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Abstract: In recent years, the presence of pharmaceutical contaminants, such as diclofenac sodium 

(DCF) in water bodies and their potential influence on aquatic organisms has gained muchgained a lot 

of attention. As a result of high demand and usage by consumers, in addition to incomplete removal 

during wastewater treatment, pharmaceutical contaminants will end up on water surfaces. To mitigate 

this problem, the elimination of DCF by employing activated carbon derived from Dillenia Indica peels 

was evaluated. The adsorption of DCF was performed in a continuous process. The findings showed 

that the adsorption of DCF was favourable at a lower flow rate, greater bed height, and initial DCF 

concentration, with the highest removal percentage of 44.93%. To assess the characteristics of the 

breakthrough curve of DCF, the adsorption data were used to match three distinct adsorption models, 

namely, Boharts and Adam, Yoon-Nelson, and Thomas. The breakthrough results were well-fitted with 

these models, as the values of R2 for all models and parameters were higher than 0.88. Thus, it was 

concluded that the activated carbon from Dillenia Indica can effectively remove DCF from an aqueous 

solution.  
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1. Introduction 

Diclofenac sodium (DCF) is extensively used by humans to manage pain. DCF is a type 

of non-steroidal anti-inflammatory drug (NSAID) that reduces swelling and relieves pain for 

conditions affecting joints and muscles, such as osteoarthritis [1]. This drug is available in 

various forms, such as tablets, gel, and patches that provide significant anti-inflammatory and 

analgesic effects, as well as superior safety and tolerability compared with other tricyclic non-

steroidal anti-inflammatory medications [2]. This drug has existed since for the last four 

decades and is known worldwide, with approximately a billion patients consuming this drug 

until now [3,][4]. The high demand for DCF has led to large productions of this drug 

worldwide.  
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Every house could have at least one type of NSAIDs, whether diclofenac, ketoprofen, 

or ibuprofen. Large usage of these drugs will lead to an environmental problem when 

they are not disposed of properly. NSAIDs that have been consumed by the body are 

not completely metabolised and will be excreted from the body through urine and faeces [5]. 

Subsequently, NSAIDs will flow into rivers or sewage systems. An investigation was 

performed by a previous researcher to trace DCF in the marine environment of the Saudi 

Arabian Red Sea. This study has successfully detected DCF, with concentrations up to 3000 

ng/L [6]. This medicine has made its way into the environment, as wastewater is not handled 

properly due to the lack of knowledge and improper wastewater treatment facilities. This 

condition will not only cause harm to humans, but it can also affect aquatic lifeforms. As for 

humans, those who live in rural areas will be affected because they usually consume 

water directly from the nearest source without any purification for their daily use. Several 

studies found that the presence of drugs in the ecosystem has disrupted the life of fish and other 

aquatic organisms. A recent study was conducted to determine the long-term exposure of 

NSAIDs to mussels. The findings showed an accumulation of these drugs in mussels, which 

altered their internal system, including their immune system and the genetic 

information within the cells [7].  

Thus, several methods have been introduced to control the presence of these drugs in 

the environment. Researchers have established numerous methods to find the best way to 

remove these drugs. Some of these methods are by using nanofiltration [8], coagulation in a 

membrane bioreactor [9], and ozonation [10]. However, some of these methods require 

expensive equipment and may even contribute by-products that further affect the 

environment and humans. The adsorption method is currently the simplest method for reducing 

and eliminating emerging contaminants [11]. To implement the adsorption process, an 

adsorbent is usually used as the substance that will adsorb the pollutant. Activated carbon has 

been significantly explored as an adsorbent in the field of adsorption. Agricultural waste or 

biomass is often utilized as the precursor in the manufacture of activated carbon. For 

example, Astragalus Mongholicus,  an agro-industrial waste, was used to remove DCF 

from aqueous solutions [12].  

