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Protecting water is vital for life on Earth and environmental sustainability . Industrial and 

metallurgical effluent pollutants are a major source of water pollution each year [1]. 

Among the most problematic pollutants found in industrial effluents are synthetic dyes, 

which are widely used across various sectors. Throughout the world, many industries, such as 

the cosmetic, food, and paper industries, use dyes in large quantities. Most of these dyes are 

used in the textile industry for their chemical stability and ease of synthesis. The global 

coloring production is more than 7 × 10⁵ tons per year, with Azo coloration accounting for 60 

to 70% of the total [2]. However, there are serious environmental problems with the use of 

these synthetic dyes .These industrial aqueous effluents may include tinctorial effluents, 

which may contain chemicals that are toxic to microbial populations as well as toxic or 

carcinogenic to humans or animals . Therefore, it is important to look for efficient methods 

and materials for their removal. Many methods have been suggested for wastewater treatment 

and dyes removal, like adsorption , biodegradation , oxidation , or photocatalytic degradation . 

Adsorption belongs to the simplest, noncomplicated, and low-cost method for removing 

various types of pollution, including dyes. Various types of adsorbents such as carbon-based 

materials [3]. 

this research aims to find an alternative method for the usage of activated carbon, which 

was costly to be used commercially for the organic compounds . Therefore, the more cost- 

effective and widely abundant agricultural waste was investigated for its potentials such as 

banana peels , sugarcane bagasse, coconut husks, paddy husks and , lime shells, Neem leaves , 

barley, rice husk and wood dust . The adsorbent material must have high adsorbent 

characteristics, potentially capable in ion exchange, cheap and easily available [4]. 

Our study focuses on the adsorption of methylene blue dye from wastewater using a low- 

cost natural material: peanut shells. The objective is to evaluate the efficiency of this 

biosorbent in dye removal and study the effects of various factors on the adsorption process. 

The study is divided into three chapters: 

 

The first chapter presents the theoretical background related to wastewater, dyes, and 

adsorption mechanisms. 
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The second chapter describes the experimental procedures and the preparation of the 

adsorbent. 

The third chapter presents and analyzes the results using kinetic and isotherm models to better 

understand the adsorption behavior. 

Finally ,this study concludes with a general conclusion that summarizes the main results. 
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1. Introduction 

 

 
Water pollution by industrial dyes is one of the most significant environmental 

challenges facing the world today due to its negative impact on ecosystems and human health. 

Dyes are widely used in various industries, leading to the discharge of large quantities into 

wastewater, where they are difficult to degrade naturally. Among the effective techniques for 

removing these pollutants, adsorption stands out as a promising solution due to its high 

efficiency and low cost. This study aims to explore this technique and its role in improving 

water quality while highlighting the effects of dyes and different treatment methods. 

2. Wastewaters 

 
2.1. Generalities 

 

Wastewater is used water that has been affected by domestic, industrial and commercial 

use. The composition of all wastewaters is thus constantly changing and highly variable, 

which is why it is so difficult to pinpoint a singular definition of the word itself. 

The composition of wastewater is 99.9% water and the remaining 0.1% is what is 

removed. This 0.1% contains organic matter, microorganisms and inorganic compounds. 

Wastewater effluents are released to a variety of environments, such as lakes, ponds, streams, 

rivers, estuaries and oceans. Wastewater also includes storm runoff, as harmful substances 

wash off roads, parking lots and rooftops [5] 

2.2. Types of waste waters 

 

Often used interchangeably with the term sewage, "sewage" technically denotes any 

wastewaters which pass through a sewer. Prior to entering a wastewater treatment plant, 

wastewater is sometimes called raw wastewater or raw sewage. 

a. Domestic wastewater originates from activities such as restroom usage, bathing, food 

preparation and laundry. 

b. Commercial wastewater from non-domestic sources, such as beauty salons or auto 

body repair shops, for example. This wastewater may contain hazardous materials and 

requires special treatment or disposal. 
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c. Industrial wastewater originates from industrial or commercial manufacturing 

processes, such as agriculture, and are usually more difficult to treat than domestic 

wastes. Industrial wastewater’s composition varies on an industry-by-industry basis [5]. 

 

3. Waters pollution by dyes 

 
Water is the source of life on the planet's surface. Water safety has become a crucial 

requirement for safe drinking water as a result of the increase in activities that can pollute 

water supplies. Every year, thousands of tons of dyes used in industry are discharged into 

water [6] 

3.1. Generalities on dyes 

 

Dyestuffs are hydro or oil-soluble, colored organic chemical compounds that are usually 

dissolved in water and bound to surfaces or fabrics to impart color to textiles. The majority of 

dyes are complex organic molecules that are designed to bind strongly to the polymer 

molecules that make up the textile fiber, and must be able to withstand a wide range of external 

effects [7]. 

Dyes as colored organic compounds or mixtures used to color paper, cloth, plastics and 

leather. The dye substrate must be resistant to washing and stable to light. It is important to 

note that not all colored materials are dyes, as a dye must be fixed to the material to give it a 

permanent color [8] 

Dyes are usually large aromatic molecules, often with many rings linked together. An 

aromatic ring structure linked to a side chain in the dye molecule structure is necessary for 

resonance and hence for the transfer of color [9]. 

The resonance structures responsible for color are those that cause the shifting or appearance 

of absorption bands in the visible spectrum of light. In the synthesis of a dye, the correlation 

of chemical structure and color is achieved by a chromogen-chromophore-auxochrome 

combination. 

Three essential groups can be found in a dye molecule: the chromophore, auxochrome and 

matrix [10]. Thus, dyes are organic colorants that contain at least one unsaturated compound 

(chromophores) and one functional group (auxochromes). The chromophore present in the 

https://www.sciencedirect.com/topics/materials-science/potable-water
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structure may be an aromatic structure containing benzene, naphthalene, or anthracene rings. 

The chromophore group responsible for the color formation is represented by the following 

radicals: azo (-N=N-); carbonyl (=C=O); carbon (=C=C=C=); carbon-nitrogen (>C=NH or - 

CH=N-); nitroso (-NO or N-OH); nitro (-NO or =NO-OH); and sulfur (>C=S, and other 

carbonsulfur groups). 

These, in combination with a chromogen, form the basis for the chemical classification of 

dyes. Since the chromogen-chromophore structure is often insufficient to provide adequate 

solubility and thus the dye cannot adhere to the fiber of the material,auxochromes are 

required. Auxochromes enhance the color of the dye. 

Auxochromes, also known as binding affinity groups, can be amine (-NHX2), hydroxyl (- 

OH), carboxyl groups (-COOH), aldehydes (-CHO), sulfonic acid (-SO3H) or their 

derivatives [7]. 

3.2. Classification of dyes 

There are several ways for classification of commercial dyes. It can be classified in terms 

of structure, colour and application methods [11]. However, due to the complexities of the 

colour nomenclature from the chemical structure system, the classification based on 

application is often favourable [12]. 

The classification based on chemical structure for the common class of the dyes is 

presented in Table 1.1. Table 1.2 represents the different applications based on classification. 

Other than the above, dyes are also usually classified based on their particle charge upon 

dissolution in aqueous application medium such as cationic (all basic dyes), anionic (direct, 

acid, and reactive dyes), and non-ionic (dispersed dyes) [11]. 
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Table 1.1 : Classification of dyes according to the chemical structure adapted from [13]. 
 

