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                                          CHAPTER 1  

 

INTRODUCTION 

Nature has gifted our earth with four spheres; biosphere, lithosphere, hydrosphere, and 

atmosphere. Together these spheres are important for maintaining a balanced ecosystem. The 

industrial revolution or we can say industrialization is accelerated in the past five decades is 

remarkable. But this increases the of demand indiscriminate exploitation of global resources 

and due to this anthropogenic activities, increasing population, industrialization and 

urbanization, all spheres have become polluted. There are two main sources for introduction of 

heavy metals in the environment are as:  

1.Natural sources which includes volcanic emissions, forest fires, deep-sea vents, and    

geysers 

2.Anthropogenic sources which includes mining and smelting sites, metal-

manufacturing plants, painting- and coating-industries and tanneries. 

Heavy metals are particularly problematic since they are non-degradable and hence 

linger. These heavy metals are released directly into the environment. Metals exhibit health 

issues if their concentrations exceed allowable limits. Even when the concentration of metals 

does not exceed these limits, there is still a potential for bioaccumulation and associated chronic 

toxicity as heavy metals are known to be accumulative within biological systems. These metals 

include arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc. Industrial 

effluents are known to contain heavy metals which originate from metal plating, mining 

activities, smelting, battery manufacture, tanneries, petroleum refining, paint manufacture, 

pesticides, pigment manufacture, and printing and photographic industries. 

 Removal of heavy metal ions from wastewater is of prime importance for a clean 

environment and human health. So, to protect communities and the planet, harmful heavy 

metals ions should be eliminated from wastewater. Chemical precipitation, ion exchange, 

adsorption, membrane filtration, electrochemical techniques and many other ways for 

removing heavy metal ions are being used.  

Chemical precipitation is 

the most common technology used 

in removing dissolved metals from 

solutions, such as wastewaters 

containing toxic metals. The ionic 

metals are converted to an insoluble 

form by the chemical reaction 

between the soluble metal 

compounds and the precipitating 

reagent. The effectiveness of a 

chemical precipitation process is 

dependent on several factors, including the type and concentration of ionic metals present in 
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solution, the precipitant used, the reaction conditions (especially the pH of the solution), and 

the presence of other constituents that may inhibit the precipitation reaction. 

Another method is membrane filtration, technological advancement in membrane 

development has led to an increase in the use of membranes for filtration and extraction of 

heavy metal ions from wastewater.  A simplified schematics for different membrane-based 

filtration processes is illustrated in figure a, b, c while figure d demonstrates various pollutants 

that can be separated by different membrane techniques.  

            

 

  

The ion exchange process has been increasingly used for the removal of heavy metals 

or the recovery of precious metals. In this method layer can remove heavy metal ions through 

sulfonic acid groups and quaternary amine groups. In addition, the ion exchange layer can be 

regenerated by electro-deionization, which is meaningful for sustainable membrane usage. 

In an electrochemical techniques, oxidation is performed at the anode (positive side), 

where electrons transfer to the cathode (negative side), at which the reduction process occurs. 
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These two chemical reactions are called redox (reduction-oxidation), leading to water 

purification through metal removal. Selection of the anode and cathode mainly decides the type 

of the electrochemical method and influences the removal efficiency towards specific metal 

ions. The electrochemical processes are primarily classified 

into electrodeposition/electroplating, electrooxidation, electroflotation. 

Adsorption is a process in 

which atoms or molecules from a 

substance it could be liquid, gas or 

dissolved solid adhere to a surface 

of the adsorbent. It is a surface 

phenomenon. Generally, there are 

two types of adsorption i.e., 

physical and chemical adsorption. 

Physical adsorption occurs when 

the adsorbate molecule are held on 

adsorbent by physical forces like 

van der waals forces and chemical adsorption occurs when adsorbate molecule is held on 

adsorbent by chemical forces like covalent bonds. The adsorption mechanism is defined by the 

physicochemical properties of adsorbent and heavy metals and operating conditions (i.e., 

temperature, adsorbent amount, pH value, adsorption time, and initial concentration of metal 

ions). Generally, heavy metal ions can be adsorbed onto the adsorbent’s surface. This method 

was reported to have low operating costs, high removal capacity, easy implementation, 

environmental friendly and simple treatment by regenerating the adsorbed heavy metal ions. 

When it comes to designing new adsorbents and separation methods, studying the adsorption 

mechanism is critical. 

Therefore, a method introduced was Biosorption, it is a process which represents a 

biotechnological innovation as well as a cost effective excellent tool for removing heavy metals 

from aqueous solutions. Biosorption is a process of rapid and reversible binding of ions from 

aqueous solutions onto functional groups that are present on the surface of biomass. 