Apart from the batch adsorption technique, fixed-bed column adsorption can also be 

applied for removing contaminants. In a fixed-bed column adsorption system, the adsorbate is 

allowed to flow throughout the glass column 

continuously. Column adsorption is preferred by various industries because it is efficient in 

handling large concentration differences [13]. The fixed-bed column can also handle large 

amounts of adsorbate at once. Thus, adsorption experiments at the laboratory scale can be 

scaled up to fit large-scale industrial needs. In a previous study, the removal of amoxicillin was 

studied using batch and column adsorption systems with commercial activated carbon [14]. In 

their study, a fixed-bed column adsorption system was used at different concentrations, flow 

rates, and adsorbent dosages. Another study zed biochar to 

remove diclofenac and cephalexin using both batch and column adsorption systems [15]. The 

findings showed that the produced activated carbon was successful in treating pharmaceuticals 

in wastewater plants. Several empirical models are often used in column adsorption, namely, 

the Thomas, Yoon-Nelson, and Boharts and Adam models. These mathematical models 

contribute to a different assumption describing different parts of the breakthrough curve 

[16].  
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In this study, DCF adsorption using activated carbon as adsorbents was implemented. 

The activated carbon was produced using a low-cost material known as Dillenia Indica peels. 

Since other studies have not reported using Dillenia Indica peels as activated carbon, 

this study implemented a chemical activation technique to produce activated carbon. The 

resultant activated carbon was then evaluated for its effectiveness in removing DCF 

contaminants via column adsorption. Then, three adsorption models were executed to estimate 

the behavior of the DCF uptake and the applicability of variables in developing the 

continuous adsorption experiment.  

2. Materials and Methods 

 2.1. Chemicals. 

Dillenia Indica peels were utilized as the raw material in this study to produce 

activated carbon. Analytical grade reagents were employed in every experiment. Phosphoric 

acid (H3PO4, 85%) was obtained from Merck, Germany, while sodium hydroxide (NaOH) and 

denatured ethanol (C2H5OH, 95%) were obtained from Hmbg. Another chemical, hydrochloric 

acid (HCl, 37%), was supplied by Fisher Scientific. The adsorbate, diclofenac sodium (DCF) 

was purchased from Alfa Aesar, UK.  

2.2. Preparation of activated carbon. 

Dillenia Indica peels were utilized in the chemical activation technique to 

generate activated carbon. The raw peels were washed using tap water and dried under the sun 

for several days. The peels were then cut into smaller pieces and sieved to obtain similar-sized 

samples. The soaking process took place, where the smaller size Dillenia Indica peels were 

soaked for 24 h in phosphoric acid (H3PO4), with an impregnation ratio of 2:1 (dry weight of 

sample: dry weight of chemical). After 24 h, the impregnated Dillenia Indica peels were dried 

overnight using an oven at 95 °C. Next, the dried sample was placed in a tube furnace for the 

carbonization process, which took 2 h at 500 °C with a 30 mL/min flow of nitrogen gas. The 

sample was washed using acid and base to neutralize the pH of the sample once the sample 

had sufficiently cooled down to room temperature. Distilled water was used in the last step of 

the washing process until pH 6 to pH 7 was obtained. Then, the activated carbon was ready to 

be used. 

2.3. Preparation of adsorbate. 

The adsorbate was prepared with a simple dilution using distilled water. A concentrated 

DCF solution of 100 mg/L was produced by mixing a sufficient quantity of DCF with water in 

a volumetric flask. This solution was further diluted using distilled water to the required 

working concentration. The DCF solution was detectable at a wavelength of 276 nm when 

analyzed using a UV-Vis spectrophotometer. 

2.4. Column adsorption experiment. 

In this study, fixed-bed column adsorption was a process that occurred in a 

cylindrical glass column, measuring 2 cm in diameter, where the adsorbent was 

placed inside the column. The adsorbate solution was passed through the column in a 

https://doi.org/10.33263/BRIAC00.000000
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continuous flow. The bottom of the glass column was fitted with a layer of support grid to 

ensure that the materials inside the column were secured. 