 

 

Table 1.2 (A) : Classification of dye based on their chemical nature adapted 

from [14]. 
 

Class Substrate Method of application Chemical types 

Acid. Wool, nylon, silk, 

inks, leather and paper. 

Generally from neutral 

to acidic bath 

Anthraquinone, 

xanthene, azo 

(including, nitroso, 

premetallised), nitro, 

and triphenylmethane. 

Basic Basic Inks, paper, 

polyacrylonitrile, 

treated nylon, and 

polyester 

Applied from acidic 

dye baths 

Hemicyanine, azo, 

cyanine, 

diazahemicyanine, 

azine diphenylmethane, 

xanthene, 

triarylmethane 
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Table 1.2 (B) : Classification of dye based on their chemical nature adapted from [14]. 

 

Direct Nylon, rayon, paper, 

leather and cotton 

Applied from neutral 

or a little alkaline bath 

containing additional 

electrolyte 

Phthalocyanine, azo, 

oxazine, and stilbene 

Disperse Polyamide, acrylic 

polyester, acetate, and 

plastics 

Fine aqueous 

dispersions often 

applied by high 

temperature/ pressure 

or lower temperature 

carrier methods; dye 

may be padded on 

cloth and thermo fixed 

Benzodifuranone, azo, 

anthraquinone, nitro, 

and styryl 

Reactive Wool, cotton, silk and 

nylon. 

Reactive site on dye 

reacts with functional 

group on fibre to bind 

dye covalently under 

influence of heat and 

pH. 

Anthraquinone, 

formazan, 

phthalocyanine, azo, 

oxazine and basic 

Sulphur Rayon and cotton Aromatic substrate 

vatted with sodium 

sulphide and reoxidised 

to insoluble sulphur- 

containing products on 

fibre 

Indeterminate structure 

Vat Wool and cotton Water-insoluble dyes 

solubilised by dropping 

in sodium hydrogen 

sulphite, then 

exhausted on 

reoxidised and fibre. 

Indigoids and 

anthraquinon 
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3.3. Toxicity of dyes 

 

 

Basic dyes have high intensity of colours and are greatly visible even in very little 

concentration. The complex dyes are generally chromium based, which is carcinogenic.Dyes may 

affect the photosynthetic activity in aquatic life due to decreased light penetration and may also be 

toxic to some aquatic life due to the presence of metals, aromatics, etc. . Furthermore, dyes are 

also carcinogenic, mutagenic, or teratogenic in various microbiological, fish species. Additionally 

it can also cause severe damage to human beings such as dysfunction of the kidney, reproductive 

system, liver, brain and central nervous system . 

Azo dyes are toxic because of the presence of toxic amines in the effluent . Similarly 

anthraquinonebased dyes are most resistant to degradation and remains colour for a large time in 

effluents . Reactive dyes are water soluble and 5–10% of the dyes go in the dye bath giving highly 

coloured effluent causing serious troubles in the environment . Additionally, reactive dyes that are 

chemically stable and having little biodegradability are likely to pass through conventional 

treatment plants untreated, so their elimination is of great importance. Due to their toxic effects, 

dyes have generated much concern regarding its use. It has been informed to cause mutagenesis, 

chromosomal fractures, carcinogenesis, and respiratory toxicity. Therefore focuses on specific 

methods and technologies to remove dyes from different kinds of wastewater streams are desired 

[11] 

3.4. Current treatment methods for dye removal 

 

 

There are numerous methods to treat dye bearing effluents. In spite of the availability of 

many techniques to remove dye contaminants from wastewaters, such as coagulation, chemical 

oxidation, membrane separation process, electrochemical and aerobic and anaerobic microbial 

degradation, each of these methods have inherent limitations. The technologies can be divided 

into three categories: physical, chemical and biological [15]. All of these methods have their 

own advantages and disadvantages. Table 1.3 shows the advantages and disadvantages of 

different dye removal methods. 
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Table 1.3 : Advantages and disadvantages of dye removal methods [16] 

 

Methods Advantages Disadvantages 

Chemical Methods 

Oxidative 

process 

Simplicity of application (H2O2) agent needs to activate by 

some 

Means 

Ozonation Ozone can be applied in its gaseous 

state and does not 

increase the volume of wastewater 

and sludge 

Short half-life [20 min] 

Fenton’s reagent Fenton’s reagent is a suitable 

chemical means 

Sludge generation 

Sodium 

hypochloride 

[NaOCl] 

Initiates 

cleavage 

and accelerates azo-bond Release of aromatic amines 

Electrochemical 

destruction 

No consumption of chemicals and 

no sludge build up 

Relatively high flow rates cause a 

direct 

decrease in dye removal 

Biological Methods 

Decolorization 

by 

white-rot 

fungi 

White-rot fungi are able to degrade 

dyes using enzymes 

Enzyme production has also been 

shown to 

be unreliable 

Adsorption by 

living/dead 

microbial 

biomass 

Certain dyes have a particular affinity 

for binding with 

microbial species 

Not effective for all dyes 

Anaerobic 

textiledye 

bioremediation 

systems 

Allows azo and other water- 

soluble dyes to be decolorized 

Anaerobic breakdown 

methane and 

hydrogen sulphide 

yields 

Other microbial Decolorized in 24–30 h Under aerobic conditions cationic 
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cultures [Mixed 

bacterial] 

 dyes are 

not readily metabolized 

Physical Methods 

Adsorption by 

activated carbon 

Good removal of wide variety of 

Dyes 

Cost of activated carbon 

Membrane 

filtration 

Removes all dye types Concentrated sludge production 

Ion exchange Regeneration: no adsorbent loss Not effective for all dyes 

Irradiation Adsorbent loss, effective 

oxidation at lab scale 

Requires a lot of dissolved O2 

Electro-kinetic 

coagulation 

Economically feasible High sludge production 

 

 

3.5. Methylene blue dye 

Methylene blue dye is a heterocyclic aromatic chemical compound with a planar structure .It 

has a molceular weight and chemical formula of 319.85 g/mol and C16H18N3Sl (Fig. 1), respectively . 

MB dye is a prevalent blue, cationic, and thiazine type of dye that has been widely applied in the 

textile industry as a fiber coloring agent , and also in the field of medicine as staining agents, and for 

prophylactic and therapeutic purposes.Table1 presents the extensive details of the other 

physicochemical properties of MB dye are presented . [17] 

 

 

 

 

Figure 1.1: Molecular structure of Methylene blue [18] 
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Table 1.4: Some physico-chemical properties of MB [17]. 
 

Parameters Values/names 

Maximum wavelength of absorption (λmax) 664 nm 

Another name Swiss blue 

Ionization Basic 

Degree of solubility 3.55% 

Color index name Basic blue 9 

Color index number 52015 

Aqueous pH Strongly acidic between pH 2.0–3.5 

 

4. Adsorption 

 
4.1. Definition of adsorption 

 

Adsorption is a phenomenon that describes the interaction between two different phases that forms 

an interface layer by transfer of a molecule from a fluid bulk (liquid or gas) to a solid surface [19]. 

the process of adsorption can be physical or chemical. 

