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Abstract
The aim of this study is to evaluate the ground well water corrosivity and/or
tendency toward scale formation using physiochemical analysis data for water
samples from selected groundwater wells in north-east Sabha area ( South of Libya ).
The result of physiochemical properties , especially pH , conductivity , CO 2 , hardness
and alkalinity revealed that the water could be corrosive.
The study of the groundwater by application of Langelier, Ryznar,
Aggressiveness and Larson ( ratio between halides and sulphates to the alkalinity )
indexes revealed also that the water is corrosive and has low tendency for scale
formation .
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كلمة شكر
الحمد هلل الذي أنار لنا درب العلم والمعرفة و أعاننا في أداء هذا المشروع الذي ال ندعي انه بلغ
كمال العلم ولكننا حاولنا أن نرتقي إليه
كما نثني ثناء حسنا و تقديرا و اعترافا منا بالجميل للمخلصين الذين لم يألو جهدا في مساعدتنا
للوصول الى هنا
و نخص بالذكر البروفيسور :محمد صالح الذي كان له الفضل في هذا فجزاه هللا ألف خيرا
مساعدتنا
و
بتوجيهنا
قامت
التي
التهامي
فاطمة
:
واألستاذة
وال ننسى أن نتقدم بجزيل الشكر و االمتنان الى قسم الهندسة الكيميائية و كافة أعضاء هيئة
التدريس و المهندسين
و أخيرا نتوجه بجزيل الشكر و العرفان الى جميع من مدوا لنا يد العون و المساعدة و ساهموا في
إكمال في هذا المشروع .
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CHAPTER 1
INTRODUCTION

1. Introduction
1.1 Corrosion
Is defined as destruction or deterioration of material due to chemical or
electrochemical reaction with its environment . The corrosion occurs because of the
natural tendency for most metals to return to their natural state; e.g., iron in the
presence of moist air will revert to its natural state, iron oxide.[1]

The nature and extent of corrosion depend on the metal and the environment ,
practically all environments are corrosive to some degree.
At normal atmospheric temperatures the moisture in the air is enough to start
corrosive action . Oxygen is essential for corrosion to occur in water at ambient
temperatures . Other factors can affect the tendency of a metal to corrode such as
Acidity or alkalinity of the conductive medium (pH factor) , stability of the corrosion
products, biological organisms (particularly anaerobic bacteria) , variation in
composition of the corrosive medium ,temperature. The presence of salts and acids on
metal surfaces greatly increases the electrical conductivity of any moisture present
and accelerates corrosion.[1]

Moist air is considered more corrosive than dry air , polluted air is more
corrosive than clean air and hot air is more corrosive than cold one . hot water is more
corrosive than cold water , salt water is more corrosive than fresh water . Also acids
are considered more corrosive than bases (alkalis) to steel. Otherwise no corrosion
will occur in a vacuum, even at very high temperatures.[1]

All metallic materials consist of atoms having valiancy electrons which can be
donated or shared . In a corrosive environment the components of the metallic
material get ionized and the movement of the electrons sets up a galvanic or
electrochemical cell which causes oxidation , reduction , dissolution or simple
diffusion of elements.
Based on the above processes, corrosion can be classified in many ways as
low temperature and high temperature corrosion, direct oxidation and electrochemical
corrosion, etc. The preferred classification is:
2

Dry or chemical corrosion and wet or electrochemical corrosion.

Corrosion of most materials is inevitable. It is the result of these materials
being in an unstable state in their environment . The deterioration caused can have an
immense effect on our lives. From economic to health and safety issues, corrosion has
had deep implications on the way we live. With the advances in technology, it has
become quite important to take steps to prevent corrosion.[1]

1.2 Electrochemical corrosion :
Electrochemical corrosion is the most important classification of corrosion.
Electrochemical corrosion is a process occurring between a metal and the electrolyte
environment not in one electrochemical reaction and the corrosion rate depends on the
electric potential on the metal surface. For example, a thin film of moisture on a metal
surface forms the electrolyte for atmospheric corrosion.[1]

Corrosion normally occurs at a rate determined by an equilibrium between
opposing electrochemical reactions. One reaction is the anodic reaction, in which a
metal is oxidized , releasing electrons into the metal. The other is the cathodic
reaction , in which a solution species (often O2 or H+) is reduced , removing electrons
from the metal . When these two reactions are in equilibrium , the flow of electrons
from each reaction is balanced , and no net electron flow (electrical current) occurs.
The two reactions can take place on one metal or on two dissimilar metals (or metal
sites) that are electrically connected.[1]

