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Abstract 

The aim of this research is to formulate activated carbon monolith from hazardous waste of cigarette filter butts (CFB) for electrode material 
monolith design in solid-state supercapacitor application. Potassium hydroxide (KOH) was selected for activation. The ratio of CFB to KOH 
varied in terms of weight between 1:2 and 1:4, thereby obtaining activated cigarette filter carbon (ACFC). The carbon that has been obtained is 
designed to be solidly in the form of an additive-free monolith. Monolith-activated carbon is physically characterized to examine thermal 
decomposition profiles (pre-carbonized), structure, composition, morphology, surface area adsorption, and electrochemical measurements. The 
optimum precursor was marked with high wettability with self-O-doped of 5.44%.in carbon content of 94.56%. Activated carbon electrodes 
prepared from ACFCs showed an optimum specific capacitance of ~87.17 F g-1, which is a more ecologically responsible method of producing 
supercapacitors. 
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1. Introduction  

Activated carbon is widely used as a functional material in 

a wide range of uses [1]. This material can be used as an 

absorbent due to its porous structure and high specific surface 

area [2]. Activated carbon can be made from a range of 

biomass materials, including cellulose fiber from cigarette 

filter butts (CFB) waste [3]. CFB is a toxic solid waste that 

pollutes the atmosphere. Cellulose acetate makes up the 

largest percentage of CFBs, in which each filter contains 1200 

cellulose acetate fibers with a Y-shaped cross-section [4,5]. 

According to a Euro-monitor International survey, 

approximately 5.7 trillion cigarette filters are wasted annually, 

with a 25% increase predicted by 2025 [6]. Unfortunately, 

large amounts of CFBs are unutilized and released into the 

environment.  

Recently, researchers revealed on the various uses for 

cigarette filters. As well known, CFB 95% of cigarette filters 

are made of cellulose acetate, this cellulose compound can be 

converted into carbon material via thermochemical or other 

chemical methods for varying application.  For example, Liu 

and a coworker created an oil spill cleanup using recycled 

cigarette filters [7]. They investigated a method for water-oil 

separation using super-hydrophilic and super-hydrophobic 

cigarette filters. A group of researchers used sodium 

hydroxide (NaOH) solution to transform CFBs into a super-

hydrophobic material [8]. Li et al. (2021) developed a 

cigarette filter-based to flexible pressure sensor [9]. Rahman 

et al. (2020) also used cigarette filter fibers as an asphalt 

concrete for high-resistance clay bricks [10]. For fluorescence 

detection, N and S-co-doped carbon quantum dots were 

produced from cigarette filters [11,12]. CFBs are also used in 

cellulose pulp, biofilm-activated sludge reactors, and 

alternative uranium removal sorbents [13–15]. As of present, 

we are aware of four reports on the preparation of active 

carbon using CFB waste as energy storage. N-doped waste 

cigarette butts with a carbon anode have been created for 

lithium-ion batteries (LIB) and sodium-ion batteries (SIB) 

[16,17]. Several studies was produce N-doped carbon by 

pyrolyzing a cigarette filter as a supercapacitor [18,19]. In 

general, biomass-based carbon materials are considered 

superior as supercapacitor devices due to their abundant 

availability and amazing carbon material characteristics 

[1,20]. However, their energy density is relatively variable 

and is considered to be low. one possible technique is to add 

doping in the material. On this side, CFBs are considered to 

potentially exhibit doping due to the contribution of their 
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various constituents such as NO2, cellulose acetate etc [4,21]. 

Meanwhile, many researchers have created potassium 

hydroxide (KOH)-activated carbon fiber synthesis. Chemical 

activation with KOH is a well-known method for activating 

carbon compounds with large surface areas [22,23]. Their 

significant effects were fully illustrated in previous studies 

[24,25], which suggested that KOH can optimize pore 

formation and surface area in carbon materials. Activation is 

commonly accomplished by heating a combination of carbon, 

KOH, and mesoporous carbon under N2 gas atmosphere at 

temperatures ranging from 400 °C to 1000 °C [26,27]. In 

general, the amount of KOH and the activation procedure of 

the pre-carbonized carbon might influence the structural 

information of mesoporous carbon by increasing surface area, 

optimizing pore size, designing a hierarchical pore structure, 

and regulating carbon morphology [28,29]. Due to its large 

surface area, active carbon works as an adsorbent material. 