 

Adsorption is a process in which pollutants are adsorbed on the solid surface. Basically, it is a 

surface phenomenon and adsorption takes place by physical forces but, sometimes, weak 

chemical bondings also participate in adsorption process. A molecule (pollutant) adhered to the 

solid surface is called an adsorbate, and the solid surface as an adsorbent. Adsorption is 

controlled by various parameters such as temperature, nature of the adsorbate and adsorbent, and 

the presence of other pollutants along with the experimental conditions (pH, concentration of 

pollutants, contact time, particle size, and temperature) [20]. 

4.2. Types of adsorption 

 

 

4.2.1. Physic-Adsorption 

 

 

As result of the bonds that those atoms have with the neighboring atoms of the same 

substance. Adsorption is carried out on such surfaces through natural attractive forces or the so- 

called vander waals forces (3). This type of adsorption can be in the form of multiple layers of 

the adsorbent material on the surface of the adsorbent material when suitable conditions of 
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pressure and temperature are available . The adsorbent and the adsorbent, which is estimated at 

less than (40 kj/mol), therefore, this type of adsorption does not need high temperatures and does 

not require activation energy and occurs at low temperatures similar to the process of 

condensation of vapors on the surfaces of liquid materials [21]. 

4.2.2. Chemical Adsorption 

 

 

This type of adsorption occurs on surfaces that are not electronically unsaturated, as such 

surfaces tend to form chemical bonds with the atoms or molecules that have been adsorbed. As a 

first step in the chemical reaction that occurs between the adsorbent surface and the adsorbent 

material, this type of adsorption needs a high activation energy, as well as the accompanying 

temperatures are high and estimated in a quantity greater than ((40 kJ/mol), and this type of 

adsorption is specific and is not reversed and limited by its layer Oxygen adsorption on coal 

surface, hydrogen chloride adsorption on iron surface. The Factors affecting on Adsorption [21]. 

. 

 

 

Figure 1.2: Physical and chemical adsorption [21]. 

 

Table 1.5: Differences between physical and chemical adsorption [19]. 

 

Criteria Physical Adsorption Chemical Adsorption 

Specificity Non-specific. Highly-specific 

Nature of adsorption Depend on nature of 

adsorbent. 

Depend on nature of adsorbent. 

Reversibility Reversible process. Mainly irreversible 

Enthalpy Low (20-40 kJ/mol). Higher than physical adsorption 
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  (40-300 kJ/mol). 

Activation energy Does not require high 

activation energy. 

Require high activation energy. 

Layer of adsorption 

of interfacial region 

(saturation) 

Multi layers. Mono layer. 

Bonding Week Van der Waals, 

London forces, and dipole- 

dipole attraction 

This attraction has longer 

range than chemical type, 

and there is no chemical 

composition change for 

substrate. 

Strong ionic bond, or covalent 

bond formed between substrate 

and adsorbent, there is a 

chemical composition change. 

This attraction has shorter range 

than the physical type. 

 

 

4.3. Factors affecting adsorption of dye 

 

 

4.3.1. Effect of solution pH 

 

 

According to several papers, the key parameter in almost all adsorption processes is the pH of 

the dye solution. This factor affects the capacity of the adsorbent and the efficiency of the 

process. The pH affects the solution chemistry of contaminants, the activity of functional groups 

in the adsorbent, the competition with coexisting ions in the solution, and the surface charge of 

the adsorbent. The pH of the aqueous medium can also influence the properties of the adsorbent, 

the adsorption mechanism, and the dissociation of dye molecules. Not only the adsorbent but 

also the chemical structure of the dye can be altered by the pH of the solution. The pH changes 

the surface charge and the degree of ionization of the adsorbed ion [7]. 

 

4.3.2. Effect of Amount of adsorbent 

The amount of adsorbent is an important parameter for determining the adsorbent capacity for 

a given amount of adsorbent under operating conditions. In general, the percentage of dye 

removal increases with increasing the amount of adsorbent with increasing the number of 

adsorption sites on the adsorbent surface. The effect of the amount of adsorbent material presents 
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an idea for the adsorption process, which is economically viable [16]. 

 

4.3.3. Effect of Initial Dye Concentration and contact time 

 

The initial dye concentration is perhaps one of the most important factors influencing the 

adsorption process, as it indirectly affects the efficiency of dye removal by reducing or 

increasing the availability of binding sites on the adsorbent surface [7]. 

Generally, dye removal rate increase with an increase in contact time to a certain extent. Due 

to deposition of dyes on the available adsorption site on adsorbent material, any further increase 

in contact time will not increase the uptake [22]. At this point, the amount of dye desorbing form 

the adsorbent is in a state of dynamic equilibrium with the amount of dye being adsorbed onto 

the adsorbent. The time required to attain this state of equilibrium is termed the equilibrium time 

and the amount of dye adsorbed at the equilibrium time reflects the maximum adsorption 

capacity of the adsorbent under those operating conditions [23]. 

 

 

 

4.3.4. Effect of temperature 

Temperature is another important parameter in the physico-chemical adsorption process due 

to the fact that the amount of adsorbent capacity can be related to the process temperature. If the 

amount of adsorption sites increases with increasing temperature, this indicates that the 

adsorption process is endothermic. This may be due to the increment of the mobility of dye 

molecules, as the number of active sites for adsorption increases with increasing the process 

temperature. On the other hand, there are several adsorption processes in which increases in 

temperature adsorption capacity have declined, indicating the exothermic adsorption process. In 

this kind of adsorption, the adsorption forces between the dye species and the active sites on the 

adsorbent surface decreased, resulting in a decrease in the adsorption process [24] 

 

4.3.5. Effect of ionic strength (IS) 

 

 

A recent studies have shows that ionic strength has a significant impact on the adsorption 

process, especially in systems involving electristatic interactions between the adsorbent sueface 

and the adsorbate. an increase in IS compresses the electrical double layer, which can either 

weaken or enhance adsorption depending on the charge characteristics of the interacting species 
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[25, 26]; additionally coexisting ions may complete with target molecules for active sites, leading 

to reduced adsorption efficiency in some cases [27, 28] 

4.4. Dye adsorption Kinetic-study 

The controlling mechanisms of adsorption process such as chemical reaction, diffusion 

control or mass transfer coefficient are used to determine kinetic models. The kinetics of dye 

adsorption onto adsorbent materials is prerequisite for choosing the best operating conditions for 

the full-scale batch process. The study of adsorption kinetics illustrates how the solute uptake 

rate and obviously this rate control the residence time of the adsorbate at the solution interface. 

This rate is most importance when designing the adsorption system and this rate can be 

calculated from kinetic study. 

4.5. Adsorption isotherm models 

The adsorption isotherms describe the pathway of the interaction of a substrate from the bulk 

solution to the surface of adsorbate. It represents a relation between the amount of substrate 

adsorbed per unit mass of adsorbent and the substrate concentration or pressure in the bulk 

solution at a fixed temperature, for this study both Langmuir and Freundlich modesls 

areinvestigated [30] 

4.6. Thermodynamic parametres 

 

 

Thermodynamic parameters such as ΔG (Gibbs free energy change), ΔH (enthalpy change) 

and ΔS (entropy change) are among the most important features involved in establishing an 

adsorption system. Its original concepts assume that energy cannot be gained or lost, which 

entropy change is the driving force in an isolated system. ΔG (Gibbs free energy change), ΔH 

(enthalpy change) and ΔS (entropy change) for a particular system can be computed according to 

the thermodynamic equations in Table 1.6[29]. 