Four conditions must exist before electrochemical corrosion can proceed:
There must be something that corrodes (the metal anode),there must be a cathode,
there must be continuous conductive liquid path (electrolyte), there must be a
conductor to carry the flow of electrons from the anode to the cathode. and the
elimination of any one of the four conditions will stop corrosion.[1]
Figure (1.1) sketches this process. The vertical axis is electrical potential and
the horizontal axis is the logarithm of absolute current. The theoretical current for the
anodic and cathodic reactions is represented as straight lines. The curved line is the
total current: the sum of the anodic and cathodic currents. This is the current that you
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measure when you sweep the potential of the metal with your potentiostat. The sharp
point in the curve is actually the point where the current reverses polarity as the
reaction changes from anodic to cathodic, or vice versa. The sharp point is caused by
plotting along a logarithmic axis. The use of a logarithmic axis is necessary because
of the wide range of current values that must be recorded during a corrosion
experiment. Because of the phenomenon of passivity, the current often change by six
orders of magnitude during a corrosion experiment.

Figure(1.1) : Corrosion process showing anodic and cathodic components of current.[1]

The potential of the metal is the means by which the anodic and cathodic
reactions are kept in balance. Refer to Figure (1.1). Notice that the current from each
half reaction depends on the electrochemical potential of the metal. Suppose that the
anodic reaction releases too many electrons into the metal. Excess electrons thus shift
the potential of the metal more negative, which slows the anodic reaction and speeds
up the cathodic reaction. This counteracts the initial perturbation of the system.[2]

1.3 Electrochemical corrosion Process:
Since the electrochemical corrosion occur with two half-reactions. The anodic
reaction in every corrosion reaction is the oxidation of a metal to its ion .This can be
written in the general form :

4

M → M+n + ne

…………… eq(1.1)

Where the cathodic reactions for the electrochemical process:
M3+ + e- → M2+

………………. eq(1.2)
Hydrogen evaluation :

2H+ + 2e - → H2

…………….eq(1.3)
O2 reduction in acidic medium :

O2 + 2H2O+ 4e- → 4OH-

…………….eq(1.4)

O2 reduction in alkaline and neutral medium :
O2 + 4H+ + 4e- → 2H2O

………… eq(1.5)

Hydrogen evolution is a common cathodic reaction since acid or acidic media
are frequently encountered .oxygen reduction is very common ,since any aqueous
solution in contact with air . Metal ion reduction and metal deposition are less
common reactions and are most frequently found in chemical process streams.[2]
All of the above reactions are quite similar , they consume electrons illustrated
a good example for electrochemical corrosion cell can be when a piece of bare iron
left outside where it is exposed to moisture will rust quickly. It will do so even more
quickly if the moisture is salt water. The corrosion rate is enhanced by an
electrochemical process in which a water droplet becomes a voltaic cell in contact
with the metal.[2]
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Figure(1.2) : Schematic diagram of corrosion cells on iron.[2]

The oxidizing iron supplies electrons at the edge of the droplet to reduce
oxygen from the air. The iron surface inside the droplet acts as the anode for the
process:
Fe → Fe2+ + 2e-

…………….eq(1.6)

The electrons can move through the metallic iron to the outside of the droplet where
the cathodic reaction :
O2 + 2H2O + 4e- → 4OH-

………………eq(1.7)

Rust is then quickly produced by the oxidation of the precipitate.
2Fe + 2H2O + O2 → 2Fe2+ + 4OH- → 2Fe(OH)2↓

……….eq(1.8)

The rusting of unprotected iron in the presence of air and water is then inevitable
because it is driven by an electrochemical process.[1][3]
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1.4 Types of corrosion :
Corrosion comes in many different forms. The various kinds of corrosion that
can cause a metal component to fail , can be shown in the figure (1.3).

Figure (1.3) : classification of corrosion .[3]

1.4.1 Uniform corrosion:
Uniform corrosion or general corrosion as sometimes called, is the most
common form of corrosion , and is caused by a chemical or electrochemical reaction
that results in the deterioration of the entire exposed surface of a metal. The metal
becomes thinner and eventually fails.[1][4]
General attack corrosion causes for the greatest amount of metal destruction by
corrosion but is considered as a safe form of corrosion, due to the fact that it is
predictable, manageable and often preventable.[1]

Figure (1.4) :Uniform Corrosion .[4]
7

1.4.2 Localized Corrosion:
Is insidious in nature and is considerably more difficult to predict. Its attack is
localized and it targets one area of the metal structure.[1]
It is classified as:

1.4.2.1 Galvanic Corrosion:
Caused by potential difference between two dissimilar metals when they are
located together in a corrosive electrolyte.
When this occurs, the metals and the electrolyte create a galvanic cell.
This potential difference produces electron flow between them, the less corrosion
resistant metal becomes the anode and the more resistant material become the
cathode.
Usually the cathode corrodes very little or not at all of this type of couple and the
anode corrodes and deteriorates faster than it would alone.
This type of corrosion is electrochemical corrosion.
Three conditions must exist for galvanic corrosion to occur:


Electrochemically dissimilar metals .



