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Abstract :

The removal of toxic substances from industrial processes is a significant challenge
for the environment and society. Heavy metal ions are one of the most common water
pollutants, posing significant dangers to soil, water, animals, and humans due to their high
toxicity. A recent literature survey highlights the importance of addressing this problem

whether when they are in low or high concentrations, the process of searching for
techniques to remove these pollutants has become a very necessary task as a result of the
development of the danger of these substances with the great technological development
and with the increased need and diversity of use of this type of Metals, whether in the
form of ore or others, in modern industries, which prompted those authorities and organi-
zations concerned with preserving the environment have to impose strict restrictions and
laws different laboratories and factories, forcing them to find ways to treat waste industrial
products before being released into the environment so that toxic substances do not exceed
the permissible limits this prompted workers in this field to encourage researchers to de-
vote their efforts to Finding effective and economically inexpensive methods as possible to
eliminate the danger of this type of contaminants by passing the familiar traditional meth-
ods whose use usually requires providing Sophisticated and expensive technologies. So we
can say adsorption on the surfaces of solid materials is one of the methods Effective in this
type of treatment and as a result of the importance of this topic, we decided to shed light
in this research on the most important sources of water pollution and the most important
methods used in water purification, especially the adsorption method.

Keywords: adsorption, Chemical Adsorption, Pollution, Physical Adsorption, water
treatment.
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Introduction

Natural water contains various dis-
solved and suspended organic and in-
organic substances, with their concen-
trations varying based on the water’s
nature and presence. Pollution occurs
due to changes in the environment’s
basic components’ proportions, either
due to human intervention or natural
phenomena, resulting in increased or
decreased levels of these components.
[1].

Water pollution is a significant issue
due to its significant role in daily life,
as it is the secret of life for everyone
on the ground, and its essential role in
various industries, where different in-
dustries require vast amounts of water,
resulting in varying quality and purity
standards. [2].

Excreta in water can cause changes
in its color, taste, turbidity, odor, acidi-
ty, density, viscosity, and gaseous con-
tent, causing harm to health, life, and
the environment. It is not suitable for
domestic, industrial, and agricultural
use. Organic pollutants pose a high risk
due to their long-term effects, some of
which are considered carcinogenic,
and their interaction with organisms’

organic compounds. [3].

Factory techniques for economical
water purification include physical,
chemical, and biological processes,
depending on water specifications and
impurity quality. Understanding
water pollution sources is crucial be-

fore addressing purification methods

[4] .

Sources of Water Pollution

Water pollution occurs when human
activities alter the water’s composition
or condition, making it less suitable for
human use. This includes foreign sub-
stances, such as bacteria, algae, or par-
asites, which alter the water’s natural
properties. Contaminated water is not
suitable for drinking, domestic con-
sumption, agriculture, or industry, and
1s therefore not suitable for legitimate
life uses. [5-7].

Rivers are one of the most import-
ant sources of water, so putting any
kind of pollutants in them will change
the rivers’ environment and affect the
aquatic life, and these changes may be
physical changes such as an increase in
river water temperature, an increase in
turbidity, changes in the level of dis-
solved oxygen or Biological such as
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an increase in the unwanted growth
of some organisms such as algae, or it
may be chemical changes as a result
of adding chemicals to the water. And
the degree of impact of these pollutants
depends on the type and quantity of
these pollutants and the characteristics
of the water receiving them, Domestic
Pollutants, Agricultural Pollutants, In-
dustrial Pollutants, Thermal Pollutants
[8-10] and radiational pollutants [11,
12].

Water Pollution Treatment Meth-
ods

Domestic and industrial wastewa-
ter constitute a major source of water
pollution, and therefore it is necessary
to subject it to a treatment to reduce
chemical and biological pollutants be-
fore it is released to water sources. The
wastewater treatment process is divid-
ed into three main stages [13].

They are: The primary treatment
stage, which includes the removal of
floating objects and solid plankton by
mechanical methods.

