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Introduction: Dyes are among dangerous contaminants that are 

often found in textile wastewater. These pollutants have 

significant health effects on humans, and destructive 

environmental effects on the ecosystem of aquatic plants and 

animals, and can alter the physicochemical properties of water. 

Hence, in this work, the methylene blue (MB) dye removal 

using sawdust of pistachio tree was investigated.  

Materials and Methods: This study was performed 

experimentally on a laboratory scale. The influence of various 

factors including dye concentration, pH of the solution, sawdust 

of pistachio tree dosage, and reaction time on dye removal 

efficiency was investigated.  

Results: The results showed that under optimized conditions of 

dye concentration of 50 mg L-1, pH of solution equal to 8.0, 

sawdust of pistachio tree dosage equal to 0.14 g L-1 and reaction 

time of 100 min, was 99.7%. The adsorption process follows 

the second order kinetics of R2= 0.9931 and the Langmuir 

isotherm R2= 0.9943.  

Conclusion: The adsorption process using sawdust of pistachio 

tree can be used as a high efficiency economic adsorbent in 

textile wastewater treatment. 

Article History: 

Received: 01.09.2020 

Accepted: 22.12.2020 

DOI:10.22123/PHJ.2021.275842.1086 

Keywords: 

Adsorption 

Sawdust of Pistachio Tree 

Methylene Blue Dye 

Textile Industry 

Kinetics 

Isotherm 

Corresponding Author: 

Maryam Dolatabadi 

Email: Health.dolatabadi@gmail.com 

Tel: +98-3431325241 



Akram Ghorbanian et al./ Removal of Methylene Blue Dye 

Pistachio and Health Journal/ Vol. 3, No. 4, Autumn 2020, 63-76 

 64 

1. Introduction 

Today, due to increasing need for 

water, lack of water resources and finally 

an increase in water prices, wastewater 

reuse, especially in industry to meet part of 

the water needs, has received more 

attention. The textile industry is a widely 

used industry in the world and the amount 

of water consumed by this industry is 

noteworthy. One of the main problems of 

the textile industry is the presence of dye 

molecules in the effluent from this 

industry [1, 2]. Considering that dyes used 

are often high molecular weight and also 

have aromatic rings, they are resistant to 

biodegradation. Some dyes produce toxic 

cyclic amines, which lead to the formation 

of nitroso and amine compounds, which 

are highly carcinogenic, and consequently 

cause irreparable damages to humans and 

the environment [3].  

Researchers have shown that dyes in 

low concentrations cause various problems 

such as skin allergies, dermatitis, and in 

high concentrations, cause dysfunction of 

the immune system and sometimes cancer 

in humans, and reduces beauty, light 

transmission, and dissolved oxygen and 

causes atrophy and disrupts the process of 

photosynthesis and endangers the life of 

aquatic animals, especially fish by staining 

the effluent. Therefore, it is necessary to 

remove them from aquatic environments. 

Methylene blue (MB) dye is widely used 

in various industries, including the textile, 

leather, cosmetics and pharmaceutical 

industries. Brightness, ease of use, optimal 

stability during washing and its low cost 

are among the factors that cause MB dye 

to be used widely in the textile industry  

[4, 5].  

There are various methods for 

removing dyes from wastewater and 

aqueous solutions including physical 

treatment processes such as reverse 

osmosis [6-7], adsorption [8], as well as 

biological treatment methods such as 

trickling filter and activated sludge [9], 

and chemical methods such as advanced 

oxidation [10] and electrochemical 

oxidation methods [11] and etc. Biological 

treatment is inefficient for microorganisms 

due to complex structure as well as the 

toxicity of dye molecules. The cost and 

use of various chemicals during chemical 

treatment processes have limited the use of 

this method. Adsorption process (using 

activated carbon and zeolites as adsorbents 

on a real scale) is based on simple 

technologies and is one of the promising 

techniques that are used in water and 

wastewater treatment today [12]. 

Recently, researches have attentive on 

various adsorbents, which are able to 

remove contaminants from wastewater 

with low-cost. Some by-products of 

industrial and agricultural processes can 

replace expensive adsorbents in the 

adsorption process. Sawdust is one of the 
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by-products of agricultural and industrial 

processes. Sawdust contains functional 

groups such as -COOH and -OH as well as 

polar groups such as aldehyde, ketone, 

acid, lignin, cellulose and hemicellulose 

and other phenolic compounds, which 

increases the ability to absorb pollutants 

on its surface.  

