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SUMMARY 

 

The work presented in this thesis has been divided into three sections. The first section 

deals with the characterization of activated charcoal. This includes instrumental method for the 

determination of moisture content, carbon content, metals impurities, densities measurement, 

surface area, pore volume, porosity and average particle diameter of the activated charcoal in the 

solid state. The solid was further put to X-rays diffraction test in order to determine its amorphous 

or crystalline nature. The filtrate of doubly distilled water after having been shaken with the 

activated charcoal is amorphous and acidic in nature and contain phosphate, nitrate and sulphate 

ions. The carbon content was found to be about 70% and the metals impurities determined are 

nickel, copper, cobalt, iron, magnesium and aluminium. The thermogravimetric study of 

activated charcoal showed that the weight loss occurs in two distinct regions: one endothermic 

(dehydration) and the other exothermic (combustion). The moisture contents were found to 11%. 

The densities of activated charcoal varied in the sequence true density > tap density > bulk 

(loose) density. The pore size distribution curve and D-R analysis of nitrogen adsorption 

isotherm indicates the microporous nature of the activated charcoal with surface area values 1000 

m2/g, porosity 75.74% and pore volume 1.43 cm3/g. 

 

The second section deals the adsorption of heavy metal ions on activated charcoal from 

aqueous solutions. The adsorption experiments were carried out by method of simple titration 

with EDTA. The percentage adsorption and distribution coefficients KD were determined for 

each metal ions (Ni++, Cu++, Zn++, Cd++ & Pb++) as function of all pertinent variables like shaking 

time, pH, amount of adsorbent, adsorbate, concentration and temperature. 

 

From kinetic study, it was observed that adsorption equilibrium for all metals were nearly 

equal and followed Ist order rate law up to about twenty minutes. The pH effect on 
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the adsorption of the above mentioned metal ions on activated charcoal showed that maximum 

adsorption in order of pb++ > Cu++> Cd++> Zn++ > Ni++, was observed at pH values of 10, 10, 10, 

5 & 10 respectively. 

 

The data of heavy metal ions' adsorption on activated charcoal was fitted to Freundlich, 

Langmuir and Dubinin-Rudushkevich equations but only followed by Freundlich equation. The 

temperature effect on adsorption of Ni++, Cu++, Zn++, Cd++ & pb++ showed that the KD values 

increase with the rize in temperature. The thermodynamic parameters such as enthalpy change 

(∆Ho), entropy change (∆So ) and free energy change (∆Go) were calculated and interpreted. 

 

The third section deals adsorption of heavy metals with special references to 

environmental pollution, generally metallic air pollution and particularly, purification of 

industrial waste waters in light of heavy metal ions (Ni++, Cu++, Zn++, Cd++ & pb++) using 

activated charcoal as an adsorbent by the process of glass column through technique of atomic 

absorption spectrophotometer (Perkin-Elmer Model 2380) for determination of initial and final 

concentrations of the metals required. The percentage adsorption for each metal was determined 

at ambient temperature and with agitation at 500 min-1 for 2 h. From the data it can be said that 

industrial waste waters purification can be achieved with the feasibility of using activated 

charcoal. 

 

Desorption tests were carried out by (NH4)2SO4, HNO3 & NH4H2PO4, of deactivated 

charcoal by adsorbing heavy metals at the said temperature, it has been observed that activated 

charcoal is a good material which can adsorb heavy metals at lower concentration and most of 

heavy metals adsorbed on activated charcoal can be desorbed with NH4
+ in the form of       

(NH4)2SO4 & NH4H2PO4 along with HNO3 solutions (cations & anions effects). Therefore, this 

cheaper material (deactivated charcoal) with desorption by (NH4)2SO4 may be used as an ion-

exchange medium for the treatment of industrial waste waters containing heavy metal ions. 
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CHAPTER-1 

GENERAL INTRODUCTION 
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1.1  ADSORPTION 

When two immiscible phases (solid and liquid or solid and gas etc.) are brought into 

contact, it is observed that the concentration of one phase is greater at the interphase than in the 

bulk. The tendency of accumulation of molecules to take at a surface is called adsorption. 

Conversely, a concentration decrease may sometimes be observed, which is called negative 

adsorption. 

 

The phase, on the surface of which a substance from other phase accumulates is termed 

as adsorbent and the adsorbed substance is called adsorbate. 

 

The term adsorption was first used by Keyser [1] in 1881 in connection with the 

concentration of gases on free surfaces. If the substance accumulated also diffuses into the body 

of the solid, the process is called adsorption. McBain [2] in 1909 used the general term sorption 

encompassing both adsorption and absorption. 

 

1.1.1 Types of adsorption 

The adsorption at surface or interface is largely as a result of binding forces between 

atoms, molecules and ions of adsorbate and surface [3]. According to the nature of forces 

involved, therefore, adsorption can conveniently be divided into two types but however 

following are the types of adsorption: 

Physical adsorption or the “Van der Waals adsorption” 

chemisorption 

Persorption  

Physical adsorption 

Physical adsorption results from the action of Van der Waals forces, comprised of 

London dispersion force and classical electrostatic forces. In this process, the electron 

distributions of adsorbate molecules undergo some distortions in mutual proximity, however the 

electrons maintain their association with the original nuclei. 
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London [4-5] developed, quantum mechanical perturbation theory according to which 

the continuous motion of electrons in atoms and molecules affect rapidly fluctuating temporary 

dipole and quadrupole moments. Such fluctuating dipole and quadrupole moments in adsorbates 

molecules (or atoms) approaching a solid surface can perturb the electron distribution of surface 

molecules to induce temporary dipoles and quadrupole therein and conversely. This lead to the 

extensive permutation of induced and temporary dipole-dipole, dipole-quadrupole and 

quadrupole-quadrupole attractive interactions, constituting the London force of physical 

adsorption. These attraction potentials are nonspecific and operate between polar and non polar 

molecules (and atom) and covalent, metallic and ionic solid surfaces. The induced dipole-dipole 

interactions comprise the major portion of the total dispersive attractive potential. The dipole-

dipole component has comparatively short-range effects in that it is inversely proportional to the 

sixth power of distance. Induced dipole-quadrupole and quadrupole interaction potentials are 

considered to vary with inverse of the eighth and tenth power of distance respectively and are 

therefore of lesser importance in relation to the induced dipole-dipole attraction. The magnitude 

of the dipole-dipole attraction has been correlated to the polarizabilities and magnetic 

susceptibilities of the molecules involved [6-7]. 

 

Classical electrostatic interaction [6] are more specific than the dispersion interaction and 

are prevalent between polar molecules and ionic are heteropolar solids. Attraction potentials are 

generated by the polarization of the molecules within the electric field of the solid surface. These 

potentials are dependent on the surface electrical field strength and polarizabilty of the relevant 

molecules. Furthermore, the polar molecules (molecules possessing permanent dipole or 

quadrupole moments) will additionally interact with surface field. The extent of this interaction 

potential is dependent on the characteristic of the surface field and the magnitude of the dipole 

or quadrupole moments. Classical electrostatic interaction between nonpolar and polar 

molecules and covalent solids is generally not significant, owing to the absence of appreciable 

permanent electric fields and because fields can not be induced in the solid by polar molecules, 

is in the case of the polar molecules with metal surface [6]. 
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Chemisorption (Chemical adsorption) 

Chemisorption or Chemical adsorption involves a reaction i.e. transfer and sharing of 

electrons between an adsorbed species and an adsorbent resulting in a change in the chemical 

form of the adsorbate. The resulting chemisorption bond is usually stronger than the derived 

from the physical Van der Waals forces, and have all the characteristic of chemical bond. It is 

site specific i.e. localized at active centre on the adsorbent. 

 

The difference in the nature [8] of physical and chemical adsorption is illustrated by 

schematic potential energy curves shown in figure 1.1 for the adsorption of diatomic gas X2 on 

a metal M. curve “P” represents the physical interaction energy between M and X2. It inevitably 

includes a short range negative (attractive) contribution arising from London Vander Waal’s 

dispersion forces and even short range positive contribution (Born repulsion) due to overlapping 

of electron clouds. 

Curve “C” represents chemisorption, in which the adsorbate X2 dissociates into 2X. For 

this reason, an energy equal to the dissociation energy of X2 is represented at large distance. The 

curve is also characterized by a relative deep minimum which represents the heat of 

chemisorption and, which is at short distance from the solid surface than the relatively shallow 

minimum on physical adsorption curve. It can be seen from these curves that initial physical 

adsorption is a most important feature of chemisorption. If physical adsorption were nonexistent, 

the energy of activation for chemisorption would be equal to the high dissociation energy of the 

adsorbate molecules. An adsorbate is firstly physically adsorbed which involves approaching to 

the solid surface along a low energy path. Transition from physical adsorption to chemisorption 

takes place at a point where curve “P” and “C” intersect and energy at that point is equal to the 

activation energy for the chemisorption. The intersection point will determine, the nature of 

chemisorption whether or not these will be an activation energy. In case of curve I and II, figure 

1.2, the activation energy is E and the chemisorption will require the higher temperature i.e. the 
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process will be slow at ordinary temperature. If however curves cross at point “P” (I and III) the 

activation energy will be negligible and chemisorption will occur readily even at low 

temperature. For example the chemical adsorption of H2 on tungsten, nickel and other metals 

occur very readily at very low temperature. The two types of adsorption thus appear to differ in 

degree only not in kind. At higher temperature when an appreciable fraction of the adsorbate 

molecules have energies comparable with activation energy the chemisorption will occur to an 

appreciable extent. At low temperature the Vander Waals type adsorption will predominate while 

at temperature such that kinetic energy is comparable to the heat of adsorption in the Vander 

Waals layer the physical adsorption will occur to a small extent. 

 

The line between physisorption and chemisorption is often not clear and some times a 

molecules might be adsorbed to a surface by both mechanisms. Also it is not infrequent that a 

molecule adsorbed first by physisorption and then is chemisorbed. 

 

Persorption 

It is another type of novel phenomenon in which a given molecule is encaged between 

the vacant spaces simply by mechanical effect rather than being held by the usual velence bond 

forces. For example water molecule in zeolites which are not held by ordinary valance bonds but 

merely fit into the vacant spaces in the lattice of aluminium, silicon, and metal atoms. On 

dehydration, the water is removed and the spaces can be filled by other molecules. Dehydrated 

zeolites are good sorbing agents like chabazite Ca Al2 Si4 012. 6H2O which takes up vapours of 

water, methyl and ethyl alcohls, while benzene, ether and acetone vapors are not sorbed. 

 

To distinguish it from other types of adsorption, McBain [2] suggested the term 

persorption for this type of adsorption. However, the term “Cage Adsorption seems to be more 

appropriate. It differs from true solid solution only in respect that it is not completely uniform 

throughout the solid. Persorption is operative in highly active charcoal and silica gel.  
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Figure 1.1. Schematic diagram of potential energy curves.   
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Figure 1.2. Schematic diagram of potential energy curves.   
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1.1.2  Adsorption at solid-liquid interface (adsorption from solution) 

The adsorption of solute at solid-liquid interface is a consequence of free energy of the 

surface. When a solution is placed in contact with a solid, the solute molecules accumulate on 

the surface of the solid and the free (surface). energy of the solid is decreased. It follows, from 

the general consideration, that a particular solute which lowers the surface tension of solution 

will accumulate more on the surface of the solid and there will be a greater proportion of solute 

to solvent at the interface than in the bulk of solution. Substances which reduce the surface 

tension are said to be surface active agent. On the other hand, if the solute bring about an increase 

of surface tension of solution, its accumulation on the surface will be less than in the bulk. This 

type of behavior is termed as negative adsorption. 

 

The exact relationship between adsorption and surface tension was given by J.W. Gibbs 

and is known as “Gibbs Adsorption equation”. He derived the equation on the basis of chemical 

potential (µ) [9]. 

The free energy, F of a system of two component, is given as 

 

F = µ1n1  + µ2n2      (1.1) 

Where n1 and n2 are the respective numbers of moles.  Equation 1.1 represents the free 

energy change, when there is no alteration in the surface area when the system underwent a 

change. When the surface contribution is considered, the free energy change is given as  

 

F=ℽ s + µ1n1 + µ2n2               (1.2) 

 

where ℽ  is the interfacial tension i.e. interfacial energy per cm2 and s is the surface area. On 

differentiation, equation 1.2 becomes 

 

dF = ℽ ds +sdℽ  µ1dn1  +n1dµ1 + µ2dn2 + n2dµ2    (1.3) 
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For an increase of ds in the surface area, and using the first and second law of thermodynamics 

the free energy change is given as 

 

dF = -SdT + vdp + ℽ ds  + µ1dn1 +  µ2dn2    (1.4) 

 

By comparing (1.3) and (1.4), the result is 

 

Sdt - vdp + sdℽ  + n1dµ1 +  n2dµ2 = 0    (1.5) 

 

At constant temperature and pressure, 

 

sdℽ  + n1dµ1 +  n2dµ2 = 0     (1.6) 

 

Examining the equation 1.6, the system under consideration is to be divided into two parts, one 

consisting all that portion which comes under the influence of surface force and is called surface 

phase and the remainder of the solution is termed as bulk phase which is quite free from surface 

effects. If n1° and n2° are the number of moles of the two components in the bulk phase, 

corresponding to n1, and n2 in the surface phase, then the relationship 

 

n1°dµ1 + n2° dµ2 = 0      (1.7) 

 

applies to the bulk phase. The equation 1.7 is a form of Gibbs-Duhem equation. Equation 1.7 is 

multiplied by n1\ n1° and subtracted from equation 1.6, one could get 

 

sdℽ  + (n2-n1n2°/n1°) dµ2   = 0      (1.8) 

-dℽ  ǀ dµ2 = (n2 - n1n2°/n1°)/s      (1.9) 

The quantity n2 is the number of moles of one component e.g. the solute associated with n1 moles 

of the solvent in the surface phase, and n1n2° / n1
o is the corresponding number of 
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moles associated with  n1 moles of solvent in the bulk phase. The right hand side of the 

equation 1.9, is therefore regarded as the excess concentration of the solute per unit area of 

interface. Introducing the symbol in equation 1.9, this becomes 

ℾ 2 = -dℽ  / dµ2         

 (1.10) 

Since chemical potential changes are related to relative activities as 

µ2 = µ2° + Rtln ∂2       (1.11) 

 

where ∂2  is the activity of solute. At constant temperature. 

 

dµ2 =  Rtln ∂2        (1.12) 

 

on substitution, dµ2, the equation 1.10 becomes 

 

To the other relate 

  

ℾ 2 = - 
1

𝑅𝑇
.

 𝑑ℽ

𝑑𝑙𝑛 ∂2
 = −

∂2 

𝑅𝑇
 .

 𝑑ℽ

𝑑 ∂2
    (1.13) 

There are the two forms of Gibbs equation. For dilute solution 

 

ℾ 2 =
C2 

𝑅𝑇
.

 𝑑ℽ

𝑑𝐶2
        (1.14) 

It follows from this equation that if dℽ /dc2 i.e. the change of interfacial tension is negative, the 

surface free energy decreases with increasing concentration of solute, then re is positive; the 

concentration of the solute will therefore be greater in the surface phase than in bulk phase. On 

the other hand, when quotient dℽ /dc2 is positive, the surface free energy increases with 

increasing concentration of the solute, its concentration on the surface will be less than that in 

the bulk. 
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A theoretical analysis of adsorption from solution leading to a suitable equation of the 

adsorption process is much more difficult than for adsorption from the gaseous phase, mainly 

for two reasons: 

 

Firstly, the thermal motion of molecules in the liquid phase, their mutual interaction and 

phase behavior of liquid are much less understood than the corresponding properties of gases.  

Secondly, in adsorption from solution at least two components compete for the available 

surface of the adsorbent. Many theories based on molecular kinetic or thermodynamic principles 

have been developed. Siskova and Edos [10] have derived a general equation for the adsorption 

of binary solutions of non electrolytes and have demonstrated its application to the adsorption of 

a particular mixture on active carbon. However, all the models developed so far lead to rather 

complex equations and often represent actual conditions well only in certain instances. 

 

One of the fundamental problem in solution adsorption is the nature of the adsorbed 

phase. The properties of adsorbed phase. The properties of the adsorbed phase depend especially 

on the porosity and the chemical nature of the adsorbents, the concentration of solution, and 

miscibility of the components. According to Kiselev and Coworker [11-13] there factors 

determine whether monomolecular or multimolecular adsorption will occur or whether process 

similar 10 capillary condensation of gases will takes place. The state of adsorbed phase has also 

been investigated by many other authors. 

 

Electrolytes may be adsorbed in two basically different ways. In the first, only one of the 

two ions is preferentially adsorbed on the solid surface. This mode of adsorption is known as 

ionic adsorption. In the second known is molecular adsorption, either both kinds 
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of ions are adsorbed on the surface to the same extent or the non dissociated molecule is 

adsorbed. The second also includes the adsorption at non-electrolytes. In the ionic adsorption the 

originally neutral adsorbent may gain surface electric charge by the adsorption of an ion, a 

different ion may pass into the solution in exchange for it or when anions are adsorbed, H+  ion, 

formed by hydrolysis, may be adsorbed simultaneously. The first is an instance of exchange 

adsorption and the second one of hydrolytic adsorption. In both, the adsorbent remains electro-

neutral or retains its original charge. 

 

1.1.3  Adsorption isotherm 

The adsorption of a substance from one phase to the surface of another in a specific 

system leads to a thermodynamically defined distribution of that substance between the phases 

when the system reaches equilibrium. The amount of substance (X) adsorbed per unit weight of 

adsorbent (m) is a function of the residual equilibrium concentration (Cs) of the solution phase 

and the temperature (T) i.e.  

X/m = f(Cs, T)      (1.15) 

For given adsorbate adsorbed on a solid at a constant temperature, the equation  1.15 

simplifies to 

Xlm = f(Cs)T       (1.16) 

This expression is called the adsorption isotherm. 

1.1.4  Classification of adsorption isotherms [17] 

The adsorption isotherms for dilute solutions are classified into four main classes, 

according to the nature of the slope of the initial portion of the curve (isotherm) and thereafter 

into sub-groups, based on the shapes of the upper part of curve.  

The main classes are: 

1. S-curve  

2. L-curve (langmuir type)  

3. H-curve (High affinity) 
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4.  C-curve (Constant partition)  

The L-curves are usually encountered in the adsorption from solution and types S, L and H are 

very much less common. The shapes of these isotherms along with their sub-groups are given in 

figure 1.3. 

Initial slopes of these isotherms depend on the rate of the change of sites availability with 

increase in solute adsorbed. As more solute is taken up, there is usually progressively less chance 

that a bombarding solute molecule will find a suitable site on which it can adsorbed. This implies 

to the normal L-curve and the later stages of S-and H-curves. In the initial part of S-curves, 

however the opposite condition applies, and the more solute there is already adsorbed, the easier 

it is for additional amount to become fixed. This implies a side by side association between 

adsorbed molecules, helping to hold than to the surface. This is called co-operative adsorption. 

In C-curves, the availability of sites remain constant at the concentration upto saturation. 

 

The S-curves 

The initial direction of curvature shows, as just explained above, that adsorption becomes 

easier as concentration rises. In practice, S-curves usually appear when three conditions are 

fulfilled; the solute molecule (a) is monofunctional, (b) has moderate intermolecular attraction, 

causing it to pack vertically in regular array in the adsorbed layer and (c) meets strong 

competition, for substrate sites, from the molecules of the solvent or another adsorbed species. 

Monofunctional phenols usually give S-curve. 
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Figure 1.3. Classification of adsorption isotherms. 
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The L-curves 

Here the initial curvature shows that as more sites in the substrate are filled, it becomes 

increasingly difficult for a bombarding solute molecule to find a vacant site available. This 

implies either that the adsorbed solute molecule is not vertically oriented or there is not strong 

competition from the solvent. This type of the systems have one of the following characteristics. 

a) The adsorbed molecules are most likely to lie flat on the surface e.g. resorcinol 

on alumina.  

b) If adsorbed end-on, they suffer little solvent competition e.g. highly polar solute 

and substrate (phenol and alumina) and non-polar solvent (benzene). 

 

The H-curves 

This is a special case of L-curve, in which the solute has such affinity that in dilute 

solution it is completely adsorbed or at least there is no measurable amount remaining in solution. 

The initial part of the isotherm is therefore vertical. The adsorbed species are often large units 

i.e. ionic micelles or polymeric molecules, but some time they are apparently single ions. 

 

The C-curves 

This is characterized by a constant partition of solute between solution and substrate, 

right upto the maximum possible adsorption, where an abrupt change to a horizontal plateau 

occur. This is the type of curve obtained for the partition of a solute between two immiscible 

solvents. Fundamentally, the linearity shows that the number of sites for adsorption remain 

constant. Consequently as more solute is adsorbed more sites must be created. Such a situation 

could arise where the solute has higher attraction for the substrate molecules than the solvent 

itself. The solute could then break inter-substrate bonds more readily than the solvent and if the 

molecular dimensions were suitable, could penetrate into the structure of the substrate. 
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1.1.5  Adsorption mechanism 

To understand the adsorption mechanism may empirical relations have appeared 

connecting the amount adsorbed with principal variable such as concentration and temperature. 

Curves showing the adsorption as a function of concentration at constant temperature are termed 

adsorption isotherms, which are useful for describing adsorption capacity to facilitate evolution 

of the feasibility for selection of the most appropriate adsorbent for a specific application. 

Moreover, the isotherm play a crucial role in predicting the modeling procedures for analysis 

and design of adsorption system as described by many investigations [18-20]. In recent summary 

on evolution of isotherm models, it has been noted by Voice et al. [21] that any particular model 

may fit experimental data under one set of conditions, but may fail entirely under another. No 

single model has been found to be generally applicable, a fact that understandable in light of the 

assumption associated with their respective derivations. According to Veith et al. [22], the 

adsorption isotherms are purely empirical in nature and can not be used for distinguishing the 

adsorption mechanism. A detailed description of different types of isotherms and their use is 

given by Travis et al. [23]. Of these, only three have found extensive utility in describing the 

equilibrium between reactive solutions and solids. These are Freundlich, Langmuir and Dubinin-

Radushkevich (D-R) isotherm equations. 

 

Freundlich adsorption equation 

The empirical equation was first suggested by Boedeeker in 1859 and latter supplemented 

by Freundlich [24] to account for simple adsorption isotherm. If X is the amount of adsorbate 

adsorbed per gram of adsorbent, and Cs is the concentration of the adsorbate in solution, the 

Freundlich isotherm equation is  

X/m = KCs where n >1    (1.17) 

This equation is an empirical expression and is regarded as an equation without chemical 

significance other than its often remarkable ability to correlate adsorption data obtained at 

constant temperature. For estimation of constants, the equation 1.17 may be linearized by taking 

log of both side. 

 

1/n 
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log X/m = log K + 1/n log Cs     (1.18) 

 

The plot of log (X/m) versus log Cs gives a straight line if the data obey the equation 

with slope of 1/n and log K, the intercept. The value of K indicates the adsorption capacity while 

1/n is indicative of the intensity of the reaction. 