Table 1.6: Thermodynamic expressions for an adsorption system [29] 

 

Expression Equation Parameters 

Arrhenius 

Gibbs 

ln K=ln A- - 𝐸 
𝑅𝑇 

 

 

ΔG = -RT lnK 

Apparent activation energy 

Free energy change 

Enthalpy change 
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Van’t Hoff Ln Kd =
∆𝑆 

-
∆𝐻 

𝑅  𝑅𝑇 

With 

Kd = 
𝑞𝑒 

𝐶𝑒 

 

 

 

5. Adsorbents 

 
 

5.1. Generalities on Adsorbents 

 

An adsorbent is a solid material that allows liquid or gaseous molecules to bind to its surface. 

Adsorbent’s performance depends on the chemical and physical properties of the adsorbent surface, 

as well as that of the soluble substances . Characteristics of a suitable adsorbent material should 

include a large surface area and a minimum volume. Other features must consist of high mechanical 

strength, chemical and thermal stability, high porosity and small pore diameter resulting into more 

exposed surface area and hence suitable surface chemistry giving rise to high adsorption capacity . 

Adsorbents can be modelled as pellets, rods, mouldings, or monoliths to fit the required application . 

Many materials have been used for adsorbents for various applications such as treatment of water, 

separation, catalysis, indicators, and desiccants. Some commonly used adsorbents include agriculture 

and industrial wastes, activated carbon, clays, biopolymers and nanomaterials [34]. 

5.2. Low cost adsorbents for dye removal 

 

 

Selection of the precursor for the development of low cost adsorbents depends on many factors. 

The precursor should be freely available, in-expensive and non-hazardous in nature. In recent times, 

attention has been focused on different natural solids, which are able to remove pollutants from 

contaminated water at low cost. Cost is an important parameter for comparing the sorbent materials. 

In general, a sorbent can be assumed to be “low cost” if it requires little processing and is abundant  

in nature, or waste material from another industry, which has lost its economic or is a by-product or 

further processing values. There are many low cost adsorbents that have been used for the removal of 

dyes. Also certain waste products from industrial and agricultural operations, natural materials and 

biosorbents represent potentially economical alternative sorbents. Many of them have been tested 

and proposed for dye removal. Waste treatment by adsorption using low cost adsorbent is a 

demanding area as it has double benefits i.e. water treatment and waste management [11]. 
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1. Introduction 

In order to perform standard batch adsorption experiments of methylene blue on the 

adsorbent, we first prepared the peanut shells. The purpose of this study was to illustrate the 

practicality, efficiency, speed, behaviour at high temperature of this adsorbent. 

2. Instruments and reagents 

 

2.1. Instruments 

 

 pH meter 

 

  stirred batch (ST 30) 

 

 Drying Oven (MEMMERT) 

 

 Analytical Precision Balance (SCALTEC) 

 

 UV-Visible Spectrophotometer (SECOMEM) 

 

 Magnetic Stirrer 

 

 

2.2. Reagents 

 

 

o Methylene blue 

o Sulfuric acid (95%). 

o Sodium hydroxide (98%). 

 

 

3. Preparation of reagents 

 

 

3.1. Preparation of methylene blue dye 

 

 

To prepare a methylene blue solution, with a concentration of 1000 ppm, weigh 1 g of 

methylene blue powder using an analytical balance, then transfer the dye to a 1L volumetric 

flask. Add a small amount of distilled water and stir the solution until the methylene blue 

dissolves completely. Then, gradually add distilled water until the volume reaches the 

calibration mark, and thoroughly mix the solution to ensure uniform distribution of the dye. 
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3.2. Preparation of NaOH solution (0.1 M) 

To prepare a 0.1 M sodium hydroxide solution, 0,4 grams of sodium hydroxide (M = 40 

g/mol, 98% purity) were weighed and dissolved in100 mL of distilled water. 

 

3.3. Preparation of H2SO4 solution (0.1M) 

To prepare a 0.1 M sulfuric acid solution, 0.2805 mL of concentrated sulfuric acid (M 

= 98 g/mol, 95% purity, density = 1.84 g/mL) was taken and diluted in 100 mL of distilled 

water. 

 

4. Preparation of biosorbent 

 

 

To prepare biosorbent, several essential steps are carried out to enhance their physical and 

chemical properties, aiming to improve their efficiency in removing pollutants from water. 

Specifically, the dirt particles on the surfaces of the materials were removed by washing 

with distilled water, and the materials were then dried at 105°C for 1 day until the water 

evaporated. and grounded to obtain uniform size particles. 

 
 

 

 

 

Figure 2.1: Biosorbent preparation steps 

Washed Dried Crushed and 

Tamised 

Save For Adsorption 

Process 
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5. Adsorption experiments 

 

 

Solutions of various concentrations were prepared from a stock solution with an initial 

concentration of 1000 ppm. These solutions were then subjected to the adsorption process 

using a biosorbent under varying experimental conditions. The parameters studied included 

the mass of the adsorbent, temperature, agitation speed, pH, initial concentration of the 

adsorbate, and different contact times [29] 

 

Additionally, the effect of possible ionic interactions between the adsorbent and the 

adsorbate was investigated. After the contact between the solution and the biosorbent, 

absorbance measurements were carried out using a UV-Visible spectrophotometer (UV- 

Vis), which allowed for the calculation of the removal efficiency (%) using the following 

equation: 

R(%) = (Ca / C0 ) × 100 (1) 

Where: 

C0: Initial concentration of the adsorbate (mg/L),  

Ca: Concentration at a specific time (mg/L) 

The amount of adsorbate adsorbed per unit mass of biosorbent was also calculated using the 

following equation: 

 

 

Q (mg/g) = (Ca/m )× V (2) 

 

 

Where: 

Q: Amount of adsorbed substance at time (mg/g), 

V: Volume of the solution (L) 

m: Mass of the biosorbent (g) 

5.1. Effect of adsorbent mass 

 

 

In this study, the focus was on evaluating the effect of the amount of biosorbent used on 

the efficiency of methylene blue dye removal from the solution. The experiment was carried 

out using different biosorbent masses (0.05:1gram). The experimental conditions included an 

initial dye concentration of 100 ppm, a temperature of 25°C, a neutral pH (pH = 7), a 
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constant stirring speed of 150 rpm, a contact time of two hours, and a solution volume of 50 

milliliters. The aim of this part of the study was to determine the optimal biosorbent mass 

that achieves the highest adsorption efficiency under the specified conditions. 

 

5.2. Effect of pH 

 

 

pH is considered one of the key factors influencing the adsorption behavior. Therefore, 

a series of experiments was conducted to investigate the effect of pH on the removal of 

methylene blue dye using a biosorbent. The experiments were carried out using a fixed 

solution volume of 50 mL, containing 0.6 grams of the adsorbent and an initial dye 

concentration of 100 ppm. The temperature (25°C), contact time (2 hours), and stirring 

speed (150 rpm) were also maintained constant. The pH values 

(2,4,5.25,7.46,8.2,10.3,11.04,12.23) were adjusted using 0.1 M solutions of NaOH and 

H₂SO₄ in order to evaluate the adsorption performance across a wide range of acidic and 

alkaline conditions, and to determine the optimal pH level for achieving maximum 

adsorption efficiency. 