Bacterial cell wall encountering the metal ion is the first component of biosorption. The 

metal ions get attached to the functional groups (amine, carboxyl, hydroxyl, phosphate, sulfate, 

amine) present on the cell wall. 

             

 

                                                         

                                           ******** 
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                                                          CHAPTER 2  

                                               ADSORPTION 

 

2.1 What is adsorption?  

       The term adsorption was first coined in 1881 by a German physicist named Heinrich 

Kayser. Adsorption is often described as a surface phenomenon where particles are attached to 

the top layer of material. It normally involves the molecules, atoms or even ions of a gas, liquid 

or solid in a dissolved state that is attached to the surface. The use of solids for removing 

substances from either gaseous or liquid solutions has been widely used since biblical times. 

This process, known as adsorption, involves nothing more than the preferential partitioning of 

substances from the gaseous or liquid phase onto the surface of a solid substrate. From the early 

days of using bone char for decolorization of sugar solutions and other foods, to the later 

implementation of activated carbon for removing nerve gases from the battlefield, to today’s 

thousands of applications, the adsorption phenomenon has become a useful tool for purification 

and separation.              

              Adsorption is mainly a consequence of surface energy. Generally, the surface particles 

which can be exposed partially tend to attract other particles to their site. Interestingly, 

adsorption is present in many physical, natural, biological and chemical systems.  

Adsorption is the adhesion of atoms, ions or molecules from a gas, liquid or dissolved 

solid to a surface. This process creates a film of the adsorbate (solute) on the surface of 

the adsorbent (solvent)." 

                                                                               Or  

"Adsorption is a process that involves the accumulation of a substance in molecular 

species in higher concentrations on the surface. If we look at Hydrogen, Nitrogen and Oxygen, 

these gases adsorb on activated charcoal. Also, we note that adsorption is different from 

absorption. 

For the adsorption process, two components are required: 

• Adsorbate: An adsorbate is any substance that has undergone adsorption on the 

surface. Substance that is deposited on the surface of another substance. For 

example, H2, N2 and O2 gases. 

• Adsorbent: Surface of a substance on which adsorbate adsorbs. Adsorbents have small 

pore diameters so that there is a high surface area to facilitate adsorption. The pore 

stability and resistance to abrasion. Depending on the application, the surface may 

be hydrophobic or hydrophilic. Both polar and nonpolar adsorbents exist. The 

adsorbents come in many shapes, including rods, pellets, and etc. shapes. Some 

example are: alumina, silica, graphite 

 

https://www.thoughtco.com/definition-of-hydrophobic-605228
https://www.thoughtco.com/examples-of-polar-and-nonpolar-molecules-608516
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2.2 Mechanism of Adsorption  

The molecules or atoms that make up the majority of the adsorbent are symmetrically 

surrounded by other atoms or molecules. As a result, it will have no net attractive force. 

However, since the surface molecules are not symmetrically surrounded, they have some 

residual force due to the valence force. Adsorption occurs at the surface of the adsorbent due 

to the residual force remaining at the surface. 

As we know, adsorption is a spontaneous process (ΔG = negative). Thus from 

thermodynamics, 

                                ΔG = ΔH – TΔS 

 where ΔH = change in enthalpy, ΔS = entropy change, T = absolute temperature.  Entropy 

reduces when the adsorbate is adsorbed on the surface of the adsorbent, that is S = negative. 

As a result, the previous equation becomes 

                                                 ΔG = ΔH + TΔS 

ΔH must be negative and greater than TΔS in order to get ΔG = negative. Thus, the 

adsorption process is exothermic as ΔH is negative for the exothermic process. 

 

2.3 Types of Adsorption  

Adsorption is of two types: 

1. Chemical adsorption 

2. Physical adsorption 

• Physical Adsorption: Physical adsorption occurs when an adsorbate is kept on the 

adsorbent’s surface by a weak van, der Waal’s force of attraction. Adsorption of oxygen 

on charcoal is an example of physical adsorption. 

    The characteristics of physical adsorption are as follows: 

1. Physical change: In this, there is no chemical bond formation. It is simply a 

physical change. Therefore, it is called physical adsorption.  

2. Non-specific nature: As van der Waals forces are universal and not associated 

with a particular type of substance, physisorption is non-specific. 
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3. Nature of adsorbate: Easily liquefiable gases have stronger van der Waals forces 

of attraction. 

4. Reversible nature: Physisorption is generally reversible. It can reverse by 

decreasing the pressure or increasing the temperature.  

5. Enthalpy of adsorption: Physisorption is an exothermic process, but the heat of 

adsorption involved is quite low, about 20–40kJ/mol20–40kJ/mol. 

