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Abstract  

     The aim of this work is to assess the potential of the cigarette butt waste as KOH-

activated carbon (AC-CBW) in removing the tannins from the wastewater of the 

cigarette industry. The carbonized product was characterized using ATR-FTIR, SEM, 

SAA, and XRD. After the characterization, the tannin adsorption capacities of AC-

CBW were evaluated for different conditions such as adsorbent mass and its contact 

time with solution, solution pH, and initial tannin concentration. The findings suggest 

that AC-CBW was amorphous, with a heterogeneous and rough surface topography 

and a surface area of 143.14 m².g⁻1. The detection of hydroxyl (–OH) and carbonyl 

(C=O) functional groups at 3225 and 1690 cm⁻1, respectively, were suggestive of the 

potential to absorb tannins. The highest adsorption efficiency was at 0.3 g adsorbent 

with 120 min contact time, pH 2, and 20 mg.L⁻1 tannin solution. The experimental 

adsorption isotherm and kinetic data were best fitted to the pseudo-second-order, 

Temkin model, and the AC-CBW achieved 86.76% removal efficiency of the tannin 

from the wastewater of cigarette industry which proves that the adsorbent is effective 

in the removal of tannins from the textile industry wastewater. 
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Introduction 

     The increased sales in the cigarette industry are contributing to social and economic changes 

around the world. However, with these filters, solid wastes, and other emissions from the 

cigarette production industry, the industry should also try to implement ways to solve the 

problem. Wastes from cigarette production, such as filters, are made of materials that are very 

slow to biodegrade and, as such, are resistant to digestions in soil. Thus, from an environmental 

perspective, filters released from the wastes of production, contribute serious liability to the 

ecosystem [1]. Also, from an environmental perspective, the filters, as produced, may 

contribute serious liability to the ecosystem [2]. Because of these reasons, and from an 

environmental perspective, very little is of incineration, and loss into a landfill, as traditional 

waste treatment incineration of waste filters and are also economically costly. This study 

suggests that these wastes are removed from the ecosystem become a potential material for 

filter activated carbon, which may serve as an adsorbent.  

 

     Because of its high-level ability to adsorb in combination with its multitude of uses in 

various sectors, activated carbon (AC) is recognized as a multifunctional adsorbent. The 

capability of AC to adsorb a wide range of pollutants in both air and water is a factor of its large 
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surface area and specific surface chemistry in addition to its highly porous structure [3]. 

Additionally, its being an ideal adsorbent is attributed to its affordability, being cost effective, 

and being eco-friendly with regulatory compliance [4]. The chemical structure of cellulose 

acetate makes up the majority of the cigarette butts waste (CBW) and given the high carbon 

content of about ninety-five percent, this waste can serve as a good precursor candidate for 

producing AC [5]. AC produced from CBW (AC-CBW) has its utmost multifunctionality in its 

ability to adsorb many contaminants of various pollutants. AC-CBW has a notable capacity for 

adsorbing the heavy metal Pb2+ (lead) and other inorganic pollutants with a qmax of 249.3 

mg.g–1 [1]. Also, AC-CBW has been shown to adsorb dyes and has an outstanding range of 

185–277 mg.g–1 and 126–178 mg.g–1 in the adsorption of the cationic and anionic, respectively 

[2]. 

Carbonized biomass waste via pyrolysis is one among many relevant methods to produce AC 

(Activated carbon) -CBW (carbonized biomass waste) and its pyrolysis is the chemical 

decomposition of organic substances at elevated temperatures in the absence of oxygen, 

consists of gas (CO2, CO, H2 and CH4) and volatile organic compound (bio-oil) products and 

then solid residues (Char/Carbon) [6]. The carbon material is chemically activated afterwards 

to remove impurities, re-open, and enhance the pore structure within the AC and further 

enhance its adsorption products, i.e. contaminants. Chemical activation is generally more 

effective than its physical counterpart because the activating agent removes the impurities 

trapped within the global AC structure, leaving behind an activated carbon end product with 

more available surface area, lower ash content and consumption of process energy [7].  AC-

CBW more than one time activated with potassium hydroxide (KOH) presented an outstanding 

adsorption potential and efficiency for pollutants removal [8]. 

