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REMOVAL OF MALACHITE GREEN DYE FROM AQUEOUS SOLUTION USING Verbascum 

Thapsus L. 

 

ABSTRACT 

Humans are the only producers of wastes accumulated in nature. 

Treatment technologies are developing by following, analyzing and 

imitating nature. Herbal bioadsorbents are natural substances used in 

wastewater treatment. In this study, Malachite Green (MG) was removed 

from the water with Verbascum Thapsus L. (VTL). VTL collected from Mount 

Ararat is a wild and invasive plant. SEM, BET and FTIR were used to 

determine adsorbent characterization. Experimental design was made with 

the surface response method (RSM). Optimum values obtained as a result 

of experimental studies: Adsorbent mass is 0.75g, pH6.5, initial 

concentration of adsorbed substance is 304mg/L and contact time of 

adsorption is 40 minutes. It was determined that the adsorption process 

was carried out in accordance with the Langmuir isotherm (R2=0.9997) and 

the second-order kinetic model (R2=0.9997). The maximum adsorbent 

capacity is 38.85 mg/g and the dye removal efficiency is 95%. As a result 

of the thermodynamic study; Gibbs free energy (∆G) was found to be 

negative for all temperatures. According to the results obtained at the 

end of the study, it was found that VTL is an effective adsorbent that 

can be used in chemical adsorption to remove MG from aqueous solution. 

Keywords: Adsorption, Verbascum Thapsus L. (VTL), 

          Surface Response Method (RSM) Malachite Green, 

          Bioadsorbent 

 

1. INTRODUCTION  

Water is the most important part of the living body. It is the 

source of life for people. Not only for life, but also for the 

environment, agriculture, industry, etc. It is also very important for 

production. Inorganic and organic wastes generated as a result of human 

activities cause high amounts of water pollution. These waters pose a 

threat to human health and other living things [1]. Water pollution 

attracts attention as a social problem because it causes the destruction 

of natural ecosystems. Historically, soil and water pollution has been 

addressed by environmental politicians. However, in order to protect 

agricultural production and human health, integrated policies that 

address both soil and water pollution need to be established [3, 4 and 

5]. The textile industry accounts for two-thirds of the total dyestuff 

https://www.sciencedirect.com/science/article/pii/S0141813023029781#ab0005
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market [6]. Dyed wastewater bodies; It is widely produced and applied 

in cosmetics [7], leather fabric, dyeing process [8], printing house, 

printing house, dye production and food factories [9]. These wastewaters 

are pollutants that are difficult to treat and are improperly transported 

from various sources and discharged directly into water resources [10] 

[11]. 

Dyed wastewater discharged into the aquatic environment increases 

the color saturation of the receiving water [12], prevents sunlight from 

entering the water, and this disrupts the photosynthesis of aquatic 

plants [13]. Wastewater poses a serious threat to the ecosystem and 

people. As a result, dyes are harmful even at very low concentrations 

[14]. It must be removed from the wastewater through an effective 

treatment process before it is discharged. Different methods are used 

to remove dyes from water. For color removal in the literature; Various 

purification processes have been developed, such as adsorption [15], 

membrane filtration [16], photocatalytic process [17], electrochemical 

method [18], advanced oxidation processes [19]. These techniques include 

adsorption and activity simplicity [20]. It has a great decontamination 

potential due to its low cost [21], high activity [22], rapid adsorption 

[23], and the use of a wide variety of adsorbents [15]. It is a promising 

method due to its many advantages and is widely used. Dye adsorption 

largely depends on adsorbents. Various studies have been conducted in 

the field of wastewater treatment using activated charcoal and other 

commercially available adsorbents. Activated carbon is a preferred 

material as an adsorbent due to its large surface area, porous structure 

and diversity of functional groups in its chemical structure. However, 

such products have not been adopted sufficiently due to the cost of 

their use [24 and 25]. In recent years, the use of bioadsorbents in 

adsorption technologies has increased due to their cheap and easy 

availability. Examples of bioadsorbents used are chitosan, peat, wood, 

sawdust and agricultural waste [26]. Such adsorbents are low-cost [27], 

environmentally friendly [28], and inherently safe [29]. According to 

the latest research; The accessibility and natural availability of the 

adsorbent [30] make adsorption a promising method [24 and 31]. 