6. Multi-layered nature: Due to the non-specific nature and van der Waals forces, 

physisorption is multi-layered. 

7. Effect of temperature: Physisorption decreases with an increase in temperature. 

The energy of activation of physical adsorption is almost equal to zero. Therefore, 

the rate of adsorption remains unaffected at a very low temperature.  

8. Effect of pressure: Physisorption increases with an increase in pressure. 

• Chemical Adsorption: Chemical adsorption occurs when an adsorbate is kept on the 

adsorbent’s surface by a strong chemical bond. Adsorption of hydrogen on nickel is one 

of the examples of it. 

      The characteristics of chemical adsorption are as follows: 

1. Chemical change: It involves the formation of a chemical bond between the 

adsorbate and the adsorbent. 

2. Highly specific nature: Chemisorption is highly specific because it occurs only if 

chemical bond formation is possible between the adsorbate and the adsorbent.  

3. Nature of adsorbate: Adsorbate should have the ability to form a chemical bond 

with the adsorbent. 

4. Irreversible nature: Due to irreversible chemical change in most cases, 

chemisorption is generally irreversible. 

5. Enthalpy of adsorption: Chemisorption is an exothermic process, and the heat of 

adsorption involved is about 80–240kJ/mol.80–240kJ/mol. 

6. Unimolecular layers of adsorption: Chemisorption forms a unimolecular layer. 

The chemical bond is formed only with the layer of molecules coming in direct 

contact with the surface of the adsorbent. 

7. Effect of temperature: Chemisorption is exothermic. It is favoured at low 

temperature. The extent of adsorption first increases and then decreases with a 

temperature rise. 

8. Effect of pressure: Chemisorption increases with an increase in pressure. At higher 

pressure, the gas molecules come closer to the surface of the adsorbent and help in 

the formation of chemical bonds. 

 

2.4 Factors Affecting Adsorption 

  Factors affecting adsorption are as follows: 

1. Adsorption and Surface area of the adsorbent: Since adsorption is a surface 

phenomenon, the amount of adsorption is proportional to the area of the 

surface.  The total amount of gas absorbed increases as the surface area of the 

adsorbent increases. 
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2. Nature of Gas: The amount of gas that a solid can absorb is determined by the gas’s 

composition. In general, the more liquefiable a gas is, the easier 

 

3. Temperature: Physical adsorption decreases with an increase in temperature, while 

chemisorption increases with an increase in temperature. 

 

4. Pressure: The adsorption of gas increases with increasing pressure at a constant 

temperature. 

 

                    

5. Exothermic nature: The heat of adsorption can be defined as the energy liberated 

when 1 g mol of a gas is adsorbed on a solid surface. When the temperature is 

increased the kinetic energy of the gas molecules also increases which results in 

more number of collisions between the molecules and the surface 

 

2.5 Application of Adsorption  

Some of the applications of adsorption: 

• Production of high vacuum: The last traces of air can be absorbed by charcoal 

from a vessel evacuated by a vacuum pump to achieve a very high vacuum. 

 

• Gas masks: A gas mask (a device made of activated charcoal or a combination of 

adsorbents) is commonly used in coal mines to adsorb poisonous gases. 

 

• Control of humidity: Adsorbents such as silica and aluminium gels are used to 

remove moisture and control humidity. 

• Colour removal from solutions: Animal charcoal removes colours from solutions 

by adsorbing coloured impurities. 

 

• Heterogeneous catalysis: Adsorption of reactants on the solid surfaces of catalysts 

accelerates the reaction. There are numerous industrially important gaseous reactions 

that use solid catalysts. The production of ammonia with iron as a catalyst, the 

production of H2SO4 through a contact process, and the use of finely divided nickel 

in the hydrogenation of oils are all excellent examples of heterogeneous catalysis. 
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• Separation of inert gases: Adsorption on coconut charcoal at different 

temperatures can separate a mixture of noble gases due to the difference in the degree 

of adsorption of gases by charcoal. 

 

• In curing diseases: Several drugs are used to kill germs by becoming adsorbent on 

them. 

 

• Froth floatation process: Using pine oil and a frothing agent, a low-grade sulphide 

ore is concentrated by separating it from silica and other earthy matter. 

 

• Adsorption indicators: Surfaces of certain precipitates, such as silver halides, have 

the property of adsorbing dyes such as eosin, fluorescein, and others, resulting in a 

distinct colour at the endpoint. 

 

• Chromatographic analysis: Chromatographic analysis based on the adsorption 

phenomenon has a variety of applications in analytical and industrial fields. 