 

     In the case of the adsorptive uptake of AC-CBW, the adsorbent can treat cigarette industry 

wastewater by adsorbing the tannin contaminants through the action of both physical adsorption 

via van der Waals forces and/or chemical bonding of the tannins and AC-CBW [9]. The 

wastewater tannin results from the soaking of the cloves. Tannin is an organic mixture of 

different complex polyphenolic compounds containing C, H, and O that can interact to form 

large macromolecules. The phenolic functional group that makes the polyphenolics polar, and 

their high aqueous solubility is an important feature of tannins which can also dictate their 

molecular attributes. The tannin is yellowish white to brown and can undergo darkening when 

exposed to ultraviolet light or after prolonged exposure to air [10]. 

 

 
Figure 1: Structure of tannin 

 

     Tannins that have escaped into the environment have also caused pollution problems have 

caused problems for wastewater treatment processes. In nature, tannins have caused 
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discoloration of water, which to be obstructing the photosynthesis of some organisms of an 

aquatic ecosystem [11]. Furthermore, the high solubility of tannins in water reduces the 

coagulation efficiency of plant wastewater treatment processes which requires more expensive 

metal coagulants. This leads to other problems such as metal contamination of the effluent [12]. 

It has also been shown that tannins are toxic to some microorganisms, which contributes to the 

inefficiency of some of the biological wastewater treatment processes [13].  

The focus of this study is to present a novel technique that is the first of its kind to fully optimize 

the valorisation of CBW by the production of a chemically activated carbon that targets the 

removal of tannins from wastewater. The global scholarly attention has paid to the use of 

various by-products for the production of adsorbents is a stark contrast to the case of CBW 

where its use for tannins removal is in its infancy. The work outlined the innovative and 

practical development of an activated carbon, wastes for the provision of a genuinely useful 

technique for the treatment of wastewater. This initiative promotes a circular economy in 

industries as it combines the removal of pollutants from the wastewater and the management of 

solid wastes. 

 

1. Materials and Methods 

1.1  Materials 

     The CBW was used as raw material to prepare the adsorbents. It was collected from PT 

Djarum in Kudus. The chemicals utilized in this study, including KOH, 37% HCl, tannin, 

Na2CO3, 2 M Folin Ciocalteu reagent, and NaOH, were of at least analytical grade and supplied 

by Merck. The distilled water utilized in this experiment was supplied by CV Progo Mulyo. 

Subsequently, wastewater from the cigarette industry, specifically from PT Djarum in Kudus, 

was utilized for adsorbent applications.  

 

1.2  Preparation of adsorbent materials 

     The CBWs were air-dried naturally for several days before being stored in a well-ventilated 

area. The dried CBWs were used as they were in the pyrolysis process at 500⁰C for 2 h. After 

pyrolysis, the carbons (C-CBWs) were washed with distilled water to eliminate dust and other 

inorganic impurities. Then, they were oven-dried at 110⁰C for 12 h to reduce the moisture 

content and stored in a desiccator. The material obtained was carbon and labelled as C-CBW. 

The C-CBWs were sieved with a 20 mesh sieve and chemically activated using a 65% KOH 

solution in a C-CBW/KOH mass ratio of 1:5, followed by impregnation for 24 h [14]. The 

results of the impregnation were washed with 2 M HCl and distilled water until the supernatant 

had a neutral pH and filtered with a Buchner filter. The supernatant was oven-dried at 110°C 

until constant weight. The material obtained was activated carbon and labelled as AC-CBW. 

  

1.3 Characterization of materials 

     The characterization of materials was performed using several analytical methods. The 

surface characteristics of both C-CBW and AC-CBW were detected employing an Attenuated 

Total Reflectance Spectrophotometer-Fourier Transform Infrared (ATR-FTIR) spectrometer. 