In this study, it was aimed to adsorb Verbascum thapsus L. (VTL) 

and Malachite green (MG) dyes obtained from Ağrı province. MG is a 

cationic textile dye widely used in the paper, leather, wool, silk, 

textile and food industries. Despite its widespread use, it has negative 

effects on human health [32 and 33]. Verbascum thapsus L. (VTL), also 

known as mullein, is the largest genus of the Scrophulariaceae family 

with approximately 360 species, often growing in abandoned fields and 

meadows [34 and 35]. Its homeland is Europe, Asia and North Africa [36]. 

It is used in the treatment of asthma, cough and migraine [37]. In this 

study, VTL will be evaluated as a natural, renewable and low-cost 

material [38]. In this study, it is aimed to adsorb MG dyestuff using 

VTL facility. There is no adsorption study with VTL in the literature. 

 

2. RESEARCH SIGNIFICANCE 

In this study, the adsorption process occurred spontaneously. The 

maximum adsorption capacity of VTL reached 38.85 mg/g and its efficiency 

reached 95%. As a result of this process, there is no carbon release 

into nature. VTL is an adsorbent suitable for combustion after adsorption 

in cement factories. In this way, it can be evaluated within the scope 

of zero waste production. Since it is used raw, it does not release 

carbon into nature, and its use in factories after processing explains 

the importance of this research. 

Highlights: 

 A wild and invasive plant, Vebascum Thapsus L., was used to extract 

the Malachite Green dye from the aqueous solution 
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 Bioadsorbents do not release carbon when used untreated 

 In VTL adsorption, the maximum adsorption capacity reached 

38.85mg/g and the yield reached 95%. 

 

3. MATERIAL AND METHOD 

Verbascum thapsus L. (Bovine tail) was used as adsorbent in this 

study. The VTL used was obtained from rural areas of Ağrı and stored in 

the refrigerator at +4°C. Malachite green was used as dyestuff in the 

study. 

 

Table 1. Properties of Malachite Green dyestuff [39 and 40] 

Malachite Green  

Molecular weight (g/mol)      364.90 

Color                                                                 Green 

λmax (nm)                                                         619 

Purity <90% 

Chemical formula                                            C23H25CIN2 

Chemical structure                        

 

 

3.1. Vervascum thapsus L. (VTL) Preparation 

The VTL plant collected from the rural areas of Ağrı province was 

kept at room temperature (25°C) throughout the studies. The VTL was 

first washed with tap water. Then VTL was washed with distilled water 

again and dried in an oven at 105°C for 1 day (24 hours). The dried VTL 

was passed through a 35 mesh sieve and used as an undersieve 

bioadsorbent. 

 

 
Figure 1. Vebascum Thapsus L. (VTL) 

 

3.2. Adsorption Experiments 

ISOLAB precision balance for weighing MG and VTL in adsorption 

experiments, MIKROTEST-ELEKTROFOREST shaker incubator to mix the MG 

stock solution at constant temperature and 150 rpm throughout the 

experiments, An ISOLAB pH meter was used to adjust the acid-base level 

and a MICRO22R-HETTICH ZENTRIFUGEN centrifuge at 6000rpm for 5 minutes 

to separate the dye and herb in the solution. As a result of the 

experiments, a UV spectrophotometer (HACH DR-3900) at a wavelength of 

617nm was used to determine the color change. 
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Figure 2. Adsorption experiments 

 

In experiments; Optimization studies of adsorbent mass, pH, 

initial concentration of adsorbed material, contact time were made by 

RSM method. Experiments were carried out in 100mL volume and 250mL 

balloon was used in case of overflow. After the experiment, removal 

efficiency (%) and adsorbent capacity (qe) (mg/g) were calculated using 

formula 1 and formula 2, respectively [4 and 41]. 