 

• Purification of water: Impurities are adsorbed on the alum stone when alum stone 

is added to water, and the water is purified. 

 

• Separation of noble gases by Dewar’s flask process: In the presence of heated 

coconut charcoal, a mixture of noble gases (Neon, Argon, and Krypton) is passed 

through a Dewar’s flask. Argon and Krypton gels have been absorbed, leaving Neon. 

 

 

 

 

 

                                                          ******** 
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                                         CHAPTER 3 

                                      BIOSORPTION 

 

3.1 What is Biosorption? 

   Biosorption refers to a set of processes that involve physical and chemical adsorption, 

ion exchange, electrostatic interactions, complexation, chelation, and microprecipitation, that 

occur in the cell wall and precede the anaerobic or aerobic biodegradation processes. It is 

characterized by high selectivity and efficiency (high performance and low cost). Natural 

materials, such as marine algae or weeds, or industrial waste, such as excess activated sludge 

or fermentation wastes, may be used as biosorbents. 

                                                                  

 

Biological sludge wastewater treatment processes utilize biosorption and 

bioaccumulation as part of organic and inorganic pollutants, priority substances, heavy metals, 

and organic pollutants/micropollutants removal mechanisms. 

The idea of using biomass in technologies to protect the environment originates at the 

early twentieth century when Arden and Lockett found that some species of living bacteria are 

capable of removing nitrogen and phosphorus from wastewater during aeration This process is 

known as activated sludge process. The removal mechanism has been explained in the context 

of bioaccumulation capacity. This phenomenon as well as the activation process itself has 

continued to be widely used. The break occurred in the late 1970s of the last century. Knowing 

the sequestration nature of biologically inactive biomass has led to a shift in research from 

bioaccumulation to biosorption. 

Biosorption is a physicochemical process that utilizes the mechanisms of absorption, 

adsorption, ion exchange, surface complexing, and precipitation processes. It is a spontaneous 

process independent of the metabolism of microorganisms. 

Biosorption is defined as the passive adsorption of toxic substances by dead, inactive 

or biologically derived materials. Biosorption is a consequence of several metabolic processes 
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independent of the cell membrane, the mechanisms responsible for the absorption of the 

pollutant vary according to the type of applied biomass. 

It can also be defined as, Biosorption is “ability of biological materials to accumulate 

heavy metals from wastewater through metabolically mediated (by the use of ATP) or 

spontaneous physicochemical pathways of uptake (not at the cost of ATP), or as a property of 

certain types of inactive, non-living microbial biomass which bind and concentrate heavy 

metals from even very dilute aqueous solutions”. It is a complex process that depends on 

different-factors like cell physiology, physicochemical factors such as pH, temperature, contact 

time, ionic strength, and metal concentration, chemistry of the metal ions, cell wall composition 

of microorganisms. Biosorption of different heavy metals example: cadmium, silver, lead, 

nickel etc. by using microorganisms like fungi, algae or bacteria was studied by different 

groups. 

Heavy metals are usually defined as metals having density more than 5 g/cm3. They are 

classified as essential and non-essential metals. The metals which are need for normal cellular 

growth are essential metals example: zinc, nickel, copper, etc. Such metals are required in low 

concentrations (nM), but at higher concentrations (μM to mM) all heavy metals have 

detrimental effects to organisms. If the metals have no known biological function, they are 

called as non-essential metals e.g., lead, cadmium, mercury. Such metals are toxic at any 

concentration. The list of essential and non-essential heavy metals is given. There are 90 

naturally occurring elements in periodic table, 21 are non-metals, 16 are light metals and the 

remaining 53 (with as included) are heavy metals. In periodic table, transition elements are 

mostly heavy metals. They have incompletely filled ‘d’ orbitals which allow heavy-metal 

cations to form complex compounds that may or may not be redox-active. In this way, heavy 

metals play an important role as ‘trace elements’ (cobalt, copper, nickel, and zinc) in 

sophisticated biochemical reactions and are important cofactors for metallo-proteins and 

enzymes. The toxicity of heavy metal ions starts when their concentration becomes higher in 

the cells, due to which they form complex compounds. Microorganisms acquire resistance to 

these toxic metals by lateral gene transfer. The interaction of microorganism with metal ions 

depends on factors like oxidation state of the metal ion, chemical/physical nature of metals, 

growth phase of microorganism etc. 

 

3.2 Mechanism of biosorption 

Biosorption of heavy metals and organic compounds occur due to the physicochemical 

interactions between the metal and the functional groups present at the surface of the 

biosorbent. The processes involved include physical adsorption, ion exchange, and chemical 

sorption that are not related to metabolism. The cell walls of microorganisms consist mainly of 

polysaccharides, proteins and lipids and have carboxyl, sulfate, phosphate and amino groups 

to form bonds with metals, and their complexes. Such biosorption occurs relatively rapidly and 

can be reversible. Various mechanisms of removal of heavy-metal by activated sludge 

microorganisms. e.g., by Pagnanelli and others. 