While the secondary treatment stage
includes the use of biological treat-
ments such as biological filtration and
the use of life processes that depend on
microorganisms such as bacteria ana-

lyzing organic impurities [14]. As for
the last stage, which is: Tertiary treat-
ment: It is an advanced stage of treat-
ment procedures that are carried out
on the water resulting from second-
ary treatment and by methods based
on chemical-physical foundations that
can outperform the biological methods
used or reach the same quality at a low-
er cost [15]. The most important chem-
ical methods used in this field are:

1. Chemical Oxidation

2. Ion Exchange

3. Reverse Osmosis Pressure

4. Adsorption

The adsorption method is one of
the most important methods currently
used to reduce environmental pollution
because it is a simple and inexpensive
method when compared with other
chemical methods, so it has become
necessary to shed light on this method
by explaining it in a simple way.

Adsorption

Adsorption 1s the process of gath-
ering a substance in the form of mol-
ecules, atoms, or 1ons on the surface
of another substance; the substance
that undergoes adsorption on the sur-
face is known as a [Adsorbate] [16].
While the surface on which adsorp-
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tion occurs is known as the [Adsor-
bent] surface, there are numerous
examples of adsorption, such as the
adsorption of acetic acid on animal
charcoal, in which acid particles col-
lect on the surface of coal particles,
and hydrogen adsorption on the surfac-
es of some metals such as nickel [17].
Adsorption is classified into two types:
unimolecular adsorption, which is the
creation of a single partial layer on the
adsorbent surface; and multimolecular
adsorption, which is the formation of
many molecular layers on the adsor-
bent surface [18].

Adsorption results in a decrease in
free energy (AG) and entropy (AS) of
the adsorbent surface. This is due to
the molecules being restricted by their
bonding to surface atoms, resulting
in a loss of degrees of freedom com-
pared to their previous state [19].The
thermodynamic relationship [20] states
that as free energy (AG) and entropy
(AS) drop, the enthalpy (AH) content
(heat) decreases.

AG=AH-TAS ....[1]

According to this relationship, the
enthalpy AH is negative, that is, in gen-
eral, adsorption is exothermic [Exo-
thermic] This does not prevent some

types of adsorption from being [En-
dothermic] [21] .The process opposite
to the process of adsorption is called
(desorption) and it is the process of
separation of the adsorbed particles on
the adsorbent surface and their return
to the solution, desorption occurs usu-
ally when the temperature rises to the
extent sufficient to break the bonding
strength between the adsorbent and the
adsorbate [22].As for the process of
penetration of the adsorbate particle to
the adsorbent surface and its diffusion
in it is called (sorption). Adsorption
can be classified according to the type
and strength of the bond between the
particles of the adsorbent material and
the adsorbate material and the heat that
accompanies the adsorption process
into [23]:

1- Physical Adsorption

Adsorption Waals Vander, or Phy-
sisorption, is a physical attraction be-
tween an adsorbent surface and mol-
ecules adsorbed on it. It is similar to
condensation and can cause multiple
layers of material. The energy released
is close to the enthalpy of condensation
and less than 40 kJ/mol. The adsorbent
atom or molecule moves within a lim-
ited area, making it not localized.. [24].
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2- Chemical Adsorption

Chemisorption is a chemical force
between adsorbed atoms or molecules
and the adsorbing surface, occurring
under specific conditions on a surface.
This type of adsorption is character-
1zed by specificity, thermal changes,
and energy release exceeding 100 kJ/
mol. It is localized, meaning molecules
cannot move from their adsorption
site. Chemisorption is non-reversible
and limited to a monolayer, and may
not occur on other surfaces or under
the same conditions. It is characterized
by thermal changes and localized ad-
sorption. [25].

Physical adsorption occurs at tem-
peratures close to or below the boiling
points of the adsorbent material, while
chemical adsorption occurs at tem-
peratures higher than the boiling point.
The temperature effects directly affect
the occurrence of adsorption, as seen
in the case of hydrogen gas adsorption
on nickel metal surface. [26].

Factors Affecting on Adsorption
Process

1. Effect of contact time

Contact time is a crucial parameter
in adsorption processes, determining
the adsorbent’s optimal time to absorb

the maximum number of heavy metals.
Research indicates that the removal
percentage of pollutants increases with
contact time, possibly due to the bio
sorbent’s larger surface area at the me-
dium’s opening for metal ion adsorp-
tion. [27].

2. Effect of pH

The effect of the PH on the adsorp-
tion capacity varies with the different
adsorbent surfaces and the nature of
the adsorbate material, So the changes
in the PH that lead to an increase in the
solubility of the adsorbate in the solu-
tion reduce the amount of adsorption,
on the contrary, the changes that lead
to a decrease in the solubility of the ad-
sorbent molecules [28].