Yield % =     
(𝐶𝑖−𝐶𝑓)

𝐶𝑖
 × 100                                         (1) 

qe =      
(𝐶𝑖−𝐶𝑓)×𝑉

𝑚
                                                 (2) 

m: is defined as the adsorbent mass (g) 

Ci: Inlet concentration of MG dye (mg/L) 

Cf: Output concentration of MG dye (mg/L) 

V: Solution volume (L) 

After the adsorption process, dye adsorbent, 0.1 M HCl and 0.1 M 

NaOH solutions were shaken with different balloons at 150rpm for 24 

hours for desorption of MG from VTL. The following equation was used to 

calculate the percent recovery. 

Regain % = 
𝐷𝑒𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛

𝐴𝑑𝑠𝑜𝑟𝑏𝑒𝑑 𝑃𝑎𝑖𝑛𝑡 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛  
 × 100 

 

3.2. Response Surfase Methodology (RSM) 

Removal of MG from solution with VTL was calculated using RSM. 

Four independent variable factors were used in the calculations. These; 

adsorbent mass, pH, initial concentration of adsorbed material and 

contact time. The number of experiments required to complete the 

calculations was determined using equation 3 below [42]. 

N = 2n+2n+Cp                                                                  (3) 

N: Number of experiments to be done 

n: Independent number 

Cp: Copies of center point numbers. 

Independent factor ranges were entered into the established model. 

The ranges of independent variables are shown in Table 2 (a total of 30 

experiments were performed). Experiment results were re-entered into the 

model. In this study, the Design Expert 11 program was used. 

Table 2. Variables to consider and limit values 

Variables Unit Factor Highest Value Low Value 

pH - A 2 10 

VTL mass g B 0,1 1 

Time min C 5 60 

MG concentration mg/L-1 D 10 400 
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3.2. Adsorbent Characterization 

In determining the surface morphology (VTL) of adsorbents; 

Scanning Electron Microscopy (SEM), in determining the surface area; 

Brunauer, Emmett and Teller (BET) and in the measurement of infrared 

spectra; Fourier Transform Infrared Spectroscopy (FTIR) devices were 

used. 

 

4. FINDINGS AND DISCUSSION 

4.1. Verbascum Thapsus Characterization (VTL) 

The formations in the surface morphology of the VTL plant used in 

experimental studies. SEM (Scanning Electron Microscopy) to study 

surface area, Brunauer Emmett and Teller (BET) and analysis of the 

incoming structure of the VTL and functional group FT-IR (Fourier 

Transform Infrared Spectroscopy) device for analysis used. 

 

4.2. Scanning Electron Microscope (SEM)  

SEM imaging was performed to examine and see the changes in the 

surface morphology of the VTL plant used in the study before and after 

the adsorption process. The surface morphology of the VTL indicates the 

presence of irregularly shaped particles of different sizes, as revealed 

by SEM. SEM images of the VTL are shown in Figure 3. 

 

 
Figure 3. SEM images of the VTL (10x) before and after adsorption 

 

In the examined SEM images, it is possible to see that the dyestuff 

adheres to the VTL before and after adsorption. Looking at the surface 

structure of the VTL, it is seen that there are wide indentations. Its 

wide and wide recesses allow it to interact with the dyestuff in a short 

time. Thanks to this feature, it reduces the adsorption time. After the 

adsorption process, it is possible to see that the surface of the VTL 

is coated with dyestuff. 