5.3. Effect of initial concentration and time contact 

 

 

In this part of the study, the effects of both contact time and initial concentration of 

methylene blue dye on the performance of the adsorption process using a biosorbent were 

evaluated. The experiments were conducted using a fixed biosorbent mass of 1.2 grams in a 

solution volume of 150 mL, while maintaining a neutral pH (pH = 7) and a constant stirring 

speed of 150 rpm. Dye solutions with different initial concentrations (20,60,100 ppm ) were 

prepared, and instant samples were collected at specific time intervals 

(1,2,3,5,10,15,20,25,30,45,60,90,120,150,180 min) by withdrawing 5 mL of the solution 

using a syringe, followed by filtration to analyze the remaining dye concentration. All 

experiments were performed at a constant temperature of 25°C. This part of the experiment 

aimed to study the evolution of the adsorption process over time and to determine the 

impact of initial concentrations on removal efficiency, in order to identify the optimal 

operating conditions. 
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5.4. Effect of temperature 

 

 

The effect of temperature on the adsorption of methylene blue dye using a biosorbent 

was studied in order to evaluate how thermal variations influence adsorption efficiency. The 

experiments were carried out using a fixed biosorbent mass of 0.6 grams in a solution 

volume of 50 mL, with a pH of 7.46. A constant contact time of 20 minutes was maintained, 

and different initial dye concentrations (20, 60, and 100 ppm) were used. The experiments 

were conducted at three different temperatures: 25, 40, and 50°C. 

 

5.5. Effect of ionic strength 

 

 

This part of the study focused on evaluating the effect of ionic strength on the adsorption 

of methylene blue dye using a biosorbent, through the addition of varying amounts of two 

different salts: sodium chloride (NaCl) and sodium sulfate (Na₂SO₄). The experiments were 

conducted under fixed conditions, using a biosorbent mass of 0.6 grams in a 50 mL solution, 

with a pH of 7.46, an initial dye concentration of 100 ppm, and a contact time of 20 minutes. 

Solutions were prepared with different salt quantities (1, 3, and 5 grams) to investigate the 

influence of ionic strength resulting from differences in ion type and charge. 

The choice of NaCl and Na₂SO₄ aimed to compare the effects of monovalent ions (Na⁺ and 

Cl⁻) versus divalent ions (SO₄²⁻), and to determine how these ions affect the surface charge 

balance of the biosorbent, and consequently, the efficiency of the adsorption process 
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1. Introduction 

 

The removal of dyes from wastewater is a critical process in environmental engineering. This 

chapter investigates the factors influencing the adsorption of Methylene Blue (MB) dye, focusing on 

variables such as adsorbent dosage, pH, temperature, contact time, and ionic strength. It also 

explores the kinetics, isotherms, and thermodynamics of the adsorption process, providing valuable 

insights into its efficiency and practical applications. 

2. Calibration curve 

 

The calibration curve method is considered a precise and reliable approach, especially in dye 

adsorption applications; 

 

Concentation (mg/L) 

 

 
Figure 3.1: Calibration curve of methylene blue at λ max = 664 nm 

 

Standard solutions of Methylene Blue (MB) dye with concentrations ranging from 1 to 6 ppm were 

prepared, and their absorbance was measured using a UV-Visible spectrophotometer at a wavelength 

of 664 nm. The resulting calibration curve showed a linear relationship between absorbance and 

concentration, confirming the applicability of Beer–Lambert's law [35, 36]. 

The resulting equation in Figure 3.1 is: 

 

y = 0.1853x (1) 

 

where 

y is the absorbance measured, 

A
b
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x is the dye concentration in mg/L, 

 

R² = 0.9889, indicating a strong fit of the data to the linear model. A straight-line equation with a 

high correlation R² was derived and used to determine unknown concentrations. The high R² value 

shows that the calibration curve is reliable and accurate. 

3. Effect of physico-chemical parameters 

3.1. Effect of mass 

 

In adsorption experiments, the effect of mass is one of the key factors influencing dye removal 

efficiency. The amount of adsorbent dosage was varied in the give n range from 0.05 to 1 g. 
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Figure 3.2: Effect of adsorbent mass (PS) on adsorption (T=25 °C, 150 rpm, C= 100 mg/L, 50 mL, 

t= 120 min) 

It was observed from the graphs Figure 3.2 that increasing the dosage increases the % 

removal of methylene blue. As there was no drastic increase in the adsorption rate on increasing the 

dosage of adsorbent beyond 0.6 g of biosorbent, hence, from economic point of view, 0.6 g was 

taken as optimum dosage for removal of methylene blue. It can be attributed to the increase in 

adsorbent sites for more adsorption of the dye [37]. 

This stabilization can be explained by the adsorption system reaching saturation, where all dye 

molecules present in the medium have already been adsorbed. Consequently, any further increase in 

adsorbent mass does not significantly affect the amount adsorbed due to the fixed dye concentration. 
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Additionally, excessive accumulation of adsorbent may lead to particle agglomeration, which hinders 

access to some of the active adsorption sites. Similar findings have been reported in previous studies 

on dye adsorption using various adsorbents, where an increase in adsorbent dosage initially enhances 

removal efficiency until a certain threshold, beyond which no noticeable improvement is observed. 

[16] 

3.2. Effect of pH 

 

The pH of the dye solution plays an important role in the whole adsorption process and 

particularly on the adsorption capacity [38], The effect of variation of pH on adsorption rates were 

studied from the data and the graph obtained between % removal of methylene blue(y) vs. pH(x) [3] 

, The effect of pH was studied in the range of 2 to 12 (Figure 3.3) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pH 

 
 

Figure 3.3: Effect of pH on the adsorption of methylene blue MB (25°C, 100 mg/L, 150 rpm, 0.6 g, 

120 min, 50 mL) 

A significant increase in dye removal efficiency was observed as the pH increased from 2 to 7, 

with the maximum removal recorded at pH = 7.46, making it the optimal value in this system. 

The literature report that at lower pH, the surface charge may get positively charged, thus making 

(H+) ions compete effectively with dye cations causing a decrease in the amount of dye adsorbed. At 

higher pH, the material biopolymers, mainly lignin and cellulose chains, may get negatively charged, 

which enhances the positively charged dye cationic through electrostatic forces of attraction [39]. 

In neutral medium (pH = 7): 

R
em

o
va

l %
 



Chapter 3. Results and discussion 

28 

 

 

 

This condition represents an ideal electrostatic balance, where neither H⁺ nor OH⁻ dominates the 

system, making adsorption sites optimally available. 

 

Therefore, the adsorption efficiency reaches its peak and remains stable beyond this point. 

 

3.3. Effect of contact time and concentration 

 

Figure 3.4 The results showed that the removal efficiency increased progressively with the rise 

in both concentration and contact time, until reaching a plateau at a concentration of 100 ppm and a 

contact time of 20 minutes, beyond which no significant increase was observed. 