 

The value of parameter 1/n may be interpreted in a more useful way. In most of the cases, 

1/n < 1, so that the amount of adsorbed material increases less rapidly than the concentration. If 

it were unity, the adsorption equation would be equivalent to the distribution law. On the other 

hand if 1/n approaches zero then X/m equals K which amounts to the formation of a monolayer 

with no further adsorption [25]. Although the Freundlich isotherm is generally regarded as 

empirical, there have been some attempts to derive some informations about surface 

heterogeneity from the empirical Freundlich constant, if number of adsorption sites were known 

[26]. 

 

Langmuir adsorption equation 

In 1918, Langmuir [27] derived an equation for the adsorption of gases on solid surface 

on the basis of Kinetic theory. Nevertheless, it has been adapted to the adsorption from solution 

on solids. He believed that adsorption was a chemical process and that the adsorbed layer was 

unimolecular. Langmuir theory applies within limits to both chemical and physical adsorption. 

Following are the assumptions in Langmuir isotherm. 

 

1. In a gas-solid system, a gas molecules strikes the solid surface and for a short time 

would be held there due to adsorption, but as a result of thermal agitation, the gas molecule will 

evaporate and with the lapse of time there 16 be an equilibrium between the rate of condensation 

and evaporation. 

 

2. The layer of the adsorbate molecules adsorbed by the solid surface is not more than 

one molecule thick. 
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Consider a solid surface of 1cm2 area and the total number of molecule adsorbed on this area are 

equal to U, the number of molecules adsorbed on 1cm2 area will be proportional to the 

concentration of the adsorbate, Cs. Let the fraction of the area covered by the molecules be θ and 

area available for adsorption (i.e. for condensation of molecules) is (1-0), the rate of condensation 

is proportional to (1- θ) Cs, so 

 

Rate of condensation = K1 (1 - θ) Cs     (1.19) 

 

where K1 is the proportionality constant. The rate of evaporation of molecules will be 

proportional to the area covered (θ) and hence 

 

Rate of evaporation = K2 θ      (1.20)  

 

where K2 is a constant for the given adsorbate at the surface. At adsorption equilibrium, the rates 

of evaporation and condensation of molecules will be equal. Thus 

K1 (1- θ) Cs = K2 θ       (1.21)  

K1 Cs = K2 θ  + K1 θ Cs      (1.22) 

Dividing by K2 and on rearrangement, we get     

         

𝐾1

𝐾2
 𝐶𝑠 = 𝜃 [1 +  

𝐾1𝐶𝑠

𝐾2
 ]              (1.23) 

Putting K1 / K2  = K, we obtain 

K Cs = θ  (1 + K Cs) 

    θ = 
 𝐾𝐶𝑠

1+𝐾𝐶𝑠
       (1.24) 

 

let m  gram of the solid adsorbed X amount of gas, then X/m is proportional to the fraction of 

the surface covered. Therefore, 
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Χ/m α θ        (1.25) 

    Or  X/m = Ꮶ θ      or     θ = 
 X/m

𝐾1
        

(1.26) 

 

Putting the value of 0 from equation 1.26 in equation 1.24 we get 

 

 X

𝑚
 =  

K1KCs

1+KCs
         (1.27) 

 

The equation (1.27) is known as langmuir's equation. It may be written as 

 

 Cs
𝑋

𝑚

 =  
1

K1K
+   

Cs

K1
                (1.28) 

The plot of Cs/(X/m) versus Cs, yields a straight line having slope equal to 1/K and intercept 

1/K1K, when the experimental data are in accordance with the Langmuir theory. 

 

Depending upon the value of concentration in equation (1.24) the Langmuir equation 

reduces to two limiting expressions. At low concentration, KCs < 1, the Langmuir equation 

reduces to the approximate form as 

θ = KCs        (1.29) 

which means that the amount is directly proportional to the concentration. For higher 

concentrations, KCs > 1, the Langmuir expression reduces to unity, which shows that the amount 

adsorbed is independent of the concentration. In this domain the formation of monolayer is 

complete and the surface is fully covered. 
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The limitations and drawback in this theory are (i) the theory assumes the formation of 

monolayers only hence is not applicable in the cases where multilayers are formed (ii) the 

constant must be experimentally determined and are not calculated from the molecular properties 

(iii) the theory assumes that the surface of the solid is uniform which is never true and (iv) the 

theory does not take into account the lateral interactions between the adsorbed molecules 

adsorbed on the surface of the solid. In spite of the fact that there are some limitations of this 

theory, still it has found application in a large number of instances [28-31]. 

 

Dubinin - Rudushkivich adsorption equation 

Dubinin - Rudushkivich (D-R) [32] isotherm is more general than the Langmuir 

isotherm, and assumes that there is a very small sub-region of adsorption surface that is uniform 

in structure and energetically homogenous. The relationship between D-R and other type of 

adsorption isotherms is shown by Sokolowskioska and Szezypa [33]. The D-R isotherm equation 

is: 

X/m = X'm exp(- K'ℇ -2)     (1.30) 

where ℇ   = RT In (1 + 1/Cs) 

Cs = Equilibrium solution concentration  

R = Gas constant (KJ. Dg-1 . mol-1)  

T = Absolute temperature (K)  

K' = Constant related to the sorption energy (mol2 / KJ2)  

Xm' = Capacity for monolayer formation  

X/m = Amount of solute adsorbed per unit weight of solid. 

The linearized D-R equation is 

In X/m = ln X’m - K' ℇ  2      (1.31) 

The plot of In X/m against ℇ 2 yields a straight line having slope equal to K' values the mean 

energy of adsorption, Ea can be calculated using the relation [34-35]. 
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𝐸𝑎 = (−2𝐾′)−1/2            (1.32) 

 

The mean energy of adsorption is the free energy change when one mole of the ion is transferred 

to the surface of the solid from infinity in the solution. The magnitude of Ea, is useful for 

estimating the type of adsorption reaction occurring, and if its values lies between 8-16 KJ.mol-

1 [36-37], the process is most likely an ion-exchange reaction. 

 

 

1.2  ACTIVATED CHARCOAL AS AN ADSORBENT 

 

Activated charcoal is a porous carbonaceous material prepared by carbonizing and 

activating the organic substances of mainly biological origin. Carbonaceous materials are usually 

classified into two groups i.e. amorphous and crystalline. The amorphous group includes the 

activated carbon, carbon black and unactivated products of thermal decomposition of organic 

substance such as cokes, chars, wood chars etc. The crystalline group of carbon includes graphite 

and diamond. Smisek and Cerny [38] argues that this classification can not be accepted, since 

active carbon, carbon black and carbonaceous materials are not totally amorphous but have 

partially microcrystalline structure, which resembles more or less closely the structure of 

graphite. They have given a classification of carbonaceous materials which is given in table 1.1. 
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Table - 1.1 

Classification of carbonaceous materials 

 

Coal    (Black coal, lignite, anthracite etc.) 

Chars   i)  Unactivated (coke, wood-charcoal, animal-charcoal, 

bonecharcoal) etc. 

Prepared by pyrolysis of the respective raw material. Their 

structure is slightly porous. 

ii)  Activated (or active carbons) 

Prepared by carbonizing and activating various organic substances 

(materials of biological origin such as wood, coal, coconut shell, 

animal blood, synthetic resin or polymer etc.) The structure of 

these materials is highly porous, as a result of a suitable activation 

procedure. 

Carbon black   (lamp, channel, furnace, acetylene and other blacks)  

Prepared by burning organic substances of high carbon content 

(gaseous hydrocarbon, oils etc.) 

These materials can be either porous or non porous.  

Pure Carbon                i)  Crystalline. (diamond, graphite retort carbon, lustrous 

                                            carbon).  

 ii)  Non-crystalline. (glassy carbon, cellulose carbon, vitreous 

carbon).  

This group of material differ, as distinct from coal, chars and 

carbon black, is very high purify (practically pure carbon) and has 

no developed porosity. 

_________________________________________________________________________ 
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The applications of charcoal as an adsorption to remove the coloring material is one of 

the oldest technique. The technique was noted in the fifteen century and used by Lowitz in 1791 

to purify the raw sugar solutions. The knowledge of activation of charcoal accelerates their use 

as an efficient adsorbent. During the process of activation the spaces between the elementary 

crystallites become cleared of various non-organized carbonaceous compounds (tarry 

substances) resulting in voids or pores. A suitable activation process causes an enormous number 

of pores to be formed so that internal surface of the activated charcoal becomes very large. 

Activation process usually depends upon selective oxidation of carbonaceous material in the 

presence of impregnates at elevated temperatures. The impregnate is then treated with an 

oxidizing agent like air, steam carbon dioxide or chlorine. Addition of impregnates such zinc 

chloride, calcium chloride and magnesium chloride etc, before carbonization influences the 

pyrolytic process so that the formation of tar and distillate (methanol, acetic acid and other) is 

restricted to minimum [39-47]. These impregnates during carbonization also prevent the 

formation of the adsorbed films on the surface of charcoal which lessens its adsorbing power. 

Furthermore, the yield of charcoal in the carbonized product is also increased. The gaseous 

activation agents modify the charcoal surfaces and remove the tarry products along with the 

formation of new pores by complete burning out of less perfect crystilletes [48-54]. The 

adsorption properties of activated charcoal are intimately associated with their porous and 

chemical composition. 

 

1.2.1  Varieties of pores in activated charcoal 

The porous structure of activated charcoal, in general is tridisperse; i.e. it contains all 

three kinds of pores; micropores, mesopores (transitional) and macropores. The most common 

methods for determining the parameters of the porous adsorbent, in particular that of activated 

charcoal, are based on adsorption and capillary phenomenon [55-56]. Information on the size of 

the smallest pores of activated charcoal, which are independent of adsorption, is based on the 

application of the method of small angle X-ray scattering [57-59]. Methods of optical and 

electron microscopy make it possible to obtain qualitative information on the shapes and sizes 

of relatively large varieties of pores [60]. 
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The finest adsorbent pores are defined as micropores which do not exceed 20°A 

according to IUPAC classification of pore size [61]. The volume of micropores of activated 

charcoal usually lie within the range of 0.05 to 0.60 cm3/g and their specisic surface area 

approximately amounts at least 90 percent of total surface area. 

 

The pores having effective radii between 20 to 500°A are called mesopores. The activated 

charcoal usually does not possess developed mesoporesity and the specific surface areas of 

mesopores do not exceed 50 m2/g. However, activated charcoal with the developed mesoporesity 

may attains considerable surface area values ranging from 200 to 450 m2/g. Activated charcoals 

of this type are usually used for decolorizing solutions by removing the coloring impurities with 

large molecules or particles with colloidal degree of dispersity. It often happen that the function 

of the microporous structure of activated charcoal is in accessible for such impurities, and 

therefore their adsorption occurs only on the surface of mesopores. The mesopores serve as 

passage for the adsorbate molecule to the micropores. 

 

Pores with effective radii larger than 500oA are classified as macropores. The specific 

surface area of macropores lie in the range of 1.00 to 4 m2/g which indicates that macropores do 

not play an appreciable role in the adsorption process. They however act as transport arteries 

making the internal part of the charcoal grains readily accessible to molecules adsorbed. 

According to Dubinin [62], only few of the micropores lead directly to the outer surface of the 

particle, its porous structure being predominantly arranged in the following pattern: the 

macropore open out directly to the external surface of the particle, mesopores branch off from 

transitional pores. The significance of the macropores is mainly that they enable the molecules 

of the adsorbate to pass rapidly to smaller pores situated deeper within the particle of the 

activated charcoal. The pores of large size are important as the places of deposition of the 

catalyst, when activated charcoal is used as catalyst support. 
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1.2.2  Chemical composition of activated charcoal 

The adsorptive properties of activated charcoal are not only determined by its porous 

structure but also by its chemical composition. Disturbances in the elementary microcrystalline 

structure, by the presence of partially burnt of graphitic layers in crystallites, change the 

arrangement of electronic clouds in the carbon skeleton. As a result of this, valence or unpaired 

electron appears which influences the adsorptive properties of activated charcoal. The presence 

of heteroatoms and surface complexes also affect the adsorption, catalytic and electronic 

properties of charcoal [63]. 

Of the gaseous substances chemisorbed on charcoal, oxygen and hydrogen are of special 

importance [64-66]. Oxygen interaction with activated charcoal surfaces depends on the 

temperature of adsorption. At a temperature of about - 195°C, a substantial portion of oxygen is 

adsorbed physically which apparently is given off at 15°C. As the temperature is raised the 

chemisorption of oxygen takes place the molecules dissociates into atoms which react chemically 

with the atoms of charcoal to form surface oxide. According to Dubinin [67] reaction of gaseous 

oxygen with surface of charcoal at temperature somewhat below 100°C produce oxygen 

complexes which on hydration from hydroxyl or other basic groups, which act as ion exchanges 

[68]. 

The surface oxides formed at 300 to 500°C have acidic character that are also 

capable of ion exchange [69-70]. The respective quantities of acidic and basic oxygen 

complexes of carbon can be determined by their neutralization with alkali or acid 

respectively. Juza et al. [71] have studied the ratio of physically to chemically adsorbed 

oxygen by a magnetic method employing the para-megnetism of physically adsorbed 

oxygen and the very weak diamagnetic behaviour of the chemically bounded oxygen. They 

found that the ratio of physically to chemically adsorped oxygen depends on the 

preliminary degassing temperature of the surfaces. At high degassing temperature, above 

200°C, the amount of chemically bonded oxygen is increased and at high temperature, high 

oxygen containing charcoals are obtained with simultaneous formation of carbondioxide, 

and carbonmonoxide [72-73]. At higher temperatures, the surface oxides 

 

  



                                                                               

26 

 

are present on the surface of charcoal [74-75]. At these high temperature, the rate of 

chemisorption of oxygen is much less than that at low temperatures. 

Surface oxygen complexes on carbonaceous surfaces are also formed by the action of 

vapours, [76], dinitrogen monoxide [77-78], nitrogen dioxide [79], carbon dioxide [80] and 

others These surface oxygen complexes can also be formed by oxidation in an aqueous medium 

at elevated temperature or by oxidizing agent at room temperature [8182). In general, the rate of 

formation of oxygen complexes decreases with increasing particle size, ash content, degree of 

graphitization and decreasing surface area. 

The functional groups formed by oxygen on the surface of carbonaceous substance are 

shown in figure 1.4. On the basis of surface functional group, Steenberg [83] classified the 

activated charcoal as acidic or basic. The acidic group on the surface include lactones, phenolic 

hydroxyl group, carboxyl group, quinone type carboxyl group, carboxylic acid anlydxide and 

cyclic peroxide group [84-86]. The basic surface oxide have chromene (Benzyptan) [87]. The 

presence of oxygen containing functional groups and their ratio depends on the methods of 

carbonization and activation. 

In general, the presence of chemisorbed oxygen on the surface of carbonaceous 

substances have no effect on the physical adsorption of non-polar adsorbate, but these complexes 

tremendously affect the adsorption of polar adsorbate. The adsorption of water, methanol, 

ammonia, carbondioxide and sulphur dioxide is greatly increased due to oxygen surface 

complexes and so they are unreliable for surface area measurements [88-89]. However, these 

may be useful for characterization the polar sites. In addition to oxygen, sulphur, nitrogen and 

chlorine are also present, in minor quantities. The influence of sulphur on the adsorptive 

properties of activated charcoal is similar to that of surface complexes of oxygen. 

Another factor which affects the adsorptive characteristics of activated charcoal in 

the solution adsorption is the ash content present in charcoal [90-91]. The ash content and 
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its composition vary with the kind of activated charcoal and depends upon the degree of 

carbonization and activation of the starting materials. The ash is inorganic in nature and contains 

the traces of potassium, aluminium, silicon, sodium, iron, magnecium, calcium, boron, copper, 

silver, zinc, lithium, rubidium, strontium and lead etc. The ashes cause defects in elementary 

structure of the activated charcoal to which oxygen is chemisorbed at the defects which leads to 

the increased adsorption of polar substances [92-93]. Moreover, the ash content soluble in 

aqueous solution, affects the adsorption of adsorbate, by co-adsorption along with adsorbate, 

thus changing the adsorptive characteristics of charcoal. Ash can be extracted with water, acetic 

acid and hydrochloric or hydrofluoric acid [94-96], but the treatment with these cases change in 

the porosity of the activated charcoal. 
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Figure 1.4. Proposed functional groups on activated charcoal surface. 
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1.2.3  The structure of activated charcoal 

The carbonaceous materials including charcoal and carbon black are more or less similar 

in structure to graphite. According to Bornal [97], the graphite is composed of layer planes 

formed by carbon atoms arranged in regular hexagon. The interatomic distances between the 

carbon atoms in the individual layer planes is 1.42°A. The layer planes are in parallel array with 

an inter-layer spacing of 3.35°A, figure 1.5. The structure of activated charcoal is less perfectly 

ordered than that of graphite. The proposed structure of activated charcoal is shown in figure 

1.6. It is believed to be composed of tiny graphite like platelets which are only a few carbon 

atom thick and 1-10°A in diameter and formed the walls of open cavities of molecular 

dimensions. The hexagonal carbon rings are randomly oriented and have undergone cleavage. 

The functional groups of charcoal are believed to be located mostly at the edges of the broken 

graphitic ring system. 
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Figure 1.5. Structure of graphite  

Figure 1.6. Schematic representation of the proposed structure of 

activated charcoal  



                                                                               

31 

 

1.3  X-RAY FLUORESCENCE SPECTROMETRY 

AS AN ANALYTICAL TOOL 

X-ray fluorescence spectrometry is a non-destructive instrumental method of qualitative 

and quantitative analyses for elements based on the measurement of the intensities at a particular 

wavelength or energy of a characteristic X-ray emitted by sample. The primary beams of X-rays 

are bombarded on a sample where electrons from atoms of an element are excited which upon 

decxcitation release the characteristic secondary X-ray photon. Emission of secondary X-ray 

photon is called fluorescence. The measurement of this fluorescence (characteristic X-ray) is 

known as X-ray fluorescence spectroscopy. The measurement of intensity at a particular 

wavelength or energy is called X-ray fluorescence spectrometry. 

The origin of X-ray fluorescence is best understood from the simple Bohr model of an 

atom in which electrons are arranged within K, L, M, .... shells with discrete energies. When 

X-ray photon with sufficient high energy fall on the sample constituted of an assembly of 

atoms of various elements it is adsorbed. The photon disappears and its energy is transferred 

to the electron which is ejected from its shell. The ejected electron is called the photoelectron 

and the process is known as photoelectric effect. Figure 1.7 schematically represents this 

process. The photoelectron is emitted with energy E-ϕ; where E is the original photon energy 

and ϕ is the binding energy of the electron is its shell. In figure 1.7 one of the K-electron has 

been removed. The binding energy of K- electron is ϕK. The vacancy left in the K-shell 

represents an unstable situation. Consequently an electron from L-shell with higher energy is 

transferred to K-shell to fill the vacancy. The difference in binding energy between the two 

shells gives a characteristic X-ray photon. The difference in energy ϕL- ϕK  can emitted as 

characteristic K X-ray photon called fluorescence. Some time no characteristic X-ray is emitted. 

Instead due to competing internal conversion process an Auger electron is emitted from higher 

shell. The probability that a characteristic X-ray will be emitted once a vacancy has been 

created is described by fluorescence yield (ω) which is defined as the ratio of the number of 
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vacancies resulting in the production of the characteristic X-ray photon to the total number of 

the vacancies created in the excitation process. The fluorescence yield lies between 0 and 1. For 

low atomic number elements the characteristic X-rays fluorescence becomes more probable. 
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The characteristic X-rays spectral lines are named after shell where the corresponding 

electron transitions end i.e. K, L, M, .... If the original electron was ejected from K-shell, the 

radiation is known as K-line. Likewise ejection from L and M shell produce the L and M lines 

respectively. The deexcitation from L→K shell yield Kα- line. Similarly M→K shell yield KB 

lines. Indices 1, 2, 3, ..., define specific transition within sub-shell. This shown in figure 1.8. 

The prescribed characteristic X-rays can be detected by gas filled, scintillator or solid 

state elector. Response of detector as number of counts is directly related to the number of events 

of deexcitation in the sample. The number counts at a point is a statistical measure of the intensity 

of radiation being emitted by the atom of an element and is a quantitative measure of analyte. 

The graph of the number of photons (intensity) being emitted at a certain instant as a function of 

their wavelength or energy is called X-ray fluorescence spectrum. The position of the maxima 

with aspect to wavelength or energy is characteristic of an element and used for qualitative 

analysis i.e. identification of particular element. If we compare the number of X-ray photons of 

an analyte with those of standard under the same conditions of geometry, time, environment, 

then the ratio of counts in the sample and the standard are in the ratio of their concentration [98]. 

Thus we can analyze the sample quantitatively and qualitatively. The measurement of analyte 

concentration is irrespective of the chemical state of the atoms as the valence electrons are not 

involved in this process which differentiate this technique from the other classical technique of 

chemical analysis. However, Siemen’s wavelength dispersive X-ray fluorescence spectrometer 

SRS 200 is shown in Figure 1.9 which is use for X-ray diffraction study of charcoal. 
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Figure 1.9. Siemen’s wavelength dispersive X-ray flourrcence  

Spectrometer SRS 200 
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1.4  TIRATIONS WITH EDTA 

Titration term is from titrimetric analysis refers to quantitative chemical analysis carried 

out by determining the volume of a solution of accurately known concentration which is required 

to react quantitatively with the solution of substance to be determined. The solution of accurately 

known strength is called the standard solution. 

 

While in the mid - 1930 the German firm I.G. Farbenindustrie introduced under the trade 

name Trilon B, a polyaminocarboxylic acid possessing a remarkable ability to form a very stable, 

water-soluble complexes with many metal ions including the alkaline earths. Among its 

applications were predicted its uses as a water softener (complexation of heavy metals). The 

systematic name of this substance is ethylenediamine tetra-acetic acid which is now commonly 

abbreviated to “EDTA” in English-language publication [99].  

The structural formulae for the acid and its disodium figure 1.10.  

 

1.5.  POLLUTION 

The pollution is the word which can be defined “the presence of substances in the ambient 

atmosphere or environment etc., resulting from the activity of man or from natural process, 

causing adverse effects to man and the environment” (Neber, 1982), also this definition can be 

expanded as “the presence in the atmosphere of substances or energy in such quantities and of 

such duration liable to cause harm to human, plant, or animal life, interference with comfortable 

enjoyment of life or property or other human activities. [100] 

 

1.6.  ATOMIC ABSORPTION SPECTROPHOTOMETER 

A modern double-beam instrument using for the observation of the absorption light 

energy by atoms. The key component of any atomic spectrophotometric method is the  

 

  



                                                                               

  

38 

 

 

System for generating the atomic vapour (gaseous free atoms or ions) from a sample, that is the 

source. (see chapter 4) 

 

 

 

 

 

 

 

Figure 1.10 Structure of EDTA  
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CHARACTERIZATION OF ACTIVATED 
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2.1  INTRODUCTION 

The characterization of activated charcoal (Merck; item No. 2184) is described in this 

chapter. This includes instrumental method for the determination of moisture contents, carbon 

content, densities measurement, surface area, pore volume, porosity and average particle 

diameter of the activated charcoal in the solid state. The solid was further put to X-ray diffraction 

test in order to determine its amorphous or crystalline nature. The activated charcoal was shaken 

with doubly distilled water and the filtrate was tested for pH and anions estimation. The details 

of experimental methods employed are given below. 