 

4.3. Surface Area Measurement (SEM) 

In this study, surface areas were determined with BET and Langmuir 

for the VTL plant. Raw BET and Langmuir surface areas of the VTL; 

decreases after adsorption. BET and Langmuir plots of raw and dyed VTL 

are given in Figures 4a, 4b and figures 5a, 5b. 
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Figure 4a. BET chart for raw VTL 

 
Figure 4b. Langmuir chart for raw 

VTL 

  
Figure 5a. BET chart for painted 

VTL 

Figure 5b. Langmuir table for 

painted VTL 

 
Table 3. Raw and painted BET and Langmuir surface areas of the VTL 

plant 

 VTL Plant 

Raw Painted 

BET Surface Area (m2/g) 4.84 2.29 

Langmuir Surface Area (m2/g) 6.33 3.80 

 
4.4. Fourier Transform Infrared Spectroscopy (FT-IR) 

FT-IR device in the study; It was used to determine the functional 

groups in the structure of VTL used as adsorbent. A diagram is created 

by using the frequencies formed as a result of vibration in determining 

the functional groups. Spectra are formed in regions where the relevant 

functional groups are located. Since spectra are specific to substances, 

it is possible to find functional groups from the resulting spectra. FT-

IR analysis of raw and dyed VTL is shown in Figure 6 and 7. According 

to the FT-IR analysis results, when looking at Figure 6 and Figure 7, 

it was seen that the peaks in the 504.29, 557.33, 593.00, 895.77, 

1159.01, 1316.18, 1424.17, 1453.10 and 2319.95cm-1 bands disappeared 

after the adsorption process. There were transitions in different groups. 

These are functional group alkyl halides and peak related the peak 

shifted from 532.26cm-1 to 539.97cm-1. In addition, shifts to nitro 

compounds with N-O asymmetric tensile bonds, aliphatic amines with C-N 

tensile bonds and aromatic functional group with C-C tensile bond (in-

ring) occurred. Changes in the spectrum before and after the adsorption 

process may indicate the characteristic of the adsorption process as 

sorption. This; It means that the MG reacts with the VTL by changing the 
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structure of the VTL. Considering all these analyzes, it was determined 

that the dyestuff in the aqueous solution was adsorbed by VTL. 

 

 
Figure 6. FT-IR Analysis of VTL Before Adsorption Process 

 

 
Figure 7. FT-IR Analysis of VTL After Adsorption Process 

 

4.5. Adsorption Optimization 

4.5.1. Response Surfase Methodology (RSM) 

As shown before, the effect of pH (A), time (B), adsorbent (C) and 

MG (D) concentration on adsorbent capacity was investigated by CCD 

method. Experimental design and response values are shown in Table 4. 

When the response values are examined in these studies, it varies between 

1.28364-55. The ratio between the maximum and minimum values was 

calculated as 42,847. Using 2FI, linear, quadratic and cubic models, a 

representative model with this value greater than 10 and indicating the 

need for transformation was obtained. According to the regression 

coefficient value (R2), the quadratic model, 20 constant values were 

used to represent the model. Statistical results obtained using the 

square root method are given in Table 5. The estimated R² (0.8056) is 

in acceptable agreement with the adjusted R² (0.9328). So the difference 

is less than 0.2. Adequate sensitivity measures the signal-to-noise ratio 

and it is desirable that this ratio be greater than 4. In this study, 

the ratio was calculated as 20,963, indicating an adequate signal. 
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Table 4. Experimental design and response values 

 

Std 

 

Set 

Variable 1 

A:pH 

Variable 2 

B:Time 

(min) 

Variable 3 

C:Adsorbent 

(g) 

Variable 4 

D:Concentration 

(mg/L) 