Therefore, in this study, MB dye was 

removed from textile wastewater using 

sawdust of pistachio tree and the effect of 

important operational parameters such as 

concentration of dye, solution pH, sawdust 

of pistachio tree dosage, and reaction time, 

as well as kinetics and isotherm processes 

were investigated. 

2. Materials and Methods  

Methylene blue dye with chemical 

formula (C16H18ClN3S), was produced 

with 99.9% purity, hydrochloric acid 

(HCl), sodium hydroxide (NaOH), and 

other chemicals with laboratory grade.  

A solution of 500 mg L-1 of MB dye was 

prepared as stock and other concentrations 

used were prepared from it.  

2.1- Absorbent Preparation  

Sawdust was collected from the 

branches and wood of pistachio tress. 

These wastes were crushed by a crusher 

and washed by water to remove surface 

contamination, then dried immediately at a 

temperature of 80-90 °C for 3 hours until 

reaching a constant weight. Using standard 

ASTM sieves, they were meshed with 50 

mesh (average size of 300 µm) [13].  

2.2- Absorption Experiments  

Adsorption experiments were done in a 

reactor. The effect of selection parameter 

such as dye concentration, solution pH, 

sawdust of pistachio tree dosage, and 

reaction time on dye removal efficiency 

was investigated using sawdust of 

pistachio tree. The pH of the samples was 

adjusted using HCl and NaOH. The 

specified dosage of sawdust of pistachio 

tree was added to the reactor at the 

specified time and was in contact with the 

dye at a specified concentration. After the 

reaction was completed, the sample was 

taken out of the reactor and then 

centrifuged, and finally, using a UV/Vis 

spectrophotometer at a maximum 

wavelength of 610 nm, and the removal 

efficiency was determined by the bellow 

equation [14].  

 
 

(1) 

 

3. Results and Discussion  

3.1- Surface characteristics of 

sawdust of pistachio tree 

The FT-IR spectrum of sawdust of 

pistachio tree was investigated to 

investigate the functional groups and is 

shown in Figure 1. 
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Fig. 1 - Fourier-transform infrared spectroscopy (FTIR) of sawdust of pistachio tree 
 

FTIR of sawdust of pistachio tree was 

analyzed. According to Figure 1, the wide 

bands formed in the frequency range of 

13200 to 3600 cm-1 belong to the -OH 

groups, in which the frequency spectrum 

of 3366 cm-1 is attributed to this functional 

group. There is also a wavelength of 2925 

cm-1 in this spectrum, which indicates the 

asymmetric elasticity of C-H because the 

peak position at frequencies of 2700 cm-1 

to 3000 cm-1 belongs to the C-H group.  

C-O tensile absorption appears in the 

range of 1000 to 1450 cm-1, with the 

frequency of 1443 belonging to this 

spectrum and confirming the existence of 

the C-O functional group. The peak in the 

wavelengths of 600 cm-1 to 850 cm-1 

belongs to the group of O-H Cl vibrations, 

in which the frequency spectrum of 602 

cm-1 is assigned to this group [15, 16]. 

3.2- The Effect of Dye 

Concentration  

The concentration of pollutant is one of 

the factors influencing the removal rate by 

the treatment process. To determine the 

effect of dye concentration on the 

adsorption process using sawdust of 

pistachio tree, dye concentration of 25 mg 

L-1 to 100 mg L-1 was investigated. Figure 

2 shows the effect of the concentration of 

MB dye on the removal efficiency.  

As shown in Figure 1, increasing the dye 

concentration reduces the MB dye removal 

efficiency. Thus, when the dosage of 

sawdust of pistachio tree is equal to 0.3 g 

L-1, the pH of the solution is equal to 7, 

and the reaction time is equal to 100 min, 

and increasing the dye concentration from 

25 mg L-1 to 100 mg L-1, decreases the 

removal efficiency from 83.2% to 41.8%, 
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in other words, a decrease of 41.6% in the 

removal efficiency. The diagram also 

shows that in other concentrations studied, 

including concentrations of 25, 50, 75 and 

100 mg L-1, the removal efficiencies are 

equal to 83.2%, 82.4%, 62.8% and 41.6%, 

respectively. The maximum removal 

efficiency obtained in the concentration of 

25 mg L-1 and 50 mg L-1. Considering that 

the efficiency of the two mentioned 

concentrations (25 mg L-1 and 50 mg L-1) 

is very close to each other, therefore, the 

dye concentration will be considered 

constant and equal to 50 mg L-1. 
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Fig. 2- The effect of MB concentration on removal efficiency 
 