 

2.2  EXPERIMENTAL 

2.2.1  pH measurement 

1.0 g of the activated charcoal was shaken for 30 minutes with 20 ml of doubly 

distilled water and filtered. The pH of the filtrate was measured with combined glass electrode 

and metrohm pH meter model 605. The filtrate showed a value of pH 3.1. 

2.2.2  Estimation of anions 

Estimation of different anions present in the liquid portion was carried out using High 

Performance Liquid Chromatograph, HPLC. from M/S Water Associates USA., which consists 

of 

a)  A Rheodyne injection loop of 10 u 1 volume  

b)  An anion exchange column (ICPAK A), 50 mm in length and 10 mm 

diameter, having 30 ±3 meq/ml ion exchange capacity, packed with 10 micron 

polymethacrylate gel.  

c)  Solvent delivery system, model No. 590. 

d)  Conductivity detector, model No. 430  

e)  Data module, model No. 730 and 

f)  System controller, model No. 721. 
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Eluent 

Borate gluconate solution of pH 8.5 was used as an eluent. The eluent was filtered 

through a 0.45 micron membrane and degassed before use. 

Standard 

The standard solution of water was prepared by adding measured quantities of F-, Cl-, 

CO3
-2, NO2

-, Br-, PO4
-3  and S04

-2in deionized water. 

Procedure 

50 µl of standard solution prepared above was filtered through 0.45 micron membrane 

and injected into column through Rhodyne injection loop. The flow rate of the eluent, borate 

gluconate, was adjusted to 1.2 ml/min. The detection of eluted anions was made using a 

conductivity detector connected to a data module. Similar procedure was adapted for the 

determination of anions present in the liquid portion obtained after filtration of activated charcoal 

and water mixture. The HPLC chromatogram of the liquid portion is shown in figure 2.1. 

2.2.3  Carbon content 

Carbon content of activated charcoal was measured by Carbon Analyzer EMIA110 from 

M/s Horib, Japan. A block diagram of this system is shown in figure 2.2. A known amount of 

activated charcoal was burnt in the presence of oxygen in a combustion unit of carbon analyzer. 

The process of combustion produced CO2 and CO. The surplus oxygen stream carried the gas to 

the infrared detector system which detected CO2 concentration. This signal was then converted 

into digital output, input to micro computer where linearization, transformation and integration 

of CO2 was done and the results were displayed. The measured carbon content of the activated 

charcoal is given in the table 2.1. 
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Figure 2.1. HPLC- chromatogram of the liquid portion of activated charcoal  

< Combustion unit > < infrared ray detector > < Micro computer > 

Figure 2.2. Block diagram of carbon analyzer. 
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2.2.4  X-ray diffraction study 

Diffraction pattern of the activated charcoal was obtained with a phillips PW 1060/70 

diffractometer goniometer. The detector was an argon filled proportional counter linked to PW 

1390 rate meter and channel analyzer. The radiation was Сu kα (.5418 0n) generated in phillips 

PW 1730 generator operated at 40 KV and 30 mA. Diffraction pattern obtained for activated 

charcoal is given in figure 2.3. 

 

2.2.5  Thermal analysis of activated charcoal 

Thermal study of the activated charcoal was carried out using simultaneous thermal 

analyzer, STA-784 from M/s Stanton Red Croff, England. A known amount of activated charcoal 

was taken in crucible and its dehydration/combustion was carried out from room temperature to 

700 °C, at a ramping rate of 20 °C/min. The experiment was performed in static air. The TG/DTA 

curves are given in figure 2.4. 

 

2.2.6  Bulk and tap densities 

Bulk and tap densities of the activated charcoal were measured according to ASTM 

standard method No. D 2854-70. An empty cylinder of known volume was weighed. It was then 

filled with activated charcoal and weighed again. During tap density measurement, the cylinder 

was tapped mechanically while being filled the value of bulk and tap densities were obtained by 

dividing weight by volume of the cylinder. The densities values are given in table 2.1. 
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Figure 2.3. X-ray diffraction pattern of activated charcoal. 

Figure 2.4. TG/DTA curves for activated charcoal.  
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2.2.7  True density 

True density of the activated charcoal was determined using Quantasorb sorption system 

from M/s Quantachrome Corporation, New York (USA). A known amount of the activated 

charcoal was filled in pycnometer cell shown in figure 2.5, which was volume calibrated. The 

cell was then inserted into a cell holder of the Quantasorb system. The cell was then purged with 

nitrogen gas untill constant electronic signal indicated complete filling of the cell. Another gas, 

helium, was then purged and it replaced the nitrogen from the cell. The volume of nitrogen swept 

out of the sample cell was calculated. The true volume of powder in the cell is determined as   

Vpowder = Vcell – VN      (2.1)  

where Vcell is volume of the empty cell and VN2 is the volume of N2 swept out of the cell. The 

true density was determined by dividing the Vpowder by sample weight and its value is given in 

table 2.1. 

 

2.2.8  Surface area by ethylene glycol retention [101] 

Known amount of the activated charcoal was slurried with ethylene glycol. The sample was 

evacuated in a desicator and the vacuum (10-4 torr) over anhydrous calcium chloride till there 

was no change in the weight of the solid. The surface area of activated charcoal was determined 

by taking the cross sectional area of ethylene glycol as 33 °A. The surface area determined by 

this technique is given table 2.1. 

2.2.9  Nitrogen adsorption 

Surface area and pore size distribution of the activated charcoal were measured 

using the quantsorb sorption system (M/s Quantachrome Corporation, N.Y.) by continuous 

flow method [102]. The process of adsorption and desorption were monitored by measuring 

the change in thermal conductivity of gas mixture. The thermal conductivity cell placed 

before and after the sample cell. A mixture of nitrogen (adsorbate) and helium (carries) of 

known concentration was passed over a sample which was previously outgassed at 110 °C 

by heating. The adsorption is started by immersing the sample all containing known 

amount of activated charcoal in a liquid nitrogen coolant. The  

 

2 
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adsorption peak is produced by the change in the thermal conductivity of the gas mixture 

resulting from a decrease in adsorbate (nitrogen) concentration due to adsorption on sample. The 

adsorption was completed, untill there was no difference in the thermal conductivities of gas 

entering or leaving the sample cell. The adsorbed nitrogen was monitored by thermal 

conductivity detector. The volume of the adsorbed nitrogen was calculated. The same 

measurements were carried out at different He/N2 ratio obtained by adjusting the gas flow rates 

and data points were obtained to construct the entire adsorption/desorption isotherm given in 

figure 2.6. 
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Figure 2.5. Pycnometer cell for true density measurement.  

Figure 2.6. Nitrogen adsorption-desorption isotherms at 77K on activated 

charcoal  
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2.2.10  Mercury porosimetry 

The porosity, pore volume and surface area of the activated charcoal were measured by 

Autoscan-33 Mercury porosimeter (M/s Quantachrome Corporation, USA). The mercury was 

intruded into pores of activated charcoal as a function of pressure. The mercury intrusion curve 

for activated charcoal is given in figure 2.7 and values of the porosity, pore volumes and surface 

area values are given in table 2.1. The data was corrected for compression of mercury by taking 

blank measurement with mercury. 

 

2.2.11  Average particle size 

The estimation of average particle size was carried out using subsieve sizer (Model 95, 

Fischer Scientific Company) which operates on the air permeability principle. This principle 

employs the fact that the particle in the path of regulated airflow will affect it according to its 

size. Figure 2.8 shows the operating principle of the sub-sieve sizer. The air pump builds up air 

pressure which is conducted to the packed powder bed is measured by means of a manometer in 

which the level of fluid indicates the average diameter of the particles directly on the calculator 

chart. 

 

A known amount of the activated charcoal powder was taken into the sample tube and 

packed to many porosities i.e. the ratio of air space to total volume. The particle size with 

porosity is given in figure 2.9. The mid point of the plate all of the curve is the optimum porosity 

point for measuring the average particle size. The determined average particle size of the 

activated charcoal powder is given in table 2.1. 
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Figure 2.8. Operating principle of sub sieve sizer.  

Figure 2.9. Variation of particle size with porosity of activated charcoal  
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Table-2.1 

Experimentally determined values of different parameters of 

Activated charcoal 

 

Parameter Value 

pH 3.1 

Moisture Content 11.0% 

Carbon content 70% 

Bulk density 0.317 g/cm³ 

Tap density 0.672 g/cm³ 

True density 1.248 g/cm³  

Surface Area:  

              i) N2-adsorption (B.E.T) 1000 m²/g 

              ii) Ethylene glycol retention 1016 m²/g 

              iii) Mercury penetration 166 m²/g 

Pore Volume  

              i) Mercury penetration 1.43 cm³/g 

              ii) Nitrogen adsorption 0.88 cm³/g 

Porosity 75.74% 

Average particle size (diameter) 3.7 ± 0.2 micron 
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CHAPTER-3 

ADSORPTION OF HEAVY METALS 

ON ACTIVATED CHARCOAL 

  



                                                                               

53 

 

3.1  INTRODUCTION 

The adsorption of heavy metals such Ni++, Cu++, Zn++, Ca++ & pb++ on solids from 

solutions are important for three important reasons, first: adsorption on solids could be used for 

the enrichment and pre-concentration of ions in electrolytic solution, second the adsorption 

process finds its uses in glass manufacture, laser technology and in electrical, chemical and 

nuclear industries and finally the most important of all its use for waste disposal of radiative 

materials. Some workers have studied the adsorption of those ions on solids such as tungsten 

[103-117], tantalum [118], molybedenum [119-123], irridium [124-125], platinum [126-127], 

palladium [128], silicon [129-130], aluminum [131], manganese dioxide [132-137], fibrin [138], 

rehenium [139], soil and clay [140-144], zeolite [145-146], silica gel [147-149], alumina [150-

151], plastics and glass [152-154], resins [155-157], iron oxide [158], precipitates [159-161], 

sediment [162], immobilized microorganism [163], Chiolite [164] and (PMBP) loaded 

polyurethane foam [165]. The adsorption of uranium on active carbon has been subject of several 

investigations in the past [166-181]. Little work has been reported in the literature on the 

adsorption of thorium, cerium and strontium on carbon [182-186]. No data are available for the 

adsorption of Ni++, Cu++, Zn++, Ca++ & pb++ on activated charcoal. So the present work describes 

our investigations of the adsorption of Ni++, Cu++, Zn++, Cd++ & pb++ on activated charcoal. 

 

3.2  EXPERIMENTAL 

3.2.1  Chemical & Reagents 

The chemical and reagents used are activated charcoal (Merck; item No. 2184), Nickel 

sulfate (PROLABO; item No. 68261), Copper sulfate (Merck item No. 25893), Zinc sulfate 

(Merck item No. 75213), lead acetate (Fluka; item No. 03610), Cadmium nitrate (Merck; item 

No. 2019), EDTA (Avondale laboratories, item No. 882734), Erichrome black-T (Merck; item 

No. 27049), Murexide indicator (Merck; item No. 6498), and buffer solutions of different pH. 
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3.2.2  Instruments 

Siemen's wavelength dispersive X-ray fluorescence, spectrometer SRS-200 was used for 

the analysis of charcoal. Burrete (Exelo permagolo BS 846) was used for titration purposes on 

the account of the determination of metals' concentration from aqueous solutions. The pH 

measurements were made with digital pH meter-605 from M/s Metrohm. Edmeond Buhler-SM 

25 shaker was used for shaking at a constant speed. The Hetofrig shaker (M/s Heto-Berkerod-

Denmark) was used for temperature controlled studies. 

 

3.2.3  Adsorption measurements (general procedure) 

For adsorption measurements, the following steps were taken: 

Stock and working solution of metal ions: 

500 ppm stock solution of nickel, copper, zinc, cadmium and lead were prepared by 

dissolving known amount of salt of respective metals in redistilled water and was diluted to the 

mark in volumetric flasks and stored in tightly stoppered polyethylene bottles. Working solutions 

of metal ions ranging from 20-100 ppm were prepared from the respective stock solutions by 

dilutions. 

 

Erichrome black-Tindicator: 

Erichrome black-T indicator was prepared by grinding together 100 mgs of E.B-T with 

10 grams of sodium chloride salt. The powdered indicator was then transferred to small 

stoppered bottle for storage and further use. 

 

Murexide indicator solution: 

250 mgs of murexide indicator was mixed with 5 grams of sodium chloride and were 

ground to powder via pistal and mortar. The powdered indicator was transferred to a small 

stoppered bottle for storage till further use. 
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Buffer solution (pH-10): 

17.5 grams of A.R. Ammonium chloride was dissolved 142.5 ml of concentrated 

ammonia solution and diluted to the mark with redistlled water and transferred to polyethylene 

bottle for storage until further use. 

 

EDTA solution (0.001 M): 

Disodium salt ethylene diamine tetra-acetic acid was dried in an oven at 80°C few hours 

and 18.612 grams of it was dissolved in redistilled water and diluted to the mark in a 500 ml 

volumetric flask. The resulted 0.1M EDTA stock solution was transferred to polyethylene bottle 

for storage, 10 ml of the stock solution was taken in one litre volumetric flask and was diluted 

to the mark with redistilled water and transferred to polyethylene bottle and standardized with 

primary standard solution of zinc metal solution. 

 

Determination of nickel: 

10 ml of Nickel solution was taken in conical flask and diluted to 50 ml with distilled 

water. Then few ml of buffer pH-10 and murexide powdered indicator was added. The solution 

was then titrated with 0.001M EDTA solution. The quantity of nickel was calculated from the 

volume of EDTA used. 

1 ml 0.001 M EDTA = .05871 mg Ni 

Determination of copper: 

10 ml, (exactly measured) of copper solution was taken in a conical flask. Added buffer 

solution pH-10 dropwise until the colour of the solution turned blue and the precipitate first 

formed has redissolved. The solution was then diluted to 50 ml, with water. Also added murexide 

indicator and titrated with EDTA until the colour change from yellow green to violate. The 

amount of copper was estimated from the volume of EDTA 

1 ml 0.001 M EDTA = .06354 mg Cu 
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Determination of zinc: 

Pipted 10 ml of zinc solution into 25 ml conical Mask and diluted to 50 ml with distilled 

water. Then added 1 ml of buffer solution pH-10 and also few drops of Erichrome black-T as 

indicator, titrated with EDTA solution and computed the amount of zinc from volume of EDTA 

used. 

1 ml 0.001 M EDTA = 0.06537 mg Zn 

 

Determination of cadmium: 

10 ml (exactly measured) of cadmium solution was taken in conical flask. Added buffer 

solution pH-5 and powdered murexide indicator was added. The solution was then titrated with 

0.001 M EDTA solution. The quantity of cadmium was calculated from the volume of EDTA 

used. 

1 ml 0.001 M EDTA =.11240 mg Cd 

Determination of lead: 

10 ml of lead solution was taken in conical flask and diluted to 50 ml with distilled water. 

Then few ml of buffer solution pH-10 and powdered indicator murexide was added. The solution 

was then titrated with 0.001 M EDTA solution. The quantity of lead was calculated from the 

volume of EDTA used. 

 

1 ml 0.001 M EDTA = .20719 mg Pb 

Secondly, adsorption measurements were carried out by both techniques at different 

temperatures given in the tables except where otherwise specified. A known amount of activated 

charcoal in 250 ml reagent bottle containing 10 ml of metal ions solutions were shaken for 

specific time period. The solutions were then filtered through Whatman filter paper No. 40. First 

2-3 ml portion of filtrate was discarded because of the adsorption of metal ions solution by filter 

paper. The concentrations of metal ions were measured by filtration with EDTA. Then the 

concentrations of metal ions were corrected for adsorption loss of metal ions on the wall of bottle 

by running blank titration. 
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3.2.4  Kinetic calculations of heavy metals adsorption 

5 grams of charcoal was weighed in 250 ml conical flask 20 ppm metal ions (Ni++, Cu++, 

Zn++, Cd++, Pb++) solution was added in conical flask. Then started shaking of conical flask for 

different durations required to metal ions solution. After particular intervals of time centrifuged 

and filtered. Filtrate was analysed for metal solution by titrating against EDTA solution. 

Similarly the procedure was revised at different temperatures i.e. 25 °C, 30 °C, 35 °C, 40°C, 45 

°C & 50 °C for each metal ions solution and the data was plotted against Ist order reaction. Also 

rate constants were calculated for heavy metals (Ni, Cu, Zn, Cd & pb) adsorption as shown in 

figures 3.1-3.15 and tables 3.1, 3.2, 3.4, 3.5, 3.7, 3.8, 3.10, 3.11, 3.13 & 3.14. 

When first order reaction of heavy metals (Ni, Cu, Zn, Cd & ph) adsorption is assumed 

then first order reaction can be expressed by the following equation: 

lnC = lnCo —— KT    (3.1) 

where “C” is the concentration of metal solutions (Ni, Cu, Zn, Cd & pb). 

 

K is the adsorption constant and "T" is the reaction time. If lnC is plotted verses time, a 

straight line will be formed, then rate constant can be computed from the slope line. 

 

3.2.5  Thermodynamic-parameters calculations of adsorption 

The rate constant of the reactions were determined as described (3.2.4), then various 

thermodynamic parameters i.e. activation energy, enthalpy of activation, entropy of activation 

and free energy of heavy metals (Ni, Cu, Zn, Cd & pb) adsorption were calculated by following 

methods as shown in tables 3.3, 3.6, 3.9, 3.12 & 3.15. 
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Activation energy (Ea)  

The rate constants of the first order can be calculated from the slope obtained from 

plotting a graph lnK vs 1/T. Then the activation energy may be calculated from the slope: 

Slope = E/R      (3.2) 

When only two temperatures are involved then activation energy may be calculated by the 

Arrhenius equation: 

lnK2K1 = E/R (1/T - 1/T2)     (3.3) 

where R is the gas constant = 8.314 Joules deg-1 mole-1 

 

Enthalpy of activation energy (∆Ho) 

Enthalpy is the amount of heat energy gained or loss during reaction. Enthalpy can be 

calculated from the expression: 

∆H° = Ea ——RT      (3.4) 

Thus H is measure of amount of heat energy. 

Free energy of activation (∆G°)  

The free energy of activation can be computed from the expression given below: 

∆G° = ∆H° —— T∆S°    (3.5) 

Entropy of activation (∆S°)  

Entropy can be expressed by equation 

K=kT/h e− 
∆s° 

R   − e − 
∆H° 

RT      (3.6) 

Or  ∆S° = R(ln k h/KT + AH°/RT    (3.7) 

where k= slope 

K  = Boltzman constant 

= 1.3806 x 10-23 J. deg-1  

∆H° = Enthalpy 
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h  = plank constant 

= 0.6626 x 10-23 J. S-1 

R  = 8.314 J.deg. mol -1 

 

3.2.6  Calculation of Kn 

Distribution co-efficient KD was calculated by the following relation: 

 

KD = 
A−B

B
+

V

W
    (3.8) 

 

where  A = concentration before adsorption 

B = concentration (equilibrium concentration) after adsorption V = volume of solution 

W = wt of adsorbent 
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Table 3.1 

Kinetic study of nickel adsorption at different temperatures on fixed amount 

Of activated charcoal (5/250 g/ml) 

S. 

No 

Initial conc.  

of Ni sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Ni  

sol. ppm "C" 

Amount of  

Ni adsorbed  

µg/g 

lnC 

1 20 3 16.2 7.6 2.78 

2 20 6 15.0 10.0 2.70 

3 20 9 14.3 11.4 2.66 

4 20 12 13.5 13.0 2.60 

5 20 24 13.0 14.0 2.56 

6 20 48 12.9 14.2 2.55 

7 20 60 12.8 14.4 2.54 

Temp.25°C 

 

 

 

 

S. No 

Initial conc.  

of Ni sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Ni  

sol. ppm 

"C" 

Amount of  

Ni adsorbed  

µg/g 

lnC 

1 20 3 17.4 7.2 2.85 

2 20 6 16.1 7.8 2.78 

3 20 9 16.0 8.0 2.77 

4 20 12 15.4 9.2 2.73 

5 20 24 15.0 10.0 2.70 

6 20 48 14.9 10.2 2.70 

7 20 60 14.8 10.4 2.60 

Temp.30°C 
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Table 3.1 

… continue Table 3.1 

S. No 

Initial conc.  

of Ni sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Ni  

sol. ppm 

"C" 

Amount of  

Ni adsorbed  

µg/g 

lnC 

1 20 3 18.2 3.6 2.90 

2 20 6 16.0 8.0 2.77 

3 20 9 15.9 8.2 2.76 

4 20 12 15.5 9.0 2.74 

5 20 24 14.8 10.4 2.69 

6 20 48 14.2 11.6 2.65 

7 20 60 13.6 12.8 2.60 

Temp.35°C 

 

 

 

 

S. No 

Initial conc.  

of Ni sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Ni  

sol. ppm 

"C" 

Amount of  

Ni adsorbed  

µg/g 

lnC 

1 20 3 18.8 2.4 2.93 

2 20 6 18.2 3.6 2.90 

3 20 9 16.3 7.6 2.78 

4 20 12 15.84 8.32 2.76 

5 20 24 14.90 10.2 2.70 

6 20 48 14.30 11.4 2.66 

7 20 60 14.20 11.6 2.65 

Temp.40°C 
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…. Continue Table 3.1 

S. No 

Initial conc.  

of Ni sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Ni  

sol. ppm 

"C" 

Amount of  

Ni adsorbed  

µg/g 

lnC 

1 20 3 19.2 1.6 2.95 

2 20 6 18.5 3.0 2.91 

3 20 9 17.8 4.4 2.87 

4 20 12 17.4 5.2 2.85 

5 20 24 15.6 8.8 2.75 

6 20 48 15.5 9.0 2.74 

7 20 60 15.3 9.4 2.70 

Temp.45°C 

 

 

 

 

S. No 

Initial conc.  

of Ni sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Ni  

sol. ppm 

"C" 

Amount of  

Ni adsorbed  

µg/g 

lnC 

1 20 3 19.5 1.0 2.97 

2 20 6 19.1 1.8 2.95 

3 20 9 18.5 3.0 2.91 

4 20 12 17.4 5.2 2.85 

5 20 24 17.0 6.0 2.83 

6 20 48 16.8 6.4 2.83 

7 20 60 16.6 6.8 2.80 

Temp.50°C 
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Table 3.2 

Rate constants of 1st order reaction of nickel adsorption on charcoal 

Temperature  

(K°) 
1/T. 10-3 

-K  

Calculated from the  

slope of St. line 

lnK 

298 3.36 1.100 -.095 

303 3.30 1.110 -.104 

308 3.25 1.124 -.116 

313 3.19 1.231 -.208 

318 3.14 1.260 -.231 

323 3.09 1.290 -.255 

 

 

 

 

 

Table 3.3 

Various thermodynamic parameters calculated from kenetic study data of  

Nickel adsorption  

Temp. K° InK 
E.K cal. 