Reaction 1 

q mg/g 

13 1 4 18.75 0.775 278.1 27.6258 

21 2 6 32.50 0.1 141 50.8 

5 3 4 18.75 0.775 101.6 11.0968 

28 4 6 32.50 0.55 128.4 19.6 

2 5 8 18.75 0.325 98.6 18.6362 

26 6 6 32.50 0.55 128.4 19.6 

16 7 8 46.25 0.775 280.2 32.929 

25 8 6 32.50 0.55 128.4 19.6 

12 9 8 46.25 0.325 280.5 55 

11 10 4 46.25 0.325 279.3 48.9538 

6 11 8 18.75 0.775 97.8 9.52258 

4 12 8 46.25 0.325 98.6 22.5 

22 13 6 32.50 1 136 12.19 

24 14 6 32.50 0.55 302.4 43.8364 

30 15 6 32.50 0.55 128.6 19.6364 

1 16 4 18.75 0.325 93 16.2769 

15 17 4 46.25 0.775 278.1 31.4194 

29 18 6 32.50 0.55 278.1 44.2727 

20 19 6 60.00 0.55 278,1 46.8818 

27 20 6 32.20 0.55 195.6 31.8182 

14 21 8 18.75 0.775 280.2 28.929 

18 22 10 32.50 0.55 195.6 27 

3 23 4 46.25 0.325 93 20 

9 24 4 18.75 0.325 279.3 38.4923 

10 25 8 18.75 0.325 280.5 37 

7 26 4 46.25 0.775 101.6 12.271 

17 27 2 32.50 0.55 163.4 7.05455 

23 28 6 32.50 0.55 7.42 1.28364 

19 29 6 5.00 0.55 128.6 13.6364 

8 30 8 46.25 0.775 97.8 11.8452 

 

Table 5. Statistical results obtained using the square root method 

Source  Std. Dev. R2 Adjusted R2 Estimated R2 PRESS  

Lineer  0.3915 0.8822 0.8633 0.8190 5.89 Suggested 

2FI 0.4303 0.8918 0.8349 0.7743 7.34 - 

Kuadratik  0.2746 0.9652 0.9328 0.8056 6.32 Suggested 

Kübik  0.0375 0.9998 0.9987 - - Aliased 

 

4.5.2. Effects of Parameters 

As shown in the equation, the relationship between the adsorbent 

mass of VTL, pH, initial concentration of adsorbed material and contact 

time was investigated. 

√𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 + 20 

= 3.2634469422279 + 0.7361910085515 𝑝𝐻 + 0.030576144160436 Time 
− 3.8320691732475 Mass + 0.014625739910759 Concentration 

+ 0.0012771378658366 𝑝𝐻 × Time − 0.054483712362636 𝑝𝐻 × Mass 

+ 0.000020365506371925 𝑝𝐻 × Concentration 
− 0.030679433759497 Time × Mass + 0.000070127350927879 Time  

× Concentration − 0.00022050480936681 Mass × Concentration 

− 0.057007635936358 𝑝𝐻2 − 0.0002920354480329 Time2  

+ 2.6811977780878 Mass2 − 0.000019152731287654 Concentration2 

 

4.5.3. Model Optimization 

The developed model is optimized to determine the optimum 

conditions. For the optimization process, the pH (4-8) contact time was 

chosen as (18.75-45.00) minutes, respectively. A "minimum" amount of 

adsorbent dose and "maximum" dye concentration are recommended to reach 
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the maximum adsorbent value. Optimum variable values are given in Table 

6. 

 

Table 6. Model optimization values 

 

pH 

Time 

(min) 

Adsorbent 

(g) 

Dye Concentration 

(mg/L) 

Adsorption Capacity 

(mg/g) 

6.50 40.00 0.75 304.00 38.85 

 

4.5.4. Effect of Independent Factors on Capacity 

The adsorption process takes place in the pH range of 4-8. However, 

the maximum capacity was obtained in the pH range of 6.38 to 7.28 as 

shown in Figure 8. 

 

 
Figure 8. Effect of pH on adsorption capacity 

 

As the contact time increases, the adsorption capacity increases. 

The change in contact time and adsorption capacity depending on pH is 

shown in Figure 9. The maximum adsorption capacity is reached in the pH 

range of 6.38-7.28. But after 7.28 there is a decrease in pH. 