3. The Nature of Adsorbent

Adsorption is affected by the nature
of the adsorbent surface and the pres-
ence of polar groups on the surface.
It is also affected by the surface area,
the size of the pores, and their distribu-
tion on the surface. Many studies have
proven that porous surfaces provide a
larger surface area for adsorption com-
pared to non-porous surfaces, this de-
pends on the size of the adsorbed par-
ticle and the shapes of the pores and
their sizes [29].
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4. The Nature of Adsorbate

The nature of the adsorbate in terms
of shape, size, polarity, presence of ef-
fective groups, molecular weight, and
solubility influences the interaction
between the adsorbent surface and the
adsorbate particles; the difference in
this interaction between the surface
and the adsorbed particles results in the
selective adsorption of one component
of the solution without the other [30].

5. Solvent Effect

The solvent affects the behavior of
the adsorption process through its in-
teraction with the solute in the solu-
tion. The less soluble the substance in
the solvent, the greater its adsorption
on the surface of the adsorbent [31].

6. Concentration Effect

Adsorption in a solution increases
with concentration, sometimes stop-
ping when one layer forms on the sur-
face. In other cases, adsorption may
continue from multiple layers on the
surface, resulting in a higher amount
of adsorbent material than single-layer
adsorption. The relationship between
adsorbate amount and equilibrium con-
centration is known as the isotherm of
adsorption. The shape of this isotherm
can predict the relationship between

adsorption amount and adsorbent sub-
stance concentration in the solution.
[32, 33].

7- Adsorption Isotherm

Adsorption isotherms, including
Freundlich and Langmuir isotherms,
are crucial in environmental protection
and adsorption techniques research,
predicting a material’s adsorption ca-
pacity.

8- The Freundlich Adsorption Iso-
therm is a method used to study the ad-
sorption of substances by a substance.

The Freundlich isotherm is an em-
pirical model that takes into account
the adsorbent’s monomolecular layer
interference with the solute, assuming
a heterogeneous surface for a single
component system, as previously ex-
plained.

Qe=KF Cel/n (2)

The linear form of the Isotherm is;

Inge=InKF+1/nlncCe (3)

In the equation, KF and n are known
as the Freundlich constants, with n rep-
resenting the adsorption technique’s
favorability and KF representing the
adsorption capacity. KF and n may be
calculated by graphing In ge against In
Ce [35].
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9-Langmuir Adsorption Iso-
therms

The Langmuir isotherm posits that
equilibrium occurs when the adsorbent
1s saturated with monolayer adsorbate
compounds, as shown in the following
equation:

Qe= Ce/1+bCe (4)
The linearized form of the Isotherm is:
Ce/Qe=1/0gmb+ (1/Qm) Ce (5)

Where Qe is the amount of adsorbed
adsorbate per unit mass of the adsor-
bent (mg/l). Ce = the adsorbate equi-
librium concentration (mg/l), b = a
constant linked to the affinity between
the adsorbate and the adsorbent, and
Qm = the monolayer’s saturation abili-
ty as defined theoretically [36].

10- Applications of Adsorption

Adsorption has the following appli-
cations: Gas masks keep harmful gasses
from entering coal miners’ equipment.
Charcoal is used to eliminate air trac-
es from evacuation equipment. Silica
gel pellets are used to absorb moisture
in pharmaceuticals and plastic bottles.
Animal charcoal is used to remove col-
or from cane juice, leaving a clear lig-
uid solution. Catalysts are used to bind
reactants to the surface of materials, al-
lowing for quicker reactions and higher

reaction rates. These approaches assist
manage humidity, eliminate colorants,
and increase the efficiency of chemical
processes [37].

11- Conclusion

The adsorption process by adsor-
bents, especially the solid kind, emerg-
es among the potential technologies for
treating water. This process is thought
to be one of the most efficient ways to
treat and remove organic pollutants in
wastewater treatment. Because of its
straightforward design and potential
for cheap initial cost commitment, it
offers advantages over other approach-
es. Researchers have paid close atten-
tion to the adsorption method, which is
commonly employed to clean water for
both organic and inorganic pollutants.
The quest for inexpensive adsorbents
with binding properties to remove wa-
ter pollutants has became more intense
in the last few years. Natural materials
and agricultural wastes that are readily
available locally can be employed as
inexpensive adsorbents.
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