 Organic pollutants differ significantly in their structure. As a result, biosorption is 

affected by molecule size, charge, solubility, hydrophobicity, and reactivity. The biosorbent 

process can also significantly influence the type of biosorbent and the composition of 

wastewater. The lipophilic nature of the hydrophobic compounds allows them to pass through 
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cell membranes and absorb into the organic cell matrix. An important component of biosorption 

of organic pollutants may be absorption in cell membranes or lipid containing cell structures. 

Other mechanisms are involved in biosorption include surface adsorption, chemisorption, and 

complexation. 

  

The complex structure of microorganism implies that there are many ways for the metal 

to be taken up the microbial cell. Biosorption mechanism are various: 

According to the dependence on the cell’s metabolism, biosorption mechanism be 

divided into: 

1.Metabolism dependent 

2.Non-metabolism dependent 

According to the location from where the metal removed from the solution, then 

biosorption mechanism divided into: 

1.Extracellular mechanism 

2.Intracellular mechanism 

3.Cell surface sorption/precipitation 

 

3.3 Factors Affecting Biosorption 

Factors affecting biosorption are as follows: 

• Temperature: Temperature affects the surface activity of the biosorbent and thus the 

biosorption capacity. The effect of temperature on the biosorption process depends on 

the nature of the process. Increasing the temperature for an exothermic biosorption 

process Would result in a decrease in metal ion removal, the Opposite is true for 
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endothermic biosorption processes. Likewise, decreasing the Temperature for an 

exothermic biosorption process Would result in an increase in metal ion removal, the 

Opposite is true for endothermic biosorption processes. Biosorption is not highly 

affected between changes in temperatures ranging from 20˚C up to 35˚C. 

 

• Contact time: Contact time usually refers to the time allocated for biosorption process 

to take place. Biosorption capacity is not directly affected by contact time of the 

biosorbent and sorbate, however it can act as a limiting factor. Under experimental 

conditions, increasing contact time would allow the biosorbent material to unveil the 

maximum biosorption capacity. When the biosorbent reaches its maximum biosorption 

capacity. At defined conditions its binding sites become fully Saturated, increasing 

contact time would not have any further effect. 

 

• Biomass: At low biomass dosage an increase in the specific uptake of metal ions has 

been observed. Nevertheless, using low biomass dosage in complex contaminated water 

would increase competition for binding site of biosorbent and will limit the biosorption 

capacity of the biosorbent. Increasing the biomass dosage would decrease the 

competition between metal ions present for binding to the functional groups, 

specifically when more than one metal ion is present. In most of the published 

researches, the amount of biomass used was between 0.5 -6.0 g/L. 

 

• Initial metal concentration: As a biosorbent for heavy metals, it was found that the 

metal biosorption increases when the initial metal concentration increases (Ashraf, 

2011). Increasing initial metal concentration, has a similar effect as increasing contact 

time. Using low metal concentration would not unveil the true maximum biosorption 

capacity of the biosorbent, as many metal binding sites may not be occupied. Increasing 

the metal concentration up to full saturation of binding sites of the biosorbent would 

reveal the full potential of metal removal. Upon saturation of biosorbent, further 

increasing the initial metal concentration will not be effective. In most of the published 

researches, the initial metal concentration used in experimental conditions was 5-200 

mg/L. 

 

• pH: The pH under which biosorption takes place is very significant and directly affects 

the biosorption capacity, and in some cases the mechanism via which biosorption takes 

place as. pH affects both the chemistry of the functional groups of biosorbent and the 

chemistry of metal ions. The biosorption capacity often increases with the increase of 

pH until it reaches the optimum pH where the maximum biosorption capacity is 

observed. The biosorption of metal ions such as copper, cadmium, nickel, cobalt and 

zinc are usually reduced at low acidic pH conditions, in which competition occurs 

between the metal cations and hydronium ions for the binding sites of the biosorbent. 

pH does not only affect the functional groups of the biosorbent, it also affects the 

chemistry of metal ions. 

 

• Other factors: Surface area of the biosorbent material affects the biosorption capacity 

of the biosorbent, higher surface area would increase biosorption under the same 

conditions. 
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3.4 Advantages of Biosorption  

Advantages of biosorption are as follows: 

• Cheaper production of biomass (bacteria or fungi) 

• Use of biomass for removal of heavy metals 

• Multiple heavy metals uptake at a time 

• Treatment of large volumes of wastewater 

• No need for chemical additions as highly selective for uptake and removal of specific 

metals 

• Functional over wide range of conditions including temperature, pH, presence of 

other metal ions, etc. 