 

 
Figure 9. Effect of Time and pH on adsorption capacity 

 

There is an inverse relationship between the mass of the adsorbent 

and its capacity. MG concentration is directly proportional to capacity. 

The maximum capacity, mass effect and contact time obtained at minimum 

mass and maximum concentration are shown in Figure 9. 
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Figure 10. Effect of VTL and MG concentration on adsorption capacity 

 

4.5.5. Adsorption Isotherms 

In this study, Langmuir and Freundlich Isotherm models for VTL 

used as MG dyestuff and adsorbent in aqueous solution were examined 

separately. The Langmuir Isotherm is created by plotting the change of 

Ce/qe against Ce, calculated at equilibrium. The generated graph is 

shown in Figure 11. The Freundlich Isotherm model is constructed on the 

graph of the change of logqe calculated against logCe at equilibrium. 

The generated graph is shown in Figure 12. The isotherm coefficients 

calculated using the isotherm graphs given in Figure 11 and Figure 12 

are given in Table 7. 

 

 
Figure 11. Langmuir isotherm graph 
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Şekil 12. Freundlich isotherm graph 

 

Table 7. Langmuir and freundlich isotherm constants 

 Isotherm Constants 

Langmuir Isotherm  

KL=-1.5493 

aL=-0.0351 

R2=0.9953 

qmax=73.53 

Freundlich Isotherm 

KF= 16.7842 

n=-7299 

R2= 0.9924 

 

When Figure 10 and Figure 11 are examined, it is seen that Langmuir 

Isotherm model is more suitable as a valid isotherm model for adsorbing 

MG dyestuff in aqueous solution on VTL used as adsorbent. As seen in 

Table 7, the adsorbent capacity of the VTL was calculated as 73.53mg/g 

when the Langmuir Isotherm model was applied. 

 

4.6. Adsorption Kinetics 

4.6.1. First Order Kinetic Model 

In this study, log(qe-qt) vs time (min) graph shown in Figure 13 

was created to interpret the change in the rate of change of adsorption 

capacity over time. 

 

 
 Figure 13. First-order kinetic model (MG-VTL) 
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4.6.2. Quadratic (Pseudo) Kinetic Model 

A t-chart to t/qt was constructed to interpret the time dependent 

variation of adsorption capacity. The drawn graph is shown in Figure 14. 

 

Figure 14. Quadratic (pseudo) kinetic model (MG-VTL) 

 

Considering the R2 numbers (regressions) given in Figure 14, 

although it is very close to the first-order model, it was determined 

that the second-order kinetic model was suitable for use in the 

adsorption of MG to VTL. 

 

4.7. Thermodynamics 

Gibbs free energy (∆G) was found to be negative for all 

temperatures. This means that the adsorption phenomenon occurs 

spontaneously. Enthalpy values (∆H) were found positive. This indicates 

that adsorption is an endothermic reaction that takes energy in the form 

of heat. Entropy values (∆S) were found positive. This indicates that 

there may be a structural change between the VTL plant and the MG dye. 

 

Table 8. Thermodynamic Studies at Different Temperatures 

T (oC) ∆H (kJ/mol)  ∆S (J/mol.k) ∆G (kJ/mol) 

35 32.714  119.460 -4.081 

40  -4.678  

50 -5.873 

 

4.8. Desorption 

In this study, 5, 15, 35, 60, 90, 120 minutes and 24-hour 

desorption studies were performed separately in 0.1 M HCl and 0.1 M NaOH 

in 100 ml volume, and the desorption percentages are given in Table 9. 

According to the results given in Table 9, the maximum desorption 

percentages of HCl and NaOH were calculated as 4.04 and 0.41, 

respectively. 