This behaviour can be explained by the saturation of active adsorption sites on the surface of the 

biosorbent. The initial increase in dye concentration provides more methylene blue molecules 

available for interaction with the available adsorption sites, enhancing the adsorption process until 

equilibrium is reached. As for the contact time, adsorption occurs rapidly at the beginning due to the 

abundance of vacant sites, then gradually slows down until reaching equilibrium, where most sites 

are occupied and the adsorption rate levels off. [16, 40]. 
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Figure 3.4: Effect of time and concentration on the adsorption of MB dye (25°C, 100 mg/L, 150 

rpm, 1.2 g, 100 mL) 
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3.4. Effect of temperature 

 

The temperature is usually an important factor which affects many adsorption processes, and it is 

an indicator of the adsorption nature [41]. 
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Figure 3.5: Effect of the temperature on the adsorption of MB (150 rpm, 0.6 g, 50 mL, 20 min) 

 

Figure 3.5 shows that the highest removal efficiency of methylene blue dye is achieved at a 

temperature of 25°C, which is therefore identified as the optimal temperature for adsorption in this 

system. Beyond this point, a slight decrease in removal is observed at 40°C and 50°C, This suggests 

that the reaction is exothermic and the temperature increase is having a negative effect on the 

adsorption mechanism [42]. 

As temperature increases, the kinetic energy of dye molecules also increases, which may lead to 

desorption from the adsorbent surface due to weakened interactions between the dye and the active 

sites. 
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3.5. Effect of ionic strength 

Extensive investigations carried out on adsorption of dyes revealed that the extent of dye 

uptake was strongly influenced by the concentration and nature of the electrolyte ionic species 

added to the dye-bath [39]. 

It is evident from the figure 10 that the salt mass has a varying effect on the removal of methylene 

blue (MB) depending on the type of salt used. The increase in NaCl mass from 1g to 5g leads to a 

gradual rise in the removal percentage, indicating that NaCl enhances the adsorption efficiency. In 

contrast, the removal percentage in the presence of Na₂SO₄ remains almost constant with increasing 

mass, suggesting a limited effect of this salt on the adsorption process. This difference can be 

attributed to the ability of Na⁺ ions in NaCl to reduce the electrostatic repulsion between the 

positively charged dye molecules and the surface of the adsorbent, thereby facilitating better 

adsorption. On the other hand, SO₄²⁻ ions in Na₂SO₄ may have a weaker influence on surface 

interactions or may compete with dye molecules for active sites, which explains the nearly 

unchanged removal efficiency. 
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Figure 3.6: Effect of salts masses on the adsorption removal of MB dye. 
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4. Kinetic study 

 

Kinetics study is essential in understanding the adsorption process as it provides information on 

the rate of adsorption and the mechanism that controls it. In this study, the kinetic data was 

analyzed using the pseudo-first order (PFO), the pseudo second order (PSO) [43] 

4.1. Langergren pseudo –first order model 

 

When adsorption is preceded by diffusion through a boundary, the kinetics in most systems 

follow the pseudo-first-order rate equation [29] 

The linearised integral form of the pseudo-first-order model generally expressed as: 

 

log(qe-qt) = log qe –
 𝐤𝟏 

t (2) 
𝟐,𝟑𝟎𝟑 

 
Where; qt and qe are the adsorption capacities at time t and at equilibrium, respectively (mg/g), k1 

is the rate constant of pseudo-first-order adsorption (min-1) and t is the contact time (min). To 

plot log (qe-qt) versus t gives a linear relationship from which k1 and predicted qe can be 

determined from the slope and intercept of the plot respectively. [11] 
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Figure 3.7: Graphical presentation of PFO for MB adsorption 

 

 

 

Figure 3.7 shows the relationship between ln (qe − qt) and time at different initial concentrations 

(20, 60, and 100 mg/L). It can be observed from the plots that the PFO model did not fit the 
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experimental data well, particularly at higher concentrations, indicating a deviation from the ideal 

linear behavior. 

According to the parameters presented in Table 3.1, the correlation coefficient (R²) did not 

exceed 0.90, ranging from 0.7409 to 0.8953. This suggests that the model fails to adequately describe 

the adsorption process. Moreover, the calculated values of qe differed significantly from the 

experimental ones, further highlighting the limitations of this model in representing the adsorption 

mechanism. 

Table 3.1: parameters for modeling adsorption kinetics using PFO model for MB dye 

 

Concentration 

(mg/L) 

20 60 100 

qe 0,82 3,1 4,2 

K1 1,52 0,95 0,84 

R2 0,8892 0,8953 0,7409 

 

 

4.2. Lagergren pseudo-second-order model on dye adsorption 

 

Contrary to the other model, the pseudo-second-order equation predicts the behavior over the 

whole time of adsorption, with the adsorption (chemisorption) mechanism being the rate 

controlling step, which involves valency forces through electrons sharing or exchange (between 

adsorbate and adsorbent) [29]. 

 

The adsorption kinetic may be described by the pseudo-second order model. The differential 

equation is generally known and described as: 

𝒅𝒒𝒕
= k2(qe-qt)2 (3) 

𝒅𝒕 

 
Where; K2 (g (mg min)-1) is the second-order rate constant of adsorption. Integrating Eq. (2) for 

the boundary conditions qt = 0 -qt at t = 0 - t is simplified and linearised to get 

 

𝒕 
 

 

𝒒𝒕 
=1/ ( k2 qe

2 )+ 
𝟏 

𝐪𝐞 
t (4) 

 

 

The second-order rate constants were used to calculate the initial sorption rate, given by the 

following equation: 
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h =K2 qe
2 (5) 

 

The  plot  of  t/qt  versus  t  shows  a  linear  relationship.  Values  of  K2  and 

equilibrium   adsorption   capacity   qe   were   calculated   from   the   intercept 

and slope of the plot of t/qt versus t according to Eq. (3) [11]. 
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Figure 3.8: Graphical presentation of PSO for MB adsorption 

 

In contrast, Figure 3.8 presents the relationship between t/qt and time, and a strong linearity is 

observed across all studied concentrations. The parameters in Table 3.2 reveal very high correlation 

coefficients (R² > 0.99), indicating an excellent fit of the PSO model to the experimental data. 

Additionally, the qe values calculated from the PSO model closely matched the experimental 

data, reinforcing the model’s validity. The observed decrease in the rate constant (K₂) with 

increasing initial dye concentration is attributed to competition among dye molecules for active 

adsorption sites. 

Table 3.2: parameters for modeling adsorption kinetics using PSO model for MB dye. 

 

Concentration (mg/L) 20 60 100 

qe 1,27 3,88 6,37 

K2 0,39 0,094 0,056 

R2 0,994 0,9918 0,99 

t/
q

t 
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The comparison between the two kinetic models showed that the pseudo-second-order (PSO) 

model was more suitable for describing the adsorption behavior of methylene blue onto the 

adsorbent. This is supported by the high correlation coefficient (R² > 0.99) and better agreement 

between the calculated and experimental values of adsorption capacity at equilibrium. The PFO 

model showed poor fit at higher concentrations. These results suggest that the adsorption process is 

likely governed by chemisorption, and the PSO model is the most appropriate. 

5. Isotherm study 

 

To better understand the interaction between methylene blue (MB) dye molecules and the 

surface of adsorbent, the experimental data were fitted using two commonly applied isotherm 

models: Langmuir and Freundlich. The modeling was performed at three different temperatures 

(25°C, 40°C, and 50°C), and the results are presented in Figures 3.7 and 3.8, along with the 

corresponding isotherm constants in Tables 3.3 and 3.4. 

