the main challenges for activated carbon commercial 

manufactures is to identify new precursors that are inexpensive and easily available. Therefore, a 

lot of studies has been performed to produce activated carbons by using waste materials such as 

polymeric waste including rubber tyre, polystyrene, polyethylene terephthalate bottles, PCB [13-

ACCEPTED M
ANUSCRIP

T



4 
 

17] and other bio-waste [8, 12, 18-24]. Hence, exploring an alternative waste source for 

producing activated carbon will provide an alternative source for the application in electrodes 

fabrication for supercapacitors. 

Compact discs (CDs) or digital versatile discs (DVDs) are portable storage for recording, storing 

and playing audio, video or other digital data. Estimated production of CDs and DVDs 

worldwide was 12 billion pieces in 2003 [25] and has increased significantly in recent years. 

Waste CDs have contributed significantly to landfill due to the complex nature of manufacturing 

process (approximately 10% of all manufactured CDs are rejected), postconsumer CDs and 

destruction of CDs because of artist’s right issue (unsold copies) [25]. Every year, nearly 5.5 

million CDs go to landfills and incinerators and millions of CDs are discarded [26]. Recycling of 

waste CDs is a complex process and tedious due to its heterogeneous combination of polymer 

and multi-layer metal layer [27]. Recently, we have evaluated the structure of char and gas 

generation during pyrolysis of waste CDs as valuable supplementary carbon source for 

ironmaking industries and also reported the utilization for waste CDs to synthesise nano silicon 

carbide [27, 28].  

In this present study, waste CDs was used as resource to prepare microporous activated carbon. 

Microporous activated carbon was prepared by a one step process of carbonization followed by 

physical activation by CO2. Various analytical techniques such as nitrogen adsorption 

desorption, scanning electron microscope (SEM), X-ray diffraction (XRD), X-ray photon 

spectroscopy (XPS) and Fourier transform infra-red (FTIR) spectroscopy were employed to 

study the properties of obtained activated carbons. In addition, electrochemical properties such as 

galvanostatic charge-discharge (GCD); cyclic voltammetry (CV) and electrochemical impedance 

spectroscopy (EIS) were carried to assess the capacitance properties of synthesized microporous 
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activated carbon. This study will help simultaneously to address environmental issue of waste 

CDs recycling and to create an economic solution by producing value-added microporous 

activated carbon for supercapacitor application. 

2. Experimental 

2.1 Materials and methods 

Waste CDs, used in this study was picked up from the recycling unit of UNSW Australia, 

Sydney. Waste CDs were dried and pulverized manually to smaller pieces before the 

experiments. Ultimate analysis using LECO analyzer was conducted to detect major elements 

like carbon, nitrogen. To determine moisture, volatiles and ash content in waste CDs, proximate 

analysis was carried out. Wavelength dispersive X-ray fluorescence spectroscopy (WDXRF) was 

also performed using PANanalytical PW2400 Sequential WDXRF to determine various minor 

elements in waste CDs. 

Fourier transform infrared spectroscopy (FTIR, Spectrum 100 PerkinElmer) measurement was 

conducted with a spectral range of 650 cm-1 to 4000 cm-1 to identify the polymer composition in 

waste CDs and compared with virgin polycarbonate material to verify the attribution of FTIR 

peaks.  

Thermogravimetric analysis (TGA) of waste CDs was conducted by Simultaneous Thermal 

Analyzer (STA 8000, PerkinElmer) by heating sample from 30 ˚C to 700 ˚C in nitrogen (N2) 

atmosphere, at a rate of 10 ˚C min-1. Carbon content of char residue was measured by LECO 

carbon analyzer (LECO CS-444). 