The metals must be in electrical contact .



The metals must be exposed to an electrolyte .[1][4]

[4]

Figure (1.5) : Galvanic corrosion of Stainless steel screw.
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1.4.2.2 Crevice Corrosion:
Intensive localized corrosion occurs within crevice and other shielded areas on
metal surface exposed to corrosives.
This type of corrosion is often associated with small volumes of stagnant solution
caused by holes, gasket surface.[1][4]

Figure(1.6) : Crevice corrosion on steel sections.[4]

1.4.2.3 Pitting corrosion:
Pitting corrosion is a complex but important problem that is at the root of
many corrosion failures.
Pitting corrosion is one of the most destructive and insidious forms of corrosion
because it is more difficult to detect, predict and design against.
Pitting corrosion is a localized attack that results in holes or cavities in the surface of
the metal.
Pits are sometimes isolated or so close together that they look like a rough
surface.[1][4]
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Figure(1.7) : Pitting corrosion on the outside surface of a cast iron bathtub.[4]

1.4.2.4 Intergranular Corrosion:
Metals and alloys, like other elements, have micro-structures that
can be described as grains. Metals can contain multiple grains, and these
are separated by a grain boundary.
Intergranular corrosion can be defined as a localized attack along the
grain boundaries, or immediately adjacent to grain boundaries of a metal.
It often occurs due to impurities in the metal, which tend to be present in
higher contents near grain boundaries.[1][4]

Figure (1.8) : Intergranular corrosion of tungsten carbide .[4]

1.4.2.5 Selective Corrosion:
Also called de alloying, demetalification , parting and Selective
leaching. Removal of one element from a solid alloy by corrosion
processes. The most common example is the selective removal of zinc in
01

brass alloy (dezincification). Similar processes occur in other alloy
systems.[1][4]

Figure(1.9) : Selective leaching of zinc from brass.[4]

1.4.2.6 Erosion Corrosion:
Erosion corrosion is an acceleration in the rate of corrosion attack in metal due
to the relative motion of a corrosive fluid and a metal surface. The increased
turbulence caused by pitting on the internal surfaces of a tube can result in rapidly
increasing erosion rates and eventually a leak.
Metal is removed from the surface as dissolved ions, or it forms solid corrosion
products that are mechanically swept from the metal surface.
Erosion corrosion is characterized in appearance by grooves, gullies, waves, rounded
holes, and valleys.
Many types of corrosive mediums could cause erosion corrosion, these include gases,
aqueous solution, organic system, and liquid metals.[1][4]

Figure (1.10) :Errosion-corrosion on stainless steel tube.[4]
00

1.4.2.7 Stress Corrosion Cracking :
Stress corrosion cracking refers to cracking caused by the simultaneous
presence of tensile stress and a specific corrosive medium.
The required tensile stresses may be in the form of directly applied stresses or in the
form of residual stresses. Cold deformation and forming, welding, heat treatment,
machining and grinding can introduce residual stresses.[1][4]

Figure (1.11) : Stress corrosion cracking in steel rods in a pre-stressed concrete block.[4]

1.4.2.8 Hydrogen Damage Corrosion:
Hydrogen damage refers to the mechanical damage of metal that occurs due to
the interaction with or presence of hydrogen.
Hydrogen damage may be classified into four types:
(i)- hydrogen blistering .
(ii)- Hydrogen embrittlement .
(iii)-Decarburization .
(iv)-Hydrogen attack .
Hydrogen blistering results from the penetration of hydrogen into a metal.
Hydrogen embrittlement also is caused by penetration of hydrogen into a metal,
which results in a loss of ductility and tensile strength. Decarburization, or removal of
carbon from steel, is often produced by moist hydrogen at high temperatures.
Hydrogen attack refers to the interaction between hydrogen and a component of an
alloy at high temperatures.[1]
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Figure (1.12) : Hydrogen damage in boiler tubes and its corresponding microstructure.[1]