3.3- Effect of pH of Solution 

The pH of the solution effects the 

chemistry of aqueous environment and the 

planar junction. To determine the effect of 

pH of the solution on the treatment of MB 

dye using sawdust of pistachio tree, pHs of 

4 to 10 were studied. Experiments were 

conducted by considering other parameters  

 
 

constant; including dye concentration 

equal to 50 mg L-1, sawdust of pistachio 

tree dosage equal to 0.3 g L-1, and reaction 

time equal to 100 min, and MB dye 

removal efficiency was tested and the 

experimental results are shown in Figure 3. 
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Fig. 3- Effect of solution pH on MB dye removal efficiency 
 

According to Figure 2, by increasing 

the pH, the removal efficiency of MB 

increases so that at pHs 4, 6, 8 and 10, the 

removal efficiency was equal to 38.1%, 

64.4%, 89.8%, and 93.6% respectively.  

It can also be noted that by increasing the 

solution pH from 4 to 10, the removal 

efficiency increases by 55.5%. The 

obtained data showed that at alkaline pHs 

of 8 and 10, the removal efficiency 

increased by less than 40%, which is very 

small, and on the other hand, alkaline 

conditions equal to 10 cause corrosion in 

equipment and increases consumption of 

chemicals to adjust the pH. Therefore, the 

optimal pH was considered to be 8.  

3.4- The Effect of Sawdust of 

Pistachio Tree  

To determine the effect of sawdust of 

pistachio tree on MB dye treatment, 

experiments were performed by 

considering the parameters constant, 

including dye concentration equal to 50 

mg L-1, pH of solution equal to 8, and the 

dosage of sawdust of pistachio tree were 

tested in different dosage from 0.1 g L-1 to 

0.5 g L-1, and the results are shown in 

Figure 4. As Figure 4 shows, with 

increasing the adsorbent, the dye removal 

efficiency increases so that in different 

sawdust of pistachio tree dosage 0.1 g L-1, 

0.2 g L-1, 0.3 g L-1, 0.4 g L-1 and 0.5 g L-1, 

the removal efficiency will follow an 

ascending trend and will be equal to 

31.7%, 67.1%, 89.4%, 99.5% and 99.7%, 

respectively. According to the obtained 

data, the sawdust of pistachio tree dosage 

at 0.4 g L-1 and 0.5 g L-1has remained 

constant, so the concentration of 0.4 g L-1 

is regarded as the optimal dosage of 

sawdust of pistachio tree. 
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3.5- The Effect of Reaction Time  

The reaction time of the present study 

was investigated at 10 to 120 min. 

According to Figure 5, increasing reaction 

time increases the dye removal efficiency 

so that under constant conditions including 

the dye concentration of 50 mg L-1, the pH 

of the solution equal to 8, and the sawdust 

of pistachio tree dosage equal to 0.4 g L-1 

during 10, 20, 30, 50, 100 and 120 min, 

the removal efficiency were obtained as 

23.3%, 41.5%, 57.4%, 99.5%, and 99.3% 

respectively. According to Figure 5,  

the dye removal process reaches 

equilibrium at 100 min, so the optimal 

time is equal to the equilibrium; 100 min. 
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Fig. 4- The effect of sawdust of pistachio tree on MB dye removal efficiency 
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Fig. 5- the effect of reaction time on MB dye removal efficiency 
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3.6- Adsorption Kinetics  

Adsorption kinetics depends on the 

physicochemical properties of the sawdust 

of pistachio tree as adsorbent, that affect 

the adsorption mechanism. In fact, kinetic 

studies are used to describe the transfer 

behavior of pollutant molecules per unit of 

time or to study variables affecting the 

reaction rate. The linear form of the first 

order kinetics is shown in Eq (2) and the 

linear relation of the second-order kinetics 

is shown in Eq (3) [17].  

 

(2) 

 

 

(3) 

 

qt: (mg g-1), qe: (mg g-1), k1: (min-1), 

and K2: (g mg-1min-1). 

The parameters and coefficients related 

to the kinetics of the adsorption process 

were presented in bellow table (Table 1). 