Because of its abundance and conversion to activated carbon 

material, CFB waste was chosen as a hazardous waste 

material and a potential alternative, limiting its disposal in the 

environment. 

The current study investigated the formation and 

characterization of active carbon monoliths from CFB waste 

using KOH activation. We carbonized as a way of making use 

of an electrode. This research aims to provide a recycling 

preparation of cigarette filter waste as an alternative to 

activated carbon monoliths in accordance with an increase in 

KOH activation. The most influential preliminary results in 

this research will be presented based on physical 

characterization data analysis and electrochemical 

measurement. Thermal decomposition, morphology, and 

elemental analysis of the activated ACFCs were observed by 

thermo-gravimetric analysis (TGA), scanning electrode 

microscope (SEM), and energy-dispersive x-ray spectroscopy 

(EDX). Crystallographic characteristics are also evaluated 

using x-ray diffraction (XRD) to comprehend structural 

changes. Nitrogen adsorption isotherms were measured to 

determine the surface area. Furthermore, cyclic voltammetry 

(CV) measurements were performed to investigate the specific 

capacitance.  

2. Materials and Methods 

2.1. Preparation of ACFC 

For this aim, activated cigarette filter carbon (ACFC) 

pellets were prepared. CFB was obtained from a trash can in a 

smoking room in the Peknbaru area, Riau, Indonesia. 

Cigarette waste is cleaned and the cigarette butts are taken. To 

check out the effect of pre-contained activated carbon, only 

half of the filters were used in this study. Cigarette filters were 

cleaned with hot water, then immersed in 96% ethanol, rinsed 

with distilled water, and air dried. For 3 hours, the cigarette 

filters were dried in a vacuum oven at 230°C. The CFB was 

pre-carbonized for 3 hours at 250°C. Then it was ball milled 

for about 20 hours before being sieved to a particle size of 100 

microns. The CFB powders were then used as precursors for 2 

hours of chemical activation with KOH solution at 80°C. The 

CFB-to-KOH ratio varied between 1:2 and 1:4, and the 

resulting carbon was labeled as ACFC-1 and ACFC-2, 

respectively. 

All the sample grains are prepared into a pellet with a mold 

size of 20 mm in diameter and 8 tons of compressive force. 

The samples were carbonized under N2 atmosphere (1.5 L 

min-1) at 600°C for 7 to 8 hours, respectively. To create an 

ACFC monolith, the heating rate was adjusted to 5°C/min. 

The ACFC electrodes were polished to 0.5 mm thickness and 

then washed with distilled water until the pH of the filtrating 

solutions was neutral (pH = 7.0) and washed with distilled 

water. ACFCs have a weight of 50 mg and a dimension of 

15.5 mm x 0.5 mm. The cell was made up of two ACFC 

electrodes and two 0.05 mm thick stainless steel current 

collectors. The electrode components are then stacked 

between two 15.5 mm acrylic case sections and compactly 

assembled using an inward force of a clamp (represented as 

ACFC-1 and ACFC-2 cells). 

2.2. Characterizations 

The thermal decomposition of an ACFCs electrode was 

evaluated using a TGA Shimadzu TGA-50 at temperatures 

that ranged from 30 to 600°C with a heating rate of 1°C per 

minute in atmospheric liquid nitrogen. Structural properties 

were determined using an XRD Siemens D5000 with Cu Kα 

targets (Cu-Kα =1.5418Å) at a scan rate of 0.5°C min-1 and 

two intervals ranging from 10 to 100°C. In addition, The 

average crystalline size of ACFCs at 9.15 nm was calculated 

using the Scherer formula with d=0.9 ∕ β cos θ, l is the 

wavelength 1.5418 Å, θ is the Bragg diffraction angle, and β 

is the FWHM, based on the full wave half maximum 

(FWHM) and the (101) reflection at 2θ~25.25° [30–32]. SEM 

and EDX were used to examine the morphology and 

composition (JEOL-JSM 6360LA). Furthermore, the particle 

size displayed by SEM is measured using IC Measure 

software. Adsorption-isotherms-desorption experiments were 

performed on a Quanta Chrome Instrument with liquid 

nitrogen flowing at 77 K. BET equation is introduced as 

[33,34]. 
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Where the relative pressure has shown as P/P0 We can 

determine the slope (s) and intercept (i) of the linear plot as in 

Eq. (2) and (3). 
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Wm is the mass of adsorbate that is forming a mono-layer. Wm 

is calculated by Eq. (4). 
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C is the BET constant used to demonstrate the durability of 
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the interaction between adsorbate and adsorbent, and it is 

calculated as in Eq. (5). 
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The high value of C is an indication of the high porosity of the 

sample, whose formation of several layers occurs faster.  