• Easy and cheaper desorption of metals attached to biomass 

• Reduced volume of waste or toxic materials production 

 

 

 

 

                                         ******** 
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                                          CHAPTER 4 

                                        Adsorption Isotherm 

 

Definition: 

  Adsorption isotherms have been of immense importance to research dealing with 

environmental protection and adsorption techniques.  

A graph between amount of gas adsorbed per gram of the adsorbent (x/m) and the 

equilibrium pressure of the adsorbate at constant temperature is called adsorption Isotherm.  

                                                                                       Or   

An adsorption isotherm is a graph that represents the variation in the amount of 

adsorbate (x) adsorbed on the surface of the adsorbent with the change in pressure at a constant 

temperature. 

As we know according to  Le Chatelier’s  principle, the direction of equilibrium in a 

reaction shifts in the direction in which stress is relieved. So, here we can see that upon 

application of excess pressure on the system, the equilibrium shifts in the direction where the 

number of molecules decreases so that the pressure in the system decreases. 

x/m = amount of adsorption 

x = mass of adsorbate 

m = mass of adsorbent 

As the pressure increases so the adsorption increases. And after certain point it becomes 

constant. The value of x/m increases and pressure also increases and reaches maximum 

corresponding to pressure P which is called equilibrium pressure.  

From the graph, we also observe that after attaining a pressure Ps, that is the saturation 

pressure, the variation in the amount of adsorbent adhering to the adsorbate becomes zero. 

This happens because the surface area available for adsorption is limited and as all the sites are 

occupied, a further increase in pressure does not cause any difference. 

https://byjus.com/jee/le-chateliers-principle-on-equilibrium/
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Different adsorption isotherms have been proposed by different scientists namely           

• Langmuir isotherm 

• Freundlich isotherm 

• BET theory 

 

4.1 Freundlich Adsorption Isotherm 

 

The derivation of extent of adsorption (x/m) with pressure (P) at a particular 

temperature was given mathematically by Freundlich in 1909. 

The relationship between quantity of gas adsorbed on the surface of adsorbent at 

varying pressure is expressed in terms of equation  

x/m = K. P1/n 

From the adsorption drawn the following observation can be easily made such as:  

1. At low pressure: The graph is almost straight line which indicate that x/m is directly 

proportional to pressure. 

 It is expressed as: x/m = KP  

 

2. At hight pressure: The graph becomes almost constant which means that it is 

independent of x/m. 

It is expressed as: x/m = KP0 

 

3. At intermediate pressure: x/m will depend on the power of pressure which is between 

0 to 1.  

It is expressed as: x/m = P 1/n 

 

Where, n can be any whole number value which depends upon the nature of adsorbate 

and adsorbent.  

The above relationship is called Freundlich adsorption Isotherm.  

➢ log x/m = log K +1/n log P 

➢ Slope of line equal to 1/n and intercept equal to log K.  
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4.1.1 Limitations: 

The limitations of the Freundlich adsorption isotherm is as: 

• There is no theoretical background to the Freundlich equation.  

• It is only applicable for low pressure.  

• Constant used in equation K and n vary with temperature.  

 

4.2 Langmuir adsorption Isotherm 

Langmuir adsorption Isotherm is given by German scientist Langmuir in 1916. 

    The major assumptions of Langmuir adsorption Isotherm was: 

1. Adsorption is always monolayer.  

2. The adsorbed layer is homogenous across the adsorbent.  

3. No interaction between the molecules that are adsorbed next to one another.  

4. Each adsorbent has different energy sites but the adsorption energy is same for all of 

them.  

5. Adsorption is a reversible process.  

6. The rate of adsorption depends on the fraction of uncovered (unoccupied) and pressure.  

 

Langmuir proposed that gas molecules collide with a solid surface and get adsorbed. Some 

of these molecules then quickly evaporate or are desorbed. Between the two opposing process 

(adsorption and desorption) a dynamic equilibrium is eventually established.  

The Langmuir adsorption isotherms predict linear adsorption at low adsorption 

densities and a maximum surface coverage at higher solute metal concentrations. 

Langmuir adsorption Isotherm equation is 

           Θ = K1P/K2+K1P 

           Here, K1/K2 = b constant 
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The amount of gas adsorbed on the surface of adsorbent is proptional to Θ.  

                     x/m ∝ Θ 

                     x/m = K3 Θ                                                          Here K3 = a/b Then, x/m = aP/1+bP 

 

4.2.1 Limitations: 

The limitations of Langmuir adsorption isotherm are as: 

• This work resonably well for the low pressure but it cannot provide an exact 

relationship at high pressure.  