5.1. Langmuir Isotherm 

 

Langmuir isotherm is the simplest isotherm model obtained in 1916, which was originally 

derived from studying of the adsorption of gases by solids. It describes the single adhesion layer on 

the homogenous surface [31], where the attraction between molecules adsorbed on the adsorbate and 

non-adsorbed analyte in the bulk solution decreases as they are getting away from the adsorbate 

surface. 

There is a limitation of Langmuir equation because it assumes that adsorption is 

monolayer with no attraction between molecules on the surface of adsorbate. Therefore, this model is 

for   low   concentration   or   low   pressure   for   the   gas   system. 

Langmuir isotherm is defined according to the following mathematical equations: 

 

𝐪𝐞 = 𝐪𝐦𝐊 
  𝐂𝐞  

𝑳 (𝟏+𝐊𝐂𝐞) 
( 6) 

 

 

 

Where qe is the equilibrium amount of solute adsorbed per unit mass of adsorbent (mg/g), Ce is the 

equilibrium concentration of solute (mg/L), qm is the adsorption capacity of the monolayer (mg/g), 

and KL is the Langmuir constant related to the energy and affinity of binding sites of adsorption 

(L/mg), eq (9) can be written in the following linear form (I) 

 

Kd = 
𝑪𝒆 

𝒒𝒆 
(7) 
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𝐪𝐞 = qmKL - KL qe (8) 
𝐂𝐞 

 
Other linear forms of Langmuir results from taking the inverse of Eq. (9), to get 

linear form (II) 

 

𝟏 
= (  

𝟏 ) ( 
𝟏 

) + 
𝟏 

(9) 
𝐪𝐞 𝐪𝐦𝐊𝐋 𝐂𝐞 𝐪𝐦 

 
or by multiplying equation (11) by Ce, to get linear form 

 
𝐂𝐞 = 

𝟏 𝟏 

𝐪 (𝐪 + ( 𝐊 ) ) 𝐂𝐞 (10) 
𝐞 𝐦  𝐋 𝐪𝐦 

 
The values of qm and KL can be evaluated from the slope and the intercept of the plot of the linear 

forms of Langmuir equation. [32] 
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Figure 3.9: Modeling of the experimental results of the MB dye using the Langmuir model 

 

According to the Langmuir isotherm, the monolayer adsorption of a homogeneous surface is 

used to determine the finite number of sites without interaction between the adsorbed molecules [44]. 

As shown in Figure 3.9, the plots of 1/qe versus 1/Ce exhibit good linearity at all tested temperatures, 

indicating that the model fits the experimental data well. This is further supported by the high 

correlation coefficients (R² > 0.99) listed in Table 3.3. 
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Notably, the maximum adsorption capacity (qm) increased from 29,5 mg/g at 25°C to 23.87 mg/g 

at 40°C, before slightly decreasing to 20.96 mg/g at 50°C. This suggests an optimal adsorption 

performance at ambiante temperature, potentially due to enhanced molecular mobility and favorable 

energetic interactions. The values of KL, the Langmuir equilibrium constant, also reflect a relatively 

strong affinity between MB molecules and the adsorbent surface. 

Table 3.3: Langmuir constants for MB dye adsorption 

 

 25°C 40°C 50°C 

qm 29,5 23,87 20,96 

KL 0,23 0,14 0,19 

R2 0,9993 0,9982 0,9913 

 

5.2. Freundlich Isotherm 

 

Freundlich isotherm is a special case of Langmuir, used for modeling the multi-layer 

adsorbed on heterogeneous surfaces; it can be explained by the following equations 

qe = KF Cβ
e = K Ce

1/n (11) 

 

Where qe is the equilibrium amount adsorbed per unit mass of adsorbent (mg/g), Ce is the 

equilibrium concentration of the adsorbate in solution (mg/L); KF is the Freundlich 

isotherm constant, and n is the adsorption intensity. [32]The logarithmic linear form of the 

Freundlich equation is given as: 

 

𝐥𝐨𝐠 𝐪𝐞 = 𝐥𝐨𝐠(𝐊 𝐅) + (
𝟏
) 
𝐧 

(𝐥𝐨𝐠 𝐂𝐞 ) (12) 

 

 If n = 1; the partition between the two phases is independent of the concentration. 

 If 1/n < 1 ; normal adsorption. 

 If 1/n > 1; cooperative adsorption. 

The constants kF and n change with temperature to reflect the fact that the adsorbed sum builds 

more gradually as temperature rises, and more pressing components are required to saturate the 

surface [33]. 
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Figure 3.10: Modeling of the experimental results of the MB dye using the Freundlich model 

 

The adsorption process was analysed by using the Freundlich isotherm model which consists of a 

multilayer distribution process of the adsorbed molecules [44]. showed acceptable linearity Figure 

3.10, with correlation coefficients ranging from 0.9747 to 0.9979 (Table 3.4). However, the R² 

values were consistently lower than those obtained with the Langmuir model. 

Additionally, the Freundlich constants (KF and 1/n) confirm a favorable adsorption process (1/n < 

1). However, the variation of KF with temperature showed less consistency than qm in the Langmuir 

model, indicating a less precise fit. The highest KF (4.18 mg/g·(L/mg)¹/n) was observed at 25°C, 

with a slight decrease at higher temperatures. 

Table 3.4: Freundlich constants for MB dye adsorption 

 

 25°C 40°C 50°C 

KF 4,18 3,62 3,29 

1/n 0,8404 0,8966 0,8659 

R2 0,9979 0,997 0,9747 

 

 

The Langmuir model demonstrated a better overall correlation and more consistent trends in 

adsorption capacity. This suggests that the adsorption of MB dye primarily occurs via monolayer 

coverage on a relatively homogenous surface, supporting the assumption of the Langmuir 

mechanism. 

Lo
g 

(q
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6. Thermodynamic study 

 

Thermodynamic considerations of an adsorption process are necessary to conclude whether the 

process is spontaneous or not. Gibb’s free energy change, ∆G°, is the fundamental criterion of 

spontaneity. Reactions occur spontaneously at a given temperature if ∆G° is a negative value. The 

thermodynamic parameters of Gibb’s free energy change, ∆G°, enthalpy change, ∆H°, and entropy 

change, ∆S°, for the adsorption processes are calculated using the following equation [45] 

∆G0 = ∆H0 −T∆S0 (2) 

 

To better understand the nature of the adsorption process, the thermodynamic parameters ΔH°, 

ΔS°, and ΔG° were determined at different temperatures (25°C, 40°C, and 50°C) using the Van’t 

Hoff equation, as illustrated in Figure 3.11, the linear relationship between ln Kd and 1/T confirms 

that the adsorption process follows predictable thermodynamic behavior. 

The curves Figure 3.11 show a gradual increase in ln Kd with rising temperature for all studied 

concentrations (20, 60, and 100 mg/L), suggesting a slight improvement in adsorption capacity as 

temperature increases. This behavior indicates that the adsorption process may be thermally activated 

and possibly involves mild chemical interactions. 
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6.1. ΔH° (Enthalpy Change) 

 

The negative values of ΔH° at all concentrations (-9.35, -10.013, -5.27 kJ/mol) indicate that the 

adsorption process is exothermic. This implies that increasing the temperature does not significantly 

favor the adsorption, which is typical of physical adsorption or weak chemisorption. 