This Spectrophotometer was a Shimadzu OT-IRTrace 100 and obtained spectra at 16 cm-1 

resolution, from 500 to 4000 cm-1. The XRD patterns of AC-CBW were collected using a 

Bruker D8 Advance Eco XRD (10-80⁰). The surface morphologies of C-CBW as well as AC-

CBW were documented using a Phenom Desktop ProXL scanning electron microscope. The 

BET (Brunauer-Emmet-Teller) equation was applied to determine the surface area of C-CBW 

and AC-CBW, using the isotherms obtained from a Quantachrome Novatouch Lx4. 

 

1.4 Batch adsorption study 

     The concentrations of tannin in the aqueous solution were quantified using UV-Vis 

spectrophotometry. To achieve this, a calibration curve was generated from the dilutions of 
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tannin in solution at concentrations of 1 to 50 mg.L⁻1. The Thermo Scientific Nicolet Aquamate 

8100 was the spectrophotometer used, and the λmax (maximum absorbance wavelength) was 

762 nm, which was used as the detection wavelength. 

 

     The effect of adsorbent dosage, adsorption time, pH solution, and adsorbate concentration 

on the adsorption of tannin was examined using a batch experiment with tannin standard 

solutions. In these experiments, the parameter being studied was varied while keeping other 

conditions constant. The parameters are listed in  

Table 1. The procedure involved the addition of a known quantity of adsorbent to a 50 mL 

aqueous solution of adsorbate (tannin standard solution) in a specific pH range contained in a 

100 mL glass beaker. The mixture was stirred at a constant rate of 100 rpm for a predetermined 

duration. An aqueous solution of adsorbate devoid of adsorbent was subjected to testing and 

designated as the control. The mixture was subsequently filtered using Whatman 40 filter paper. 

Subsequently, 0.5 mL of the filtrate and 1 M Folin Ciocalteu reagent solution were each 

transferred into a test tube. Distilled water was added to the test tube in a volume of 7.5 mL, 

and the contents were stirred until the mixture was homogeneous. Thereafter, the test tube was 

left to stand for 5 min. Subsequently, 1.5 mL of a 20% Na2CO3 solution was added to the test 

tube and permitted to stand for 30 min at room temperature. The mixture was then analyzed 

with a UV-Vis spectrophotometer at a maximum wavelength. Following the attainment of 

optimal conditions for the tannin adsorption process by AC-CBW through batch adsorption 

studies, AC-CBW will be applied to the tannin adsorption process in cigarette industry 

wastewater. The removal percentage R (%) of tannin and the amount of tannin adsorbed (qt) by 

AC-CBW were calculated from the following relations: 

𝑅(%) =  
𝐶𝑖−𝐶𝑓

𝐶𝑓
× 100 (1) 

𝑞𝑡 =
(𝐶𝑖−𝐶𝑓)×𝑉

𝑚
 (2) 

Where Ci and Cf are the initial concentration and concentration at time t (mg.L⁻1) of tannin, m 

is the weight (g) of adsorbent, and V is the volume of tannin solution (L). The data obtained 

were used to estimate adsorption kinetics and isotherm parameters. 

 

Table 1: Experimental set-up for investigating the effect of process parameters 
Operational 

parameter 
Range Adsorption conditions 

Adsorbent dosage 0.01-0.4 g 30 mg.L⁻1 concentration, circumneutral pH (6), contact time 60 min 

Adsorption time 0-180 min 30 mg.L⁻1 concentration, circumneutral pH (6), adsorbent dosage 0.3 g 

pH solution 1-8 30 mg.L⁻1 concentration, adsorbent dosage 0.3 g, contact time 120 min 

Initial adsorbate 

concentration 
1-100 mg.L⁻1 Adsorbent dosage 0.3 g, contact time 120 min, pH value 2 

 

2. Results and Discussion 

2.1  Characterization of AC-CBW 

2.1.1 ATR-FTIR characterization of AC-CBW 

     The Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR) spectroscopy 

samples exhibited spectra indicative of activated carbons developed with the activation method 

employed in this study, as illustrated in Figure 2. Before the initiation of the activation process, 

the C-CBW spectra exhibited the presence of CO2 in the gas phase at a wavenumber of 2361 

cm⁻1 [15]. The presence of this gas could be attributed to residual CO2 gas from the pyrolysis 

process that remained attached to the surface. However, after the activation process, the 

presence of CO2 gas in the AC-CBW spectra was no longer observed. This result demonstrates 

that C-CBW to AC-CBW activation effectively eliminated surface contaminations. 
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Furthermore, the AC-CBW spectra exhibited the presence of new groups, namely -OH and 