 

Table 9. Desorption Results with HCl and NaOH Solution 

Time   

(min) 

HCI  

(100 mL) 

NaOH  

(100 Ml) 

Recovery With 

HCI (%) 

Recovery With 

NaOH (%) 

5 3.12 0.18 2.36 0.15 

15 4.78 0.23 3.62 0.19 

35 4.70 0.23 3.56 0.19 

60 5.06 0.29 3.83 0.24 

90 5.02 0.30 3.80 0.25 

120 5.15 0.33 3.90 0.28 

24 saat 5.34 0.48 4.04 0.41 

 

y=0,0128x + 0,1826
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As a result, considering the factors such as the lack of economic 

value and easy availability of the V. thapsus plant, its use as an 

adsorbent was found to be suitable for MG dye adsorption. According to 

the researched data, the highest dye adsorption at room temperature was 

304.00mg/L, pH 6.50, the adsorbent dose was 0.75g, and the adsorption 

capacity was 38.85mg/g when the adsorbent size was used under 35 mesh. 

In the above parameters, the maximum subtraction was 95%. Besides SEM, 

BET, FT-IR, adsorption has the Langmuir adsorption isotherm (R2=0.99) 

and conforms to pseudo-second order (R2=0.99) kinetics. In thermodynamic 

studies, it has been observed that adsorption is a self-propelled 

endothermic reaction. In the desorption studies, HCl and NaOH were used 

and the maximum yield was obtained as 4.04% and 0.88%, respectively. In 

line with these results, it was observed that there was no recovery in 

the adsorption process. 

 

5. RESULTS 

As a result, considering the factors such as the lack of economic 

value and easy availability of the V. thapsus plant, its use as an 

adsorbent was found to be suitable for MG dye adsorption. According to 

the researched data, the highest dye adsorption at room temperature was 

304.00mg/L, pH 6.50, the adsorbent dose was 0.75g, and the adsorption 

capacity was 38.85mg/g when the adsorbent size was used under 35 mesh. 

In the above parameters, the maximum subtraction was 95%. Besides SEM, 

BET, FT-IR, adsorption has the Langmuir adsorption isotherm (R2=0.99) 

and conforms to pseudo-second order (R2=0.99) kinetics. In thermodynamic 

studies, it has been observed that adsorption is a self-propelled 

endothermic reaction. In the desorption studies, HCl and NaOH were used 

and the maximum yield was obtained as 4.04% and 0.88%, respectively. In 

line with these results, it was observed that there was no recovery in 

the adsorption process. The removal capacity of the VTL should be studied 

using real textile wastewater. The topic can be developed by working on 

real wastewater. VTL is a material suitable for combustion in cement 

plants after adsorption. In this way, it can be evaluated within the 

scope of zero waste production. 
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ABBREVIATIONS 

C0 : Initial dye concentration (mg/L) 

Ce : Concentration of solute remaining in solution without 

being adsorbed at Equilibrium (mg/L) 

Ea : Activation energy (kcal/mol) 

k0 : Activation energy constant 

k1 : First-order kinetic model rate constant (L/min) 

k2 : Second-order kinetic model rate constant (g/mg.min) 

KF : Freundlich isotherm constant 

n : Adsorption density 

R2 : Correlation coefficient 

T   : Temperature (°C, K) 

t : Time 

qe   : Dye adsorbed per unit weight of adsorbent at equilibrium 

amount, (mg/g) 

qs : unit of adsorber to form a complete monolayer on the 

surface 

qt : Amount of dyestuff adsorbed at time t (mg/g) 

ΔH : Standard Enthalpy Change 

ΔG : Free Energy Entropy Change 
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ΔS    : Entropy Change 

V : Solution volume (L) 

BET : Brunauer-Emmett-Teller Isotherm Model 

FTIR : Fourier Transform Infrared Spectroscopy 

SEM : Scanning Electron Microscope 

HCl : Hydrochloric acid 

NaOH : Sodium hydroxide 

VTL : Verbascum Thapsus L. 

MG : Malachite Green 
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