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Abstract 

The rapid development of the global production printing and dyeing industry has 

led to an increase in the demand for various dyes. Crystal violet (CV), a versatile 

dye, is widely used in the textile industry and other applications. The reason for 

its widespread use is its effectiveness and the vivid color it gives to fabrics.CV 

dye is a water-soluble, toxic, resistant organic dye that is quite dangerous for the 

ecosystem and causes environmental pollution. Therefore, it must be removed 

before being released into the recipient environment. This study synthesized 

selenium nanoparticles (Se NPs) from agricultural Prunus avium L. (PaL.) wastes 

and removed CV dye. In batch adsorption tests, the effects of pH, amount of 

adsorbent, time, initial concentration, and temperature were investigated. In this 

study, where 3 different kinetic and isotherm models were tested, it was 

determined that the most suitable kinetic and isotherm models for the removal of 

CV dye with PaL-Se NPs were Pseudo second order (R2:0.999) and Langmuir 

(R2:0.997), respectively. Additionally, the maximum adsorption capacity (qmax) 

was calculated as 142.61 mgCV/g PaL-Se NP. Accordingly, it can be said that 

low-cost PaL-Se NPs synthesized by environmentally friendly methods are a 

suitable alternative for the removal of CV dye. 

Keywords: Agricultural waste, Prunus avium L., Green synthesis, Crystal violet, 

Nanoparticle, Adsorption 
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INTRODUCTION 

The acceleration of the production-based economy in the world in the last quarter, together with the progress 

in science and technology, also accelerated the growth of the textile industry. Due to this rapid growth, dye-based 

pollution has become a serious environmental problem faced by many developing countries (Ngoc Hoang et al., 

2021; Zhao et al., 2019). Synthetic textile wastewater, which contains dyes and has a complex aromatic ring 

molecular structure, causes harmful effects on the environment and humans, such as allergies, cancer, irritation 

and even mutations (Du et al., 2011). CV dye, which is included in this toxicological dye group, is a cationic 

triphenylemethane dye that is widely used in many areas such as textile colorant, paper dye and biological dye 

(Kulkarni et al., 2017). The presence of the dye in the aquatic ecosystem disrupts the photosynthetic activity of 

water and affects the fauna and flora of water bodies causing ecological imbalance. For this reason, dye wastewater 

must be treated before being released into the aquatic ecosystem (Rehan et al., 2023).Therefore, in order to prevent 

further degradation of the natural ecosystem and protect public health, there is a great need to develop an effective 

approach to remove dye wastewater prior to discharge into the aquatic ecosystem (Kubra et al., 2021).Removal of 

azo dyes from wastewater is a major challenge because these dyes have a resistant and complex structure that 

makes them durable for long periods of time. Thanks to these structures, they are thought to be electron-deficient 

xenobiotic compounds that are resistant to degradation (Cheruiyot et al., 2019). Many methods such as 

flocculation, coagulation, membrane filtration, chemical oxidation, ion exchange, electrolysis and reverse osmosis 

are used for dye removal from aquatic environments (Yagub et al., 2014). In addition to these methods, the 

adsorption method is one of the most widely used methods in dye removal from aqueous solutions. (Moosavi et 

al., 2020).Recently, bio-supported production of nanostructured materials (plants, etc.) by researchers has stood 
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out as environmentally friendly methods that play an important role in minimizing pollution (Rahmat et al., 2023). 

Physical, chemical or green synthesis (biological methods) methods are used in the synthesis of nanomaterials. 

However, physical and chemical processes can produce both expensive and toxic products. For this reason, green 

nanobiotechnology method is frequently used in the production of nanomaterials (Nikam et al., 2022). 

Nanoparticle-based adsorbents have shown great success in removing dye wastes from aqueous solution due to 

high surface area, nanoscale size, and chemical composition, among other physical and chemical characteristics 

(Mashkoor et al., 2020). Therefore, in this study, selenium nanoparticles (PaL-Se NP) were synthesized from 

agricultural Prunus avium L. (PaL.) waste and crystal violet (CV) dye was removed. In batch adsorption tests, the 

effects of pH, adsorbent amount, time, initial concentration and temperature were investigated, and kinetic and 

isotherm studies were carried out. Promising results were obtained in the removal of CV dye in this sustainable 

study, which was carried out as an alternative to other treatment methods. 