First, glass beads were inserted into the column, followed by a sheet of glass wool. The 

adsorbent (activated carbon) was then placed inside the column in the required dosage. Finally, 

the adsorbent layer was covered with another sheet of glass wool and another layer of glass 

beads to ensure that the adsorbent inside the column could not move. The column was 

connected to other instruments before running the experiment. A schematic diagram of the 

fixed-bed column adsorption is shown in Figure 1 below.  

This study has focused on three conditions, namely, the effects of adsorbent height, 

initial concentration of DCF, and flow rate of DCF. The amount of solution that flowed into 

the fixed-bed column at a specific time was controlled using a peristaltic pump. As the solution 

flowed into the column, the desired sample solution was collected at a regular interval at the 

outlet. The mass per unit volume of adsorbate was measured by utilizing a Shimadzu UV-1800 

Spectrophotometer, Japan. This study was conducted in ambient conditions, and all results 

were utilized in analyzing the breakthrough curve. 

 
Figure 1. Schematic diagram of a fixed-bed column adsorption system. 

2.5. Adsorption column performance. 

A plot of breakthrough curves at different conditions was obtained by plotting Ct/Co 

versus time to assess the behavior of DCF uptake by the adsorbent in the column. The volume 

of effluent that flowed through the column was computed by employing the following Equation 

1 [17]: 

𝑉𝑒𝑓𝑓 = 𝑄𝑡𝑡𝑜𝑡𝑎𝑙 (1) 

where ttotal is the time for the solution to flow inside the column (min) and Q is the volume of 

the solution at a specific time (mL/min). Other important parameters for analyzing column 

adsorption included the total adsorbate adsorbed, qtotal, and total adsorbate sent to the column, 

mtotal. Both parameters were calculated using the following Equation 2 and Equation 3 [18]: 

𝑞𝑡𝑜𝑡𝑎𝑙 =
𝑄𝐴

100
 (2) 
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𝑚𝑡𝑜𝑡𝑎𝑙 =
𝑄𝐶𝑂𝑡𝑡𝑜𝑡𝑎𝑙

1000
 (3) 

where the region below the breakthrough curve is indicated by A, while Q refers to the rate of 

solution flowing into the column (mL/min). B, by performing an integration of the plot of 

adsorbed adsorbate, in terms of concentration (Cad) (mg/L) versus time (t), the value of A can 

prevail. Cad may be calculated by subtracting the effluent concentration at time t, Ct, against 

initial concentration, Co. 

Meanwhile, the removal percentage of DCF can be assessed using Equation 4 below 

[18]: 

% 𝑅 =
𝑞𝑡𝑜𝑡𝑎𝑙

𝑚𝑡𝑜𝑡𝑎𝑙
× 100 (4) 

where the value of qtotal and mtotal can be calculated using Equation 2 and Equation 3, 

respectively.  

 2.6. Modelling of column adsorption. 

The breakthrough curves obtained from the experiment were analyzed using three 

models: Bohart and Adams; Yoon-Nelson; , and Thomas. These models were used to assist in 

the prediction of the column's column’s dynamic behaviour. Owing to their ease of formulation 

and linearization, these three models are often employed in the study of column adsorption. 

2.6.1. Thomas model. 

The column adsorption performance was analysed analyzed using a general Thomas 

model. It was deduced that the adsorbate flow inside the column was a plug flow, with no axial 

dispersion [19]. This model is thought to be gleaned from Langmuir isotherm and second-order 

kinetics models, in which adsorption involves mass transfer at the boundary, as well as and 

chemical reactions [20]. Thomas model’s linear and non-linear forms are shown by the 

following Equation 5 and Equation 6, respectively: 

ln(
𝐶0

𝐶
− 1) =

𝐾𝑇𝐻𝑞𝑂𝑀

𝑄
− 𝐾𝑇𝐻𝐶𝑂𝑡 (5) 

 