2.2 Preparation of activated carbon 

Waste CDs were used to prepare activated carbons by a one step process of carbonization 

followed by activation. Waste CDs were cut into small pieces and pyrolyzed at 700 ˚C, 800 ˚C 
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and 900 ˚C for 15 minutes in argon gas atmosphere. Carbonization by pyrolysis enriches the 

carbon content in char and initial porosity of waste CDs. After 15 minutes of pyrolysis, gas flow 

was switched to CO2 and pyrolyzed chars were activated at 700 ˚C, 800 ˚C and 900 ˚C 

temperature respectively at different time intervals of 1, 3, 5 and 8 hours to enhance pore 

structure. Carbonization by pyrolysis and activation process was simultaneously conducted as 

one step process in laboratory scale horizontal tube furnace.  

2.3 Methods for characterization of activated carbon 

Porosity, pore volume and surface area of the produced activated carbons was determined using 

N2 adsorption at liquid nitrogen temperature (-196 ˚C) (TriStar 3000, V6.08 A). Adsorption data 

were obtained over the relative pressure, P/P0, range from 0 to 1. The samples were degassed at 

150 ˚C under vacuum for 3 hours. The N2 apparent surface area was calculated by using the 

Brunauer-Emmett-Teller (BET) equation. The micropore surface area was determined by using t-

plot method by determining the slope (s) between the relative pressure and volume adsorbed data 

(Smicro = SBET –Sext, where Sext = s x 15.47 m2 g-1). Mesopore volume and diameter was 

determined by Barrett-Joyner-Halenda (BJH) method. 

Structural and chemical properties of the activated carbon obtained from waste CDs were 

determined by X-ray diffraction (XRD, PAN analytical Xpert Multipurpose MPD), Scanning 

Electron Microscopy (SEM, Hitachi 3400-I), X-ray photoelectron spectroscopy (XPS, 

ESCALAB250Xi, Thermo Scientific), FTIR (Spectrum 100 PerkinElmer) and Raman 

Spectroscopy (Renishaw inVia) techniques.  

2.4 Method for electrochemical characterization  
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The capacitive behavior of waste CDs derived activated carbon electrodes for supercapacitor 

were evaluated using electrochemical methods including cyclic voltammetry (CV), galvanostatic 

charge-discharge (GCD) measurement and electrochemical impedance spectroscopy (EIS) using 

electrochemical workstation of Autolab Potentiostat / Galvanostat (Model- PGSTAT 30, 

Ecochemie, The Netherlands). Two electrode configuration, by using waste CD derived activated 

carbon electrode separated by a thin polypropylene separator and electrolyte of 1-Ethyl-3-

Methylimidazolium Tetra-fluoroborate (EMIMBF4) was used. The CV tests were carried out 

with a wide voltage range of 0 to 3 V at different scan rates varying from 10 mV s−1 to 50 mV 

s−1. The gravimetric specific capacitance, Csp (F g-1), was calculated according to equation 1 

[29], 

Csp = 2 (Q+ + |Q-|) / 2mΔV…………………………….. equation (1) 

Here, Q+ is the integrated charge of anodic potential, Q- is the integrated charge of cathodic 

potential, m is the mass of individual electrode and ΔV is the potential window (for this work 

ΔV = 3V).  

The GCD measurements were carried out at various applied currents (2.85, 7.1 and 8.5 A g-1) in 

order to investigate the capacitive behavior. By using chronopotentiometry, specific capacitance 

Csp (F g-1), was calculated by according to the following equation 2 [24, 29]. 

Csp = 2×I / m (ΔV/ Δt)………………………………….. equation (2) 

Here, I (A) denote discharge current, m (g) is the mass of material of individual electrode, ΔV 

(V) is the change in potential during the discharge process, Δt (s) is the discharge duration. Due 

to the symmetric capacitor assembly of the materials factor 2 is incorporated.  
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The energy density E (Wh kg-1) and power density P (kW kg-1) were evaluated using following 

equations 3 and 4 [29].  

E = 1000 Csp ΔV2 / 4×2×3600……………………………. equation (3) 

Here, Csp is the cell specific capacitance, ΔV is the cell voltage (iR drop corrected). 