• Describe only the formation of monolayer.  

• Effect of temperature on adsorption is not considered.  

• Relationship between heat of adsorption and surface area is not explained.  

  

4.3 Brunauer–Emmett–Teller  (BET)Theory 

The BET theory was developed by Stephen Brunauer, Paul Emmet, and Edward Teller 

in 1938. The BET theory was an extension of the Langmuir adsorption theory developed by I. 

Langmuir. It aims to explain the physical adsorption of gas molecules on a solid surface.  

The Langmuir theory relates the monolayer adsorption of the gas molecules called 

adsorbates into a solid surface. But BET theory explains the physical adsorption of gas 

molecules on solid surface or BET theory applies to system of multilayer adsorption.  

The BET theory extends the Langmuir theory to multilayer adsorption with these 

additional assumptions.  

• Gas molecules will physically adsorb on solid in layers infinitely.  

• The different adsorption layers do not interact.  

• The theory can be applied to each layer.  

• Dynamic equilibrium exists between successive layer.  

• Rate of evaporation is equal to rate of condensation of preceding layer.  

• The enthalpy of adsorption of first layer is constant whereas that of any layer above 

first layer is the energy of liquefaction of adsorbate.  

• Condensation forces are the principles forces of attraction.  

https://en.wikipedia.org/wiki/Adsorption
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Solid
https://en.wikipedia.org/wiki/Surface_science
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V total = volume of gas adsorb at pressure P 

V mono = volume adsorbed when surface curved with monolayer 

c = BET constant  

 

 

4.3.1 Application: 

Some of the application are as follows: 

 

• Catalysis: In the field of solid catalysis, the surface area of catalysts is an important 

factor in catalytic activity. Inorganic materials such as mesoporous silica and layered 

clay minerals have high surface areas of several hundred m2/g calculated by the BET 

method, indicating the possibility of application for efficient catalytic materials. 

 

• Activated carbon: Activated carbon has strong affinity for many gases and has an 

adsorption cross section of 0.162 nm2 for nitrogen adsorption at liquid-nitrogen 

temperature (77 K). BET theory can be applied to estimate the specific surface area of 

activated carbon from experimental data, demonstrating a large specific surface area, 

even around 3000 m2/g. However, this surface area is largely overestimated due to 
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enhanced adsorption in micropores, and more realistic methods should be used for its 

estimation, such as the subtracting pore effect (SPE) method. 

• Cement and concrete: The rate of curing of concrete depends on the fineness of the 

cement and of the components used in its manufacture, which may include fly ash, silica 

fume and other materials, in addition to the calcinated limestone which causes it to 

harden. Although the Blaine air permeability method is often preferred, due to its 

simplicity and low cost, the nitrogen BET method is also used. 

 

 

 

 

                                                               ******** 
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                                       CHAPTER 5 

                           Kiwi Peel: Chemical Analysis 

  

     Chemical analysis: 

  

• Kiwi peel: The conversion of kiwi peels gives huge quantities of agriculture by-

products. The employment of agricultural wastes could minimize the waste disposal 

problems and serve as a prospect novel source of proteins, fats, carbohydrates, 

vitamins, minerals and bioactive substances. These components are important 

nutrients and active constituents as a food source. Accumulation of the wastes of 

agriculture food industry leads not only to environmental regression and pollution 

but also to the deprivation of materials of great economic value. These materials 

can be processed to produce worthy products which have economic potential health 

benefits such as fuel, food supplements and drug products. Kiwi peels as a natural 

source of antioxidant and antimicrobial agents in food industries. 

• Chemical composition: Kiwi peels were analyzed for moisture, ash, crude protein, 

crude lipid and total carbohydrate as well as macro and microelements. It also 

consists of Epicatechin, and also phenolic group such as given below: 
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                             1.Kiwi                                                    2.Kiwi Peel                                        

         

 

  3.Powder form of Kiwi Peel 
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5.1 FTIR: FTIR Data of Kiwi Peel  

 

                                                                                                                   

Spectrum Name Number Of Peaks 

Kiwi peel 10 

 

 

Kiwi peel Details: 
                                                                                                                   

Peak Number X (cm-1) Y (%T) 

1 3292.43 68.73 

2 2919.6 82.64 

3 1727.37 90.16 

4 1605.9 83.91 

5 1416.18 86.27 

6 1239.92 87.92 

7 1027.56 55.92 

8 817.58 93.86 

9 776.78 93.2 

10 588.28 89.25 

 

 

Kiwi peel Spectra:  
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5.2 Kiwi Peel: Possibility as Biosorbent 

 

Biosorbent are those which are able to absorb containments from the environment. We 

shave seen that in Kiwi Peel there consist of functional groups like: Phenol, alkane, carbonyl 

group (aldehyde, ketone, carboxylic acid), aromatic ring, nitro, ester, ether, fluoride, alkenes 

(out of plane), chloride, halogen. 