C=O stretching vibrational groups at wave numbers 3225 and 1690 cm⁻1, respectively [16]. The 

emergence of these new groups was explained by the presence of vacancies in carbon lattices, 

generated during CA process that were occluded on further chemical reaction with KOH to -

OH group. This has been reported to cause the generation of carbonyl and carboxyl groups on 

activated carbon [17]. The surface oxygen containing functional groups of AC-CBW might 

also contribute to its adsorption capacity [18]. These functional groups provide extra sorption 

sites for pollutants and enhance their attachment [19]. 

 
Figure 2: ATR-FTIR spectrum of C-CBW and AC-CBW 

 

2.1.2 Morphological characterization with SEM 

Figure 3 and Figure 4 illustrated C-CBW and AC-CBW, respectively. C-CBW showed that the 

contaminants were attached to the carbon surface, while AC-CBW showed much emptier and 

expanded pores also a much more aligned surface that contained less contaminants than C-

CBW due to the KOH activation. This result showed that KOH activation effectively removed 

some of the contaminants from the carbon surface. The more enhanced surface for the AC-

CBW was attributed to a positive difference on the efficiency of adsorbent to uptake more 

adsorbate. Less contaminants and more opened pores boosted the overall efficiency of the 

adsorbent. Moreover, in contrast, the surface of AC-CBW was more heterogeneous and 

adsorbent surface showed more irregularities and less compact surface overall, which has been 

recorded in the other studies to enhance the adsorption capacity to large biomolecules of AC 

[20]. This evenness, low surface compactness and irregularities of AC surface boosted the 

adsorption capacity of AC-CBW to tannin. The various irregularities in surface structure of the 

AC possibly increased the efficiency in absorption via providing more active sites needed to 

enhance the overall adsorption [21] 
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(a) 

 
(b) 

Figure 3: SEM images of C-CBW magnification (a) 500× and (b) 1000× 

 

 
(a) 

 
(b) 

Figure 4: SEM images of AC-CBW magnification (a) 500× and (b) 1000× 

 

2.1.3 Analysis of XRD 

      The XRD spectrum of the AC-CBW is presented in Figure 5. The XRD pattern of AC-

CBW showed that the adsorbent approached to be amorphous with the presence of broad peak 

at 2θ 20⁰-30⁰. This peak is an evidence for the presence of amorphous carbon [22]. However, 

the presence of crystalline peaks at 2θ = 18.02°, 29.37°, 37.76°, 48°, 53.84°, and 62.65° was 

also evident. As confirmed with card JCPDS No. 01-071-1166, we found peaks at 2θ = 18.02°, 

37.76°, 48°, 53.84°, and 62.65° which indicated anatase TiO2. TiO2 in activated carbon could 

be anticipated due to the inclusion of TiO2 as a whitening agent in the cigarette filter waste, 

which underwent pyrolysis and did not decompose due to its thermal stability as noted in the 

literature [23]. The peak at 2θ = 29.37° proved the presence of kaolin and confirmed with the 

card JCPDS no. 03-0052. The presence of kaolin in activated carbon could be attributed to the 

filter waste of cigarette, whereby it constituted the aluminum silicate, a major component of 

some tobacco products. This aluminum silicate is also thermally stable which explains its 

presence during the pyrolysis [24]. The analytical results indicated the structure of AC-CBW is 

predominantly amorphous and the presence of other minerals such as TiO2 and kaolin are also 

present in the sample. 



Tsani et al.                                                     Iraqi Journal of Science, 2026, Vol. xx, No. x, pp: xx   

 

 

 
Figure 5: X-ray diffraction pattern of AC-CBW 

 

2.1.4 Specific surface area SBET of AC-CBW 

     The N2 adsorption isotherm for AC-CBW may be classified as type II by IUPAC based on 

the behavior that indicates the adsorbed adsorbate increases as a function of pressure. It is 

indicative of multilayer physisorption. Presence of such a resorbate sigmoidal II curve is 

characteristic of the non-porous or macroporous bodies [25]. The corresponding BET specific 

surface area values for AC-CBW and C-CBW are 143.14 m2.g-1 and 99.74 m2.g-1, respectively. 