 

MATERIALS AND METHODS 

Chemicals 

All chemicals used in experimental studies are of analytical purity. Powder sodium selenite (Na2SeO3, 172.94 

g/mol, Sigma-Aldrich), crystal violet dye in powder form (C25N3H30Cl, 407.979 g/mol, Sigma-Aldrich), nitric acid 

in liquid form (HNO3, 1.39 g/cm3, 65%, Merck), sodium hydroxide in pellet form (NaOH, 40.00 g/mol, ≥99.0%, 

Sigma-Aldrich) and sulfuric acid in liquid form (H2(SO4)3, 1.81 g/cm3, ≥ 90-91 %, Merck) were used. 

 

Collection of Prunus avium L. (PaL) Plant 

In this study, the stalks of cherries purchased commercially in June in Şeyhan neighborhood of Artuklu district 

of Mardin province were removed. Later, he was washed many times, first with tap water and then even with pure 

water. At the end of the process, the cherry stalks were dried in a room protected from sunlight and ground into a 

powder with a rotary mill (Device name: Ika Universal Muhle). The obtained stalks were stored at +4 oC to be 

used in experimental procedures. 

 

Extraction of PaL wastes 

In this study, 50 grams of previously dried cherry stalks were weighed. The weighed cherry stalks were placed 

in a 1000 mL beaker. 400 mL of analytical purity ethanol was added, and it was covered and kept for four days. 

Then, it was subjected to filtration and the filtrate was removed and the ethanol was removed in a Heidolp brand 

evaporator. Then, the pure extract remaining at the bottom of the flask was used in experimental procedures(Baran 

et al., 2023). 

 

Biosynthesis of PaL -Se NPs 

500 mg of Prunus avium L. (PaL) plant extract, previously pure cherry fruit stalks, were taken into erlenmeayer 

flask and dissolved in 200 mL of pure water. Then, 150 mL of 75 mM was added from the stock sodium selenite 

Na2SeO3 solution. The reaction process was allowed to stir at 75 o C for 24 hours. Then, the dark-colored solution 

was taken and centrifuged (6000 rpm for 25 minutes). After centrifugation, the solid part was removed and placed 

on a glass pellet and dried at 80 °C for 72 hours. The obtained PaL-SeNPs were preserved to be used in absorption 

processes. Production stages are presented in Figure 1. 

 

         

Cherry PaL stalk Powdered form of 

PaL stalk 

Cherry PaL 

extract 

PaL-SeNPs 

from PaL 

Powder form of PaL-

SeNPs stalk 

Figure 1. Production scheme showing the synthesis of PaL-SeNPs obtained from PaL stalks 

 

Adsorption studies 

First of all, a stock solution of CV dye with a concentration of 1000 mg/L was prepared. Sequential dilute 

solutions were prepared from this stock solution and a calibration curve was created at a wavelength of 586 nm on 

a UV-Vis spectrophotometer (Hach DR6000, Germany). The equation y = 0.1871x + 0.0054 (R² = 0.9993) was 

used to measure dye concentrations in adsorption studies. Adsorption studies were carried out in an orbital shaker 

device (Heidolp, Unimax1010, Germany) at a stirring speed of 200 rpm. In addition, environmental parameters 
(effect of pH, adsorbent amount, time, and initial concentration) were also studied, and suitable conditions were 

determined for the adsorption of CV dye on PaL-Se NPs.  
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Equations (1) and (2) were used to evaluate the numerical data obtained.  

 

𝑅(%) =
𝐶0−𝐶𝑒

𝐶0
× 100        (1) 

𝑞𝑒 =
(𝐶0−𝐶𝑒)×𝑉

𝑚
       (2) 

 

Here, the term R refers to the removal efficiency, while the terms C0 and Ce refer to the dye concentrations 

(mg/L) at the beginning and end of the reaction, respectively. Additionally, the term V represents the solution 

volume (L) and the term m represents the amount of PaL-Se NPs (g).  

 

Adsorption kinetics 

Kinetic experiments were conducted at room temperature (23±2 0C), 200 rpm and neutral pH, in a 50 mL 

volume beaker with an initial dye concentration of 10 mg/L. Dye concentrations were measured by taking samples 

at certain intervals and Pseudo first order (equation no. 3) (Lagergren, 1898), Pseudo second order (equation no. 

4) (Ho et al., 1996) and Elovich (equation no. 5) (Kumar et al., 2011) models were tried to process the numerical 

values. 