𝐶

𝐶𝑜
=

1

1 + 𝑒𝑥𝑝
𝐾𝑇𝐻𝑞𝑂𝑀

𝑄 − 𝐾𝑇𝐻𝐶𝑂𝑡
 (6) 

where the rate constant of Thomas model (mL/mg∙min) is denoted as KTH. M, meanwhile, M is 

the adsorbent mass (g) of the column, and qo is the amount of adsorbate uptake by the adsorbent 

per unit mass (mg/g). Co, t, and Q are denoted as the initial concentration (mg/L), time (min), 

and flow rate (mL/min), respectively. A straight-line plot may be generated using results from 

Equation 5 by plotting ln[(Co/C)-1] against time. Based on the plot, the value for qo and KTH 

can be quantified from the gradient and the intercept. The Thomas model’s non-linear equation 

yields a breakthrough curve of C/CO versus t. 

 2.6.2. Yoon-Nelson model. 

According to the breakthrough model of Yoon-Nelson, a reduction in the adsorption 

proportion of adsorbate corresponds to the adsorption process and the breakthrough [21]. 

Explanation regarding data on the nature of adsorbent, adsorption of physical variables, and 
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adsorbate properties are not necessary for this model [20,22]. This 

model is less complicated than other breakthrough models. The expressions of this 

model are as follows: 

ln(
𝐶0

𝐶
− 1) = 𝐾𝑌𝑁𝜏 − 𝐾𝑌𝑁𝑡 (7) 

𝐶

𝐶𝑜
=

1

1 + exp( 𝐾𝑌𝑁𝜏 − 𝐾𝑌𝑁𝑡)
 (8) 

where KYN and τ is the Yoon-Nelson rate constant (1/min) and the time (min) when the 

breakthrough curve reaches 50%.  

 2.6.3. Bohart and Adams model. 

In the Bohart and Adams model, the uptake rate corresponds to the adsorbate’s 

concentration and the residual capacity of activated carbon [23]. The equation for Bohart and 

Adams is presented below in linear and non-linear forms: 

ln(
𝐶0

𝐶
− 1) =

𝐾𝐵𝐴𝑁𝑂𝐿

𝑢
− 𝐾𝐵𝐴𝐶𝑂𝑡 (9) 

 

𝐶

𝐶𝑂
=

1

1 + 𝑒𝑥𝑝 (
𝐾𝐵𝐴𝑁𝑂𝐿

𝑢 − 𝐾𝐵𝐴𝐶𝑂𝑡)
 (10) 

where No is the amount of adsorbate uptake per unit volume (mg/L), and KBA is the mass transfer 

coefficient (L/mg∙min). The height of the adsorbent inside the column (cm) is assigned as L, 

and u is the superficial velocity of the adsorbate (cm/min). The linear equation for the Bohart 

and Adams model will yield a plot of ln [(Co/C)-1] versus time (min). The intercept and slope 

of the plot may be used to calculate the values of KBA and NO.  

3. Results and Discussion 

 3.1. Effect of bed height. 

The plot of the breakthrough curves for the uptake of DCF at different adsorbent heights 

is shown in the following Figure 2. Bed heights of 50, 75, and 100 mm were used, where the 

operating parameters were kept constant at 40 mg/L of DCF concentration and 10 mL/min of 

flow rate. The findings revealed that the increase in bed height from 50 to 100 mm can could 

cause a decrease in the breakthrough curve. Table 1 shows the parameters for the breakthrough 

curve at different adsorbent heights.  

The breakthrough curves began to decrease when the amount of adsorbent in the bed 

was increased, which further increased the total time for the adsorption process to complete, 

from 130 to 150 min. This change happened because more active sites became available for 

the sorption process to occur [24]. A longer time was needed for a higher bed to achieve 

saturation, since a higher amount of adsorbent was present [25]. Additionally, the mass transfer 

zone was increased, which slowed the progress to reach an equilibrium condition, where no 

additional mass transfer occurs, compared with when a shorter bed height was used. In terms 

of removal percentage, an increase in the height of the bed had also led to a higher amount of 

DCF being removed, thus, promoting a greater removal percentage in the column. These results 

are in line with those published in a previous investigation [26,][27]. 
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Table 1. Parameters for breakthrough curves for the removal of DCF at different bed heights. 