mole-1 

  ∆H° K cal. 

mole-1 

∆S°. eu. 

mole-1 

∆G° K cal. 

mole-1 

298 -.095 -25.773 -2451.79 -8.2262 -.3824 

303 -.104 -25.773 -2493.37 -8.2278 -.3466 

308 -.116 -25.773 -2534.94 -8.2288 -.4696 

313 -.208 -25.773 -2576.51 -8.2290 -8330 

318 -.231 -25.773 -2618.08 -8.2301 -.9080 

323 -.255 -25.773 -2659.65 -8.2310 -1.037 
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Figure 3.1. Kinetic study plot of Ni (C.vs.T.) 
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Figure 3.2. 1st order kinetic study of Ni (lnC.Vs.T.) 
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Figure 3.3. Plot of In K vs l/T (Ni) 
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Table 3.4 

Kinetic study of copper adsorption at different temperatures on fixed amount 

Of activated charcoal (5/250 g/ml) 

S. No 

Initial conc.  

of Cu sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Cu   

sol. ppm 

"C" 

Amount of  

 Cu adsorbed  

µg/g 

lnC 

1 20 3 8.4 23.2 2.12 

2 20 6 7.6 24.8 2.02 

3 20 9 7.0 26.0 1.94 

4 20 12 6.7 26.6 1.90 

5 20 24 6.7 26.6 1.90 

6 20 48 6.7 26.6 1.90 

7 20 60 6.7 26.6 1.90 

Temp.25°C 

 

 

 

 

S. No 

Initial conc.  

of Cu sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Cu  

sol. ppm 

"C" 

Amount of  

 Cu adsorbed  

µg/g 

lnC 

1 20 3 9.5 21.5 2.25 

2 20 6 8.4 23.2 2.12 

3 20 9 7.2 25.6 1.97 

4 20 12 6.8 26.4 1.91 

5 20 24 6.8 26.4 1.91 

6 20 48 6.8 26.4 1.91 

7 20 60 6.8 26.4 1.91 

Temp.30°C 
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…Continue Table 3.4 

S. No 

Initial conc.  

of Cu sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Cu  

sol. ppm 

"C" 

Amount of  

Cu adsorbed  

µg/g 

lnC 

1 20 3 10.2 19.6 2.32 

2 20 6 9.8 20.4 2.28 

3 20 9 9.2 21.6 2.21 

4 20 12 8.0 24 2.07 

5 20 24 8.0 24 2.07 

6 20 48 8.0 24 2.07 

7 20 60 8.0 24 2.07 

Temp.35°C 

 

 

 

 

 

S. No 

Initial conc.  

of Cu sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Cu  

sol. ppm 

"C" 

Amount of  

Cu adsorbed  

µg/g 

lnC 

1 20 3 11.6 16.8 2.45 

2 20 6 10.3 19.4 2.33 

3 20 9 9.6 20.8 2.26 

4 20 12 9.0 22.0 2.19 

5 20 24 9.0 22.0 2.19 

6 20 48 9.0 22.0 2.19 

7 20 60 9.0 22.0 2.19 

Temp.40°C 
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…. Continue Table 3.4 

S. No 

Initial conc.  

of Cu sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Cu  

sol. ppm 

"C" 

Amount of  

Cu adsorbed  

µg/g 

lnC 

1 20 3 12.9 14.2 2.55 

2 20 6 11.6 16.8 2.45 

3 20 9 10.5 17.6 2.35 

4 20 12 10.2 19.0 2.32 

5 20 24 10.2 19.6 2.32 

6 20 48 10.2 19.6 2.32 

7 20 60 10.2 19.6 2.32 

Temp.45°C 

 

 

 

 

 

 

S. No 

Initial conc.  

of Cu sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Cu  

sol. ppm 

"C" 

Amount of  

Cu adsorbed  

µg/g 

lnC 

1 20 3 14.3 11.4 2.66 

2 20 6 13.8 12.4 2.62 

3 20 9 13.2 13.6 2.58 

4 20 12 12.5 15.0 2.52 

5 20 24 12.0 16.0 2.48 

6 20 48 12.0 16.02 2.48 

7 20 60 12.0 16.0 2.48 

Temp.50°C 
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Table 3.5 

Rae constants of 1st order reaction of copper adsorption on activated charcoal 

Temperature  

(K°) 
1/T. 10-3 

-K  

Calculated from the  

slope of St. line 

lnK 

298 3.36 1.17 -0.16 

303 3.30 1.22 -0.20 

308 3.25 1.27 -0.24 

313 3.19 1.31 -0.27 

318 3.14 1.34 -0.29 

323 3.09 1.39 -0.33 

 

 

 

 

 

Table 3.6 

Various thermodynamic parameters calculated from kinetic study data of 

Copper adsorption 

Temp. K° lnK 
E.K cal. 

mole-1 

  ∆H°K cal. 

mole-1 

  ∆S°.eu. 

mole-1 

  ∆G°K cal. 

mole-1 

298 -0.16 -50.27 -2528.29 -8.482 -654 

303 -0.20 -50.72 -2569.56 -8.4778 -.7866 

308 -0.24 -50.72 -2611.48 -8.3403 -42.66 

313 -0.27 -50.72 -2653.00 -8.3372 -43.45 

318 -0.29 -50.72 -2694.57 -8.32691 -46.12 

323 -0.33 -50.72 -2736.14 -8.31669 -49.84 
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Figure 3.4. Kinetic study plot of Cu (C. Vs.T.) 
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Figure 3.5. 1st order kinetic study of Cu (lnC.vs.T.) 
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Figure 3.6. Plot of ln K vs 1/T (Cu) 
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Table 3.7 

Kinetic study of zinc adsorption at different temperatures on fixed amount 

Of activated charcoal (5/250/ g/ml) 

S. No 

Initial conc.  

of Zn sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Zn  

sol. ppm 

"C" 

Amount of  

Zn adsorbed  

µg/g 

lnC 

1 20 3 14.2 11.6 2.65 

2 20 6 13.2 13.2 2.59 

3 20 9 13.0 14.0 2.56 

4 20 12 12.6 14.8 2.53 

5 20 24 12.4 15.2 2.51 

6 20 48 12.4 15.2 2.51 

7 20 60 12.4 15.2 2.51 

Temp.25°C 

 

 

 

 

S. No 

Initial conc.  

of Zn sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Zn   

sol. ppm 

"C" 

Amount of  

 Zn adsorbed  

µg/g 

lnC 

1 20 3 15.1 9.8 2.71 

2 20 6 14.0 12.0 2.63 

3 20 9 12.8 14.4 2.54 

4 20 12 12.5 15.0 2.52 

5 20 24 10.9 18.2 2.38 

6 20 48 10.9 18.2 2.38 

7 20 60 10.9 18.2 2.38 

Temp.30°C 
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… Continue Table 3.7 

S. No 

Initial conc.  

of Zn sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Zn   

sol. ppm 

"C" 

Amount of  

  Zn adsorbed  

µg/g 

lnC 

1 20 3 16.8 7 .6 2.82 

2 20 6 15.6 8.8 2.75 

3 20 9 15.5 9.0 2.74 

4 20 12 15.4 9.2 2.73 

5 20 24 14.4 10.8 2.66 

6 20 48 14.4 10.8 2.66 

7 20 60 14.4 10.8 2.66 

Temp.35°C 

 

 

 

 

S. No 

Initial conc.  

of Zn sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Zn   

sol. ppm 

"C" 

Amount of  

 Zn adsorbed  

µg/g 

lnC 

1 20 3 17.2 5.6 2.84 

2 20 6 16.9 6.2 2.84 

3 20 9 16.2 7.6 2.78 

4 20 12 15.9 8.2 2.76 

5 20 24 15.9 8.2 2.76 

6 20 48 15.9 8.2 2.76 

7 20 60 15.9 8.2 2.76 

Temp.40°C 
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… Continue Table 3.7 

S. No 

Initial conc.  

of Zn sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Zn  

sol. ppm 

"C" 

Amount of  

Zn adsorbed  

µg/g 

lnC 

1 20 3 18.5 3.00 2.90 

2 20 6 17.4 5.20 2.85 

3 20 9 16.5 7.00 2.80 

4 20 12 16.0 8.00 2.77 

5 20 24 16.0 8.00 2.77 

6 20 48 16.0 8.00 2.77 

7 20 60 16.0 8.00 2.77 

Temp.45°C 

 

 

 

 

S. No 

Initial conc.  

of Zn sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Zn   

sol. ppm 

"C" 

Amount of  

  Zn adsorbed  

µg/g 

lnC 

1 20 3 19.1 2.0 2.95 

2 20 6 18.1 3.8 2.89 

3 20 9 17.3 5.4 2.85 

4 20 12 16.9 6.2 2.82 

5 20 24 16.9 6.2 2.82 

6 20 48 16.9 6.2 2.82 

7 20 60 16.9 6.2 2.82 

Temp.50°C 
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Table 3.8 

Rate constants of 1st order reaction of zine adsorption on activated charcoal 

Temperature  

(K°) 
1/T. 10-3 

-K 

Calculated from the 

slope of St. line 

lnK 

298 3.36 1.12 -0.113 

303 3.30 1.19 -0.174 

308 3.25 1.19 -0.174 

313 3. 19 1.27 -0.239 

318 3.14 1.31 -0.270 

323 3.09 1.34 -0.292 

 

 

 

 

Table 3.9 

Various thermodynamic parameters calculated from kinetic study data of 

Zinc adsorption  

Temp. K° InK 
E.K cal. 

mole-1 

  ∆H°K cal. 

mole-1 

∆S°. eu. 

mole-1 

∆G°K cal. 

mole-1 

298 -0.113 -41.57 -2519.14 -8.4519 -0.4738 

303 -0.174 -41.57 -2560.712 -8.4489 -0.6953 

308 -0.174 -41.57 -2602.28 -8.2234 -0.6947 

313 -0.239 -41.57 -2643.85 -8.4437 -0.9710 

318 -0.270 -41 .57 -2685.42 -8.4413 -10.866 

323 -0.292 -41.57 -2726.99 -8.4390 -11.93 
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Figure 3.7. Kinetic study plot of Zn (C.vs.T.) 
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Figure 3.8. First order kinetic study of Zn (lnC.vs.T.) 
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Figure 3.9. Plot of ln K vs 1/T (Zn) 
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Table 3.10 

Kinetic study of cadmium adsorption at different temperatures on fixed amount 

 Of activated charcoal (5/250 g/ml) 

S. No 

Initial conc.  

of Cd sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Cd   

sol. ppm 

"C" 

Amount of  

Cd adsorbed  

µg/g 

lnC 

1 20 3 11.6 16.8 2.45 

2 20 6 10.8 18.4 2.38 

3 20 9 10.2 19.6 2.32 

4 20 12 9.9 20.2 2.29 

5 20 24 9.9 20.2 2.29 

6 20 48 9.9 20.2 2.29 

7 20 60 9.9 20.2 2.29 

Temp.25°C 

 

 

 

 

 

S. No 

Initial conc.  

of Cd sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Cd   

sol. ppm 

"C" 

Amount of  

Cd adsorbed  

µg/g 

lnC 

1 20 3 11.9 16.2 2.45 

2 20 6 10.8 18.4 2.38 

3 20 9 9.6 20.8 2.26 

4 20 12 9.2 21.6 2.22 

5 20 24 9.0 22.0 2.19 

6 20 48 9.0 22.0 2.19 

7 20 60 9.0 22.0 .2.19 

Temp.30°C 
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… continue Table 3.10 

S. No 

Initial conc.  

of Cd sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Cd   

sol. ppm "C" 

Amount of  

Cd adsorbed  

µg/g 

lnC 

1 20 3 12.9 14.2 2.56 

2 20 6 11.6 16.8 2.45 

3 20 9 10.9 18.2 2.39 

4 20 12 10.3 19.4 2.33 

5 20 24 10.3 19.4 2.33 

6 20 48 10.3 19.4 2.33 

7 20 60 10.3 19.4 2.33 

Temp.35°C 

 

 

 

 

 

S. No 

Initial conc.  

of Cd sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Cd   

sol. ppm 

"C" 

Amount of  

Cd adsorbed  

µg/g 

lnC 

1 20 3 14.1 11.8 2.65 

2 20 6 13.7 12.6 2.62 

3 20 9 13.1 13.8 2.57 

4 20 12 11.9 16.2 2.48 

5 20 24 11.9 16.2 2.48 

6 20 48 11.9 16.2 2.48 

7 20 60 11.9 16.2 2.48 

Temp.40°C 
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… continue Table 3.10 

S. No 

Initial conc.  

of Cd sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Cd  

sol. ppm 

"C" 

Amount of  

Cd adsorbed  

µg/g 

lnC 

1 20 3 14.5 11.1 2.67 

2 20 6 13.2 13.6 2.58 

3 20 9 12.1 15.8 2.49 

4 20 12 11.8 16.4 2.47 

5 20 24 11.6 16.8 2.45 

6 20 48 11.6 16.8 2.45 

7 20 60 11.6 16.8 2.45 

Temp.45°C 

 

 

 

 

 

S. No 

Initial conc.  

of Cd sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Cd   

sol. ppm 

"C" 

Amount of  

Cd adsorbed  

µg/g 

lnC 

1 20 3 14.6 10.8 2.68 

2 20 6 14.1 11.8 2.65 

3 20 9 13.5 13.0 2.60 

4 20 12 12.2 15.6 2.50 

5 20 24 12.2 15.6 2.50 

6 20 48 12.2 15.6 2.50 

7 20 60 12.2 15.6 2.50 

Temp.50°C 
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Table 3.11 

Rate constants of 1st order reaction of cadmium adsorption on activated charcoal 

Temperature  

(K°) 
1/T. 10-3 

-K 

Calculated from the 

slope of St. line 

lnK 

298 3.36 1.14 -131 

303 3.30 1.21 -.190 

308 3.25 1.27 -199 

313 3.19 1.31 -.270 

318 3.14 1.36 -.307 

323 3.09 1.38 -.322 

 

 

 

 

Table 3.12 

Various thermodynamic parameters calculated from kinetic study data of 

Cadmium adsorption 

Temp. K° lnK 
E.K cal. 

mole-1 

  ∆H°K cal. 

mole-1 

  ∆S°.eu. 

mole-1 

  ∆G°K cal. 

mole-1 

298 -131 -44.06 -2521.632 -8.4600 -.552 

303 -.190 -44.06 -2563.202 -8.4569 -.761 

308 -199 -44.06 -2604.772 -8.4544 -.8148 

313 -.270 -44.06 -2646.342 -8.4513 -1.085 

318 -.307 -44.06 -2687.912 -8.4487 -1.225 

323 -.322 -44.06 -2729.482 -8.4464 -1.294 
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Figure 3.10. Kinetic study plot of Cd (C. vs. T.) 
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Figure 3.11. 1st order kinetic study of Cd (lnC.vs.T.) 
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Figure 3.12. Plot of (ln k vs 1/T (Cd). 
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                                                               Table 3.13 

Kinetic study of lead adsorption at different temperatures on fixed amount 

Of activated charcoal (5/250 g/ml) 

S. No 

Initial conc.  

of Pb sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Pb   

sol. ppm 

"C" 

Amount of  

Pb adsorbed  

µg/g 

lnC 

1 20 3 7.0 26.0 1.95 

2 20 6 6.2 26.6 1.82 

3 20 9 5.6 28.8 1.72 

4 20 12 5.3 29.4 1.67 

5 20 24 5.3 29.4 1.67 

6 20 48 5.3 29.4 1.67 

7 20 60 5.3 29.4 1.67 

Temp.25°C 

 

 

 

S. No 

Initial conc.  

of Pb  sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Pb  

sol. ppm 

"C" 

Amount of  

Pb adsorbed  

µg/g 

lnC 

1 20 3 7.8 24.4 2.05 

2 20 6 6.7 26.6 1.90 

3 20 9 5.9 28.2 1.77 

4 20 12 5.4 29.2 1.69 

5 20 24 5.4 29.2 1.69 

6 20 48 5.4 29.2 1.69 

7 20 60 5.4 29.2 1.69 

Temp.30°C 
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... continue Table 3.13 

S. No 

Initial conc.  

of Pb  sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Pb   

sol. ppm 

"C" 

Amount of  

Pb adsorbed  

µg/g 

lnC 

1 20 3 8.9 22.2 2.19 

2 20 6 8.5 23.0 2.14 

3 20 9 7.9 24.2 2.07 

4 20 12 6.7 26.6 1.90 

5 20 24 6.5 27.0 1.87 

6 20 48 6.5 27.0 1.87 

7 20 60 6.5 27.0 1.87 

Temp.35°C 

 

 

 

S. No 

Initial conc.  

of Pb sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Pb  

sol. ppm 

"C" 

Amount of  

Pb adsorbed  

µg/g 

lnC 

1 20 3 9.9 20.2 2.79 

2 20 6 8.6 22.8 2.15 

3 20 9 7.3 25.4 1.99 

4 20 12 6.7 26.6 1.90 

5 20 24 6.7 26.6 1.90 

6 20 48 6.7 26.6 1.90 

7 20 60 6.7 26.6 1.90 

Temp.40°C 

 

  



                                                                               

90 

 

… continue Table 3.13 

S. No 

Initial conc.  

of Pb sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Pb   

sol. ppm 

"C" 

Amount of  

Pb adsorbed  

µg/g 

lnC 

1 20 3 11.0 18.0 2.39 

2 20 6 9.7 20.6 2.27 

3 20 9 8.6 22.8 2.15 

4 20 12 8.3 23.4 2.12 

5 20 24 8.3 23.4 2.12 

6 20 48 8.3 23.4 2.12 

7 20 60 8.3 23.4 2.12 

Temp.45°C 

 

 

 

 

 

S. No 

Initial conc.  

of Pb sol.  

ppm 

Shaking  

time in  

min. 

Equilibrium  

conc. of Pb  

sol. ppm 

"C" 

Amount of  

Pb adsorbed  

µg/g 

lnC 

1 20 3 12.1 15.8 2.45 

2 20 6 11.6 16.8 2.39 

3 20 9 11.0 18.0 2.33 

4 20 12 10.3 19.4 2.28 

5 20 24 9.8 20.4 2.28 

6 20 48 9.8 20.4 2.28 

7 20 60 9.8 20.4 2.28 

Temp.50°C 
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Table 3.14 

Rate constants of 9st order reaction of lead adsorption on activated charcoal 

Temperature  

(K°) 
1/T. 10-3 

-K 

Calculated from the 

slope of St. line 

lnK 

298 3.36 1.20 -0.182 

303 3.30 1.25 -0.223 

308 3.25 1.30 -0.262 

313 3.19 1.35 -0.300 

318 3.14 1.39 -0.329 

323 3.09 1 .43 -0.358 

 

 

 

 

Table 3.15 

Various thermodynamic parameters calculated from kinetic study data of 

Lead adsorption 

Temp. K° lnK 
E.K cal. 

mole-1 

∆H°K cal. 

mole-1 

∆S°.eu. 

mole-1 

 ∆G°K cal. 

mole-1 

298 -0.182 -56.54 -2534.112 -8.50129 -0.7275 

303 -0.223 -56.54 -2575.682 -8.4976 -0.9092 

308 -0.262 -56.54 -2617 .252 -8.4941 - 1.0692 

313 -0.300 -56.54 -2658 .822 -8.4908 - 1.2016 

318 -0.329 -56.54 -2700.392 -8.4876 - 1.3352 

323 -0.358 -56.54 -2741.962 
-8.4862 

 
-1.3442 
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Figure 3.13. kinetic study plot of Pb(C.vs.T.) 
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Figure 3.14. 1st order kinetic study of pb (lnC.vs.T.) 
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Figure 3.15. Plot of (ln K vs 1/T (Pb) 
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The data of kinetics of heavy metals (Ni, Cu, Zn, Cd & Pb) adsorption on activated 

charcoal is given in table 3.1-3.15. The data was found to fit the first order kinetic equations. 

The values of lnC vs time plotted for different temperatures are shown in figures 3.2, 3.5, 3.8, 

3.11 & 3.14. The reaction follows the first order rate law about twenty min. and then after 

equilibrium has been established which means adsorption increases with an increase in shaking 

time and attains a constant value as described, twenty min. 

 

The first order rate constants (K) was observed and calculated at different temperatures 

from slopes of the Ist order curves are given in tables 3.2, 3.5, 3.8, 3.11 & 3.14. Values from 

these tables of rate constant show increase with increase in temperature. The values of rate 

constant of Pb++ adsorption are higher then Cu++, Cd++, Zn++ and Ni++ respectively. The sequence 

is Pb++ > Cu++ > Cd++ > Zn++  > Ni++. 

 

Pb adsorbs more as compared to Cu++, Cd++, Zn++ and Ni++ due its affinity to the excited 

sites on activated charcoal surface is more because it is the most metallic of the group IV 

element and its oxidation is +2 and +4 but the +4 state which is highly oxidizing. 

 

Enthalpy (∆H°), entropy (∆S°) and free energy (∆G°) of activation for the adsorption of 

heavy metals (Ni, Cu, Zn, Cd & pb) were calculated and are given in tables 3.3, 3.6, 3.9, 3.12 & 

3.15. 
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Table 3.16 

A desorption of nickel on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 25°C 

S. No 

Initial conc.  

of Ni sol.  

ppm 

Equi. 

Conc. Of 

Ni sol. 

Ppm (C) 

Amount of 

Ni 

Adsorbed 

µg/g (Y) 

lnC lnY C/Y 

1 1 0.72 2.8 -0.3286 1.0298 0.2571 

2 3 2.22 7.8 0.7976 2.0544 0.2846 

3 5 3.70 13.0 1.3085 2.5654 0.2846 

4 10 7.65 23.5 2.0350 3.1576 0.3255 

5 15 11.35 36.5 2.4296 3.5979 0.3109 

6 20 15.66 43.4 2.7516 3.7711 0.3608 

7 25 19.47 55.3 2.9694 4.0134 0.3520 

8 30 23.27 67.3 3.1477 4.2099 0.3457 
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Table 3.17 

A desorption of nickel on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 30°C 

S. 

No 

Initial conc.  

of Ni sol.  

ppm 

Equi. 

Conc. Of 

Ni sol. 

Ppm (C)  

Amount of  

Ni adsorbed  

µg/g(Y) 

lnC lnY 

C/Y 

1 1 0.77 2.3 -0.2614 0.8331 0.3348 

2 3 2.32 6.8 0.8417 1.9172 0.3412 

3 5 3.85 11.5 1.3483 2.4428 0.3348 

4 10 7.86 22.0 2.0601 3.0916 0.3573 

5 15 11.6 34.0 2.4514 3.5269 0.412 

6 20 15.96 40.4 2.7705 3.6995 0.3950 

7 25 19.82 51.8 2.9872 3.9481 0.3826 

8 30 23.67 63.3 3.1648 4.148 0.3739 
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Table 3.18 

A desorption of nickel on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 35°C 

S. 

No 

Initial conc.  

of Ni sol.  

ppm 

Equi. 

Conc. Of 

Ni sol. 