 

Pseudo first order: non-linear:
𝑑𝑞𝑡

𝑑𝑡
= 𝐾1(𝑞𝑒−𝑞𝑡),   linear: 𝐿𝑜𝑔(𝑞𝑒−𝑞𝑡) = 𝐿𝑜𝑔 𝑞𝑒−

𝐾1

2.303
𝑡  (3) 

Pseudo second order: non-linear: 
𝑑𝑞𝑡

𝑑𝑡
= 𝐾2(𝑞𝑒−𝑞𝑡)2,  linear: 

𝑡

𝑞𝑡
=

1

𝐾2𝑞𝑒
2 +

1

𝑞𝑒
𝑡     (4) 

Elovic: non-linear: qt = 𝛽ln (𝛼𝛽𝑡),    linear: qt =
1

𝛽
ln(𝛼𝛽) + 

1

𝛽
ln 𝑡   (5) 

 

Here, the terms qe and qt express the amount of pollutant (mg/g) removed per unit adsorbent at equilibrium and 

any time t, respectively, while K1 and K2 are the kinetic constants of the models. Additionally, the term α represents 

the initial adsorption rate (mg/g.min) and β represents the model constant (g/mg). 

 

Adsorption isotherms 

Isotherm experiments were carried out at room temperature (23±2 0C), 200 rpm and neutral pH 5 mg PaL-Se 

NPs were added to 6 different tubes with a volume of 10 mL, with initial dye concentration ranging from 15.63 to 

500 mg/L, and after centrifugation for 120 minutes, the upper phase water was measured in a UV-Vis 

spectrophotometer. It was read according to the prepared calibration curve. The obtained numerical values were 

processed in Freundlich (equation no. 5) (Wang & Guo, 2020), Langmuir (equation no.6) (Guo & Wang, 2019; 

Langmuir, 1916) and Temkin (equation no.7) (Temkin, 1940) isotherm models. 

 

Freundlich: non-linear: 𝑞𝑒 = 𝑘𝐹𝐶𝑒

1
𝑛⁄
  linear: 𝑙𝑜𝑔(𝑞𝑒) = 𝑙𝑜𝑔(𝑘𝐹) + 1

𝑛⁄ 𝑙𝑜𝑔(𝐶𝑒)   (5) 

Langmuir: non-linear: 𝑞𝑒 =
𝑞𝑚𝑘𝐿𝐶𝑒

1+𝑘𝐿𝐶𝑒
   linear: 

𝐶𝑒

𝑞𝑒
=

1

𝑞𝑚𝑎𝑥𝑘𝐿
+

𝐶𝑒

𝑞𝑚𝑎𝑥
    (6) 

Temkin: non-linear: 𝑞𝑒 =
𝑅𝑇

𝑏𝑇
 𝑙𝑛( 𝑘𝑇𝐶𝑒)   linear: 𝑞𝑒 =

𝑅𝑇

𝑏𝑇
 𝑙𝑛(𝑘𝑇) +

𝑅𝑇

𝑏𝑇
 𝑙𝑛(𝐶𝑒)   (7) 

 

Here, the term qe represents the amount of pollutant removed per unit adsorbent in equilibrium (mg/g), the term 

Ce represents the final pollutant concentration (mg/L), and Kf and n represent the Freundlich constants. In the 

Langmuir isotherm, the term qm represents the maximum adsorption capacity (mg/g) and KL represents the 

Langmuir adsorption constant (L/mg). The equation “RL=1/(1+aL.C0)” is needed to find the dispersion constant 

(RL) in the Langmuir isotherm. Here, the term aL refers to the Langmuir constant and C0 refers to the initial 

pollutant concentration of the reaction (mg/L). Additionally, in the Temkin equation, the term B refers to the model 

constant (J/mol). To calculate this, the equation “B=RT/bT” is used. Here, the term R refers to the universal gas 

constant (8.314 J/mol. K), the term T refers to the temperature (K), and bT refers to the isotherm constant (kj/mol). 

 

RESULTS AND DISCUSSION 

Influence of environmental factors 

In order to determine the effect of pH on removing the CV dye of PaL-Se NPs, pH 3, 5, 7 and 9 were used in 

4 different tubes with an initial CV concentration of 10 mg/L and an initial amount of PaL-Se NPs of 10 mg, at a 

stirring speed of 200 rpm at room temperature. Experiments were carried out for 120 minutes. At the end of the 

period, 7.81, 6.98, 6.92 and 6.88 mg/L dye measurements were observed in the dye measurements made in the 

upper phase, respectively. In this case, it was determined that the dye removal efficiency reached from 21.9% to 

31.2% with increasing pH. In this context, it can be stated that although the removal efficiency is low in strongly 

acidic conditions, there is an increase in efficiency in neutral pH and partially basic environments, but the 
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difference is not very high. When the literature was examined, it was reported that the removal efficiency of CV 

dye was carried out by coating Fe3O4 on biochar and that the removal efficiency was suitable at neutral and high 

pH (Sun et al., 2015). Similarly, in a different study in which CV dye was removed by synthesizing magnetic 

nanoparticles, it was reported that pH increases positively affected the yield (Samrot et al., 2021). 