Bed height (mm) ttotal (min) Veff (mL) qtotal (mg) mtotal (mg) % Removal 

50 130 1300 18.13 60.84 29.80 

75 140 1400 26.86 63.31 42.43 

100 150 1500 30.63 68.18 44.93 

 
Figure 2. Breakthrough curves at different bed heights. 

 3.2. Effect of flow rate. 

The effect of different adsorbate flow rates on the adsorption process was explored 

within a range of 10 to 30 mL/min. The height of the adsorbent and DCF concentration 

remained unchanged at 75 mm and 40 mg/L, accordingly. The plot of the breakthrough curves 

for different volumes of adsorbate flowing into the column is depicted in Figure 3. At the lowest 

flow rate of 10 mL/min, the slowest breakthrough curve was obtained, which reflected the time 

needed to reach equilibrium concentration. The slow flow of adsorbate into the column allowed 

more time for the adsorbate molecules to diffuse into the adsorbent and thus, resulting to result 

in a higher amount of DCF adsorbed throughout the column [28]. The saturation time was 

decreased when the DCF flow rate was increased from 10 to 30 mL/min. These results matched 

the results obtained in a study performed by [24].  

As shown in Table 2, the total treated volume of DCF is increased with the increasing 

flow rate. Although a higher concentration of DCF was being treated, the total adsorbate 

adsorbed by the activated carbon, qtotal, at 10, 20, and 30 mL/min was low at 27.16, 16.06, and 

11.52 mg, respectively. This was due to the low period of exposureexposure period between 

DCF and the adsorbent, since the flow of adsorbate through the column was fast. The removal 

percentage of DCF continued to decrease when the DCF flow rate was increased, owing to the 

reduced adsorbate residence time in the column and less adsorbent concentration being 

adsorbed [19]. The removal percentage was decreased from 42.90% to 7.37%, with DCF flow 

rate of 10 to 30 mL/min. 

 

Table 2. Parameters for breakthrough curves at different flow rates. 

Flowrate (mL/min) ttotal (min) Veff (mL) qtotal (mg) mtotal (mg) % Removal 

10 140 1400 27.16 63.31 42.90 

20 130 2600 16.06 117.96 13.61 

30 120 3600 11.52 156.21 7.37 
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Figure 3. Breakthrough curves at different flow rates. 

 3.3. Effect of initial concentration. 

The effect of initial concentration played a significant role in the column adsorption of 

DCF. The DCF concentration was changed from 20 to 60 mg/L, with other operating 

parameters kept constant at a bed height of 75 mm and flow rate of 10 mL/min. The curves for 

different initial DCF concentrations are depicted in Figure 4. Steeper breakthrough curves were 

found at higher initial concentrations, and the curves started to shift to the right and became 

slower when the initial concentration was decreased. As shown in Table 3, the volume of 

adsorbate being treated, Veff, is reduced from 1500 mL to 1200 mL when the initial DCF 

concentration is increased. A shorter time was required for the breakthrough to achieve 

equilibrium for the removal of DCF at higher concentrations. When low initial concentrations 

were passed through the column, the pores on the adsorbent were slowly filled with the 

adsorbate in the early stage. At higher initial concentration, the pores on the adsorbent were 

rapidly filled with DCF molecules, as a higher amount of DCF molecules were present. As the 

time went by, the adsorbent pores were filled with adsorbate molecules and thus, no net 

adsorption occurred, resulting in low exhaustion time at a higher concentration. 

The higher concentration of DCF present and the rapid loading of DCF onto the 

adsorbent's pores have increased the uptake of DCF molecules at 27.68 

mg, with 60 mg/L. The total DCF molecules, mtotal, sent into the column has increased at higher 

initial concentration, thus, increasing the qtotal. The removal percentage of DCF has decreased 

with increasing initial concentration. This phenomenon may be attributed to DCF molecules 

being saturated on the adsorbent active sites when the number of adsorbate molecules far 

surpassed the available active sites [17].  