This outcome demonstrated that the activation process of pyrolyzed carbon could enhance the 

surface area of carbon. The surface area of AC-CBW fell within the range of activated carbon 

surface area in general, which was 100-2000 m2 g⁻1 [26]. Consequently, the enhancement of 

the specific surface area led to an increase in tannin adsorption. This suggested that materials 

with the greatest specific surface area might also exhibit the strongest adsorption capabilities. 

 

3.2 The influence of parameters 

3.2.1 Effect of adsorbent dosage 

     The effect of AC-CBW dosage on tannin adsorption was investigated by changing the 

adsorbent dosage from 0.01 g to 0.4 g in 50 mL of 30 mg.L⁻1 tannin solution at circumneutral 

pH (6). As depicted in Figure 6, it was evident that with each increase in mass of the adsorbents, 

there was an increase in the efficiencies of the adsorbents and a decrease in the adsorption 

capabilities. This was attributed to the excess active surface sites, as there was theoretically a 

more perfect adsorption occurring with more adsorbent mass. Adsorption efficiencies may have 

leveled off, however, because of the unoccupied active surface sites where adsorbate was not 

in contact with the adsorbent mass to equilibrate [27]. 

 

     This research determined that 0.3 grams of adsorbent mass was optimal. Nevertheless, an 

increase in adsorbent did not correlate with an increase of adsorption efficiencies. This was 

likely a result of the balance of the adsorbate that was adsorbed to the surface of the adsorbent 

compared to the adsorbate that remained in the solution [28]. Therefore, it can be said that there 

was an added limit to the mass of adsorbent, resulting in non-negligible adsorbate, and a 

tendency for little to no adsorption efficiencies. 
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Figure 6: Effect of adsorbent dosage 

 

2.2.2 Effect of contact time 

     Contact time is one of the important parameters involved in the adsorption process. The 

contact time was varied between 0 and 180 min using 0.3 g of adsorbent in 50 mL of a 30 mg/L 

tannin solution at a near-neutral pH of 6. As illustrated by Figure 7, an increase in the contact 

time increased the efficiency and capacity of tannin adsorption until it attained the optimal value 

at 120 min. This revealed that during the initial minutes, most of the active sites on the surface 

of the adsorbent remain unoccupied. As such, the adsorbate showed a tendency to be attracted 

to the surface of the adsorbent due to the large chemical potential difference between the 

adsorbent and the solution. This high driving force allowed the adsorbate to easily attach to the 

surface of the adsorbent [28]. However, with the rise in contact time and a consequential 

occupation of the active sites, the chemical potential difference became lower, thereby slowing 

down the rate of adsorption until it achieved a state of equilibrium at a contact time of 120 min. 

As a result, further extension beyond this time did not result in significant improvement, and it 

might even cause a reduction in the efficacy of adsorption due to the attainment of equilibrium 

by the system [29]. 

 

 
Figure 7: Effect of contact time 
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2.2.3 Effect of tannin solution pH 

     Tannin is a weak organic acid and has a high degree of ionization and adsorption in solution 

because its ionic and adsorption properties are highly dependent upon the surface pH. At pH < 

4.5, tannin is predominantly present in the form of neutral molecules. As the solution pH 

increased, tannin underwent gradual ionization, reaching a state of complete ionization and a 

negative charge at solution pH >6 [17, 19]. The effect of pH solution on tannin adsorption was 

investigated by changing the pH solution from 1 to 8 in the adsorption process with 0.3 g of 

adsorbent in 50 mL of 30 mg.L⁻1 tannin solution for 120 min. Figure 8 indicated that the 

efficiency and capacity of tannin adsorption decreased with an increase in pH value and was at 

an optimum with pH 2. This indicated that at solution pH < 4.5, the adsorbent surface would be 

surrounded with H+ ions such that its functional groups were positively charged, while tannin 

remained neutral. Should this occur, it would allow for hydrogen bonding, electrostatic 

interaction, and π-π interaction of the adsorbent surface with the tannin, as shown in Figure 8. 