P = E / Td ………………………………………………….equation (4) 

Here, Td denote the discharging time. 

3. Results and Discussion 

3.1 Characterization of waste CD 

CDs are a multi-layered product consisting of thermoplastic polycarbonate substrate with a thin 

layer of metal coating. Polycarbonate resin is widely used in manufacturing CD due to its 

properties such as exceptional clarity, light transmittance, low moisture absorption and high 

impact strength [25]. Figure 1 shows the polycarbonate structure and FTIR stretching of 

different functional groups of waste CD. FTIR spectra of waste CD showed C−H group (~ 2970 

cm-1), triplet peaks of C−O group (~ 1166 cm-1
, 1194 cm-1, 1228 cm-1), strong C=O group (~1700 

cm-1), aromatic groups by its overtones (~1506 cm-1) and ‘oop’ bands.  As the spectrum of waste 

CD matched the pure polycarbonate peaks, it confirms that the waste CDs used for this study is 

fabricated by using polycarbonate polymer.  

Figure 1 

The elemental analysis of waste CD is shown in Table 1. Ultimate and proximate analysis shows 

that waste CD contains high amount of carbon with minimal amount of ash. Ash content can be 

attributed to silica which is the highest concentration in elemental analysis. Volatiles in waste 

CD is high (77.99 wt%) and at 600 ˚C temperature volatiles are removed which can be 

confirmed by TGA analysis shown in Figure 2(a) where 73% weight loss was observed. The 
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degradation of waste CD started around ~ 500 ˚C and almost completed at ~ 600 ˚C which was 

clearly observed from TGA curve, and hence the temperature for carbonization and activation 

was chosen above 600 ˚C. Figure 2(b) shows the carbon yield from 600 ˚C to 900 ˚C.  At 600 ˚C 

char yield was ~27% and from temperature 700 ˚C to 900 ˚C char yield decreased slightly 23% 

to 21%. Decreasing trend of char yield could be attributed to the primary or secondary 

decomposition in char residue at higher temperatures and transformation into carbon [27, 30].  

Table 1  

Figure 2 

3.2 Characterization of activated carbon  

(a) N2 adsorption isotherm 

Figure 3a is showing the adsorption-desorption isotherms of activated carbon obtained from 

waste CD at different activation temperature of 700 ˚C, 800 ˚C and 900 ˚C. The isotherms for the 

activated carbon at 900 ˚C is of type 1 according to the IUPAC classification [31] and 

completely overlapped without showing any hysteresis loop. The reversible type 1 isotherm of 

concave shape is characteristic of the presence of microporous structure with a narrow pore size 

distribution. Nonappearance of  hysteresis loop also represents the absence of  ‘ink-bottle’ 

shaped pores forms due to capillary condensation [32]. At relatively low pressures, high volume 

adsorptions were observed because of narrow pore width and the high adsorption potential. 

However, slightly upswept rear edge at high relative pressure (P/P0 ˃ 0.9), suggests the existence 

of mesopores as well [33]. Therefore, it can be concluded that activated carbon prepared in this 

work is dominantly comprises of micropores with few mesopores as well.  Activated carbon at 
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700 ˚C and 800 ˚C exhibit adsorption isotherm of type IV, with slight hysteresis which suggests 

the presence of mesopores/macropores along with micropores [33, 34]. 

Activation conditions such as time and temperature plays an important role on the porous 

structure of the activated carbon [35]. Activated carbon obtained at highest activation 

temperature of 900 ˚C showed highest development of the microporous structures.  Figure 3b 

shows the adsorption-desorption isotherms of activated carbon obtained at different activation (1, 

3, 5 and 8 hours) time duration at 900 ˚C. It was observed that increasing the duration of 

activation from 1 to 8 hours, increases the micro-porosity, concurrently higher volume of 

adsorption and shows type 1 characteristics without hysteresis loop. 