 

Table 3. Parameters for breakthrough curves at different initial concentrations. 
Initial concentration (mg/L) ttotal (min) Veff (mL) qtotal (mg) mtotal (mg) % Removal 

20 150 1500 18.21 40.68 44.76 

40 140 1400 26.86 63.31 42.43 

60 120 1200 27.68 79.47 34.84 
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Figure 4. Breakthrough curves at different initial concentrations. 

 3.4. Column adsorption model 

 The column adsorption models used to analyze the adsorption behavior of 

DCF were Bohart and Adams, Yoon-Nelson, and Thomas. The results from the experiments 

and the breakthrough curves were incorporated into the adsorption models.  

 3.4.1. Bohart and Adams model. 

Bohart and Adams model was applied in this study to assess the adsorption behavior 

of DCF in a fixed-bed column. In this model, adsorption is believed to occur continuously, and 

the equilibrium condition for the process will be achieved slowly [29]. The plots and values of 

each parameter for the Bohart and Adams model are shown in Figure 5 and Table 

4. The table shows the value of each parameter at different initial concentrations, bed heights, 

and flow rates of DCF. As observed from Table 4, when the height of adsorbent in the column 

is increased from 50 to 100 mm, the values of mass transfer coefficient, KBA, and the sorption 

capacity per unit volume, or the saturation concentration, No, are increased. KBA indicates the 

amount of DCF adsorbed by a given amount of adsorbent in a given period. 

 Meanwhile, the changes in the adsorbate initial concentration have also played a crucial 

point in determining the adsorption properties. When the initial DCF concentration was 

increased, the value of KBA started to decrease. This can be assumed to be due to the superior 

external diffusion at the early phase of DCF adsorption in the column [30]. KBA value was 

decreased from 0.0012 to 0.0005 L/mg∙min when the DCF inlet concentration was increased 

from 20 to 60 mg/L. As the concentration rises, a greater concentration gradient will form and 

reduce the mass transfer coefficient. In an investigation on removing malachite 

green using calcium alginate, a similar trend was seen, with rising dye concentration leading 

to a decrease in KBA [13].  

The KBA started to decrease when the flow rate was increased, which showed a similar 

pattern as the effect of initial concentration. This was due to the restricted time for adsorption 

to occur since the flow of adsorbate through the column was considerably faster at a greater 

flow of adsorbate per time. Meanwhile, as the initial concentration, flowrate, and bed height of 

DCF were increased, the value of No has also increased. The value of No started to decrease at 

very high conditions for all parameters. The trends were similar and had no significant 

differences for all conditions.  
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To assess the suitability of this model for the adsorption process, the correlation 

coefficient, R2, and error value, SSE, were employed. As the mathematical nature of all models 

is comparable, the correlation coefficient value, R2, for all models is similar, as shown in Table 

4 [23]. All parameters show smaller SSE values, based on the breakthrough curves in Figure 5 

for the Thomas model that shows no large differences between them. The breakthrough curves 

showed good accuracy with the model. This observation suggests that the surface diffusion 

mechanism was the rate-limiting phase in this adsorption process [14]. A smooth breakthrough 

curve can be seen for all parameters with high R2 and low SSE values. Thus, this model was 

assumed to be suitable in explaining the adsorption process. 

 

 

 
Figure 5. Breakthrough curves of Bohart and Adams model at different parameters: (a) bed height; (b) flow 

rate; and (c) initial concentration. 

 3.4.2. Yoon-Nelson model. 

 The Yoon-Nelson model was also utilized to investigate DCF adsorption. 

According to this model, the decrease in the rate of adsorption probability of molecules of 

adsorbates is approximately equal to the probability of adsorbate breakthrough and adsorption 

[21,22]. This model depends only on the adsorption theory and breakthrough data, which 

shows the simplicity of the model [29]. The time required to reach a breakthrough of 50%, τ, 

and the rate constant of Yoon-Nelson, KYN, for all conditions is tabulated in Table 4.  