On the other hand, experiments were carried out under similar environmental conditions to determine in which 

direction the removal of CV dye was affected by varying amounts of PaL-Se NPs. Again, in 5 different 

experiments with a volume of 10 mL, where the initial CV concentration was 10 mg/L, 5, 10, 20, 40 and 80 mg 

PaL-Se NPs were added to each tube, and CV concentrations were measured at the end of the period. According 

to the data obtained, 84.7% efficiency was achieved at 5 mg dosage, while the efficiency reached 88.2% in the 

experiment where 10 mg PaL-Se NP was added, and finally, the output dye concentration could not be observed 

in the experiment where 20 mg PaL-Se NP was added. Therefore, it is clear that the removal efficiency increases 

as the amount of adsorbent increases. When the literature was examined, it was reported in a study in which CV 

dye was removed by loading silver nanoparticles on activated carbon that the increase in the amount of adsorbent 

contributed positively to the removal efficiency (AbdEl-Salam et al., 2017). Similarly, in a different study in which 

CV dye was removed with photogenic magnetic nanoparticles, it was reported that a decrease in the CV dye output 

concentration was observed because of the increase in the amount of adsorbent (Ali et al., 2018). 

To determine the effect of the initial dye concentration on the removal efficiency in the adsorption process, 

experiments were carried out in 6 different test tubes with a volume of 10 mL, each with an adsorbent amount of 

0.5 g/L, under the same environmental conditions, with the initial dye concentration ranging from 15.63 to 500 

mg/L. The data obtained from the dye analyses performed at the end of the period are presented in Figure 2(a). 

Accordingly, at an initial concentration of 15.63 mg/L, the dye concentration remaining in the solution in the 

experimental unit was measured as 5.9 mg/L, the removal efficiency was calculated as 62.24% and qe was 

calculated as 19.45 mg/g. When the initial dye concentration was 125 mg/L, the exit concentration was measured 

as 68 mg/L, the removal efficiency was calculated as 45.6% and qe was calculated as 114 mg/g. Finally, when the 

initial dye concentration reached 500 mg/L, the output concentration, removal efficiency and qe values were 

calculated as 434 mg/L, 13.2% and 132 mg/g, respectively. Accordingly, it is said that the dye removal efficiency 

is inversely proportional to the increase in the initial dye concentration, while the amount of substance removed 

per unit adsorbent increased in direct proportion. When the literature was examined, it was reported that similar 

results were obtained in the removal of CV dye with magnetic nanoparticles (Amodu et al., 2015). 

It is very important to determine the effect of contact time on removal efficiency in the adsorption process. To 

determine this, 25 mg PaL-Se NPs were added to a 50 mL volume beaker with an initial CV concentration of 10 

mg/L under the same environmental conditions, samples were taken at certain time intervals and CV dye analysis 

was performed in the upper phase liquid. The results obtained are presented in Figure 2(b). During the 300-minute 

experiment period, at the end of the 1st minute, the dye concentration decreased to 5.36 mg/L, in this case, the qt 

value was calculated as 9.28 mg/g and the removal efficiency was calculated as 46.4%. While no significant 

decrease was observed in the exit dye concentration as the reaction time was extended, the CV concentration was 

measured as 3.57 mg/L at the end of 300 minutes, the qt value was 12.86 mg/g and the removal efficiency was 

calculated as 64.3%. When the literature was examined, it was determined that CV and MB dyes were removed 

by synthesizing magnetic iron oxide nanoparticles from fig leaves, and a decrease in dye concentration was 

observed as the reaction time increased (Alizadeh et al., 2017).  