6.2. ΔS° (Entropy Change) 

 

The negative values of ΔS° (-18.04, -22.58, -6.49 J/mol K) suggest a decrease in randomness at the 

solid-liquid interface during adsorption. This may be due to the structured arrangement of dye 

molecules on the adsorbent surface. 

6.3. ΔG° (Gibbs Free Energy) 

 

All ΔG° values were found to be negative under the studied conditions, indicating that the adsorption 

is spontaneous. 

Table 3.5: Thermodynamic parameters of MB dye adsorption 

 

Concentration 

(mg/ L) 

∆𝐇𝟎 

(kJ/ mol) 

∆𝐒𝟎 

J/(mol.K) 

∆𝐆𝟎 = ∆𝐇𝟎 − 𝐓∆𝐒𝟎 

(KJ/mol) 

𝐓𝟏 = 𝟐𝟗𝟖K 𝐓𝟐 = 𝟑𝟏𝟑K 𝐓𝟑 = 𝟑𝟐𝟑K 

20 -9,352 -18,04 -3, 97 -3,7 -3,5 

60 -10,013 -22,58 -3,25 -2,92 -2,69 

100 -5,2697 -6,49 -3,33 -3,23 -3,17 

 

 

The thermodynamic results reveal that the adsorption of methylene blue is an exothermic 

,ordered process, and spontaneous under the experimental conditions. The relatively low ΔH° values 

suggest the involvement of physical or weak chemical interactions, and the limited enhancement  

with increasing temperature supports previous findings from the kinetic study. 

7. Comparison Study 

 

A comparison of several biosorbents utilized in batch adsorption process to remove MB dye is 

shown in Table 3.6. According to the finding, the biosorbent derived from peanut shells utilized in 

this study had the best removal efficiency 99,2 % and adsorption capacity 29,5%. Compared to 

other biosorbents, 
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These results show that the biosorbent examined in this work achieves the highest dye removal 

efficiency while matching and even surpassing the adsorption capacity of the best-performing 

materials previously reported ‘’that chemically or physically treated’’. This demonstrates the 

developed biosorbent's potential usefulness and efficacy for wastewater treatment. 

Table 3.6: Comparison of peanut shells with other adsorbents for methylene blue dye removal in 

batch adsorption process 

 

 

Biosorbent Removal % Adsorption 

Capacity(mg/g) 

Reference 

Lagenaria vulgaris 95,9 11,37 [46] 

Activated coconut 

Shells 

 30,3 [47] 

Biochar from 

sunflower husk 

99 29 [48] 

Leaves and flowers of 

Solanum incanum 

98  [49] 

Pomegranate peel 92 13,54 [50] 

Peanut shells 99,2 29,5 This study 

 
 

  

 



 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 



Conclusion 

42 

 

 

 

 

 

In conclusion, this study aimed to evaluate the effectiveness of using an unconventional 

and low-cost adsorbent material ‘’peanut shells’’ for the removal of methylene blue dye from 

aqueous medium. The research yielded promising results, confirming the potential use of this 

biosorbent in a raw form. The main results are: 

 The optimal mass of the adsorbent material was determined to be 0.6 g for 100 mg/L, 

which provided the highest dye removal efficiency. 

 It was observed that the optimal pH for the adsorption process is 7 for ~ 97%, 

indicating that a neutral environment enhances adsorption efficiency. 

 The initial dye concentration showed an optimal value at 100 mg/L, where adsorption 

occurred effectively, and the optimal contact time was found to be 20 min, which is 

sufficient to reach equilibrium between the dye and the adsorbent. 

 Experiments were conducted at a temperature of 25°C, which corresponds to room 

temperature, showing that the process does not require additional thermal energy. 

 Through kinetic data analysis, it was found that the Pseudo-second order model best 

represents the adsorption mechanism with R2 = 0,99, indicating that the interaction is 

chemical in nature. 

 Regarding equilibrium models, the Langmuir model showed the best fit with the 

experimental data R2 = 0,9993, suggesting that adsorption occurs on a monolayer 

surface of the adsorbent. 

 It was found that salts with monovalent ionic strength were more favorable for the 

adsorption process than divalent ones, highlighting the importance of the nature of 

coexisting ions in the aqueous medium and their influence on adsorption efficiency. 

 A comparative study showed that the peanut shells used in this work and various other 

biosorbent reveal a close similarity in adsorption capacity (mg/g) of Langmuir 

isotherm. Notably, several of the referenced materials underwent chemical or thermal 

modifications, whereas untreated, raw peanut shells were employed in the present 

study. 

Based on these results, it can be concluded that the use of agricultural waste is an effective 

and sustainable option for treating water contaminated with cationic dyes, opening new 

opportunities for environmental and economic applications in industrial wastewater treatment. 
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 مائي نظام من كاتيونية لصبغة فعالة لإزالة الحيوية الزراعية النفايات :المذكرة عنوان

 

 جهيدة و شهيناز خيرة :الإسم   شتوح وبن سليمي :اللقب

 فاطمة يحي بن و أسماء بوداود :المؤطر

 

 الفول قشور اعتماد تم التقليدية، معالجةال طرق تكلفة لارتفاع ونظرًا الميثيلين بأزرق الملوثة المياه لمعالجة وفعالة بسيطة كطريقة الامتزاز فعالية الأطروحة هذه تستكشف :ملخص

 معملية تجارب إجراء تم للبيئة، وصديقة التكلفة منخفضة طبيعية مازة كمادة السوداني

 98% بنسبة MB الصبغة إزالة في عالية كفاءة لها PS مادة أن النتائج وأظهرت المثالية، الظروف ظل في الامتصاص كفاءة لتقييم

 أفضل ، الزائفة الثانية الدرجة حركية الحركية الدراسة أكدت وقد مئوية، درجة 25 حرارة ودرجة 7 حموضة ودرجة غ 0.6 عند

 الديناميكية الدراسات أشارت .غ/ملغ 29.5 تبلغ الطبقة أحادية سعة مع الحرارة، المتساوي لانغموير نموذج هو للامتصاص وصف

 الامتزاز أثناء الصلب السائل واجهة عند العشوائية في وانخفاض للحرارة، وطاردة عفوية، كانت العملية أن إلى الحرارية

 .تيرموديناميك ،العادمة المياه الميثيلين، أزرق زراعية، نفايات الامتزاز، :مفتاحية كلمات
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Abstract: 

This thesis explores the effectiveness of adsorption as a simple and efficient method for treating water 

contaminated with methylene blue MB. Due to the high cost of conventional treatment methods, peanut shells 

PS were adopted as a low-cost, environmentally friendly natural adsorbent. Laboratory experiments were 

conducted to evaluate the adsorption efficiency at optimized conditions, the results showed that PS have a high 

efficiency for MB dye removal 98% at 0,6 g, pH 7, and 25°C. Kinetic study confirmed pseudo-second-order 

kinetics. The Langmuir isotherm model best described adsorption, with a monolayer capacity of 29,5 mg/g. 

Thermodynamic studies indicated the process was spontaneous, exothermic, and decrease in randomness at the 

solid-liquid interface during adsorption. 
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colorant MB de 98 % à 0,6 g, pH 7 et 25 °C. L'étude cinétique a confirmé la cinétique du pseudo-second ordre. 

Le modèle d'isotherme de Langmuir décrit le mieux l'adsorption, avec une capacité monocouche de 29,5 mg/g. 
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