Figure 3 

The BET surface area and porosity parameters are shown in Figure 4. It was observed that 

activated carbon obtained by using waste CD at highest temperature (900 ˚C) exhibited larger 

surface area compared to 700 ˚C or 800 ˚C (Figure 4a). This rise in BET surface area followed 

the increasing trend with increasing temperature over time. Activated carbon at 900 ˚C and 

activation time 8 hours showed the highest surface area (1214.25 m2 g-1) in comparison of 

activated carbon obtained at 700 ˚C (602.94 m2 g-1) or 800 ˚C (1033.83 m2 g-1).  

According to IUPAC, adsorbent pores are classified into micropores (< 2 nm), mesopores (2 to 

50 nm) and macropores (˃ 50 nm). In Figure 4b, activated carbon obtained from waste CD at 

900 ˚C temperature and 8 hours, time showed less than 50 nm pore size, which confirm the 

presence of micro and mesopores. Using t-method, surface area of micropores (Smic) and 

mesopores (Sex) was also determined. It was observed that micropores area was higher than the 

ACCEPTED M
ANUSCRIP

T



11 
 

mesopores area and average BJH pore width was 2.30 nm which also confirm the microporosity 

of the activated carbon. 

Figure 4 

(b) SEM analysis 

Low and high magnification SEM images of activated carbon (Temperature: 900 ˚C, Time: 8 

hours) is shown in Figure 5. The surface of the activated carbon clearly shows the regular 

microporosity and homogenous structure of carbon. Both higher surface area and microporosity 

are beneficial to the performance of supercapacitor, which would facilitate the electron/ion 

transfer process into the electrode. Therefore activated carbon prepared from waste CD, can be 

used as an input material for supercapacitors.  

Figure 5 

(c) XRD and Raman analysis 

Activated carbon of highest surface area (Temperature: 900 ˚C, Time: 8 hours) was structurally 

characterized by XRD and Raman spectroscopy (Figure 6). The XRD pattern in Figure 6a 

showed a hump at lower angle (2θ=10-20˚) which indicated that major part of carbon in 

amorphous, and presence of pores which scatter the X-ray radiation [15] . The major peak of 

activated carbon was observed at 2θ=44˚, corresponds to (100) plane of carbon structure [36] and 

indicates limited extent of crystallinity which is consistent with the diffused peak observed at 

26˚. Also the asymmetric nature of (002) peak is attributed to the low scattering angles due to 

presence of γ-band and is associated with the amorphous structure and/or irregularity in aromatic 

structures packing [37]. The (100) peak attributed to two dimensional reflection of X-ray from 

carbon layers, which also describes the aromatic part of the carbon structure [27]. 
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Further structural details were obtained from Raman spectroscopy in Figure 6b. For carbon 

materials valuable information can be obtained within wave number range 800 and 2000 cm-1  

[38]. The broad bands at ~1600 cm-1 is called G band, corresponding to the stretching vibration 

in graphene layer i.e C=C sp2 bonds. The other band located at ~1350 cm-1 is the D band is 

associated with disordered graphite lattice due to the breathing mode of hexagonal rings and is 

the more intense, the lower structural ordering.   Furthermore a peak related to random structure, 

hides under valley between two peaks which reflects the presence of amorphous carbon. In this 

study, the IV/IG ratio (IV is intensity of a valley between G and D bands and IG is intensity of G 

band) is been used as an indication to measure the degree of disorder and proportion of 

amorphous carbon. The IV/IG ratio of activated carbon was found 0.52 which is higher than 

graphitic carbon [27] and represents the less crystalline and highly amorphous content of carbon. 