Consequently, this developed the enhancement of its adsorption efficiency and capacity. 

Conversely, at solution pH >4.5, tannin and the adsorbent surface would be negatively charged, 

resulting in electrostatic repulsion dominating during the adsorption process, as illustrated in 

Figure 8. This, in turn, would lead to a reduction in adsorption efficiency and capacity. 

Conversely, a highly acidic environment (pH 1) inhibited the adsorption process. At this pH, 

an elevated concentration of H⁺ ions competed with tannin ions for binding sites on the 

adsorbent surface, resulting in reduced tannin adsorption. 

 
Figure 8: Effect of solution pH 

 

 
(a) 

 
(b) 

Figure 9: Possible interaction of tannins with AC-CBW at solution pH (a) below 4.5 and (b) 

above 4.5 
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2.2.4 Effect of initial tannin concentration 

     The present study investigated the effect of initial tannin concentration on tannin adsorption. 

To that end, the concentration was changed from 1 mg.L⁻1 to 100 mg.L⁻1 in the adsorption 

process with 0.3 g of adsorbent at pH 2 for 120 minutes. As demonstrated in Figure 10, it had 

been demonstrated that the efficiency of tannin adsorption tended to increase with an increase 

in the initial concentration of adsorbate, reaching an optimum concentration of 20 mg.L⁻1 with 

an adsorption capacity of 2.95 mg.g⁻¹. Subsequently, a decrease in efficiency was observed. At 

the onset of the adsorption process, a limited number of adsorbent surfaces were available for 

binding with the adsorbate. However, once the optimum concentration was attained, a state of 

equilibrium was achieved among the active sites on the adsorbent surface, due to the saturation 

of these sites with adsorbate, thereby halting the further increase in adsorbate binding. 

Moreover, an increase in the initial concentration of adsorbate had been observed to correspond 

with an increase in the adsorption capacity of tannin. This outcome indicated that an increase 

in the initial concentration of adsorbate results in a greater number of adsorbate molecules 

filling the active sites on the surface of the adsorbent, thereby enhancing the adsorption 

capacity. 

 
Figure 10: Effect of initial tannin concentration 

 

2.3 Adsorption kinetics 

     To investigate the rate mechanism of the adsorption process, the adsorption kinetics of AC-

CBW were performed, as shown in  Figure 11. The pseudo-first-order and pseudo-second-order 

kinetic models were employed. The linearized forms of pseudo-first-order and pseudo-second-

order kinetic models were given as follows. 

log(𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 − (
𝑘1𝑡

2.303
) (3) 

𝑡

𝑞𝑡
= (

1

𝑘2𝑞𝑒
2
) +

𝑡

𝑞𝑒
 (4) 

Where k1 (min⁻1) and k2 (g.mg⁻1.min⁻1) were the pseudo-first and pseudo-second order rate 

constants, and qe (mg.g⁻1) and qt (mg.g⁻1) were the adsorption capacity at equilibrium and after 

time t (min). The values of kinetic parameters were reported in Table 2, determined from their 

respective plots log (qe-qt) vs t and t/qt vs t. The results in Table 2 revealed that adsorption of 

tannin onto AC-CBW followed the pseudo-second-order kinetics, as the values of R2 were 

much higher than the pseudo-first-order. Furthermore, the theoretically obtained tannin 

adsorption capacity value (3.5971 mg.g⁻1) was close to the experimental value (3.6909 mg.g⁻1), 

which supported the suitability of the kinetic model [32]. Consequently, it could be concluded 

that the tannin adsorption process by AC-CBW adheres to a pseudo-second-order adsorption 

kinetic model, with an adsorption rate constant (K) of 0.1385 g.mg⁻1.min⁻1. This kinetic model 

assumed that the adsorption rate was influenced by the diffusion process of adsorbate into the 
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adsorbent surface, meaning the rate was affected by the interaction between adsorbent and 

adsorbate. 