Therefore, the surface area is defined as in Eq. (6) 
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In the above equation, N, σ, and M represent Avogadro’s 

number, gas cross-sectional area, and adsorbate molecular 

weight, respectively. 

The fraction of surface is obtained as in Eq. (7). 
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The Lowell equation is introduced [35]. 
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Where θi is the fraction surface coverage of molecules layers 

in the depth of i. 

The CV measurements were carried out at room 

temperature using a two-electrode setup in a 6 M aqueous 

KOH solution (Rad-Er 5841). The CV was measured at a scan 

rate of 1 mV s-1 in the potential range of 0 to 1 V. 

3. Results and Discussion 

Figure 1 depicts the TG and DTG profiles of pre-

carbonized CFB. CFB samples lost around 74.3% of their 

total weight at temperatures ranging from 250 to 400°C. In 

more detail, cellulose compounds decompose significantly at 

temperatures of 250-400°C [36], followed by liginin 

compounds from 350-700°C [37,38]. The DTG profile of the 

pre-carbonized sample also demonstrated that the highest 

vitality degradation rate arises at about 324°C, suggesting a 

broad peak. This indicates the simultaneous evaporation 

process of complex compounds including cellulose, 

hemicellulose and lignin [39,40]. As a consequence of the 

weight decrease, about 16% of the final mass was pre-

carbonized CFB. Previously reported, cellulose acetate filters 

created 10 to 15% CFB carbon using the carbonization 

process and at temperatures ranging from 280 to 360°C, with 

equivalent results [41]. 

 

Fig. 1. The pre-carbonized CFB curve of the TG at temperature from 30 °C to 600 °C in (a) and (b) DTG 

 

The slight weight loss was related to volatile 

decomposition. Other investigations, such as those on date 

palms, have shown cellulose degradation within the same 

temperature range [42]. Table 1 shows the density (ρ) and 

elemental analysis of the ACFC samples before and after 

carbonization. Sample ACFC-2 had the greatest density, 

measuring 1.09 g cm-3, whereas sample ACFC-1 had the 

lowest density, measuring 1.01 g cm-3. Whenever the mass 

ratio of the KOH activator is increased, the particles get 

smaller and the number of holes for the production of 

micropores increases. The quantity of high surface area 

created in the electrode material is determined by the number 

of porous densities in the sample [43]. The density of the 

sample ACFC-2 increases as the carbon element increases. 

Meanwhile, sample ACFC-1 had the greatest value due to 

the conditions before the carbonization procedure, whereas 

sample ACFC-2 had the lowest value. This state is related to 

the activating agent percentage, indicating that more pores 

were formed in the pre-carbonized CFB samples. As shown in 

Table 1, all samples contain C and O atoms. Sample ACFC-1 

has a C and O content of 93.33; 6.67 (wt.%) and sample 

ACFC-2 has a C and O content of 94.56; 5.44 (wt.%), which 

is barely higher than the activated carbon from different 

biomass precursor [25,41]. 
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Fig. 2. (a) and (b) SEM image of ACFC-1 and ACFC-2 samples

 

Fig. 3. XRD pattern of (a) ACFC-1 and (b) ACFC-2 samples 

Table 1. density and elemental composition 

Sample 

Before 

carbonization  

(g cm-3) 

After 

carbonization  

(g cm-3) 

Element (wt.%) 

C O 

ACFC-1 1.29 1.01 93.33 6.67 

ACFC-2 1.18 1.09 94.56 5.44 

Fig. 2(a) and Fig. 2(b) show SEM images (x1000) of 

ACFC-1 and ACFC-2 samples generated from CFB. The pre-

carbonized CF ball milling procedure is responsible for the 

irregular form and rough surface structure. Fig. 2(b) depicts 

the ACFC-1's large clusters and bulky surfaces, which have a 

diameter of more than 10 microns and a length of more than 

50 microns, as well as those small TiO2 nanoparticles. TiO2 

white spot-like particles were evenly dispersed on the surface 

(indicated by white arrows). According to Barakat et al. 