Figure 6  

(d) FTIR analysis 

FTIR spectra of raw waste CD and activated carbon from waste CD (Temperature: 900 °C, Time: 

8 hours) is shown in Figure 7. The peaks due to carbon dioxide have been subtracted to avoid 

the interference from atmosphere during measurement. In activated carbon all peaks of waste CD 

(C−H group, triplet peaks of C−O group, C=O group, aromatic groups by its overtones and oop 

bands) disappeared (Figure 7) and looked similar to carbonaceous materials like coke [27]. Only 

minor hump at ~1070 cm-1 was observed which is attributed to the C−O stretching. The absences 

of functional groups in activated carbon confirm that the carbonate groups or aromatic structures 

were completely degraded during pyrolysis along with activation process and transformed into 

activated carbon.  

Figure 7 
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(e) XPS analysis 

Figure 8 and Table 2 shows the XPS analysis results of the activated carbon obtained from 

waste CD (Temperature: 900 ˚C, Time: 8 hours). Carbon, oxygen and silicon were observed in 

XPS and the binding energy for carbon, oxygen and silicon are within 281.28~294.58, 

526.88~537.98 and 98.28~104.48 respectively (Table 2). XPS spectra of C1s (Figure 8a) 

excitation showed complex envelope of several carbon species at the carbon surface (C1s A to 

C1s F). The major component (C1s A) was observed at binding energy of 284.44 eV with atomic 

concentration of 48.54%. The characteristic band of carbon C1s A generally belongs to graphitic 

peak [27, 39, 40]. Other peaks corresponds to C−C/C−H bonds (285.0 eV) for B, C−O bonds 

(286.48 eV) for C, C=O bonds (288.30 eV) for D, COO bonds (288.98 eV) for E and O−C=O 

bonds (290.50 eV) for F [40-42] in Figure 8a. However, depending on the chemical nature of 

the neighboring atoms on individual surface, the peak position may shift slightly. The O1s 

spectra represent the presence of three peaks of O1s A, O1s B and O1s C in Figure 8b. Peak O1s 

A corresponds to oxygen atom in carboxyl group (533.9 eV), O1s B corresponds to carboxylic 

(C=O) group (530.7 eV) and O1s C corresponds to oxygen atom in hydroxyls [40]. The trace 

amount of silicon peak Si2p A with atomic concentration 0.41% (Table 2, Figure 8c) is 

attributed to the presence of silicon dioxide (SiO2) impurity in the waste CD.  

Figure 8 

Table 2 

3.3 Electrochemical Performance of activated carbon from waste CD 
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Figure 9a shows the cyclic voltammograms (CVs) of the electrode made by activated carbon 

from waste CD scanned at 10, 30 and 50 mV s-1 and its corresponding specific capacitance 

values are 51, 34 and 31 F g-1. The ideal CVs curve with rectangular shape validates excellent 

capacitive behavior. Therefore, CVs curve, with slight deviation from rectangular shape, using 

waste CD electrode demonstrates good capacitive behavior. The CV curves show larger area of 

rectangle with increasing scan rates which demonstrate an increase in specific capacitance in 

non-aqueous electrolyte. Even at lower scan rate (10 mV s-1) CV curve did not show a very 

narrow area which indicates better capacitance behavior [43-45]. Galvanostatic charge discharge 

curve (GCD) is shown in Figure 9b for current densities 2.85, 7.1 and 8.5 A g-1. It is noted that, 

due to the limited diffusion of the active ions on the electrode surface, with increasing current 

densities, the specific capacitance decreases [45].  The GCD curve shows minor asymmetric 

triangular shape which can be attributed to the presence of more functional group and/or higher 

IR drop in the electrode sample [45].  However, good linear response of cell potential over time 

demonstrates good reversibility of the electrochemical change/discharge process [46]. The 

variation of specific capacitance with scan rate of waste CD derived microporous activated 

carbon is also represented in Figure 9c.   