  
(a) (b) 

Figure 11: (a) pseudo-first-order and (b) pseudo-second-order kinetic models 

 

Table 2: Kinetics parameters for the adsorption of tannin onto AC-CBW 

Adsorption Kinetic 

Model 

Parameters 

K 
qe cal 

(mg.g–1) 
R2 qe exp 

(mg.g–1) 

Pseudo-first-order 0.0044 min–1 0.5199 0.1257 3.6906 

Pseudo-second-order 0.1385 g.mg–1.min–1 3.5971 0.9982 3.6906 

2.4 Adsorption isotherms 

     To optimize design of an adsorption system to remove tannin from solution, it is important 

to establish the most appropriate correlation for the equilibrium data. The adsorption isotherms 

could be fitted by Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich models, were 

performed and shown in Figure 12. The linear equations for the Langmuir, Freundlich, Temkin, 

and Dubinin-Radushkevich models were as follows. 
1

𝑞𝑒
= (

1

𝑞𝑚𝑏𝐶𝑒
) +

1

𝑞𝑚
  (5) 

ln 𝑞𝑒 = ln 𝐾𝐹 +
1

𝑛
ln 𝐶𝑒 (6) 

𝑞𝑒 = 𝐵𝑇 ln 𝐾𝑇 + 𝐵𝑇 ln 𝐶𝑒 (7) 

ln 𝑞𝑒 = ln 𝑞𝑚 − 𝐾𝑎𝑑𝜀2 (8) 

E =
1

√2Kad
 (9) 

Where qe (mg.g⁻1) and Ce (mg.L⁻1) were the adsorption capacity and concentration at 

equilibrium, qm (mg.g⁻1) and b (L.mg⁻1) were Langmuir constants. KF and n were Freundlich 

constants, which indicated the capacity and intensity of adsorption. KT and B were the Temkin 

isotherm parameters, related to the equilibrium binding constant (L.mg⁻1) and the heat of 

adsorption (J.mol⁻1), respectively. Kad (mol2.J⁻2) was the Dubinin-Radushkevich constant, qm 

(mg.g⁻1) was the maximum adsorption capacity, ε was the Polanyi potential, and E (kJ.mol⁻1) 

was the adsorption energy. The values of isotherm parameters calculated from their linear plots 

were mentioned in Table 3. Based on the higher correlation coefficient (R2) values in  Table 3, 

Temkin model fits much better than the other isotherm models. 
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Figure 12: (a) Langmuir, (b) Freundlich, (c) Temkin, and (d) Dubinin-Radushkevich isotherm 

models 

 

Table 3: Adsorption isotherm parameters for the removal of tannin onto AC-CBW 

Isotherm Model Parameters Result 

Langmuir 

qm 38.1679 mg.g–1 

KL 0.0131 L.mg–1 

R2 0.0156 

Freundlich 

1/n 0.8924 

n 1.1206 

KF 0.7804 mg1–1/n.L1/n.g–1 

R2 0.6675 

Temkin 

KT 1.8205 L.mg–1 

BT 2.3547 J.mol–1 or 4.8×10–4 kcal.mol–1 

bT 1059.77 

R2 0.9759 

Dubinin-Radushkevich 

qm 7.9058 mg.g–1 

Kad 7×10–7 mol2.J–2 

E 0.845 kJ.mol–1 

R2 0.9244 

      

     The Temkin isotherm was predicated on the assumption that the heat of adsorption would 

decrease linearly as the saturation of the adsorbent surface increases [33]. Furthermore, this 

model posits that the adsorption process was characterized by a uniform and unbounded energy 

distribution of adsorption sites on a heterogeneous adsorbent surface [34]. The Temkin isotherm 

model was deemed appropriate in this study, as substantiated by the findings from the surface 
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morphology SEM characterization, which indicated that the surface of the AC-CBW adsorbent 

was heterogeneous. In addition, the value of adsorption heat constant (BT) <1 kcal mol⁻1, which 

indicated that the adsorption process occurred by physisorption [35]. The physisorption process 

allowed for multilayer adsorption on the adsorbent. In the first layer, the adsorbate and 

adsorbent interacted via hydrogen bonds or π-π interactions. The next layer consisted of π-π 

interactions between aromatic adsorbates, forming strong van der Waals bonds. Figure 13 

shows a proposed mechanism for the multilayer adsorption of tannin molecules onto the surface 

of the AC-CBW adsorbent. 