Ppm (C)  

Amount of  

Ni adsorbed  

µg/g (Y) 

lnC lnY C/Y 

1 1 0.8 1 1.9 -0.2 10 0.642 0.426 

2 3 2.4 6.0 0.875 1.792 0.400 

3 5 2.09 9. 1 1.409 2.201 0.441 

4 10 8.02 19.8 2.082 2.986 0.405 

5 15 1 1.8 32.0 2.469 2.466 0.369 

6 20 1 6.2 38.0 2.786 3.638 0.426 

7 25 20.1 49.0 3.001 3.893 0.410 

8 30 23.9 61.0 3. 174 4.1 12 0.392 
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Table 3.19 

A desorption of nickel on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 40°C 

S. No. 

Initi al 

cone.of Ni  

sol. 

ppm 

Equ i. 

cone.of Ni  

sol. 

ppm (C) 

Amount of 
Ni adsorbed 

µg/g (Y) 

lnC lnY C/Y 

1 1 0.85 1.5 -0.1625 0.4055 0.5666 

2 3 2.48 5.2 0.9084 1.6489 0.4769 

3 5 4.25 7 .5 1.4471 2.0152 0.5666 

4 10 8.20 18.0 2. 1045 2.8908 0.4555 

5 15 12.43 25.7 2.5206 3.2471 0.4836 

6 20 16.66 33.4 2.8135 3.5091 0.4988 

7 25 20.89 41. l 3.0398 3.7 167 0.5083 

8 30 25.12 48.8 3.2242 3.8884 0.5148 
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Table 3.20 

Adsorption of nickel on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 45°C 

 

S. No. 

Initi al 

cone.of Ni  

sol. 

ppm 

Equi. cone. 

of Ni  sol. 

ppm (C) 

Amount of 

Ni adsorbed 

 µg/g (Y) 

lnC lnY C/Y 

1 1 0.9 1 -0.1054 0 0.9000 

2 3 2.5 5 0.9164 1.6097 0.5000 

3 5 4.5 5 1.5043 2.7413 0.9000 

4 10 8.45 15.5 2.1346 3.1447 0.5451 

5 15 12.68 23.2 2.5405 3.1447 0.5466 

6 20 16.91 31.0 2.8284 3.4346 0.5455 

7 25 21.14 38.6 3.0517 3.6539 0.5477 

8 30 25.37 46.3 3.2342 3.835 0.5479 
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Table 3.21 

Adsorption of nickel on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 50°C 

S. No. 

Initial 

cone.of Ni  

sol. 

ppm 

Equi. cone. 

of Ni  sol. 

ppm (C) 

Amount of 

Ni 

adsorbed 

µg/g (Y) 

lnC lnY C/Y 

1 1 0.93 0.7 -0.0726 -0.3567 1.3286 

2 3 2.8 2 1.0298 0.6933 1.4000 

3 5 4.65 3.5 1.5371 1.2529 1.3286 

4 10 8.63 13.7 2.1556 2.6179 0.6299 

5 15 12.81 21.9 2.5507 3.0870 0.5849 

6 20 17.00 30.0 2.8337 3.4018 0.5666 

7 25 21.23 37.7 3.0559 3.6303 0.5613 

8 30 25.53 44.7 3.2404 3.8006 0.5711 
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Table 3.22 

Adsorption of copper on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 25°C 

S. No. 

Initial 

cone. of Cu  

sol. 

ppm 

Equi. cone. 

of Cu sol. 

ppm (C) 

Amount of 

Cu 

adsorbed 

µg/g (Y) 

lnC lnY C/Y 

1 1 0.63 3.7 -0.4621 1.3086 0.1702 

2 3 1.92 10.4 0.6524 2.3422 0.1846 

3 5 3.33 16.7 1.2032 2.8159 0.1994 

4 10 7.04 29.6 1.9519 3.3884 0.2378 

5 15 10.75 42.5 2.37 53 3.7 502 0.2529 

6 20 14.36 56.4 2.6649 4.0332 0.2546 

7 25 18.17 68.3 2.9002 4.2247 0.2660 

8 30 21.78 82.2 3.0815 4.4099            0.2649 
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Table 3.23 

Adsorption of copper on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 30°C 

S. No. 

Initial 

cone. of 

Cu sol. 

ppm 

Equi. 

cone. of 

Cu sol. 

ppm (C) 

Amount of 

Cu 

adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.68 3.2 -0.3857 1.1634 0.2125 

2 3 2.02 9.8 0.7032 2.2828 0.2061 

3 5 3.48 15.2 1.2473 2.7218 0.2289 

4 10 7.24 27.6 1.9799 3.3184 0.2623 

5 15 11.00 40.0 2.3983 3.6895 0.2750 

6 20 14.66 53.4 2.9785 3.9785 0.2745 

7 25 18.52 64.8 4.1721 4.1721 0.2858 

8 30 22.1 8 78.2 4.3601 4.3601 0.2836 
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Table 3.24 

Adsorption of copper on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 35°C 

S. No. 

Initial 

cone. of 

Cu sol. 

ppm 

Equi. 

cone. of 

Cu sol. 

ppm (C) 

Amount of 

Cu 

adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.72 2.8 -0.329 1.029 0.257 

2 3 2.1 9 0.742 2.198 0.232 

3 s 3.6 14 1.281 2.639 0.257 

4 10 7.4 26 2.002 3.259 0.285 

5 15 11.2 38 2.416 3.638 -295 

6 20 14.9 51 2.702 3.933 0.292 

7 25 18.8 62 2.934 4.128 0.303 

8 30 22.5 75 2.1 14 4.319 0.300 
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Table 3.25 

Adsorption of copper on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 40°C 

S. No. 

Initial 

cone. of 

Cu sol. 

ppm 

Equi. 

cone. of 

Cu sol. 

ppm (C) 

Amount of 

Cu 

adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.76 2.4 -0.2744 0.8756 0.3166 

2 3 2.18 8.2 0.7794 2.1 045 0.2659 

3 5 3.8 12.0 1.3352 2.4854 0.3166 

4 10 7.64 23.6 2.0338 3.1618 0.3237 

5 15 1 1.48 35.2 2.4410 3.5617 0.3261 

6 20 15.32 46.8 2.7297 3.8466 0.3274 

7 25 19.16 58.4 2.9533 4.0680 0.3286 

8 30 23.00 70.0 2.1 361 4.3493 0.3286 
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Table 3.26 

Adsorption of copper on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 45°C 

S. No. 

Initial 

cone. of 

Cu sol. 

ppm 

Equi. 

cone. of 

Cu sol. 

ppm (C) 

Amount of 

Cu 

adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 l 0.81 l '. 9 -0.2108 0.6419 0.4263 

2 3 2.26 7.2 0.8243 1.9744 0.3166 

3 5 4.05 9.5 1.3989 2.2517 0.4263 

4 10 7.94 20.6 2.0723 3.0258 0.3854 

5 15 11.83 31.7 2.471 1 3.4569 0.3732 

6 20 15.72 42.8 2.7554 3.7572 0.3673 

7 25 19.61 53.9 2.9766 3.9878 0.3636 

8 30 23.5 65.0 3.1576 3.1751 0.3615 
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Table 3.27 

Adsorption of copper on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 50°C 

S. No. 

Initial 

cone. of  

Cu sol.  

ppm 

Equi.  

cone. of  

Cu sol.  

ppm (C) 

Amount of 

Cu 

adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 l 0.84 1.6 -0.1744 0.4701 0.525 

2 3 2.3 7 0.8331 1.9463 0.328 

3 5 4.2 8 1.4353 2.0798 0.525 

4 10 19.1 19.1 2.0910 2.9502 0.4236 

5 15 30.2 30.2 2.4084 3.4084 0.3967 

6 20 41.3 41.3 2.7649 3.7215 0.3843 

7 25 52.4 52.4 2.9842 3.9506 0.3771 

8 30 23.65 63.5 3.1649 4.1518 0.3824 
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Table 3.28 

Adsorption of Zinc on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 25°C 

S. No. 

Initial 

cone. of 

Zn sol. 

ppm 

Equi. 

cone. of 

Zn sol. 

ppm (C) 

Amount of 

Zn adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.71 2.9 -0.3426 1.0649 0.2448 

2 3 2.02 9.8 0.7032 2.2827 0.2061 

3 5 3.79 12.1 1.3326 2.4936 0.3132 

4 10 7.64 23.6 2.0338 3.1618 0.3237 

5 15 10.75 42.5 2.3753 3.7502 0.2529 

6 20 15.36 46.4 2.7323 3.8379 0.3310 

7 25 19.37 56.3 2.9643 4.0314 0.3440 

8 30 22.98 70.2 3.1352 4.2521 0.3274 
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Table 3.29 

Adsorption of Zinc on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 30°C 

S. No. 

Initial 

cone. of 

Zn sol. 

ppm 

Equi. 

cone. of 

Zn sol. 

ppm (C) 

Amount of Zn 

adsorbed µg/g  

(Y) 

lnC lnY C/Y 

1 1 0.76 2.4 -0.2745 0.8756 0.3166 

2 3 2.12 8.8 0.7515 2.1751 0.2409 

3 5 3.89 11.1 1.3586 2.4073 0.3504 

4 10 7.84 21.6 2.0596 3.0732 0.3629 

5 15 11.00 40.0 2.3783 3.6895 0.2750 

6 20 15.66 43.4 2.7516 3.7711 0.3608 

7 25 19.72 52.8 2.9822 3.9672 0.3735 

8 30 23.39 66.2 3.1524 4.1934 0.3532 
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Table 3.30 

Adsorption of zinc on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 35°C 

S. No. 

Initial cone. of  

Zn sol.  

ppm 

Equi.  

cone. of  

Zn sol.  

ppm (C) 

Amount of 

Zn adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.8 2 -0.223 0.693 0.400 

2 3 2.2 8 0.789 2.079 0.275 

3 5 4.01 9.9 1.389 2.293 0.405 

4 10 8.0 20 2.079 2.996 0.400 

5 15 11.2 38 2.416 3.638 0.295 

6 20 15.9 41 2.767 3.7 14 0.388 

7 25 20.0 50 2.996 3.913 0.400 

8 30 23.7 63 3.166 4.144 0.376 
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Table 3.31 

Adsorption of zinc on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 40°C 

S. No. 

Initial 

cone. of  

Zn sol.  

ppm 

Equi.  

cone. of  

Zn sol.  

ppm (C) 

Amount of 

Zn  adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 
0.84 1.6 -0.1744 0.4700 0.525 

2 3 
2.28 7.2 0.8243 1.9744 0.3166 

3 5 
4.19 8.1 1.4329 2.0922 0.5173 

4 10 
8.22 17.8 2.1069 2.9797 0.4018 

5 15 
1 1.46 35.4 2.4393 3.5674 0.3237 

6 20 
16.26 37.4 2.7892 3.6223 0.4376 

7 25 
2 1.00 40.0 3.0450 3.6895 0.5250 

8 30 
25 .20 48 .0 3.2274 3.8719 0.5250 

 

  



                                                                               

112 

 

 

Table 3.32 

Adsorption of zinc on activated charcoal 

Shaking time = 20 mi n. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 45°C 

S. No. 

Initial 

cone. of 

Zn sol. 

ppm 

Equi. 

cone. of 

Zn sol. 

ppm (C) 

Amount of  

adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.88 1.2 -0.1278 0.1 823 0.7333 

2 3 2.36 6.4 0.8508 1.8566 0.3687 

3 5 4.30 7.0 1.4588 1.9463 0.6143 

4 10 8.47 15.3 2. ] 369 2.7283 0.5536 

5 15 12.51 24.9 2.5269 3.2154 0.5024 

6 20 16.55 34.5 2.8068 3.5416 0.4797 

7 25 21.20 38.0 3.0545 3.6382 0.5578 

8 30 25.63 43.7 3.2443 3.7780 0.5864 
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Table 3.33 

Adsorption of zinc on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 50°C 

S. No. 

Initial 

cone. of  

Zn sol.  

ppm 

Equi.  

cone. of  

Zn sol.  

ppm (C) 

Amount of 

Zn adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.91 0.9 -0.0943 -0.10538 1.011 

2 3 2.60 4 0.9557 1.3865 0.65 

3 5 4.55 4.5 1.5154 1.5043 1.011 

4 10 8.72 12.8 2.1660 2.5499 0.7089 

5 15 12.78 22.2 2.5483 3.1006 0.5756 

6 20 16.82 31.8 2.823 l 3.4601 0.5289 

7 25 21.47 35.3 3.0672 3.5645 0.6082 

8 30 25.9 41.0 3.2549 3.7 143 0.6317 
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Table 3.34 

Adsorption of cadmium on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 25°C 

S. No. 

Initial 

cone. of  

Cd sol.  

ppm 

Equi.  

cone. of  

Cd sol.  

ppm (C) 

Amount of 

Cd adsorbed    

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.69 3.1 -0.37106 1.1314 .22258 

2 3 2.10 9.0 0.74193 2.1972 23333 

3 5 3.5 15.0 1.25276 2.70805 .2333 

4 10 7.21 27.9 1.97547 3.3286 .25842 

5 15 10.97 40.3 2.39516 3.69635 27221 

6 20 14.71 52.9 2.68852 3.96840 27807 

7 25 18.55 64.5 2.92047 4.16666 .28759 

8 30 23.16 68.4 3.14243 4.22537 .33859 
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Table 3.35 

Adsorption of cadmium on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 30°C 

S. No. 

Initial 

cone. of  

Cd sol.  

ppm 

Equi.  

cone. of  

Cd sol.  

ppm (C) 

Amount of 

Cd 

adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.74 2.6 -.301 105 0.95551 0.28462 

2 3 2.25 7.5 0.81093 2.01490 0.3000 

3 5 3.85 11.5 1.34807 2.44235 0.33478 

4 10 7.71 22.9 2.04252 3.13114 0.33668 

5 15 11.72 32.8 2.46129 3.49043 0.357317 

6 20 15.71 42.9 2.754297 3.75887 0.36620 

7 25 19.8 52.0 2.98568 3.95124 0.38076 

8 30 24.16 58.4 3.18469 4.06732 0.413169 
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Table 3.36 

Adsorption of cadmium on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 35°C 

S. No. 

Initial 

cone. of  

Cd sol.  

ppm 

Equi.  

cone. of  

Cd sol.  

ppm (C) 

Amount of 

Cd adsorbed    

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.78 2.2 -.24846 78846 .35454 

2 3 2.37 6.3 .862999 1.84055 .37619 

3 5 4.05 9.5 1.398716 2.25129 .42632 

4 10 8.11 18.9 2.09309 2.93916 .4291005 

5 15 12.32 26.8 2.511224 3.2884 .459701 

6 20 16.51 34.9 2.803966 3.55249 .473066 

7 25 20.8 42.0 3.03495 3.73767 .49524 

8 30 25.35 46.5 3.23272 3.83945 .54516 
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Table 3.37 

Adsorption of cadmium on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 40°C 

S. No. 

Initial 

cone. of 

Cd sol. 

ppm 

Equi. 

cone. of 

Cd sol. 

ppm (C) 

Amount of 

Cd adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.82 1.8 - .19845 .58778 .45555 

2 3 2.48 5.2 .90825 1.64865 .47692 

3 5 4.25 7.5 1.446918 2.01490 .56666 

4 10 8.51 14.9 2.141242 2.70136 5711409 

5 15 12.9 20.8 2.55722 3.03495 .620192 

6 20 17.31 26.9 2.85128 3.29213 .643494 

7 25 21.79 32.1 3.08145 3.468856 .678816 

8 30 26.26 37.4 3.26805 3.62167 .702134 
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Table 3.38 

Adsorption of cadmium on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 45°C 

S. No. 

Initial 

cone. of  

Cd sol.  

ppm 

Equi.  

cone. of  

Cd sol.  

ppm (C) 

Amount of 

Cd adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.85 1.5 - .1625189 .405465 .56666 

2 3 2.57 4.3 9439059 1.458615 597674 

3 5 4.4 6.0 1.4816045 1.791759 .73333 

4 10 8.81 11.9 2.175887 2.476538 740336 

5 15 13.37 16.3 2.59301 2.79116 .82024 

6 20 17.91 20.9 2.88535 3.03974 .85694 

7 25 22.49 25.1 3.11307 3.22286 .896015 

8 30 26.98 30.0 3.295096 3.40119 .89933 
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Table 3.39 

Adsorption of cadmium on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 50°C 

S. No. 

Initial 

cone. of  

Cd sol.  

ppm 

Equi.  

cone. of  

Cd sol.  

ppm (C) 

Amount of 

Cd adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.87 1.3 -.139262 .26236 .66923 

2 3 2.97 3.3 1.08856 1.19392 .90000 

3 5 4.5 5.0 1.504077 1.609432 .90000 

4 10 9.01 9.89 2.198335 2.291524 .91102 

5 15 13.67 13.3 2.6152036 2.58776 1.02782 

6 20 18.31 16.9 2.907447 2.827314 1.08343 

7 25 22.91 20.9 3.1315734 3.039775 1.09617 

8 30 27.6 24.0 3.3178157 3.17805 1.1500 
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Table 3.40 

Adsorption of lead on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 25°C 

S. No. 

Initial cone. 

of  

Pb sol.  

ppm 

Equi.  

cone. of  

Pb sol.  

ppm (C) 

Amount of 

Pb adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 .60 4.0 -.5108256 1.38629 .15000 

2 3 1.9 11.0 .6418538 2.39789 .172727 

3 5 3.23 17.7 1.172482 2.87356 .182486 

4 10 6.84 31.6 1.92278 3.45315 .2164557 

5 15 10.65 43.5 2.365559 3.77276 .244827 

6 20 14.21 57.9 2.65394 4.058717 .245423 

7 25 17.77 72.3 2.877512 4.27666 .2457814 

8 30 21.58 84.2 3.071766 4.430816 .2562945 
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Table 3.41 

Adsorption of lead on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 30°C 

S. No. 

Initial 

cone. of  

Pb sol.  

ppm 

Equi.  

cone. of  

Pb sol.  

ppm (C) 

Amount of 

Pb adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.64 3.6 -.446287 1.2880934 .17777 

2 3 1.94 10.6 .6626879 2.360854 .18301886 

3 5 3.27 17.3 1.847899 2.850706 .1890173 

4 10 6.88 31.2 1.928618 3.440418 .2205128 

5 15 10.69 43.1 2.36931 3.763522 .248028 

6 20 14.25 57.5 2.65675 4.05178 .248126 

7 25 17.85 71.5 2.8820035 4.26969 2496503 

8 30 21.62 83.8 3.073618 4.428433 .257995 
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Table 3.42 

Adsorption of lead on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 35°C 

S. No. 

Initial cone. 

of  

Pb sol.  

ppm 

Equi.  

cone. of  

Pb sol.  

ppm (C) 

Amount of 

Pb adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.67 3.3 -.4004775 1.193922 .20303 

2 3 2.05 9.5 .717839 2.2512917 215789 

3 5 3.43 15.8 1.23256 2.760009 .2170886 

4 10 7.18 28.2 1.971299 3.33932 .254609 

5 15 11.14 38.6 2.410542 3.65325 .2886000 

6 20 14.85 51.5 2.69799 3.94158 .288749 

7 25 18.6 64.0 2.92316 4.15888 .290625 

8 30 22.52 74.8 3.114403 4.314817 .301069 
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Table 3.43 

Adsorption of lead on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 40°C 

S. No. 

Initial 

cone. of  

Pb sol.  

ppm 

Equi.  

cone. of  

Pb sol.  

ppm (C) 

Amount of 

Pb adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.69 3.1 -.37106 1.1314021 .2225806 

2 3 2.11 8.9 .7466879 2.1860512 .2370786 

3 5 3.52 14.8 1.2584609 2.6946271 .2378378 

4 10 7.38 26.2 1.9987736 3.2657594 .28167938 

5 15 11.44 35.6 2.4371159 3.572345 .3213483 

6 20 15.27 47.3 2.72589 3.8565102 .32283298 

7 25 19.1 59.0 2.9496883 4.0775374 .3237288 

8 30 23.2 68.8 3.140698 4.2312037 .33604651 
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Table 3.44 

Adsorption of lead on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 45°C 

S. No. 

Initial 

cone. of  

Pb sol.  

ppm 

Equi.  

cone. of  

Pb sol.  

ppm (C) 

Amount of 

Pb adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.71 2.9 -.3424903 1.0647107 .2448275 

2 3 2.17 8.3 .774727 2.116255 .26144578 

3 5 3.62 13.8 1.286474 2.624668 .26231884 

4 10 7.58 24.2 2.0255132 3.1863526 .31322314 

5 15 11.74 32.6 2.4630018 3.484312 36012269 

6 20 15.67 43.3 2.751748 3.7681526 .36189376 

7 25 19.6 54.0 2.9755295 3.98898 .36296296 

8 30 23.72 62.8 3.1663183 4.139955 .37770700 
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Table 3.45 

Adsorption of lead on activated charcoal 

Shaking time = 20 min. 

Amount of charcoal = 1/50 (g/ml) 

Temperature = 50°C 

S. No. 

Initial cone. 

of  

Pb sol.  

ppm 

Equi.  

cone. of  

Pb sol.  

ppm (C) 

Amount of 

Pb adsorbed 

µg/g  (Y) 

lnC lnY C/Y 

1 1 0.72 2.8 -.3288504 1.029619 .2571428 

2 3 2.2 8.0 .788457 2.07944 .27500 

3 5 3.6 13.3 1.2809338 2.58776 .24812030 

4 10 7.68 23.2 2.038619 3.14415 .3310344 

5 15 11.89 31.1 2.4756977 3.4372078 .38231511 

6 20 15.87 41.3 2.7644305 3.72086 .3842615 

7 25 19.85 51.5 2.988204 3.94158 .3854368 

8 30 24.02 59.8 3.178886 4.091006 .401672 
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Figure 3.16. Freundlich plot of Ni adsorption on activated 

charcoal at different temperatures.  
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Figure 3.17. Freundlich plot of Cu adsorption on activated 

charcoal at different temperatures.  
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Figure 3.18. Freundlich plot of Zn adsorption on activated 

charcoal at different temperatures.  
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Figure 3.19. Freundlich plot of Cd adsorption on activated 

charcoal at different temperatures.  
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Figure 3.20. Freundlich plot of Pb adsorption on activated 

charcoal at different temperatures.  
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Figure 3.21. Langmuir plot of Ni adsorption on activatd 

Charcoal at temperature 25oC.  



                                                                               

133 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.21. Langmuir plot of Cu adsorption on activated 

    Charcoal at temperature 25oC.  



                                                                               

134 

  

Figure 3.23. Langmuir plot of Zn adsorption on activated 

Charcoal at temperature 25oC. 
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Figure 3.24. Langmuir plot of Cd adsorption on activated 

Charcoal at temperature 25oC. 