Figure 9 

The stability of the activated carbon electrode was investigated by performing CV at a scan rate 

of 100 mV s-1 for 2000 cycles and corresponding results are shown in Figure 10a. The specific 

capacitance was around more than 80% up to 800 cycles and gradually decreases to 70% at 2000 

cycles. The 80% retention up to 800 cycles indicates excellent cycle stability of the obtained 

microporous activated carbon from waste CD. 
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By using equation (3) and (4), energy density and power density was calculated by using 

specific capacitance (Csp) and discharging time. Csp is capacity based on single electrode, hence 

total capacity is 1/2 capacity of a single electrode. In equation (3), the factor 4 is incorporated in 

denominator because total electrode mass is twice of single electrode. The Ragone plot 

(relationship between energy density and power density) is represented in Figure 10b. The 

increase of power density with decrease in energy density is general phenomenon. In this work, 

activated carbon derived from waste CD showed best performance with high energy density of 

21.43 Wh kg-1 at power density 0.7 W kg-1 and gradually reduces to 9.68 Wh kg-1 at power 

density 2.2 W kg-1. The waste CD derived activated carbon electrode showed higher energy 

density and power density compare to commercial available supercapacitor electrodes which are 

in the range of energy density 4–5 Wh kg−1with power density of 1–2 W kg-1[29, 47].   

The electrochemical impendence spectroscopy (EIS) measurement was carried out and its 

corresponding Nyquist plot is as shown in Figure 10c. The impendence spectroscopy was 

performed to determine the contact resistance, charge transfer resistance and diffusion resistance 

in pores of electrolyte ions during electrochemical process. EIS measurements were carried out 

in the frequency range from 100 K Hz to 10 M Hz. In this technique, at different frequency 

alternating current is applied at open circuit potential to examine the penetration ability of ions.  

The Nyquist plot showed straight line in the low frequency region and small arc in the higher 

frequency which is typical behavior of supercapacitor. The small arc in the high frequency 

region clearly indicates the porous electrodes.  The diameter of semicircle is directly related to 

the resistance of electrode and resistance between electrode and current collector. The smaller 

semicircle concludes that lower internal resistance is exhibited by the waste CD derived 

activated carbon electrode. This also indicates that the electrolyte ions pass through microporous 
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activated carbon very effectively. The line with steeper slope also indicates that the obtained 

activated carbon from waste CD has uniform microporous structure [48]. The activated carbon 

obtained by using waste CD exhibited good specific capacitance, cycle stability and good rate 

capability because of the following properties; (a) higher surface area which provides surface 

sites to form electrical double layer (b) uniform microporous pores give easy access for 

electrolyte ions to pass through electrodes and hence lower diffusion resistance. 

Figure 10 

Table 3 summarizes the surface area and specific capacitance values for activated carbons 

derived from various sources including wastes in non-aqueous electrolyte. It was observed from 

literature that specific capacitance values vary from 18 to ~100 F g-1 [42, 49] and in our study, 

waste CD derived activated carbon showed specific capacitance value of 51 F g-1 with surface 

area of 1214 m2 g-1
.   

Table 3 

4. Conclusions 

This study concludes that waste CD can be used as precursor to produce uniform microporous 

activated carbon for supercapacitor electrode application. The following conclusions were 

obtained from this study: 

(a) Highest surface area of 1214.25 m2 g-1 was achieved at 900 ˚C temperature and 8 hours 

activation time. 

(b) Nitrogen adsorption shows that the activated carbons obtained are essentially microporous 

with an average BET surface area. XPS, SEM, FTIR, XRD and Raman analysis indicates that 
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properties of prepared activated carbon from waste CD could be used as input material for 

supercapacitors. 

(c) The activated carbon obtained by using waste CD exhibited good specific capacitance, cycle 

stability and good rate ability. The specific capacitance 51 F g-1 at the current density of 10 mV 

s-1 was achieved.  

(d) Energy density of 21.43 Wh kg-1 at power density 0.7 W kg-1 and 9.68 Wh kg-1 at power 

density 2.2 W kg-1 was also achieved by the prepared activated carbon from waste CD. 