These functional groups contain a hetero atom like oxygen, nitrogen, fluoride, which 

have lone pairs of electrons and these lone pairs of electron act as good binding site for heavy 

metal ions.  As it contains a plentiful functional groups in their structures being able to adsorb 

positively charged metal ions. Their abilities to remove ions from waste aqueous solutions can 

be investigated by using various parameters, i.e. the effects of biosorbent dosages, pH values, 

contact time, and initial metal ion concentrations on biosorption process. Hence, using this as 

biosorbents to remove heavy metals would help providing effective biosorbent for the 

treatment of metal-bearing wastewater. 

 

 

                                                       

                                                        ******** 
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                                          CHAPTER 6  

                             Muskmelon Peel: Chemical Analysis 

 

Chemical analysis: 

Muskmelon Peel:  To characterize the profile of bioactive compounds and the 

antioxidant activity of melon peels. Melon peels were divided into three fractions: a solid 

fraction with a higher content of carbohydrates (84.81%); a liquid fraction with a higher ash 

content (11.5%); and a pellet fraction with a higher protein content (34.90%). The structure 

study revealed a composition of cellulose (27.68%), hemicellulose (8.2%) and lignin (26.46%) 

in the solid fraction. The liquid fraction had the highest antioxidant activity. Flavones, 

hydroxybenzoic and hydroxycinnamic acids were the main phenolic classes found in all 

fractions. In addition, β-carotene, lutein, β-cryptoxanthin and violaxanthin had also been 

quantified. Melon fractions were rich in nutrients and bioactive substances and could be useful 

in the development of novel functional products, considering the growing market demand for 

safe and healthy food products. 

 

Chemical Composition:  In the melon peel aqueous extract, eight compounds were identified: 

gallic acid, salicylic acid, ellagic acid, catechin, quercetin, vanillin, eugenol, and vanillic acid. 

         1.Muskmelon                                                   2. Muskmelon Peel 

 

3.Powder Form of Muskmelon Peel  

            

https://www.sciencedirect.com/topics/chemistry/phase-composition
https://www.sciencedirect.com/topics/chemistry/cellulose
https://www.sciencedirect.com/topics/chemistry/hemicellulose
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6.1 FTIR: FTIR Data of Muskmelon Peels: 

 

                                                                                                                   

Spectrum Name Number Of Peaks 

Muskmelon peel_ 6 

 

 

Muskmelon Peel Details:  
                                                                                                                   

Peak Number X (cm-1) Y (%T) 

1 3282.03 92.54 

2 2922.07 94.09 

3 1624.14 93.67 

4 1419.46 95.41 

5 1027.86 88.33 

6 533.75 96 

 

 

 

 

 

Muskmelon Peel Spectra: 
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6.2 Muskmelon Peel: Possibility as Biosorbent  

 

Biosorbent are those which are able to absorb containments from the environment. So, 

in a Muskmelon peel there consist of many functional groups like: Phenol, alkane, alkene, 

aromatic ring, nitro group, fluoride, halogen. 

  These functional groups contain a hetero atom like oxygen, nitrogen, halogens, which 

have lone pairs of electrons and these lone pairs of electron act as good binding site for heavy 

metal ions. The possibility as a biosorbent evaluated by different methods as pH, contact time, 

initial metal concentrations, temperature. Hence, using this as biosorbents to remove heavy 

metals would help providing effective biosorbent for the treatment of metal-bearing 

wastewater. 

 

 

 

6.3 CONCLUSION  

 

Outcome of the above shows that:  

A. Powder form of Kiwi peel has numerous of functional groups which was identified by 

the IR Spectroscopy. And these functional groups contain hetero atom like oxygen, 

nitrogen, halogens, that have a lone pairs of electrons. These lone pairs of electron act 

as good binding site for the heavy metal ions. So, we can conclude that the  Kiwi peel 

may be act as a good biosorbent. 

B. Powder form of Muskmelon peel consist of large number of functional groups. These 

functional groups consits of hetero atom like oxygen, nitrogen, halogens, having lone 

pairs of electrons. These attract act as good binding site for heavy metal ions. So, we 

can conclude that Muskmelon peel can act as a good biosorbent. 

 

 

                                           

                                      

 

                                        ******** 
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