 

 

 

Figure 2. a) Effect of initial concentration; C0:15.63-500 mg/L, V: 10 mL, m: 0.5 g/L, pH 7.0, T: 230C, mixing 

200 rpm, Time: 120 min, b) Effect of contact time, V: 50 mL, m: 0.5 g/L, C0:10 mg/L, pH 7.0, T: 230C, stirring 

200 rpm. 
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Adsorption kinetics 

To determine which of the Pseudo first order, Pseudo second order and Elovich kinetic models the numerical 

data obtained in the experiments conducted in the laboratory fit, the data obtained by removing the linear regression 

curves of the models are shown in Table 1 and Figure 3(a), (b) and (c). is also presented. In addition, the graph 

showing the change in time of the amounts of pollutants removed per unit adsorbent obtained from laboratory 

experiments and the values obtained from kinetic models is presented in Figure 3(d). 

Thanks to kinetic models, information is obtained about how long it takes the adsorbent to remove the pollutant 

it is intended to remove. In addition, information is obtained about the step of the adsorbent in adsorbing the 

pollutant. The R2 value is generally considered to determine which kinetic, and isotherm model the numerical data 

obtained from experimental studies are suitable for. When the table is examined, the R2 values of the Pseudo first 

order and Elovich kinetic models were calculated as 0.962 and 0.947, respectively, while the R2 value of the Pseudo 

second-order kinetic model was calculated as 0.999. Accordingly, the adsorption process of PaL-Se NP particles 

to the CV dye occurs following the Pseudo second-order kinetic model. When the literature was examined, the 

removal of CV dye was achieved with nanoparticles obtained from corn starch and it was reported that it fit the 

Pseudo second order kinetic model with an R2 value of 0.999 (Gad et al., 2019). On the other hand, in a study in 

which carbon nanotubes and nanoparticles were synthesized and the CV dye was removed, it was found that there 

was a Pseudo second order kinetic model with an R2 value of 0.999 (Gabal et al., 2014). In another study, cv dye 

removal from aqueous solution was examined using a surfactant-modified magnetic nanoadsorbent and it was 

reported that it fit the Pseudo second-order kinetic model with an R2 value of 0.993 (Muthukumaran et al., 2016). 

In another reported study CV dye removal from aqueous solution was examined using Spirulina-based 

surfactant-modified iron oxide nanoparticles for the adsorptive removal of CV dye, and it was stated that it fit the 

Pseudo second-order kinetic model with an R2 value of 0.964 (Bhukal et al., 2022). 

Table 1. Kinetic and isotherm parameters were calculated for the adsorption of CV on PaL-Se NPs. 

    Parameter R2 

Kinetic models 

Pseudo first order k1 = 0.052   0 .962 

Pseudo second order k2 = 0.034 qe = 12.407 0 .999 

Elovich β = 1.544 α = 587384 0 .947 

Isotherm models 

Freundlich kF = 11,986 1/n = 0.447 0 .844 

Langmuir kL = 0.034 
RL = 0.172 

qmax = 142.61 
0 .997 

Temkin BT = 0.085 kT = 0.374 0 .921 

 

Adsorption isotherms 

To determine the most appropriate isotherm model for the adsorption of CV dye on PaL-Se NPs, calculations 

of Freundlich, Langmuir and Temkin models were made and presented in Table 1. In addition, linear regression 

curves were created and shown in Figure 4(a), (b) and (c), and the change of experimental and theoretical qt values 

against Ce values is shown in Figure 4(d).  

In this context, the R2 values of the Freundlich and Temkin isotherm models were calculated as 0.844 and 

0.921, respectively, while the R2 value of the Langmuir isotherm model was calculated as 0.997. Additionally, the 

maximum adsorption amount was calculated as 142.61 mg/g. Accordingly, it seems that the most suitable model 

for the adsorption of CV dye on PaL-Se NPs is Langmuir. In the Langmuir isotherm model, it can be said that the 

adsorption process occurs in certain localized regions and there is single-layer adsorption (Vijayaraghavan et al., 

2006). When the literature was examined, the removal of CV dye was achieved by obtaining nickel oxide 

nanocomposite with various nickel compounds, and it was reported that the most suitable model was Langmuir 

with an R2 value of 0.999 and a qmax value of 53.16 mg/g (Bani-Fwaz et al., 2021). On the other hand, in a study 

in which F3O4 nanoparticle synthesis was carried out from weathered basalt stones, the CV dye was removed, and 

it was reported that the most suitable model was the Langmuir model with an R2 value of 0.967 and a qmax value 

of 282.5 mg/g (Abu Sharib et al., 2021). 
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Figure 3. a) Pseudo first order model, b) Pseudo second order model, c) Elovic model, d) change graph of 

experimental and theoretical qt values against t. 