(e) This innovative approach of using waste CD activated carbon as supercapacitor electrode 

reduces the environmental burden of waste CDs and creates an alternative material for 

supercapacitor application. 
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Figure 1: Polycarbonate structure and FTIR spectrum of waste CD. 
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Figure 2: (a) TGA and DTG curves of waste CD and (b) char yield of waste CD at different 

temperatures. 
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Figure 3: Nitrogen adsorption-desorption isotherms of (a) obtained activated carbons from waste 

CD at different temperature and (b) activated carbons obtained at 900 ˚C for different time. 
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Figure 4: (a) BET surface area and (b) Pore size distribution of activated carbons from waste CD 

at 900 ˚C for 8 hours. 
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Figure 5: (a) Low magnification and (b) high magnification of Scanning electron micrograph of 

CO2 activated carbon at 900 ˚C for 8 hours. 
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Figure 6: (a) XRD and (b) Raman spectra of activated carbon from waste CD activated at 900 

˚C for 8 hours. 
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Figure 7: Comparison of FTIR spectra of raw CD and activated carbon from waste CD at 900 ˚C 

for 8 hours. 
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Figure 8: (a) C1s (b) O1s and (c) Si2p XPS spectra of activated carbon from waste CD at 900 ˚C 

for 8 hours. 
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Figure 9: (a) Cyclic voltammogram and (b) Galvanostatic charge/discharge curve and (c) 

specific capacitance at various scan rate of activated carbon from waste CD at 900 ˚C for 8 

hours.  
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Figure 10: (a) Charge-discharge stability (b) Ragone plots of the energy density and power 

density and (c) Nyquist plot of activated carbon obtained from waste CDs. 
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Table 1: Ultimate, proximate and XRF analysis results of waste CD. 

Composition (wt%) 

Ultimate analysis Sulphur 

Total Carbon 76.03 

Oxygen 20.62 

Nitrogen 0.21 

Proximate analysis 

 Fixed Carbon 19.77 

Volatiles 77.99 

Moisture 0.22 

 Ash 2.02 

XRF analysis 

F 0.914 

Na 0.036 

Mg 0.044 

Al 0.070 

Si 2.160 

P 0.007 

S 0.028 

Cl 0.074 

Ca 0.750 

Fe 0.058 

Ni 0.004 

Br 0.005 

Ag 0.142 

Bi 0.004 
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Table 2: XPS peak table of prepared activated carbon from waste CD (900 ˚C, 8 hours). 

Name Start BE Peak BE End BE 
FWHM 

eV 

Area (P) 

CPS.eV 

Atomic 

% 
Total 

C1s A 294.58 284.44 281.28 0.9 43759.92 48.54 

Atomic % of 

Carbon is 95.08 

C1s B 294.58 284.94 281.28 1.54 24377.97 27.04 

C1s C 294.58 286.54 281.28 1.54 7224.66 8.02 

C1s D 294.58 287.94 281.28 1.54 2974.98 3.3 

C1s E 294.58 289.14 281.28 1.54 3056.26 3.39 

C1s F 294.58 290.83 281.28 1.92 4316.13 4.79 

O1s A 537.98 533.36 526.88 1.92 4916.87 1.95 
Atomic % of 

Oxygen is 4.52 
O1s B 537.98 530.54 526.88 1.92 1406.14 0.56 

O1s C 537.98 532.04 526.88 1.92 5060.03 2.01 

Si2p A 104.48 101.73 98.28 1.35 334.66 0.41 
Atomic % of 

Silicon is 0.41 
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Table 3: Comparison chart of activated carbon for supercapacitors in non-aqueous electrolyte. 

Material 
SBET  

(m2 g-1) 

Csp 

(F g-1) 
Reference 

Melamine resin 442 37 [50] 

Polyethylene terephthalate 772 69 [51] 

Rice husk 770 19 [52] 

Carbon molecular sieve 665 49 [42] 

Anthracite 726-1452 18-114 [49] 

Lignite 884 65 [49] 

Waste CD 1214 51 This work 
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