(2023), the production of nano-structured TiO2-AC composite 

has particle sizes that range from 10 to 20 nm with a non-

uniform distribution [44]. XRD measurements revealed the 

existence of TiO2 nanoparticles in that sample. White spot-

like particles (labeled by white arrows) were uniformly 

distributed on the surface. 

The presence of amorphous carbon is shown by the XRD 

patterns of the two samples (ACFC-1 and ACFC-2). As 

shown in Fig. 3(a), the spectra reveal one peak (002). The 

broad peak is placed at an angle 2θ of about 21° to 24° 

reflecting the typical amorphous carbon planes of 002 and 

100, respectively [45]. In addition, the others peaks are TiO2 

rutile and anastase structure (JCPDS No. 75-1537). It was 

discovered in prior research published in the literature [46]. 

Based on this analysis, an incomplete graphitization at a 

relatively low temperature of 600°C is recommended. 

Interestingly, the three reflections (110), (111), and (210) of 

the TiO2 rutile structure becomes visible in Fig. 3(b). The 

appearance of these reflections suggested the presence of TiO2 

nanoparticles. The pattern indexed to be TiO2 anatase 

structure with the lattice parameters a=b=0.3792 nm and 

c=0.9631 nm for ACFC-1 and a=b=0.3792 nm and c=0.9533 

nm for ACFC-2, which are roughly similar to the published 

data TiO2 lattice parameters: a=b=0.3789 nm and c=0.9537 

nm [47].  The average crystalline size of ACFCs at 9.15 nm 

was calculated using the Scherer formula. This result is 

relatively lower compared to the TiO2-AC composite (10-

20nm) reported by Barakat et al. (2023) [44]. 

 The average crystalline size agrees with previous 

spherically AC results, which act as enhanced support for 

TiO2 carbon photocatalysts [48]. In fibers and plastic 

materials, titanium dioxide pigments with particle sizes that 

range from 0.2 to 0.3 microns are commonly de-lustered with 

whitening agents [49]. TiO2 is used as an additive cigarette 

filter to induce the photo-degradation of the cellulose acetate 

into the environment [50]. The presence of Ti in the cigarette 

filter was not detected by EDX analysis, which could be 

attributed to its low concentration (<1 ppm) [51]. Table 2 

shows that as the CFB/KOH ratio increases, the value of d002 

increases more than the value of d100. At 1000-1350 °C, the 

d002 of ACFCs is greater than the d002 of graphite (0.3354 nm) 

[52]. ACFC carbonization is more complicated than that of 

other carbon materials due to the high cellulose liquefaction 

complexity [53]. With an increase in the CFB/KOH ratio, Lc 

increases while La decreases, indicating cigarette filter carbon 

(CFC) graphitization degree (Lc/d002). Table 2 summarizes the 

surface area of CFCs obtained from N2 adsorption isotherms.  

The surface area of CFCs increases from 239 to 472 m2 g-1 

with an increase in the KOH ratio from 2 to 4. This surface 

area is comparable to previous research on porous carbon 
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from different sources [54,55]. 

Table 2. XRD structure and BET surface area parameters of ACFCs 

Sample d002 (nm) d100 (nm) Lc (nm) La (nm) SBET (m2 g-1) 

ACFC-1 0.3569 0.2051 1.30 0.95 239 

ACFC-2 0.3568 0.2063 1.84 0.74 472 

To study the physisorption of molecules of gas on a surface 

which is principle to identify the total surface area, theory of 

Brunauer, Emmett, and Teller (BET) is applied. BET theory 

was the extension of Langmuir’s kinetic theory [33]. 

However, in BET theory, it is assumed that in the multilayer 

adsorption system, adsorption energy (Ei) of 2nd layer or more 

has the identical value of the heat of vaporization (EL) [35]. 

Fig. 4 demonstrate 1/(W[P/P0-1]) vs. P/P0 linear plot in the 

range of 0.05 ≤P/P0≤ 0.3 for ACFC-1 and ACFC-2 samples. 

The correlation coefficient values of both samples are close to 

unity. Thus, it shows the best fit of data based on eq. (2) and 

(3). The calculated parameters are listed in Table 3. 