Table 1- Coefficients and parameters of first and second order kinetics 

First-order kinetics Second-order kinetics 

R2 qe (mg g-1) K1 (min-1) R2 qe (mg g-1) K2 (g mg-1min-1) 

0.9361 65.1 0.2704 0.9931 26.12 0.058 

 

3.7- Adsorption Isotherms  

In this study, two isotherms of 

Freundlich and Langmuir were studied. 

The Langmuir model has valid and limited 

uniform adsorption sites for monolayer 

adsorption on the adsorbent surface. The 

linear equation of the Langmuir isotherm 

is as Eq.(4) [18]. (4)  

 

 

(4) 

  

qe: (mg g-1), qm: (mg g-1), Ce: (mg L-1), 

b: Langmuir constant  

 

 

Freundlich isotherm is located on 

heterogeneous adsorption sites with 

unequal and dissimilar energies based on 

monolayer adsorption. In other words, 

Freundlich equation expresses the 

absorption at a heterogeneous level in 

terms of adsorption energy and is defined 

as Eq.(5) [19, 20].  

 

Lnqe= Ln Kf +1/n LnCe 

(5) 

 

 

 



Akram Ghorbanian et al./ Removal of Methylene Blue Dye 

Pistachio and Health Journal/ Vol. 3, No. 4, Autumn 2020, 63-76 

 

71 

In the Freundlich isotherm, when Kf 

increases, the adsorption capacity of the 

adsorbent to adsorb the desired pollutant 

increases, and also a value of n between 1 

and 10 indicates the appropriate adsorption 

process. When the value of n is close to 1, 

the heterogeneity of the surface becomes 

less important, and when the value is close 

to 10, the heterogeneity of the surface 

becomes more important. The parameters 

of the Langmuir and Freundlich isotherms 

are presented in Table 2. 

 

Table 2- Parameters of Freundlich and Langmuir isotherm 

Langmuir isotherm Freundlich isotherm 

qm (mg g-1) b (L mg-1) RL R2 Kf N R2 

70.34 3.8 0.005 0.9943 33.21 3.12 0.9238 

 

4. Discussion  

4.1 The effect of concentration MB 

dye  

The concentration of MB dye was 

investigated at 25 to 100 mg L-1. The 

experimental results indicated that the 

concentration of MB had a negative effect 

on the removal efficiency. In other words, 

increasing the concentration of MB 

reduces the removal efficiency. The results 

of the study of Mashkoor et al. (2020) 

which removed MB dye using Tectona 

grandis sawdust showed that the removal 

efficiency decreases with increasing the 

concentration of MB dye [21]. Naza et al. 

(2019) removed MB dye using sawdust of 

Malus domestica as an adsorbent and 

observed that with increasing the 

concentration of MB dye, the removal 

efficiency decreases [22]. The reason for 

the decrease in removal efficiency with 

increasing MB concentration can be 

explained by the fact that in a constant 

dosage of pistachio tree sawdust 

(adsorbent), active adsorption sites are 

constant, but with increasing MB dye 

concentration, the number of pollutant 

molecules in the reaction medium 

increases, and therefore the removal 

efficiency decreases.  

4.2- Investigating the Effect of pH  

Solution pH was applied in the range of 

4 to 10 and its effect on the MB dye 

removal was studied and evaluated. The 

pHpzc of sawdust of pistachio tree is equal 

to 5.2, then at pHs below pHpzc the surface 

charge of the sawdust of pistachio as 

adsorbent is positive and cationic, and at 

pHs above 5.2, the surface charge of 

sawdust is anionic. On the other hand, MB 

dye is one of the cationic dyes and its 

predominant charge is positive. Therefore, 
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at pHs higher than 5.2, since sawdust of 

pistachio tree (adsorbent) has a negative 

charge and MB molecule has a positive 

charge, electrostatic attraction and 

adsorption take place. At pH less than 5.2, 

the adsorbent and MB dye have a positive 

and like charge, and an electrostatic 

repulsion is generated and the removal 

efficiency is reduced [23, 24].  

4.3- The Effect of Sawdust of 

Pistachio Tree Dosage 

The sawdust of pistachio tree dosage 

was investigated at 0.1 to 0.5 g L-1 and the 

experimental results indicated that with 

increasing the sawdust of pistachio tree 

dosage, the removal efficiency increases. 