                                                                               

  

136 

Figure 3.25. Langmuir plot of Pb adsorption on activated 

Charcoal at temperature 25oC. 
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Figure 3.26. Dubinin-Rudshkevic Plot for Pb 
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The adsorption of heavy metals (Ni, Cu, Zn, Cd & pb) on activated charcoal was studied 

at six different temperatures from 25°C to 50°C with difference of 5°C. The amount adsorbed 

Y(µg/g) when plotted vs solutions' concentrations (ppm) determined at the equilibrium time 20 

min. give straight line showing the validity of Freundlich equation which is presented by 

following way: 

    X/m = KCs 
1/n         (3.9) 

Where X/m is the amount of metal adsorbed per gram shown in the tables by symbol (Y) 

of activated charcoal (µg/g), Cs  is the equilibrium concentration of metal in solution (ppm) given 

in the tables by abbreviation (C ), K and 1/n are empirical constants which are calculated and are 

given in table 3.46. The values of K were computed from the intercept and n from the slopes of 

the plots shown in figures 3.16-3.20. 

The Langmuir equation was applied in the form of 

 

                        
Cs

X/m
=

1

K K 
  +  

Cs 

K 
              (3.10) 

Where Cs and (X/m) have been defined already, K1 is the constant related to the heat of 

adsorption and K is the measure of the monolayer capacity but the plots in figures 3.21-3.25 

shows the invalidity of the Langmuir equation. 

The adsorption data was also tested for Dubinin-Rudushkevic (D-R) isotherm equation. 

The linearized D-R equation is 

ln X/m = ln X'm - K' ℇ 2        (3.11) 

Where all the symbols have their usual meanings in (1.1.5). The D-R plot of ln(X/m) versus ℇ 2 

for pb adsorption is shown in figure 3.26. This plot indicates that D-R Isotherm equation is not 

followed for pb++ adsorption on activated charcoal. 

 

  

1 
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Table 3.47 

Adsorption of heavy metals (Ni, Zn, & pb) on different dosages of activated charcoal 

Shaking time = 20 hours  

Temperature = 35°C 

S. No. 

Initial cone. of  Ni 

sol. 

Ppm 

Dosages of 

Charcoal 

(g) 

Equi. 

cone. of 

Ni sol. 

ppm (C) 

Amount of 

Ni 

adsorbed 

(µg/g) (Y) 

% Removal 

1 103.3 0.2 90.64 316. 67 12.26 

2 103.3 0.4 84.32 469 18.16 

3 103.3 0.6 84.30 475 18.39 

4 103.3 0.8 78.62 617 23.89 

S. No. 

Initial cone. of  

Zn sol. 

Ppm 

Dosages of 

Charcoal 

(g) 

Equi. 

cone. of 

Zn sol. 

ppm (C) 

Amount of 

Zn 

adsorbed 

(µg/g) (Y) 

% Removal 

1 100 0.2 81.30 394 15.76 

2 100 0.4 77.15 498 19.92 

3 100 0.6 74.99 526 21.04 

4 100 0.8 74.86 555 22.2 

5 100 1.0 74.9 556 22.16 

S. No. 

Initial cone. of  Ni 

sol. 

Ppm 

Dosages of 

Charcoal 

(g) 

Equi. 

cone. of 

pb sol. 

ppm (C) 

Amount of 

pb 

adsorbed 

(µg/g) (Y) 

% Removal 

1 67.4 0.2 22.11 1983 58.3 

2 67.4 0.4 20.21 2078 62.66 

3 67.4 0.6 29.55 1611 47.8 

4 67.4 0.8 23.45 1916 56.85 
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Figure 3.27. Adsorption of Ni, Zn & Pb on different doses 

of activated charcoal. 

Shaking time: 2 hours 

Temperature: 35 oC 
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Table 3.48 

Distribution Co-efficient of KD of heavy metals (Ni, Zn, Cd & pb) on  

activated charcoal 

Metals % Adsorption KD     (ml/g) 

Ni 29 .87 14.935 

Cu 47.59 23.529 

Zn 31.5 15.789 

Cd 35.14 17.568 

pb 56.25 28.125 

 

Concentration of metals fixed at 1 ppm. 
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3.2.7  Adsorption of Ni++ 

Nickel is member of the iron family and has properties similar to that of cobalt. It is a 

silver white malleable metal, it can exist in 0, +1, +2, +3 oxidation state, but the chemistry of 

nickel compounds is usually found that of the +2 state. Though metallic nickel is found to be 

non-poisonous where as gases nickel carbonyl is very toxic. 

 

The adsorption of nickel on activated charcoal was studied under various experimental 

conditions at different six temperatures with the difference of interval five (5) from 25°C-50°C 

which is shown in figure 3.16. Nickel adsorbed very less as compared to other heavy metals (Cu, 

Zn, Cd & pb). It is because that nickel has the unique characteristic of improving one or more of 

the properties of most metals and alloys to which it is added. It ranks ninth in the world's 

consumption of metals. The metal and more than 3000 of its alloys are used principally for 

resistance to corrosion in combination with strength and ductility, and for special purposes such 

as catalyst, communications and temperature control. 

Adsorption of nickel decreases with the increasing of temperature shown in tables 3.16-

3.21 and figure 3.16. Freundlich and Langmuir equations as shown figures 3.16 & 3.21 

respectively, were applied, only Freundlich equation was followed and the constants of 

Freundlich equation were calculated shown as in table 3.46.  

 

Percentage adsorption and KD were computed of nickel adsorption on temperature 30°C 

shown in table 3.48. 

3.2.8  Adsorption of Cu++ 

Copper is also the member of iron family and it is one of the first metals known to man, 

occurring in the glacial drift as dark brown, heavy nuggets. Further, it is in crystalline form 

reddish metal, cubic, oxidation state +2 and +4. It is toxic in case of the damaging of liver. 
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In the preliminary studies, the effect of shaking time and pH on the adsorption of copper 

on activated charcoal were examined from aqueous solution at different temperatures as 

mentioned in (3.2.7) for nickel. The results of these studies are presented in figures 3.4 & 3.5. It 

is observed that the adsorption equilibrium was reached within 20 minutes with the concentration 

20 ppm and the maximum adsorption occur at pH-10. 

 

Adsorption of copper is more as compared to nickel, zinc and cadmium. It is due to the 

outer most shells 3d10, 4s2, 4s2 and 4s2 respectively. It is why to half filling of 4s orbit in copper 

that its affinity to the excited sites on carbon surface is more. 

 

Temperature dependence of copper adsorption on activated charcoal was investigated for 

different concentration of copper solution. The temperature was varied from 25°C-50°C in a step 

of 5°C. With the increase in temperature, the adsorption of copper was found decreased (tables 

3.22-3.27). Various thermodynamic parameters and KD are computed as discussed previously. 

 

The data was tested for Freundlich, Langmuir and D-R equation and only followed by 

Freundlich equation shown in figures 3.17 & 3.22 etc. and constants of Freundlich equation are 

given in table 3.46. 

 

3.2.9  Adsorption of Zn++ 

Zinc is a silvery metal of hexagonal crystal structure. Zinc is in group II of the periodic 

table in the subgroup including also cadmium and mercury. Zinc was in use as a constituent of 

brass perhaps 2000 years before and on ancient method of brass production involved heating 

chunk of copper with calamine cold world designation for zinc carbonate and a reducing agent 

such as charcoal. 

A shiny bluish lustrous metal exists in +2 oxidation state. Presence of moisture 

in air permits attack to occur of zinc at room temperature. Further it is noted that zinc 
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compound may contain significant of cadmium and lead [187] but also it is very toxic particularly 

a larger doze of ZnCl2 which leads to the damage of the mucous membranes and respiratory 

tract. 

 

Initially the optimum shaking time and pH for the adsorption of zinc on activated 

charcoal were carried out at different temperatures as described above. The results and 

investigations are shown in figures 3.7 & 3.8. It is evidenced from these figures that the 

conditions of shaking time and pH optimized for maximum adsorption are 20 minutes with the 

concentration of 20 ppm and pH-10. All the further investigations were carried out at these 

optimized conditions. 

 

The adsorption of zinc is more than nickel due it oxidizing character while less than 

copper due to its own affinity of electronic configuration. The effect of zinc concentration on 

activated charcoal was studied at conditions of 20 minutes shaking time, pH-10 and varied the 

concentration of metal ions solutions as shown in tables 3.28-3.33. The data concerning the 

dependence of zinc concentration was subjected to Freundlich, Langmuir equations. Figures 3.18 

& 3.23 show that only Freundlich equation is obeyed by zinc adsorption on activated charcoal. 

The values of the constants of Freundlich equation were calculated as shown in table 3.46. While 

the data was not obeyed by Langmuir and D-R equations. 

 

The influence of temperature on adsorption of zinc on activated charcoal was also 

investigated in the temperature range of 25°C-50°C in a step of 5°C. Which shows the 

decrease of adsorption with increase of temperature. 

 

3.2.10  Adsorption of Cd++ 

The properties of cadmium are so similar to those of zinc that the two elements 

invariably occur together. There are no important minerals of cadmium, which is only about 

one thousandth as abundant as zinc. The principle source of cadmium is the flue dust from 

the purification of zinc by distillation. In its compound the usual oxidation state  
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of cadmium is +2. It exists in aqueous solution as colourless Cd+2 ions. Cadmium give rise 

to both acute and chronic type of poisoning. 

 

Initial studies were conducted to ascertain the conditions of shaking time and pH for the 

maximum adsorption of cadmium on activated charcoal from aqueous solution at different 

temperatures from 25°C-50°C with the interval of 5°C. It was found that with the increase in 

temperature, decrease occurred in adsorption (table 3.34-3.39). Figures 3.10 & 3.11 represent 

that the equilibrium is attained within 20 minutes and maximum adsorption of cadmium occurred 

at pH-5  with the concentration of 20 ppm. 

 

The effect of cadmium concentration on its adsorption on activated charcoal was studied 

in the concentration range 1-30 ppm and was found the adsorption was more as compared to 

nickel and zinc and less than copper due its low melting point. The results were analyzed in terms 

of Freundlich, Langmuir and D-R equations. The data fits the Freundlich equation while it do 

not fit the Langmuir and D-R equation as shown in figures 3.19 and 3.24. The Freundlich 

constants were computed shown in table 3.46. 

Various thermodynamic parameters were calculated and are given in table-3.12. 

 

3.2.11  Adsorption of pb++ 

The element lead is member of the carbon family. It is the most metallic of the group IV 

element, like tin, it shows oxidation state of +2 and +4 but the +4 state is more highly oxidizing. 

There is no evidence that lead is involved in any of the physiological or biochemical function of 

organism and therefore, it is a toxicity proof of lead. 

 

Adsorption of lead on activated charcoal was carried out at six different temperatures 

from 25°C--50°C with interval difference of 50°C and was found the decrease in adsorption 

with the increase of temperatures (tables 3.40-3.45). Preliminary experiment was performed 

to establish the time required for adsorption pb++ from aqueous solution on activated 

charcoal to reach equilibrium. Figures 3.13 & 3.14 show tha t 
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percentage adsorption and KD values increase with increase an increase in shaking time resulted 

in a decrease in percentage adsorption and KD values. Similar observation have been reported 

earlier [188] 20 minutes shaking time was selected for all subsequent studies with the 

concentration of 20 ppm. Also found pH-10 favorable for the adsorption of lead. 

 

The amount of adsorption of Pb++ was found more as compared to Ni++, Cu++, Zn++ & Cd++ due 

to its high oxidation state that which increase the affinity of lead toward the surface of activated 

charcoal. 

 

The dependence of lead concentration on its adsorption was measured in the range of 1-

30 ppm as shown in tables 3.40-3.45. The data was plotted for Freundlich, Langmuir and D-R 

equations as shown in figures 3.20, 3.25 & 3.26 respectively but only Freundlich equation was 

obeyed by data. Freundlich constants were calculated are given in table 3.46. 

 

Various thermodynamic parameters are computed as shown in table 3.15-Ky and percentage 

adsorption of Ni++, Cu++, Zn++, Cd++ & pb++ are given in table 3.48. 

 

The influence of adsorbate (activated charcoal) with different dosages was studied 

as given the data in table 3.47 and figure 3.27. 
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CHAPTER - 4 

HEAVY METALS ADSORPTION 

ON ACTIVATED CHARCOAL WITH 

SPECIAL REFERENCES TO 

ENVIRONMENTAL POLLUTION 
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4.1  INTRODUCTION 

With the ever accelerating use of heavy metals by hospitals, universities, research 

laboratories, nuclear weapons, and others coupled with the “Atom for Peace Programme”, there 

is an equally increasing problem of preventing the heavy metals wastes from polluting public air 

and water supplies. The most toxic metals are nickel, chromium and cadmium. The method is 

based upon principle of removing heavy metals with activated charcoal. Activated charcoal is 

usually good agent for removing heavy metals of color, tastes and odors from air and water for 

prevention of environmental pollution [189]. Generally two types of pollution caused by heavy 

metals are called metallic air pollution and metallic water pollution. Figure 4.1 illustrates the 

major routes of pollutants interchange among the biotic, terrestrial atmospheric and aquatic 

environments. 

 

4.1.1  Metallic air pollutants 

Majority of metallic compounds when present in air exist in a particulate form. To remain 

airborne, the particle must be very small (generally < 10 um) and efficient collection is essential 

prior to analysis [190]. 

 

Variety of metallic air pollutants emitted to the atmosphere by industrial processes, to 

affect materials, plants or animals deleteriously are given in table 4.1 [191-193]. Metallic air 

pollution can be protected by activated charcoal particularly using it during in chemical wars of 

radiation, in shape of masks. 

 

4.1.2  Metallic water pollutants 

The ubiquity of heavy metals (metallic water pollutants) in industrial processes is given 

nicely by table 4.2 [194]. 

The disposal without attendant pollution of industrial waste water containing heavy 

metals is becoming a matter of increasing concern, because many heavy metals from stable 

complexes with biomolecules and their presence in even small amounts can be 
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determental to plants and animals. Ion-exchange capacity of activated charcoal has been 

thoroughly investigated by worker [195]. 
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Figure – 4.1. Pollutant cycles in the environment.  
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Table 4.1 

Sources, Annual Emissions, and Health effects of metallic air pollutants 

Substance Sources 

Emissions  

(Tonnes/ 

years) 

Health 

effects 

Lead Auto exhaust, industry, solid waste  

disposal, coal combustion, paint 

208250 Brain damage, behavioral  

disorders, convulsions,  

death. 

Vanadium Coal and petroleum combustion,  

industry 

18440  

Inhibits formation of  

phospholipids and 

S-containing amino acid. 

Manganese Industry, coal combustion 1623  

Fever, pneumonia 

 

Dermatitis, dizziness, 

Nickel Coal combustion, industry 6625 headaches, nausea, and  

carcinogenesis also  

[Ni(CO)4] 

Cadmium Industry 1962 Gastrointestinal disorder, 

respiratory tract disturb- 

ances, carcinogenic and 

mutagenic. 

Mercury Coal combustion, commercial  

industry 

777 Tremor, skin eruption, 

hallucinations. 

 

Beryllium 

 

Coal combustion, industry 

 

156 

 

Lung damage, enlargement 

of lymph glands emaciation. 
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4.1.3  Toxicity of metallic polluted waters 

Ingestion of polluted waters could cause physiological damage. The extent of this 

damage would depend upon several factors including (1) quantity, (2) concentration, (3) site of 

desorption, (4) physical half life, (5) biological half life, (6) type of metals radiations and (7) 

energy of metals radiations. Physical or chemical changes will not alter the half life of metals 

radiations. Therefore, it will continue to emit radiations at its natural decay rate, and as long as 

quantity present exceeds the maximum permissible concentration as determined by the 

International Commission on Radiological protection and given in Handbook 52 the radioactive 

metals presents a biological hazard [196-197]. Toxic trace metals in natural waters and waste 

waters arc given in table 4.3 [198]. 

 

4.2  ENVIRONMENTAL PROTECTION OF WATER 

POLLUTION BY ACTIVATED CHARCOAL 

 

The ability of activated charcoal to adsorb heavy metal ions (Ni++, Cu++, Zn++, Cd++ & 

pb++) has been investigated in previous chapter. Activated charcoal is porous carbonaceous 

material prepared by carbonizing and activating the organic substances of mainly biological 

origin and it shows remarkable ion-exchange capacity. It was observed from the experiments 

that the adsorption of heavy metal ions on activated charcoal at same initial concentration of 

metals in solution decreased in the order pb > Cu > Cd > Zn > Ni. The physical picture of the 

desolation of metal ions on adsorption shown in figure 4.2. 

 

A suggestion has been proposed for the treatment of waste water containing heavy metals 

by using the cheaper activated charcoal as an ion-exchange medium because water pollution fall 

into eight general categories: (1) sewage, (2) infections agents, (3) plant materials, (4) organic 

chemical exotics, (5) mineral chemical substances, (6) sediments, (7) radioactive materials, and 

(8) heat. 
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Table 4.3 

 

Toxic metals in natural waters and waste waters  

Elements Sources Effects 

Cadmium Industrial discharge, mining waste,  

metal plating, water pipe 

Replaces zinc bio-chemically causes 

high blood pressure, kidney damage, 

destruction of testicular tissue and red 

blood cells, toxicity to aquitic biodata. 

Chromium Metal plating, cooling tower water  

additive (chromate) normally found 

as Cr(VI) in polluted water. 

Essential trace metallic element; 

possibly carcinogenic as Cr(VI). 

Copper Metal plating, industrial and  

domestic waste, mining, mineral  

leaching. 

Essential trace metal, not very toxic to 

plants and algae at moderate levels. 

Lead Industry, mining, plumbing, coal,  

gasoline. 

Toxic (anemia, kidney disease, nervous 

disorder), wild - life destroyed. 

Manganese Mining industrial waste, acid mine  

drainage, microbial action on  

manganese minerals at low PE. 

Relatively non-toxic to animals, toxic 

to plants at higher levels, stains 

materials (bath-clothing). 

Mercury Industrial waste, mining, pesticides,  

coal 

Highly toxic 

Zinc Industrial waste, metal plating, 

plumbing 

Essential in many metallic enzymes, 

toxic to plant at higher levels. 

Nickel Ghee, coal combustion's industries Dermatitis, dizziness headaches, 

nausea, and carcinogenesis. 
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Figure 4.2. Physical picture of the dissolvation of metal ions on adsorption 
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4.3  EXPERIMENTAL 

4.3.1  Chemical and reagents 

Samples of industrial waste waters containing heavy metals Ni, Cu, Zn, Cd, & pb were 

collected from Ghee industry Dalda (Shershah) Karachi and Autos mechanics, dentings, 

electroplatings & paintings centers Gulshan-e-Iqbal Karachi respectively, activated charcoal 

Merck item No. 2184, Nitric acid (HNO3) Merck, item No. 251, Ammonium sulfate (NH4)2SO4 

Merck, item No. 1217, Ammonium hiphosphate (NH4H2PO4) E. Merk AG DARMSTADT 

(USA) item No. 53167 and deionized water etc. 

 

4.3.2  Instruments 

Atomic absorption spectrophotometer (Bodenseewerk Perkin-Elmer Model 2380, USA), 

conical flasks-50 ml, conical slasks-250 ml, conical 11asks-500 ml, beakers-300 ml, beakers-

1000 ml, polyethylene bottles for industrial waste water containing, glass columns, Whatman 

filter paper (540), funnel and titration conical Mask-250 ml etc.  

 

Equipment 

As defined atomic absorption spectrophotometer (Perkin-Elmer Model 2380, USA) in 

chapter-1 [199], is introduced in the middle of 1960, as major parts of it shown in figures 4.3 

and 4.4; out of many spectroscopic techniques, atomic absorption spectroscopy at present is the 

most commonly used method for the quantitative analysis of metals due to its high sensitivity, 

[200-201]. In this study atomic absorption spectroscopy technique is selected as the method of 

analysis for the quantitative determination of metal ions concentrations (Ni, Cu, Zn, Cd & pb) in 

industrial waste water samples collected from various places on the basis of the raising of an 

energy level sufficiently high to emit the characteristic radiation of the relevant metal. If 

irradiated with light of their own characteristic wave length those ground atoms will absorbed 

some of the radiations, the absorption is proportional to the population of atoms in the ground 

state in the same [202-203]. 
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Boltzmann mathematically established a relationship between the population of the atoms in the 

ground state and excited state through a equation known as Boltzmann equation. 

 

Ni / N0 = (gi/g0) e
-∆E/KT 

 

Where  Ni = Population of atoms in the excited state 

No = Population of atoms in the ground state 

gi/go = Ratio of statistical weight of the atom in ground and excited state, 

E = Excitation energy. 

T = Temperature in Kelvin. 
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Figure – 4.3. Parts of atomic absorption spectrophotometer.  

Figure – 4.4.  Graphite furnace for atomic absorption 

   Analysis and typical output system.  
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It reveals that the ratio of the population density depends upon the temperature and the 

excitation energy of atoms. Either increasing the temperature or decreasing the excitation energy, 

the ratio Ni/No will tend to increase [204]. Atomic absorption analysis requires, the sample and 

the standard, must be in the same medium (i.e) if the sample solution is made in HCl or HNO3 

the standard should also be made in same for better results. For the most accurate results and 

precision, this technique also requires lower concentration ranges i.e (below 50 ppm) in 

accordance with Beer's Lambart law, which states that at low concentrations the best possible 

straight line passing through the region can be plotted; but at increasing concentrations the slope 

progressively decreases and can reverse in direction. Atomic absorption spectrophotometer 

(Perkin-Elmer Model 2380 USA) is shown in figure 4.5 while further more details are given in 

table 4.4. 

Table 4.4 

 

Description of equipment and analytical conditions 

1          Nebulizer uses - for exact amount of gas required for gas. 

2          Flame (Burner) 
uses - supports gas nebulizer with flow rate (sol.) 1- 

3 ml/min. and temperature ranges 2000-3200 °C 

3          Hollow cathode lamp 
made-up of elements of interest and anode is made- 

up of tungsten. 

4          Monochromator 
uses - for isolating a single line of analyte's 

spectrum from other lines. 

5          Detector 
uses - conversion of EMR into electric current and 

it amplify the weak signal. 
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Figure – 4.5. Atomic absorption spectrophotometer (Parkin – Elmer Model 2380 USA.) 
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4.3.3  General procedure for industrial waste waters purification 

Static adsorption tests were carried out by mixing activated charcoal with industrial waste 

waters containing Ni2+, Cu2+, Zn2+, Cd2+ & pb2+ by column process respectively, to evaluate the 

behaviours of sorption and cation exchange properties. 100 g of activated charcoal granules were 

suspended in 1 liter solution in glass columns of different industrial waste waters containing, 

Ni2+, Cu2+, Zn2+, Cd2+ & pb2+ respectively, all at the ambient temperature and with the agitation 

at 500 min-1. Then deactivated charcoal adsorbing various heavy metals were desorbed with 

NH4+ and H+ in the form (NH4)SO4, NH4H2PO4 and HNO3 respectively. 

 

Analysis method 

The solution samples were analysed for Ni2+, Cu2+, Zn2+, Cd2+ & pb2+ by atomic 

absorption spectroscopy with a Perkin-Elmer Model 2380 as shown in figure 4.5. While the 

characterizations of activated charcoal were carried out by X-ray diffraction as explained in 

chapter 2. 