 

 

 

 

 
Figure 4. Regression curves of each isotherm model (a) Freundlich, b) Langmuir, c) Temkin and d) Variation of 

experimental and theoretical qt values against Ce values. 
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Comparison of the study and the results obtained with the literature 

A summary of the experimental conditions and results of this study is presented in Table 2, along with a 

comparison of similar studies in the literature. In the study carried out for the purpose of adsorption of CV onto 

functionalized multi-walled carbon nanotubes, it showed good agreement with langmuir and freundlich isotherm 

models and pseudo-second-order kinetic model; the maximum adsorption capacity was 90.52 mg/g (Sabna et al., 

2016). In the study in which CV dye was removed with the nanomaterial obtained from chitin shrimp shell, the 

removal efficiency 79.13% and adsorption capacity were found to be 39.56 mg/g (Gopi et al., 2016). To remove 

the Congo red (CR) dye, zinc oxide (ZnO) in nanoflake form on the zeolite surface was used. In a different 

adsorption study, it was determined that the most suitable kinetic model was the pseudo-second order kinetic 

model, and the most suitable isotherm model was the langmuir isotherm model, and the maximum adsorption 

capacity was 161.3 mg/g (Madan et al., 2019). In a study in which CV dye was removed with Citrus Fortinella-

Se NPs, it was determined that the most appropriate kinetic model was the pseudo-second order kinetic model with 

an R2 value of 0.999, and the most appropriate isotherm model was freundlich with an R2 value of 0.993. The 

maximum adsorption capacity was 23.55 mg/g (Solmaz et al., 2024). In this study, it was determined that the most 

suitable kinetic model was the pseudo-second order kinetic model with an R2 value of 0.999, and the most suitable 

isotherm model was the langmuir isotherm model with an R2 value of 0.997. The maximum adsorption capacity 

was 142.65 mg/g. As a result, the PaL-Se NPs used in our study are seen as promising for environmental studies 

due to their adsorption capacity and environmental friendliness. 

 
Table 2. Comparison of the results obtained with the literature. 

 This study (Sabna et al., 2016) (Gopi et al., 

2016) 

(Madan et al., 

2019) 

(Solmaz et al., 

2024) 

NP Chemical Se 
Commercial 

product 

Chitin-

Fe3O4 
ZnO Se 

NP Origin prunus avium 
multi-walled carbon 

nanotubes 
shrimp shell silica zeolitic citrus fortunella 

Experiment volume (mL) 50 20 40 50 50 

Mixing speed (rpm) 200 - 600 - 200 

Experiment time (min) 120 45 - 60 1500 

Working pH's 3-9 3-8 - 3-12 7.0±0.5 

pH adjusting agent 
0.1 M 

H2SO4/NaOH 
- - - 

0.1 M 

H2SO4/NaOH 

Working temperature 

(0C) 
23±2 - Room Room 23±2 

Removed pollutant CV CV CV CR CV 

Working pollutants 

concentrations (mg/L) 
15.63-500 25-150 - 25-500 6.25-200 

Adsorbent amount (g/L) 0.5 0.25-1.25 - 0.025– 0.1 g - 

Best fitted kinetic model 
pseudo-second-

order 

pseudo-second-

order 

- pseudo-

second-order 

pseudo-second-

order 

Best fitted isotherm 

model 
Langmuir 

Langmuir-

Freundlich 
- Langmuir Freundlich 

Max. adsorption capacity 

(mg/g) 
142.61 90.52  39.56 161.3 23.55 

 
CONCLUSION 

In this study, the removal of CV dye was carried out with PaL-Se synthesized from agricultural PaL wastes. 

The effects of pH, adsorbent amount, initial dye concentration and contact time on CV dye removal were discussed. 

By comparing the values derived from the linear forms of 3 different isotherms and kinetic models, The most 

suited kinetic model was found to be Pseudo second order, and the most appropriate isotherm model was Langmuir. 

On the other hand, the maximum CV removal amount of PaL-Se NPs was calculated as 142.61 mgCV/g PaL-Se 

NPs. Studies were carried out between pH 3-9 to determine the effect of pH on the removal of CV dye from PaL-

Se NPs. Additionally, studies were performed between pH 3-9 to determine the effect of pH on the removal of CV 

dye from PaL-Se NPs. In this case, it was determined that as the pH increased, the dye removal efficiency reached 

from 21.9% to 31.2%. Overall, these results indicate that green synthesis of selenium nanoparticles has the 

potential to be an effective, economical and environmentally friendly method for many scientific and technical 

applications in the future for the treatment of organic dye pollution in aquatic ecosystems. 
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