 

 
Figure 13: Possible multilayer interaction of tannins with AC-CBW 

 

2.5 Comparison of adsorption capacity of various adsorbents 

     The adsorption capacities of various adsorbents used for the removal of tannin from aqueous 

solutions were summarized in Table 4. The maximum multilayer adsorption capacity of AC-

CBW was found to be 3.59 mg.g⁻¹. As shown in the comparison, the adsorption capacity of AC-

CBW was relatively lower than that of several other reported adsorbents. 

 

Table 4: Adsorption capacity of various adsorbents used for the removal of tannin 

Adsorbent 
Adsorption capacity 

(mg.g⁻¹) 
Reference 

Calcite 13.36 [36] 

Biochar from oil palm frond 67.41 [37] 

Carbon steel slag 714.28 [38] 

Attapulgite/CoFe2O4 Magnetic Composites 109.36 [39] 

AC-CBW 3.59 This work 

However, the adsorbent developed in this study was derived from cigarette filter waste—an 

abundant yet underutilized material. The synthesis was straightforward and inexpensive, 

making it appropriate for large-scale applications. Its lower capacity notwithstanding, these 

benefits highlight the significant potential of AC-CBW as an environmentally friendly and 

appealing adsorbent, particularly with further refinements (e.g., optimization of the activation 

process or modification of the surface). 

 

3.5 Application of AC-CBW in the cigarette industry wastewater 

     In this study we explored AC-CBW in the removal of tannins from wastewaters from the 

cigarette manufacturing industry. The wastewater used in this study has a pH of 6 and a tannin 

concentration of 30.65 mg.L⁻1, while the outlet wastewater has a pH of 7 and a tannin 
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concentration of 2.75 mg.L⁻1. Under optimal conditions, the tannin concentration in the inlet 

waste dropped to 4.06 mg.L⁻1 with an adsorption capacity of 4.43 mg.g⁻¹ and an efficiency of 

86.76. The adsorption of tannins in wastewater by AC-CBW occurred via physisorption and 

multilayer interactions. This was due to hydrogen bonds, electrostatic interactions, and π-π 

interactions not involving the transfer or use of shared electrons between the adsorbent and the 

adsorbate, leading to a physisorption classification. Additionally, π-π interactions occurred 

between the aromatic rings of tannins that had previously been adsorbed with new tannin 

molecules, forming the multilayer, as shown in Figure 13. These interactions enhanced the 

adsorption ability of AC-CBW, resulting in high tannin removal efficiency in wastewater. 

 

 
Figure 14: Inlet wastewater before (left) and after (right) AC-CBW adsorbent application 

 

Conclusion 

     The AC-CBW that was prepared had high surface area, amorphous structure with a mixed 

surface, and a plethora of O containing functional groups. The optimal conditions for removal 

were determined to be an adsorbent mass of 0.3 grams, a contact time of 120 minutes, a solution 

pH of 2, and an initial concentration of 20 mg.L⁻1. The adsorption of AC-CBW can be explained 

using pseudo-second-order kinetics and the Temkin isotherm model. This indicates that 

adsorption is mainly a physical process. The adsorption of tannin with AC-CBW showed good 

anti-interference properties since successful validation was observed in the wastewater of the 

cigarette industry, under the optimal parameters found, with a good assessment of stability. 

There was a marked decrease in tannin from 30.65 mg.L⁻1 for the initial concentration to 4.06 

mg.L⁻1 for the final concentration, producing an adsorption capacity of 4.43 mg.g⁻1, producing 

a tanning removal efficiency of 86.76%. In conclusion, the used AC-CBW suffered no waste, 

showing good performance against simple tannin removal. These advantages are low cost, 

simple synthesis pathway, rapid equilibrium time and good adsorbent capacity. Providing an 

environmentally friendly and cheap means of recycling this waste into a usable, recyclable 

product. 
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