Operation of Perkin-Elmer Model 2380 

Standard Lamp Mount 

1. Position the lamp so that it is held by two springs in the lamp mount. 

2. Open the compartment door with loosing of front & rear holddown screws 

(items 6 and 1) and push the lamp holder against both stops (black knurled-head screws) 

in the lamp compartment floor to secure the mount with front and rear holddown screws. 

3. Turn the lamp control fully counterclockwise.  

4. Plug in the lamp connector. 

Lamp Alignment  

1. Switch power on  

3. Make the following control settings 

SIGNAL – LAMP  GAIN - FULLY counterclockwise 

BG CORRECTOR – AA 
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3. Turn the lamp control until the LAMP/ENERGY display shows the proper lamp 

current, as given on the lamp label for "continues” operation. (The source lamp in the 

spectrophotometer is continuously powered with D.C. 

4. Set the SIGNAL control to set up and then SLIT control to appropriate setting for the 

interest of element. Adjust the COARSE ADJUST wavelength control to obtain the correct 

setting on the WAVELENGTH counter for the favor of element. 

5. Turn the FINE ADJUST wavelength control slowly to obtain a maximum reading on 

the LAMP/ENERGY display. Use the GAIN control to adjust the maximum reading to 75. 

6. Turn the two alignment knobs on the lamp hold to maximize the LAMP/ENERGY 

display reading. Again, use the GAIN control to make the maximum reading 75. 

7. Close the lamp compartment door. 

 

Normal AA Flame Mode of operation 

1. Make the following control settings: 

POWER – ON    MODE - CONTINUOS  

SIGNAL - ABSORBANCE   RECORDER – ABSORBANCE 

BG CORRECTOR - AA  

2. Set the SIGNAL control to absorbance lower the burner assembly until it is below the 

beam by using the burner vertical adjustment knob and press AZ. This part of the operation 

(procedure) may be performed with the flame off. 

3. Set the integration time to 0.2 second by entering - [0.2 t  ] 

4. Raise the burner until the main display starts to indicate slight absorbance the burner 

head is starting to interfere with beam. 

5. Lower the burner head slightly until the display shows zero, then lower head further 

one quarter turn of the adjustment control. This is the optimum height of the burner for many 

elements. 
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6. Verify that the flow spoiler or impact head, is installed in the burner chamber, and that 

the drain is properly connected. Be sure that the burner head safety interlock pin is correctly 

installed. 

7. Make certain the fuel shut off toggle valve is in the closed (parallel to panel) position. 

8. Set the acetylene cylinder regulator out put pressure at 82 Kpa (12 psig)  

9. Set the air supply out pressure at 400 to 700 Kpa (60 10 100 psig) 

10. Turn oxidant selector valve to AIR set the auxiliary OXIDANT FLOW valve 

for a flow meter reading of 50. 

11. Adjust the FUEL FLOW valve to bring the float ball to approximately 20 on the flow meter. 

12. Ignite the flame by pressing the IGNITE button and holding it until the slame is slite. 

Allow several minutes warm-up of the burning system. 

13. A fuel lean (oxidizing air/acetylene) mixture gives a blue, hot flame; a fuel rich 

(reducing) air/acetylene mixture gives a yellow, cool flame. 

14. Aspirate a standard solution of the element of interest and adjust the fuel or oxidant 

flow to obtain a maximum reading. Zero the display by taking a reading with a blank solution 

after each adjustment and pressing the AZ key. 

15. Before shut down, aspirate H2O for a few minutes, if organic solution have been 

aspirated, follow the procedure for cleaning the burner. 

16. To extinguish the flame, close the FUEL toggle vale first, then turn the N20 - AIR VALVE 

to the off position. 

17. Close the acetylene cylinder valve and open the FUEL SHUT off toggle valve 

to bleed the acetylene line until the gauges on the acetylene cylinder read zero. 

Approximate flow settings for the range of burner heads 

BURNER 

HEAD 
FUEL OXID 

PLASTIC SPOILER 

AQUEOUS 

SOLUTION   

FUEL                  OXID 

ORGANIC  

SOLUTION  

FUEL                   OXID 

10 cm  

1 SLOT 
C2H2 AIR 20 45 14 45 
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4.3.4  Calculations and observations 

Preparation of solution 

1.0 M HNO3 solution 

mol. wt of HNO3 = 63.01 g/mole  

% concentration = 65%  

Density of HNO3 = 1.40  

Amount = A = % conc x density 

= 65 x 1.40  

= 91 g 

 

A = mol. wt × M × 100   where 100 is the volume taken in ml 

1000     

M= molarity =      A × 1000      

 mol. wt. × 100 

 

= 91 × 1000  

   63.01 × 100 

M  =  14.44 

Strength of HNO3 = 14.44 M 

     M1V1 = M2V2 

100 ×  1 = 14.44 ×  V2 

V2 = 6.92 ml 

 

To prepare 1.0 M HNO3 solution 6.92 ml of nitric acid (Merck) was pipetted out in 

100 ml volumetric flask and the volume was made upto the mark with deionized water. 
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0.01  M HNO3 

10 ml of 1.0 M HNO3  solution was taken into 1000 ml volumetric sask and the volume was 

made upto the mark with deionized water.  

Preparation of ppm solution  

Generally,        

                      1 ppm = 1 mg/liter 

or   1 ppm = 1 µg/ml  

Now, if 500 ppm    = 500 µg/ml 

= .5 mg/ml  

= .5 g/liter 

So, volume in ppm can be calculated from the stock solution: 

      

          V = 
5ppm.100ml

1000
  =  5 ml  where 100 is the volume taken 1000 it is the              

stock solution 50 ppm it has to make the  

solution V is the required volume for the 

desired preparation of solution (unknown). 

Preparation of Standard Solution  

Different concentration of standard solutions of Ni2+, Cu2+, Zn2+, Cd2+ & pb2+ were prepared by 

diluting 1000 ppm commercially available standard solution of (see 4.3.1) 

Standard Atomic Absorption conditions for: 

Nickel, 

WAVELENGTH   (nm) 232  

SLIT WIDTH    (nm) 0.2 

RELATIVE NOISE            1.0 

SENSITIVITY   (mg/lit) 0.14 

LINEAR RANGE   (mg/lit) 2 

NORMAL RANGE   (mg/lit) 0.005 

DETECTION LIMIT   (mg/lil) 0.01 



                                                                               

 

 

 

Copper,  

166 

 

 

WAVELENGTH 

 

 

 

nm) 232 

 SLIT WIDTH (nm) 0.7 

 RELATIVE NOISE 1.0 

 SENSITIVITY (mg/lit) 0.077 

 LINEAR RANGE (mg/lit) 5 

 NORMAL RANGE (mg/lit) 0.14 

 DETECTION LIMIT (mg/lit) 0.003 

 

 

Zinc, 

  

 WAVELENGTH (nm) 213.9 

 SLIT WIDTH (nm) 0.7 

 RELATIVE NOISE 1.0 

 SENSITIVITY (mg/lit) 0.018 

 LINEAR RANGE (mg/lit) 1.00 

 NORMAL RANGE (mg/lit) 0.85 

 DETECTION LIMIT (mg/lit) 0.001 

Cadmium,   

 WAVELENGTH (nm) 228.8 

 SLIT WIDTH (nm) 0.7 

 RELATIVE NOISE 1.0 

 SENSITIVITY (mg/lit) 0.028 

 LINEAR RANGE (mg/lit) 2.0 

 NORMAL RANGE (mg/lit) 0.01 

 DETECTION LIMIT (mg/lit) 0.001 

Lead,   

 WAVELENGTH (nm) 217 

 SLIT WIDTH (nm) 0.7 

 RELATIVE NOISE 1.0 

 SENSITIVITY (mg/lit) 0.19 

 LINEAR RANGE (mg/lit) 20.0 

 NORMAL RANGE (mg/lit) 0.30 

 DETECTION LIMIT (mg/lit) 0.01 
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Treatment of Samples 

Clear solutions of the metals are the basic requirement for the analysis an atomic 

absorption instrument. As the samples were not clear as required for instrument with expection 

of metals presence in undisclosed form. Therefore, each sample was added by .1 N HNO3 with 

ratio of .5 ml per 100 ml to convert the dissolved metals into their soluble salts (metal nitratcs). 

Then the solutions were slightly warmed up to ensure the complete dissolution of metals in the 

form of metal nitrates and later on the samples were filtered in order to get clear solution 

containing metal ions. 

 

While as the atomic absorption spectrophotometer has been used for the determination 

of approximately 70 elements, on eve of this the general samples pretreatment requirements 

depend on the element to be determined. 

 

Further, for the metal ions analysis in solution, the absorbance of the concerned metal 

was noted with relevant slit width by aspirating sample solutions into flame, to determine the 

concentration of the concerned metal in sample solution with calibration curve of metal standard 

solution was used. 

 

Also, calibration curve of standard solution of different concentrations was prepared. The 

instrument was adjusted at zero absorbance, first with deionized water and then with blank 

solution. Standard solutions were aspirated into the flame and the absorbance was noted. 

Deionized water was aspirated for each reading. Metal ions concentration of sample solutions in 

ppm was determined from calibration curve and then calculated the data as given in tables 4.5-

4.9. 
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Table 4.5 

 

Adsorption of pb2+  on activated charcoal 

 

Amount of activated charcoal = 100 g/1 lit. 

Time = 2 h 

 

 

S. No. Initial concentration % Adsorption 

1 0.001 M 99.5 

2 0.002 M 93.3 

3 0.005 M 88.0 

4 0.01 M 79.4 

5 0.02 M 57.3 
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Figure – 4.6.  Adsorption of Pb2+ on activated charcoal.  

   (initial concentration of Pb2+, M: 1-0.001; 2 – 0.002;  3 – 0.005; 4-0.01; 5-0.02) 

 

 

 

Initial Concentration of Pb2+, M. 

Figure – 4.7. Effect of initial concentration of Pb2+ on adsorption.  

(2 h)  
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Table 4.6 

 

Adsorption of various heavy metal ions on activated charcoal  

 

Amount of activated charcoal = 100 g/1 lit. 

Time = 2 h 

Initial concentration of metal ions = 0.001 M 

 

 

S. No. Name of metal ions % Adsorption 

1 Ni²+ 60.4 

2 Cu2+ 98.7 

3 Zn2+ 84.4 

4 Cd2+ 87.5 

5 pb2+ 99.5 
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Figure – 4.8. Adsorption of various metal ions on activated charcoal. 

    (Initial concentration of metal ions 0.001 M) 
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Table 4.7 

 

Desorption of deactivated charcoal by (NH4)2SO4 adsorbing  

Various heavy metal ions 

 

Amount of metal-ions-adsorbed deactivated charcoal = 100 g/1 lit. (NH4)2SO4 Sol.  

Time = 2 h 

Concentration of (NH4)2SO4 sol. = 0.006 M 

 

S. No. Name of metal ions % Adsorption 

1 Ni2+ 59.5 

2 Cu2+ 97.9 

3 Zn2+ 77.3 

4 Cd2+ 82.4 

5 pb2+ 98.6 
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Table  4.8 

 

Desorption of deactivated charcoal by HNO3 adsorbing 

various heavy metal ions 

Amount of metal-ions-adsorbed deactivated charcoal    =   100 g/lit.  HNO3   sol. 

Time  = 2 h 

Concentration of   HNO3 sol.  =  .006 M 

 

S. No. Name of metal ions % Adsorption 

1 Ni2+ 47.3 

2 Cu2+ 79.6 

3 Zn2+ 75.9 

4 Cd2+ 78.1 

5 pb2+ 95.1 
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Table 4.9 

Desorption of deactivated charcoal by NH4 H2 P04  adsorbing 

various heavy  metal ions 

Amount of metal-ions-adsorbed  deactivated charcoal   =  100 g/li t. NH4H2P04 sol. 

Time  = 2 h 

Concentration of NH4H2 P04 sol.  =  .006 M 

 

S. No. Name of metal ions % Adsorption 

1 Ni2+ 40.8 

2 Cu2+ 76.5 

3 Zn2+ 74.7 

4 Cd2+ 70.2 

5 pb2+ 92.8 
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CHAPTER – 5 

RESULTS & DISCUSSION 
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5.1  INTRODUCTION 

The aim of the present work was to study the adsorption behaviour of some heavy metal 

ions such as Ni++, Cu++, Zn++, Cd++ & Pb++ on activated charcoal from aqueous solutions and to 

optimize the conditions for their preconcentration/separation. The studies were carried out in 

order to 

(i) characterize the activated charcoal used for adsorption of metal ions  

(ii) develop X-ray fluorescence analytical method for the characterization of charcoal  

(iii) adopt titrations with EDTA analytical methods for measuring the concentration of 

metal ions in aqueous solution.  

(iv) optimize conditions for the selective adsorption of aforementioned metal ions from 

aqueous were studied as a function of shaking time, amount of adsorbent, pH, amount 

of adsorbate, temperature, effect of cations and anions. The selectivity of activated 

charcoal for pre mentioned above heavy metals, was studied.  

(v) determine from the computed percentage adsorption of heavy metal ions on activated 

charcoal, precise the study of environmental pollution with special references to 

metal ions (Ni++, Cu++, Zn++, Cd++ & Pb++) and mechanize a system for the 

purification of industrial waste waters on adsorption by activated charcoal to 

minimize water pollution.  

(vi) design recycling power generation (desorption) of deactivated charcoal to mitigate 

the problem of pollution due to its huge amount of using. 

 

5.2  CHARACTERIZATION OF ACTIVATED CHARCOAL  

5.2.1  Nature and composition of activated charcoal 

The activated charcoal used is acidic in nature (pH - 3.1) and contain 505 ppm HPO4
2-

,15 ppm NO3 and 4 ppm SO4
2- ions as determined by HPLC. The carbon content of the activated 

charcoal 70%. The trace metals impurities determined as follow: 

 



                                                                               

177 

 

ion  Ni Cu Co Fe Mg Al 

ppm <10 2.0 <6 75 0.5 5.0 

 

   The X-ray diffractogram of the activated charcoal, shown in figure 2.3 has a diffused also 

with peak maximum at 20 values equaling 22, pointing towards the amorphous nature of the 

activated charcoal. 

5.2.2  Thermal analysis of activated charcoal 

Figure 2.4 shows TG/DTA curves for activated charcoal, the inspection of which shows 

that the weight of loss occurs in two distinct steps; one endothermic and other largely exothermic. 

In the first step, from A-B (25 °C - 117 °C) the weight loss occurs due to dehydration. The 

dehydration step terminates at about 117 °C with weight loss of 11%. From B-C, there is 

thermally stable region in the temperature range of 117 °C to 390 °C. From C-D, major weight 

loss occurs which is due to the combustion of charcoal in the temperature range from 390 °C to 

700 °C. It is a matter of common observation that the oxidation of carbon occurs below 600 °C 

[204]. The total weight loss from point A to D was about 90% and remaining 10% is the ash 

contents. 

 

The activation energies for the dehydration and combustion processes for activated 

charcoal were calculated using the relation proposed by Horowitz and Metzger [205] as 

 

                        𝑙n ln 
W0  − W f

W – W f 
=  

𝐸 θ   

RT
                 (5.1) 

                             

 

Where W is the weight remain at a given temperature, Wo and Wf are the initial and final 

weights respectively, T, is the temperature where (Wo - Wf )/ W - Wf  = 1/e and θ = (T-Ts). The 

plots of ln ln [(Wo-Wf)/(W-Wf)] versus θ yields straight lines, figure 5.1, with slope equal to 

E/RTs
2. From the slopes of these lines the values of activation energies for the dehydration and 

combustion processes were calculated as 52.89 and 94.20 KJ/mol respectively. 

 

2 
S 
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Figure .5.1. Plots of ln ln {(WO –Wf) / (W-Wf)} against θ for activated  

charcoal  
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5.2.3  Densities of activated charcoal 

The values of densities are given in table 2.2 which vary as true density > tap > density 

> bulk density (loose). This indicates maximum voids in the loose bulk density and the least in 

the true density. 

 

5.2.4  Nitrogen adsorption 

The nitrogen adsorption and desorption isotherms for activated charcoal are shown in 

figure 2.6 where volume of nitrogen adsorbed and desorbed are plotted against the relative 

pressure p/po. Such isotherms are not typical for activated charcoal due to an abrupt increase in 

the amount adsorbed for relative pressure 0.75. These isotherms may be classified as a mixture 

of I and II type [206-207]. Such behavior is characteristic of penetration in micropores followed 

by a monolayer multilayer adsorption and interparticle capillary condensation [208]. The specific 

surface area of the activated charcoal was determined by applying the B.E.T equation to the 

physical adsorption data of nitrogen at 77K. The most convenient form of B.E.T. equation for 

the application to experimental data is given below [209]. 

 

                            
1

X[(P° / P) −1]
= +

1 

Xm C
+ 

C−1     

Xm C
  

P     

P° 
      (5.2) 

    

 

where all the symbols have their usual meanings. The B.E.T. equation 2.3 gives a linear 

relationship between 1/X[(P°/P)-1] and P/P0. The range of linearity is usually restricted to a 

limited part of the Isotherm. B.E.T plot for the adsorption of nitrogen on activated charcoal is 

shown in figure 5.2. From the slope (C-1/Xm C) and intercept (1/Xm C), the values of Xm and 

C were calculated and are found to be 4.97x10-3 and 167.66 respectively. From the value of 

monolayer capacity (Xm) the surface area was calculated using the known molecular cross 

section of the nitrogen molecule (16.2 °A at 77 K) which comes out to be 1000 m2/g. This value 

is comparable to the surface area value of 1016 m2/g measured by ethylene glycol retention 

method. 
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The B.E.T plot (figure 5.2) shows that experimental points deviate from the linearity with 

the increase in the relative pressure. This deviation from linearity is apparent at the relative 

pressure greater than 0.25. It has been shown by Brunauer [210] that for P/ P° values greater than 

0.30, the experimental points do not fall on a straight line. In other words, the B.E.T. equation 

breaks down for the less active points on the surface. At relative pressures above 0.3, the 

experimental points of B.E.T. equation deviate strongly from linearity. 

 

Herman and Emmett [211], indicated that B.E.T equation gives reasonable values of 

surface area in the range of relative pressure, 0.05 to 0.35. They concluded that in this range of 

relative pressure, monolayer is formed and the C value of B.E.T. equation usually gives heat 

adsorption. Thus in the relative pressure range 0.05 to 0.35, the linear B.E.T range apparently 

represents a condition in which the very high energy sites have been occupied and extensive 

multilayer adsorption has not yet commenced. It is within these limit that the B.E.T. equation is 

generally valid and deviations from this range of linearity reflect usual surface properties. In 

microporous substances, the narrow pores exhibit high energy potential due to overlapping 

potential from the wall of micropores. Under these conditions condensation can occur within the 

pores of relative pressure less than 0.35 and linear B.E.T. plot found at even lower relative 

pressure [212]. 

 

 

The pore volume measured by nitrogen adsorption is 0.88 cm°/g. The pore size 

distribution of activated charcoal shown in figure 5.3 is calculated by applying Kelvin  

equation [213]. This distribution curve indicates one sharp peak at pore radius in 19 °A and 

other relatively small and broad peak at pore radius in 40 °A. This shows the microporous 

character of the activated charcoal with some mesopores. The major contribution to total 

pore volume comes predominately from micropores of radius in 19 °A. The distribution was 

cut off on lower end at 15 °A [214]. No correct theory is capable of providing general 

description of micropore filling. The fact is that a particular  equation gives a reasonably 

good fit over a certain range of an isotherm does necessarily provide sufficient evidence 

for a particular mechanism of adsorption to be operative. Adsorption 
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by a microporous solid in general and by activated charcoal in particular, is described by the 

Dubinin's theory for the filling of micropores and its subsequent developments [215-216]. The 

Dubinin-Raduskevich [D-R] equation in its usual form has been used to calculate the volume of 

the micropores [217]. 
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  Figure.5.2.  B.E.T. Plot for activated charcoal. 

Figure.5.3.  Pore size distribution curve for activated charcoal. 
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V = V0 exp – B(T/β)2 log(P° / P)   (5.3) 

where V represents the volume of the adsorbate at temperature T and at relative pressure P/Po 

and Vo is the total volume of micropores. B and β are specific constants depending respectively 

on the nature of the solid and on the adsorptive. To obtain the micropore volume from Vo, the 

adsorbate is assumed to be liquid like [218]. The D-R plot for activated charcoal is shown in 

figure 5.4 which is obtained by plotting log V versus log2(P°/P) according to equation 2.4. This 

plot exhibits a straight line at lower relative pressures and apparent upward deviation at higher 

relative pressures. The deviation from straight line shows that activated charcoal has 

heterogeneous system of micropores [219]. The experimental points at relatively lower pressures 

are selected to obtain the V0 values. The straight line is enter plotted to log2 (P°/P)=0 and from 

the intercept, the V0 (micropore volume) was calculated is 0.46 cm2/g. This shows that 

microporosity is highly developed in the activated charcoal. The value of V, is very close to the 

micropore volume deduced directly from the adsorption isotherm P/P0 = 0.20. 

 

5.2.5  Mercury porosimetry 

The plots of intrusion and extrusion volume as a function of applied pressure for 

activated charcoal are given in figure 2.7. This shows that there is step initial portion in the 

intrusion plot which gradually goes flat at higher pressure. The initial slope of the intrusion 

plot is attributed to intrusion into a large pores and interstices between parbides [211]. One 

the mercury has gained entry into the large pores and interparticulate spaces the intrusion 

occurs into progressively smaller pores as the pressure is raised. Above 27000 PSIA pressure, 

no appreciable intrusion takes place indicating that little pore volume exists in the pores of 

radii smaller than 0.0040 micrometers. The extrusion curve shows that mercury extrusion do 

not follow the same path. This intrusion extrusion hysteresis can be explained by a change 

in contact angle of mercury between intrusion and extrusion. This irreversibility indicates 

that the pores of activated charcoal are not cylindrical in nature [220]. According to 

Dubinin et al [221] the irreversibility of the hysteresis shows the evidence of “ink -

bottle” pores. Another factor contributing to hysteresis is the 
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influence of the pore potential which can act to trap mercury once it intrudes into the pores. The 

pore size distribution as determined from mercury penetration is given in figure 5.5 which shows 

a peak at pore radius in 40 °A has also observed in the pore size distribution curve in the nitrogen 

adsorption, figure 5.3. The value of pore volume (1-43 cm3/g) measured by mercury porosimeter 

is greater than those estimated from nitrogen adsorption (0.88 cm3/g).  

  

This observation may be explained by i) sample compression at higher pressure of mercury 

causing unrealistically higher values of pore volume [222]: (ii) nitrogen adsorption study 

provides data only in the mesopores and micropores regions while mercury intrusion also 

includes pore volume data for macropores [212]. 

 

The surface area of activated charcoal determined by means of mercury intrusion is given 

in table 2.1. It can be seen that the surface area value 166 m2/g does not agree with the surface 

area found from nitrogen adsorption small surface area by mercury porosimetry indicates the 

presence of microporous system which is only accessible to nitrogen molecules. High value of 

surface area by nitrogen adsorption is totally attributable to microporosity of activated charcoal 

which can not be determined by mercury prosimeter. 
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Figure 5.4. D-R plot of nitrogen adsorption at 77K on activated charcoal.  