Apparently, the surface area of the ACFC-2 sample 

(471.764 m2 g-1) is larger than ACFC-1 (239.459 m2 g-1), 

which proves the enhancement of capacitance from 24 F g-1 to 

87 F g-1, which is in agreement with a published article [19]. 

Wang et al. (2022) asserted that activated carbon surface area 

or porosity may affect the capacitance value [56].  Increasing 

the KOH ratio in ACFC significantly accelerates the surface 

area of carbon materials up to 2 times in ACFC-2. The 

increased KOH ratio allows successive reactions with carbon 

chains to become more intense, thus forming abundant pores 

[25,57]. The reaction of KOH and carbon is described in 

several previous articles [24], where the sequential reactions 

that occur allow the etching of high carbon chains to provide 

abundant surface area [58]. This allows carbon materials to 

store large amounts of ions and increase the capacitance value 

in supercapacitor devices [59]. 

According to Hill et al. [38], one layer of gas molecules 

should completely cover the surface to have an adequate 

adsorption process. However, there can be empty sites, which 

are called a fraction of surface (θ0) m, on the surface. 

Obviously, the value of the fraction of surface depends on C. 

The boundless value of C is an indication of a strong 

interaction between adsorbate and adsorbent. Also, C=100 can 

be considered a magical value to indicate high interaction. As 

a result, C values close to or much higher than 100 

demonstrate adequate adsorption to form a monolayer as well 

as a high interaction between gas molecules and the surface. 

However, the BET surface area, in terms of physical meaning, 

is uncertain for C values that are significantly lower than the 

magical number of C. 

Table 3. The BET parameters of ACFC-1 and ACFC-2 samples 

Sample Wm C S Correlation coefficient, r (θ0)m 

ACFC-1 0.069 20.71 239.459 0.997 0.18 

ACFC-2 0.135 81.88 471.764 0.998 0.01 

According to Table 3, the value of C for the ACFC-1 

sample is much less than 100, while the value for the ACFC-2 

sample is almost close to 100, which demonstrates a good 

interaction between molecules of N2 gas and the ACFC-2 

surface. Thus, its unoccupied sites are less (θ0, ACCF-2<θ0, 

ACCF-1). 

As it was asserted, sufficient adsorption occurs when one 

layer of molecules occupies the surface, but there are still 

some unoccupied sites that can be defined as a fraction of the 

surface. Now, for evaluation of fractional surface coverage of 

molecule layers at different depths. Table 4 indicates the 

fractional surface for different values of i for the ACFC-1 and 

ACFC-2 samples. As a result, the fraction of the surface 

covered by gas molecules is demonstrated without regard for 

their arrangement or mobility.  

Table 4. (θi) m values of ACFC-1 and ACFC-2 samples for various i 

i 
(θi)m 

ACFC-1 (C=20.71) ACFC-2 (C=81.88) 

i=1 0.6710 0.00819 

i=2 0.1208 0.00008 

i=3 0.0217  

i=4 0.0039  

i=5 0.0007  

i=6 0.0001  

 

 

Fig. 4. 1/(W[P/P0-1]) vs. P/P0 curve for ACFC-1 and ACFC-2 sample 

The nitrogen adsorption isotherms of ACFC-1 and ACFC-

2 samples are shown in Fig. 5 Regarding the six isotherm 

types categorized by IUPAC [60], both plots belong to the 

first type of adsorption isotherm that is reversible. The shape 

of the plot is concave, and the number of adsorbed substances 

is specified in the relative pressure. The N2 adsorption-

desorption curve provides qualitative information on the 

carbonaceous material's adsorption mechanism and porous 

structure. Generally, this kind of behavior has been observed 
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in the physical adsorption of micro-porous materials. Filling 

of micro-porous materials and, finally, the high adsorption, 

can be observed at relatively low pressures [61]. In this type 

of isotherm, only several layers of adsorption can occur. To 

sum up, the first type of adsorption isotherm has a great slope 

due to the high intensity of adsorption [62]. Finally, they can 

be formed like a horizontal line, which determines the 

stabilization of the adsorption process in which the sites and 

pores are saturated with molecules and there are no 

unoccupied sites [32,63]. 

 

Fig. 5. Adsorption isotherm curve for ACFC-1 and ACFC-2 samples 

As shown in Fig. 5, the volume adsorbed increases as the 

relative pressure (P/P0) increases. According to ACFC-1, the 

maximum value of volume adsorbed equals 69.28 cc gr-1 

when relative pressure is 0.3. The volume adsorbed by the 

ACFC-2 sample, on the other hand, has nearly reached 155.68 

cc gr-1. Table 2 summarizes the surface area of ACFCs 

derived from N2 adsorption isotherms. The data show that 

increasing the KOH ratio from 2 to 4 increases the BET 

surface area of ACFCs from 239 to 472 m2 g-1. 