When the adsorbent height was increased from 50 to 100 mm, the values of KYN and τ 

were also increased from 0.0334 to 0.0407 min-1 and 37.1 to 73.0 min, respectively. These 

increases are owed to the increase in adsorption sites for DCF. This observation was supported 

by a study conducted by Sudha et al., which demonstrated that τ would increase when bed 

height is increased [31]. The value of τexp for the different bed heights was in line with the τ 

value of the Yoon-Nelson model. Although large differences were obtained for these values, 

the trend for both parameters agreed.  
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In addition, an increase in KYN value when the concentration of adsorbate was increased 

can be presumed to be due to the competitiveness of the adsorbate with the active sites [31]. 

The τ value for the Yoon-Nelson model was decreased when the DCF concentration was 

increased. The reduction of τ value was because the active sites of the adsorbent were rapidly 

filled with adsorbate at higher concentrations and less residence time for the adsorption process 

[31]. At lower concentrations, the adsorbate interaction with the active site would be slower 

due to less opposition between the molecules. The values of τexp and τ for this model were not 

approximate close to each other at different initial concentrations. Nonetheless, the τ value was 

decreased with increasing DCF concentration, showing the same trend as the experimental 

data.  

In terms of flow rate, the value of KYN was decreased when the flow rate was increased 

between 10 to 30 mg/L. Furthermore, in terms of τ, when the solution flow rate was increased, 

the period to attain 50% breakthrough was decreased. The saturation time was reached faster 

when the solution flow rate was higher, corresponding to the decreasing amount of adsorbate 

being treated when the flow rate was increased. Kalfa et al. reported the same trend, whereby 

an increase in the flow rate of adsorbate had caused a reduction in τ [32].  

The lower the value of SSE, the better the adsorption parameter for the breakthrough 

model. Based on the data in Table 4, the SSE for the Yoon-Nelson model is in the low range 

as same as other models. Figure 6 demonstrates the Yoon-Nelson plot for three parameters

: initial adsorbate concentration, bed height, and flow rate. The depiction of the 

breakthrough curves agrees well with the experimental findings for all parameters. Yoon-

Nelson model is indeed applicable for characterizing the column adsorption’s 

dynamic behavior. 

 

 

 
Figure 6. Breakthrough curves of Yoon-Nelson model at different parameters: (a) bed height; (b) flow rate, 

and (c) initial concentration. 

3.4.3. Thomas model. 
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The Thomas model describes the Langmuir isotherm and second-order kinetics. This 

model was developed based on mass conversion in a flow system [29]. This approach is often 

utilized to evaluate the adsorption ability of column adsorption. Based on the formula, 

the value of adsorption capacity, qTH, and Thomas rate constant, KTH, can feasibly be derived 

through the intercept and gradient of the linear equation of the Thomas model. The plots and 

data for each parameter of the Thomas model are illustrated in the following Figure 7 and Table 

4. The adsorption capacity, qTH, was increased when the initial concentration of DCF was 

increased, whereas the value of KTH was decreased. This was due to the difference in DCF 

concentrations and the amount of adsorbent supplying the process of DCF uptakes with a 

driving force, thus, increasing the value of qTH [33].  

In terms of flow rate, when an adsorbate concentration with a specific volume, passes 

through the layer of adsorbent at a given time, was increased, the KTH and qTH values were 

decreased. The experimental adsorption capacity, qexp, and the predicted adsorption capacity, 

qTH, do not agree well at different flow rates of DCF solution. This condition showed that this 

model was less suitable to describe the effect of flow rate. Meanwhile, 

when the height of the adsorbent bed rises, the value of KTH will also increase, but the value of 

qTH will decrease. This situation may arise due to the higher mass transfer resistance when the 

bed height is increased [29]. This can be seen in the following Figure 7, which shows that the 

breakthrough curve for a higher bed height is slower compared to for smaller amounts of 

adsorbent. In terms of qexp and qTH at different bed heights, both parameters showed a good 

relationship, although some differences in value were observed between them. The plot in 

Figure 7 reveals that the breakthrough curve line and the data point for each parameter are 

approaching each other, except at a higher flow rate.  