Figure 5.5.  Pore size distribution curve for activated charcoal determined 

from mercury penetration.   
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5.3  ADSORPTION OF HEAVY METAL IONS ON ACTIVATED CHARCOAL 

 

5.3.1  Kinetic study and various thermodynamic parameters 

The results of the kinetics of heavy metal ions (Ni2+, Cu2+, Zn2+, Cd2+ & pb2+) adsorption 

on activated charcoal are given in table 3.1-3.15. The plots of the solution concentration (ppm) 

vs time (min) for temperatures of 25 °C, 30 °C, 35 °C, 40 °C, 45 °C are shown in figures 3.1, 

3.4, 3.7, 3.10 & 3.13. 

 

The reactions follow Ist order rate law up to about twenty min. and then after equilibrium 

has been established. Rate constants (K) computed at different temperatures from the slopes of 

the first order curves are given in tables 3.2, 3.5, 3.8, 3.11 & 3.14 values from these tables of rate 

constant show increase with increase in temperature. The values of rate constants of pb2+ 

adsorption are higher than Cu2+, Cd2+, Zn2+ and Ni2+ respectively. The sequence is pb2+ > Cu2+ 

> Cd2+ > Zn2+ > Ni2+. 

 

The effect of temperature on kinetics of adsorption was found to decrease with increasing 

in temperature shown in figures 3.2, 3.5, 3.8, 3.11 & 3.14. 

From the slopes of the Arrhenious plots (lnK vs 1/T), activation energies were calculated 

from tables (3.3, 3.6, 3.9, 3.12 & 3.15). Energy of activation is minimum for nickel adsorption 

and maximum for lead. The high activation energy values for pb are due to its high rate constants 

as compared to others. 

The enthalpy (∆Ho) entropy (∆S0) and free energy ∆Go of activation for adsorption of 

Ni2+, Cu2+, Zn2+, Cd2+ & pb2+ are given in tables 3.3, 3.6, 3.9, 3.12 & 3.15. The values of 

these parameters depend upon the temperatures and the values of activation energy. With the 

increase of temperature and activation energy, enthalpy of activation increases where the 

entropy of the activation energy decreases which show the spontaneity of the adsorption 

demands the negative values of free energy. The more ∆Go will be negative more will be 

spontaneous character of adsorption. As with the rise in temperature 
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the rate constant increases and free energy activation corresponding increases the resultant 

adsorption is lower at high temperatures. 

 

5.3.2  Effect of shaking time on adsorption 

The adsorption of heavy metal ions (Ni2+, Cu2+, Zn2+, Cd2+ & pb2+) on activated charcoal 

were studied as function of shaking time for different interval of time ranging from 3-60 minutes. 

Figures 3.1, 3.2, 3.4, 3.5, 3.7, 3.8, 3.10, 3.11, 3.13 & 3.14 show that the variation of amount 

adsorbed increases with the increase of the shaking time and attains a constant value of 20 

minutes with concentration of 20 ppm where adsorption equilibrium is established. Therefore, 

20 minutes shaking time was selected for all further studies. 

 

5.3.3  Effect of adsorbent amount 

The dependence of heavy metals adsorption on the amount activated charcoal was 

investigated keeping the concentrations of heavy metal ions solutions constant and shaking time 

fixed, while the amount of activated charcoal was varied and was found increase in adsorption 

with the increase in amount of charcoal but at last the adsorption remain constant therefore for 

all further studies the amount of activated charcoal was fixed as shown in table 3.47 and figure 

3.27. 

5.3.4  Effect of pH on adsorption 

The influence of pH on the adsorption of heavy metals on activated charcoal was studied while 

the heavy metal ions solution concentrations, shaking time and amount of activated charcoal 

were fixed. The maximum adsorption of the heavy metal ions were determined as given for Ni++, 

Cu++, Zn++, Cd++ & pb++ are 10, 10, 10, 5 & 10 respectively. But it was also observed that with 

the increasing of pH percentage adsorption increases while then it start decreasing at one 

particular point. The maximum adsorption was found for the selected heavy metals as given 

above range of pH. 

5.3.5  Effect of adsorbate concentration on adsorption 

The effect of heavy metals concentration on its adsorption was studied under the 

optimized condition of shaking time (20 minutes), at optimized pH for each metal, and 
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amount of adsorbent l g. The concentration was varied from 1-30 ppm shown in tables 3.16-3.45. 

Show that percentage adsorption increases with increasing of concentration. 

 

5.3.6  Effect of temperature on adsorption 

The effect of temperature on heavy metal ions adsorption was investigated for six 

different temperatures from 25-50 °C with interval of difference 5 °C. During this study, the 

shaking time, pH and the amount of adsorbent were fixed at 20 minutes. Figures 3.163.20 show 

decrease with the rise in temperature. Bikerman [223] attributes this behavior to a negative 

temperature co-efficient of solubility of the solute or to a steep simultaneous decrease of real 

adsorption of solvent. 

The thermodynamic quantities as such ∆H° (enthalpy change) and ∆S° (entropy change) 

for heavy metals adsorption were calculated from the relation using equations (3.2), (3.4), (3.5) 

& (3.7). 

Plots of lnK vs 1/T are shown in figures 3.3, 3.6, 3.9, 3.12 & 3.15. From the slopes and 

intercepts of linear plots, the value of ∆H° and ∆S° are calculated and are given in tables 3.3, 

3.6, 3.9, 3.12 & 3.15. The values of free energy of adsorption, ∆G° are obtained using the relation  

∆G° = ∆H° - T∆S°     (5.4)  

and the values are given in the tables 3.3, 3.6, 3.9, 3.12 & 3.15. The values of free energy change, 

∆G° are negative as expected for spontaneous adsorption process. The decrease in ∆G° values 

with increasing temperature shows that heavy metal ions adsorption on activated charcoal is 

exothermic reaction. 

5.4  REMOVAL OF TOXIC METAL IONS FROM 

INDUSTRIAL WASTES THROUGH ADSORPTION 

In light of the objective of chapter 3, to investigate the ability of activated charcoal 

in Pakistan to adsorb some heavy metal ions as such, Ni2+, Cu2+, Zn2+, Cd2+ & 
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Pb2+ in the solution, it is seen from tables 4.5-4.6 and figures 4.6-4.8 that the percentages of 

heavy metal ions adsorbed on activated charcoal under the same conditions decrease in the order 

pb2+ > Cu2+ > Cd2+ > Zn2+ > Ni2+. Wada [224] reported that the adsorption and exchange of 

several heavy metal ions by various kinds of soil are in the order Pb2+ > Cu2+ > Cd2+ > Zn2+ > 

Co2+. Although these results are obtained by different conditions and places, the order of 

adsorption is essentially the same. 

 

Further, the interlayer space (pores) in activated charcoal is substantial, permitting it to act as a 

host compound and therefore the possibility of adsorbing some exchangeable cations present in 

the interlayer spacings of activated charcoal varying the initial concentration of Pb2+ by 

adsorption phenomena, results are shown in figure 4.6. It can be seen that 0.001 M pb2+ solution, 

79.4% is adsorbed in 2 h. The percentages of lead adsorbed on activated charcoal decrease with 

increasing initial concentrations of Pb2+ in the solution as shown in figure 4.7. Similar adsorption 

results were obtained in the solution containing Cu2+, Cd2+, Zn2+ & Ni2+, respectively. A 

comparison of adsorption of various metal ions on activated charcoal under the same initial 

concentration of metal ions (0.001 M) in the solution is shown in table 4.6 and figure 4.8. 

5.5  DESORPTION OF HEAVY METAL IONS FROM DEACTIVATED  

          CHARCOAL 

Deactivated charcoal adsorbing various heavy metal ions are desorbed with NH4
+and H+ 

in the form of (NH4)2SO4, NH4H2PO4 and HNO3 solutions respectively at ambient temperature 

and with the agitation at 500 min' for 2 h. The results of the desorption tests are shown in tables 

4.7-4.9. In comparison with table 4.6, it can be seen that most of the heavy metal ions adsorbed 

on activated charcoal for the same initial concentration of metal ions can be desorbed with NH4
+ 

& H+ in the form of (NH4)2SO4, NH4H2PO4, and HNO3 solutions respectively, and the order of 

the desorption of heavy metal ions on deactivated charcoal is also Pb2+ > Cu2+ > Cd2+ > Zn2+ > 

Ni2+. The strongly adsorbed Pb2+ to be eluted first probably kinetic rather than equilibrium factor. 

Activated charcoal is an organic 
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substance of mainly biological origin which has been used for purification in sugar industry. 

Therefore, it may also be used as an exchange medium for the treatment of industrial waste 

waters containing heavy metal ions. 

 

The abilities of activated charcoal to adsorb heavy metal ions are depend on the ion radius 

and properties of heavy metal ions. During the desorption of deactivated charcoal by different 

cations and anions, it was observed that (NH4)2SO4 solution can give very fruitful results as 

shown in table 4.7 comparison with tables 4.8-4.9. 

 

5.6  CHEMICAL TOXICOLOGY OF HEAVY METAL POLLUTED WATERS 

Toxic chemicals are discharged by industries into air, water and soil and enter human 

food chain from the environment in our biological system with the disturbances, leading in some 

cases to fatal results despite the first half of this century rapid development of an understanding 

of the role of vitamins in human health. The second half of the century belongs to trace elements 

[225] but still there are valid confusions in respect of elements; where will the line be drawn 

between the ‘essential limits' and 'toxic limit'? Such sub-division (toxic essential) is artificial and 

can be misleading. However, there are four million known chemicals in the world today and 

another 30,000 new compounds are added to the list of every year (198) with the problem of 

pollution (toxicity) while most in these chemicals (trace metals) come to pollution arena by 

industries through waste waters as shown in table 4.3 congruent different types of biochemical 

effects. 

 

5.6.1  Biochemical effects of nickel adsorption 

The adsorption of nickel on activated charcoal at ambient temperature and with agitation 

at 500 min-1 for 2 h., is 60.4% as shown in table 4.6 & figure 4.8 and desorption of deactivated 

charcoal by (NH4)2SO4, HNO3 & NH4H2PO4, adsorbing Ni2+ with amount of 59.5%, 47.3% & 

40.8% as given in tables 4.7-4.9 respectively due to its chemistry as explained (3.2.7). 
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Nickel occurs in natural waters rarely but it is often present in industrial waste waters as a 

corrosion product of stainless steel and nickel alloys, and from metal plating baths. 

 

The heavy metal nickel is entering the environment through different ways sometimes 

through man made items or sometimes by natural process. In sea water nickel concentration 

usually ranges from 0.1 to 0.5 ug/g, in areas where nickel is mind a concentration of 200 ug/liter 

has been recorded in drinking water [226]. 

The action of nickel compounds on the human organ can be associated with asthma, 

hypersensitivity to nickel, effect on lung may lead to lung cancer and it has been reported among 

workers exposed to nickel dust [227]. Nickel carbonyl may cause severe acute poisoning 

including, headache chest pain effect on brain and several other organs, and also nickel carbonyl 

poisoning may become a cause of death [226]. Nickel and its compounds are very strong 

sensitizing agents. Contact with nickel objects such as coins, watches, kitchen appliances jewelry 

etc. may effect the skin. Nickel has been claimed to be the most common sensitizer in women 

[228]. 

 

5.6.2  Biochemical effects of copper adsorption 

Due to chemical properties (see 3.2.8) adsorbing amount of Cu2+ on activated charcoal 

at ambient temperature and with agitation at 500 min- for 2 h., is 98.7% as shown in table 4.6 & 

figure 4.8, and desorption of deactivated charcoal by (NH4)2SO4, HNO3 & NH4PO4, adsorbing 

Cu2+ with amount of 97.9%, 79.6% & 76.5% as presented in tables 4.7-4.9 respectively. 

Copper found in natural waters and waste waters. It sources are metal plating, Industrial 

and domestic waste, mining and mineral leaching. It is an essential heavy metal, not very toxic 

to animals, toxic to plants and algae at moderate levels. 

The excessive accumulation of copper in liver, brain, kidney and cornea causes a disease 

called wilsons. Menkes disease “Kinky-Hair Syndrom” is a sex linked trait 
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characterized by peculiar hair failure to thrive, severe mental retardation, neurologic impairment, 

and death before three years of age. 

Acute poisoning resulting from ingestion of excessive amount of oral copper salts, most 

frequently copper sulphate, may produce death, the symptoms are vomiting, sometimes with a 

blue green colour observed in vomiting, haematemasis, hypertension, coma and jaundice.  

 

5.6.3  Biochemical effects of zinc adsorption 

The amount of zinc metal ions was adsorbed 84.4% during the purification of waste 

waters through adsorption by activated charcoal mentioned in table 4.6 figure 4.8 at ambient 

temperature and with the agitation at 500 min-1 for 2 h., and desorbed deactivated charcoal 

adsorbing Zn2+ by (NH4)2SO4, HNO3 & NH4H2PO4 with amount of 77.3%, 75.9% & 74.7% as 

seen in tables 4.7-4.9 respectively, on the basis of its electronic configuration as described 

(3.2.9). 

The average daily intake of zinc via different ways were found to be in the range of 5-22 

mg/day. Protein rich food like, meat, fishes, are rich in zinc, and grains vegetables, and fruits 

contain less quantity of it usually 5 mg/kg. Food processing and refining may decreases zinc 

content concentration in drinking water is about 10 ug/1 and 10-100 mg/l is found in crops and 

pasture plant [229]. 

Zinc is an integral component of DNA polymer, and an enzyme necessary for dividing 

cells. Zinc deficiency decrease the production of DNA and RNA, whole leads to reduced protein 

synthesis [230]. Food Nutrition Board 1974 recognized 15 mg for adults, and 25 mg of zinc for 

nursing mother [231]. Level of zinc concentration is found high in prostate, bone, muscles, 

kidney also contain appreciable amount of zinc. 

 

Exposure to the high concentration of zinc for a longer time may effect the 

physiological functions of the body. A larger doze of ZnCl2 may be toxic leads to the 
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damage of the mucous membranes and respiratory tract. Food poisoning through galvanized zinc 

containers has occurred involving in several cases of vomiting, diarrhea, and abdominal cramps. 

 

5.6.4  Biochemical effects of cadmium adsorption 

It is observed from the data that amount of Cd2+ adsorbed 87.5% cited in table 4.6 & 

figure 4.8 from industrial waste waters containing Cd, by activated charcoal and desorption of 

deactivated charcoal by (NH4)2SO4, HNO3 & NH4H2PO4 adsorbing Cd2+ with amount of 82.4%, 

78.1% & 70.2% as tabulated 4.7-4.9 respectively, on the analogy of its ionic radius as illustrated 

(3.2.10). 

Cadmium is used in a number of industrial processes. In natural water cadmium is found 

mainly in bottom sediments and suspended particles, whereas the concentration in water phase 

is low. Contamination of drinking water may occur as result of cadmium impurities in the zinc 

of galvanized pipes or of cadmium-containing solders in fitting, water heaters, coolers, and tapes. 

Leaking of cadmium to ground water from dumping cadmium oxide sludge has also occurred. 

Both water borne and airborne cadmium can cause an increase in concentration of 

cadmium in soil. In non polluted areas the cadmium concentration in soil will usually be less 

than 1 mg/kg. Agricultural soil in UK found 50% of samples contained less than 1 mg/kg, 

although the range was 0.08-10 mg/kg [232]. 

 

In Japan disaster by Itai-itai disease came mainly from rice field soil contaminated by 

cadmium polluted irrigating water. The use of cadmium containing sewage sludge and 

superphosphate as fertilizer in agriculture may also contaminate the soil.  

 

Cadmium gives rise to both acute and chronic type of poisoning. The predominant 

symptoms and signs are shortness of breath, general weakness, fever and in severe cases 

respiratory insufficiency with shock and death [233]. Acute poisoning by ingestion 
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are nausea, vomiting, abdominal cramps and headaches also cadmium contaminated waters can 

cause diarrhea. The general metabolism of cadmium is given in figure 5.6. 
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Figure 5.6 Metabolism of cadmium 
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5.6.5  Biochemical effects of lead adsorption 

Tables 4.5 & 4.6 show the maximum adsorption 99.5% of Pb2+ on activated charcoal 

from industrial waste waters contained given in figures 4.6-4.8 and desorption of deactivated 

charcoal by (NH4)2SO4, HNO3 & NH4H2PO4 adsorbing pb2+ with amount of 98.6%, 95.1% & 

92.8% as recorded in tables 4.7-4.9 respectively in arena of the adsorption capability of 

(NH4)2SO4, HNO3 & NH4H2PO4 adsorbing Pb2+ as elaborated (3.2.11). 

The toxicity of lead has been known for a long time but the chief lead storage tanks and 

pipes carrying drinking waters. 

As a result, street dusts and road side soils become enriched with Pb++ with 

concentrations typically of the order of 1000-4000 mg kg' on busy streets. Further the most intake 

of Pb++ by a typical city deweller is from diet (about 200-300 ug), air and water adding a further 

10-15 µg per day each as given in figure 5.7 of this total intake, 200 µg of Pb++  is excreted while 

25 µg is stored in the bones each day. 

The major biochemical effect of Pb++is its interference with heme synthesis, which leads 

to hematological damage. pbt inhibits several of the key enzymes involved in the overall process 

of heme synthesis whereby the metabolic intermediates accumulate. One such intermediate is 

delta-amino levulinic acid. An important phase of heme synthesis is the conversion of delta-

amino levulinic acid to porphobilinogen: 
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                    Porphobilinogen 

 

Pb++ inhibits the ALA-dehydrase enzymes (I) so that it cannot proceed further to form (II) 

prophobilinogen. The overall effect is the disruption of the synthesis of haemoglobin as well as 

other respiratory pigments, such as cytochromes, which require heme. Finally Pb++ does not 

permit utilization of O2 and glucose for life-systenining energy production. This interference can 

be detected at a lead level in the blood of about 0.3 ppm. The detection of (I) provides a sensitive 

test for Pb++ in the body. At higher levels of Pb++ in the blood (>0.8 ppm) there will be symptoms 

of anaemia due to deficiency of haemoglobin. Elevated Pb++  levels (>0.5-0.8 ppm) in the blood 

cause kidney dysfunction and finally brain damage. 

 

Due to the chemical analogy of Pb2+ with Ca2+, bones act as repositories for Pb++ 

accumulated by the body. Subsequently, this Pb++ may be along with phosphates from the bones 

which exert toxic effect when transported to soft tissue. 
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Figure 5.7 Daily lead balance for a city resident  
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CONCLUSIONS 

1:  From characterization of activated charcoal was found, the carbon content about 70% 

and the metals impurities are nickel, copper, cobalt, iron, magnesium and aluminium while 

thermogravimetric study of activated charcoal showed that the weight loss occurs in two distinct 

regions: one endothermic (dehydration) and the other exothermic (combustion). The moisture 

contents were found to 11%. The densities of activated charcoal varied in sequence true density 

> tap density > bulk (loose) density. The pore size distribution curve D-R analysis of nitrogen 

adsorption Isotherm indicates the microporous nature of the activated charcoal with surface area 

values 1000 m2/g, porosity 75.74% and pore volume 1.43 cm3/g. So, due to these particular 

structural characteristics of activated charcoal make it follow: -  

-An activated charcoal as best adsorbent having wide applicability in the 

treatment of drinking water. In order to reach the optimal utilization of this 

adsorbent, the laws governing adsorption on porous solid appears to hold, the 

mechanism by which adsorption process occurs results in the effective treatment 

of large volumes of water containing small concentration of organic matter or 

metal ions.  

-Proper utilization of activated charcoal is closely related to the proper 

succession of the various stages of water purification. 

 

2:  The adsorption of having metal ions on activated charcoal from aqueous by simple 

titration with EDTA showed the order of adsorbing pb2+ > Cu2+ > Cd2+ > Zn2+ > Ni2+, followed 

Ist order rate law at function of pertinent variables like shaking time, pH, amount of absorbent 

& adsorbate, concentration and temperature, adding that rising in temperature increases the 

values of KD, while from the calculation of thermodynamic parameters, the free energy (∆Go) 

values were found negative, decreased with increasing of temperature proposing following 

suggestions: 
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-As the nuclear race is dangerous even without war, consequently polluting the 

earth with worrisome amounts of radioactive isotopes but it must be reiterated 

that a major nuclear exchange should be avoided at all costs for it would have 

prohibitive consequences for both man and nature, can be prevented/minimized 

by the adsorption capability of activated charcoal. 

-Charcoal can remove toxic metals and their radiations from potable waters. 

-Lead (Pb) etc. poisoning can be cured by treatment with chelating agents which 

strongly bind Pb2+. Thus calcium chelate in solution is fed to the victim of lead 

poisoning Pb2+ displaces Ca2+ from chelate and the resulting Pb2+ is rapidly 

excreted in the urine as Pb2+ chelate (Pb-EDTA) structure shows: -  

 

 

 

 

 

 

 

 

 

 

-The decrease in ∆G° values with the increasing temperature shows the 

expectation of spontaneous adsorption process and the adsorption reaction is 

exothermic. 
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3:  The data of heavy metal ions of the adsorption on activated charcoal was fitted to 

Freundlich, Langmuire and Dubinin-Rudushkevich isotherms, only obeyed by Freundlich 

isotherm, explains: 

-that the heat of adsorption declines logarithmically with coverage: 

q = qm ln θ  ; (qm is constant) 

-that θ has values which neither approach zero or unity; the isotherm is of 

intermediate coverages [234]. 

4:  It has been observed from the experiments that activated charcoal is a good material 

which can adsorbed heavy metals at lower concentration. The order of adsorption and exchange 

of heavy metal ions on activated charcoal through glass column under same conditions 

respectively is pb2+ > Cu2+ > Cd2+ > Zn2+ > Ni2+, tending that: 

-Activated charcoal can be used as tool of antipollution particularly antiwater-

pollution for public drinking water supplies. 

5:  Desorption tests of deactivated charcoal by (NH4)2SO3, HNO3 & HN4H2PO3 while along 

with HNO3 but with (NH4)2SO4 in much better and best ways respectively, elaborate: 

-As activated charcoal now contributes about 25% to primary energy generation 

in the world and its use is projected to increase substantially even as the overall 

of fossil fuels to energy generation decreases, the problem can be mitigated by 

recycle power generation (desorption) of deactivated charcoal.  

-Also deactivated charcoal increasing pollution due to its large amount of using 

but by the process of desorption can be controlled.  

-To sum up, increased use of activated charcoal need not to increase  

pollution. The unanswered question is whether poorer countries having  
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monitored, to prevent/minimize pollution on the side of air pollution, atomic 

radiation pollution and water pollution etc.  

-It is possible, to design a treatment plant for processing of industrial waste 

waters before discharging, where hopeful toxicity concentration of metal ions can 

be minimized. 

 

Generally, at last but not less important, for the eradicating of environmental pollution epidemic, 

a loaded weapon can be used, “to increase the environmental awareness and emphasizes to 

educate the general public about the environmental pollution with incumbentness to know actual 

surrounding of environment in which they are living”. 
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