To confirm the electrochemical characterization of the as-

prepared electrode in aqueous 1.0 M H2SO4 electrolytes at 

room temperature, the current-potential curve of the electrode 

ACFCs from CV measurements is depicted in Fig. 6. The 

curve's nearly quasi-rectangular shape reflects the charge-

discharge capacitive performance of the ACFCs. The charge-

discharge curve is used to calculate the specific capacitance 

(Cs) using the equation Cs = (Ic-Id)m-1.s-1 (where I is in 

amperes, m is in grams, and s is the scan rate in millivolts per 

second) [64]. These represent the applied current, the 

discharge time, the mass of the electrode material, and the 

voltage range, respectively. The specific capacitance of 

(ACFC-1) cell ~24.48 F g-1 and (ACFC-2) cell ~87.17 F g-1 

was obtained with a potential window 0 to 0.5 V at a scan rate 

of 1 mV s-1. A CFB/KOH activation ratio of 1:4 (ACFC-2) 

produced the highest specific capacitance value. Because of 

limited ion diffusion in the electrode, ACFC-1 had a low 

specific capacitance and weak surface area adsorption of 

carbon [65,66]. 

 

Fig. 6. CV profile of ACFC-1 and ACFC-2 

This research revealed that the dependence of capacitive 

performance on KOH activation ratio facilitates ion 

adsorption and speeds ion transport in the surface area of 

carbon, influencing the charge-discharge characteristics of the 

electrode materials. As a result, the increased surface area 

reduces internal resistance and increases the production of 

carbon structures, which improves electrochemical 

performance. Table 5 summarizes some reports that used the 

original material derived from cellulose fibers.  

Table 5. Comparison of the specific capacitance of carbon materials derived 

from different sources 

Sample sources Cs (F g-1) Ref. 

European hornbeam 24 [54] 

Banana stem 74 [67] 

MnO2 nanofiber 37 [68] 

Terminalia Catappa leaf 54 [39] 

Cigarette filters 52 [19] 

Cigarette filter butts 87 This work 

This variation in capacitive value can be attributed to a 

number of factors, including the activating agent, the method 

of testing the electrochemical properties, the electrolytes, and 

the origin of the cellulose material produced in each AC's 

different pores. In addition, this cigarette butt recycling 

process can be utilized for supercapacitor applications and 

absorbing other metal nitrides, such as Fe3+, Co2+, and Ni2+ 

ions. 

According to the current research results, cigarette filter 
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waste comprises recycled activated cigarette filter carbons and 

their characteristics. The samples' XRD patterns revealed two 

peaks in carbon with crystal orientation (002) and a strong 

reflection peak (110) with a maximum intensity of TiO2 

nanoparticles and an average crystal size of 9.15 nm, 

respectively. The structural parameters (d002) changed 

significantly in ACFCs with low surface areas, but the Lc 

increased from 1.3 to 1.84 nm as the surface area increased. 

The BET surface area of ACFCs rises from 239 to 472 m2 g-1 

when the KOH ratio increases from 2 to 4. The capacitance 

performance of activated ACFCs was improved by increasing 

the surface area and mass ratio CFB:KOH (1:4); the 

electrochemical properties electrode has an optimal specific 

capacitance of 87.1 F g-1. Preliminary research suggests that 

ACFC generated from CFBs might be used as a 

supercapacitor electrode. 

4. Conclusion 

According to the current research results, cigarette filter 

waste comprises recycled activated cigarette filter carbons and 

their characteristics. The samples' XRD patterns revealed two 

peaks in carbon with crystal orientation (002) and a strong 

reflection peak (110) with a maximum intensity of TiO2 

nanoparticles and an average crystal size of 9.15 nm, 

respectively. The structural parameters (d002) changed 

significantly in ACFCs with low surface areas, but the Lc 

increased from 1.3 to 1.84 nm as the surface area increased. 

The BET surface area of ACFCs rises from 239 to 472 m2g-1 

when the KOH ratio increases from 2 to 4. The capacitance 

performance of activated ACFCs was improved by increasing 

the surface area and mass ratio CFB:KOH (1:4); the 

electrochemical properties electrode has an optimal specific 

capacitance of 87.1 F g-1. Preliminary research suggests that 

ACFC generated from CFBs might be used as a 

supercapacitor electrode. 
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