This evinces that this model is well-fitted for the adsorption process, with a higher value 

of R2 and a smaller value of SSE. As previously explained, the value of R2 for all three models 

was in the same range of 0.88 to 0.97. Thus, all models were in good agreement with the 

adsorption process.  

 

 
Figure 7. Breakthrough curves of a Thomas model at different parameters: (a) bed height; (b) flowrate; and (c) 

initial concentration. 
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Table 4. Parameters and constants of Thomas, Bohart and Adams and Yoon-Nelson models at different 

operating conditions. 

Models Parameters 
Flowrate (mL/min) Bed height (mm) Initial concentration (mg/L) 

10 20 30 50 75 100 20 40 60 

Experimental qexp (mg/g) 5.4 3.2 2.3 6.0 5.3 4.4 3.6 5.4 5.54 

 Τexp (min) 57.1 26.1 20.9 32.3 57.0 63.7 62.2 57.0 35.3 

Bohart and 

Adams 

model 

 

KBA 

(L/mg.min) 
0.0009 0.0008 0.0008 0.0007 0.0008 0.0009 0.0012 0.0009 0.0005 

No (mg/L) 1473.7 1661.3 1357.1 915.6 1473.6 1313.5 1078.5 1473.6 1443.1 

R2 0.963 0.899 0.882 0.918 0.963 0.940 0.935 0.963 0.925 

SSE 0.038 9.805 0.026 5.757 0.065 0.156 0.077 0.065 0.028 

Yoon-Nelson 

model 

KYN (min-1) 0.0390 0.0360 0.0360 0.0334 0.0392 0.0407 0.0003 0.0392 0.0351 

τ (min) 62.4 34.8 19.9 37.1 62.4 73.0 76.0 62.4 43.0 

R2 0.963 0.899 0.882 0.918 0.963 0.940 0.934 0.963 0.925 

SSE 0.060 9.739 8.162 0.356 0.076 0.134 0.081 0.075 0.132 

Thomas 

model 

 

KTH 

(L/mg.min) 
0.0009 0.0008 0.0008 0.0007 0.0008 0.0009 0.0010 0.0008 0.0005 

qTH (mg/g) 5.6 5.3 5.2 5.4 5.3 4.7 4.1 5.6 5.7 

R2 0.963 0.899 0.882 0.918 0.963 0.940 0.935 0.963 0.925 

SSE 0.040 4.368 8.334 0.409 0.005 0.102 0.211 0.065 0.026 

4. Conclusions 

This study has successfully eliminated DCF from an aqueous solution using Dillenia 

Indica peels as activated carbon. The activated carbon was produced using the phosphoric acid 

activation method. Based on the findings, it was inferred that DCF adsorption was governed 

by its initial concentration, adsorbent bed height, and adsorbate flow rate. Adsorption was 

favourable at low flow rates, with the removal percentage of DCF decreasing with increasing 

flow rate. Additionally, an increase in the initial concentration of DCF and in the adsorbent bed 

height havethe adsorbent bed height has increased the DCF removal percentage. The 

breakthrough curves were also steeper at higher initial concentrations. At 10 mL/min of flow 

rate, 40 mg/L of adsorbate concentration, and 100 mm of bed height, the highest quantity of 

DCF adsorbed, 30.63 mg, was achieved, with a removal percentage of 44.93%. The 

breakthrough data were examined by utilizing the Bohart and Adams, Yoon-Nelson, and 

Thomas models. Based on the results, these models were suitable for explaining the column’s 

dynamic behaviour for the adsorption process. This conclusion was drawn from the difference 

between a predicted and experimental parameter, which was designated as SSE. Thus, Dillenia 

Indica peels, as activated carbon, may be utilized as an acceptable adsorbent in a fixed-bed 

adsorption column for removing DCF. Its efficacy in the laboratory showed that it could be 

applied in the real-world application. 
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