The results of the study conducted by 

Gardazi et al. (2019) who removed MB 

dye using white cedar sawdust showed that 

the removal efficiency increases with 

increasing the sawdust of pistachio tree 

dosage [25]. Un et al. (2019) also removed 

MB dye using poplar sawdust. The results 

of their study showed that with increasing 

the sawdust of pistachio tree dosage, the 

removal efficiency of MB dye increases 

[26] and this phenomenon is due to high 

adsorption sites and surface area of 

sawdust of pistachio tree. It can also be 

stated that at a constant of all condition, 

with increasing the sawdust of pistachio 

tree dosage, the ratio of active sites present 

on the sawdust of pistachio tree surface to 

MB dye molecules will be high and 

therefore, the removal efficiency will 

increase, while at low sawdust of pistachio 

tree dosage the ratio of active sites to dye 

molecules decreases and as a result the 

removal efficiency decreases [27, 28].  

4.4- The Effect of Reaction Time  

Reaction time and equilibrium time are 

among the important and basic parameters 

in the design of adsorption processes. 

Therefore, technically, investigating the 

reaction time is an integral part of any 

technique, especially the adsorption 

technique. In this study, the reaction time 

of 10 to 120 min was studied. The 

experimental results revealed that the MB 

dye adsorption has an increasing trend for 

up to 100 min and from 100 min onwards, 

the adsorption process reaches equilibrium 

and shows a relatively constant trend.  

The effect of reaction time can be 

expressed in this way: increasing the 

contact time, increases the probability of 

the pollutant molecule colliding with the 

adsorbent and thus the removal efficiency 

increases [29, 30].  

4.5- Investigation of Adsorption 

Kinetics and Isotherms 

The two models of adsorption kinetics 

that are widely utilized for adsorption 

processes are models of first and second 

kinetics. First-order kinetics shows that 

adsorption occurs by penetration through a 

layer, and second-order show that 

chemosorption is a step-by-step process 

that manage this process. The results of 

kinetics showed that the removal MB by 

sawdust of pistachio tree follows the 
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second-order model. The amount of R2 in 

the removal of MB was 0.9931. The 

coefficient K2 was equal to 0.058 and the 

value of qe was equal to 26.12 mg g-1.  

In this study, Freundlich and Langmuir 

isotherms were investigated. As can be 

seen in Table.2, The R2 for Freundlich 

isotherm was equal to 0.9238 and for 

Langmuir isotherm was equal to 0.9943, 

which shows that the adsorption process 

has a linear relationship with the amount 

of R2 higher than Langmuir isotherm. 

Also, b values were equal to 3.8 and also 

the qm was equal to 70.34 mg g-1 of 

pollutant/gram of adsorbent. In Langmuir 

model, a dimensionless coefficient called 

separation factor (RL) was used to express 

the main feature and characteristic of 

isotherm which can be applied to estimate 

the suitability of sawdust pistachio tree for 

MB adsorption. The status of the isotherm 

can be interpreted according to the value 

of the separation factor. If RL value is 

more than 1, the adsorption is undesirable, 

if it is equal to 1, the adsorption is linear, if 

it is zero, the adsorption is irreversible, and 

if it is between 0-1, the adsorption is 

optimal. The value of RL in this study was 

equal to 0.005, which is between 0-1 so 

absorption is desirable [31,32]. Tounsadi 

et al. (2020) TR dye removal from the 

textile industry using Acacia sawdust 

showed that the adsorption follows the 

second-order and the Langmuir model. 

Equilibrium time (te) and maximum 

absorption capacity (qm) in this study were 

120 min and 230 mg g-1, respectively [33].  

5. Conclusion  

In this study, the efficiency of 

adsorption process using sawdust of 

pistachio tree adsorbent in removing MB 

dye from textile wastewater was 

investigated. The influence of variables of 

dye concentration, pH of solution, sawdust 

of pistachio tree dosage and reaction time 

on dye removal efficiency was studied. 

The results showed that sawdust of 

pistachio tree is highly efficient in 

removing MB dye and under optimal 

conditions, including MB concentration of 

50 mg L-1, sawdust of pistachio tree 

dosage of 0.4 g L-1, solution pH of 8, and 

the reaction time of 100 min, the 

efficiency was 99.7%. According to the 

obtained experimental results, the sawdust 

of pistachio tree can be used as a green and 

environmentally friendly technique in 

textile wastewater treatment using the least 

amount of chemicals. 
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