1.5 Thermodynamic of corrosion :
The

thermodynamic

aspects

of

corrosion

and,

more

generally,

electrochemistry are quite complex, yet are most important to understanding the
driving forces behind them. This chapter sets the stage for the remaining chapters on
surface films; it is not a detailed dissertation on the thermodynamics of corrosion.
Numerous excellent texts are available on the concepts and theories of
electrochemistry and thermodynamics,

yet few focus specifically on the

electrochemical aspects of corrosion.[5]
For the oxidation of a given metal , a simple half-reaction describing the change in
oxidation .
In this case , metallic iron oxidizes to the dissolved ferrous ion . This ion has an
oxidation state of +2 , where as the metallic form has an oxidation state of zero , so
the process of oxidation releases two electrons .
As for an chemi
[5]

This describes the change of free energy associated with the reaction under standard
conditions (
-

voltage rather than as an energy change . Faraday `s law expresses the relation

∆

-

……..eq(1. )

Where n is the number of electrons transferred in the reaction and F is faraday
constant
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If ∆

is expressed in joules / gram-equivalent

is in units of volts a joule is equivalent to a volt – coulomb
[5]

1.6 Stability diagram :
In electrochemistry, a Pourbaix diagram, also known as a potential/pH
diagram, EH-pH diagram or a pE/pH diagram, maps out possible stable (equilibrium)
phases of an aqueous electrochemical system. Predominant ion boundaries are
represented by lines. As such a Pourbaix diagram can be read much like a
standard phase diagram with a different set of axes. Similarly to phase diagrams, they
do not allow for reaction rate or kinetic effects.
The diagrams are named after Marcel Pourbaix (1904–1998), the Russian-born,
Belgian chemist who invented them.[5]

Figure (1.13) : Pourbaix diagram of iron.[5]
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Pourbaix diagrams are also known as EH-pH diagrams due to the labeling of the two
axes. The vertical axis is labeled EH for the voltage potential with respect to
the standard hydrogen electrode (SHE) .

1.7 Water corrosivity :
The concentrations of various substances in water in dissolved, colloidal or
suspended form are typically low but vary considerably. A hardness value of up to
400 ppm of calcium carbonate, for example, is sometimes tolerated in public supplies,
whereas 1 ppm of dissolved iron would be unacceptable. In treated water for highpressure boilers or where radiation effects are important, as in some nuclear reactors,
impurities are measured in very small units such as parts per billion (ppb) or 1 mg of
contaminant per liter of water. Water analysis for drinking water supplies is
concerned mainly with pollution and bacteriological tests. For industrial supplies a
mineral analysis is of more interest.

[6]

The important constituents can be classified as

following :
(i) Dissolved gases (oxygen , nitrogen , carbon dioxide , sulfurous gases ).
(ii) Mineral constituents , including hardness salts , sodium salt (chloride , sulfate ,
nitrate , bicarbonate , etc.) , salts of heavy metals , and silica.
(iii) Organic matter , including that of both animal and vegetable organic , oil
trade waste (including agricultural)constituents , and synthetic detergents.
(iv) Microbiological forms , including various types of algae and slime forming
bacteria .
The dissolved gases occurring in water , oxygen occupies a special position , as it
stimulates corrosion reactions . In surface waters , the oxygen concentration
approximates saturation , but in the presence of green algae , super saturation may
occur . Underground waters are more variable in oxygen content ,and some waters
containing ferrous bicarbonate are oxygen-free

. Both gases may initiate or

significantly accelerate corrosion of most metals .For some applications , notably feed
water treatment for high-pressure boilers , removal of oxygen is essential .[7]
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1.8 Carbon dioxide and calcium carbonate:
The effect of carbon dioxide is closely linked with the bicarbonate content .
Normal carbonates are rarely found in natural waters , but sodium bicarbonate is the
most important of the bicarbonates , but magnesium bicarbonate may be in smaller
quantities . In general , it may be regarded as having properties similar to those of the
calcium compound , except that upon decomposition by heat it deposits magnesium
hydroxide , whereas calcium bicarbonate precipitates as carbonate . The
concentrations of carbon dioxide in water can be classified as follows :
(i) The amount required to produce carbonate .
(ii) The amount required to convert carbonate to bicarbonate.
(iii) The amount required to keep the calcium bicarbonate in solution .
(iv) Any excess over that accounted for in types in above .
With less carbon dioxide than required for type 3 (let alone type 4) , the water will be
supersaturated with calcium carbonate , and a slight increase in pH (at the local
cathodes) will tend to cause its precipitation or scaling . If the deposit is continuous
and adherent, the metal surface may become isolated from the water and hence
protected from corrosion . If type 4 carbon dioxide is present , there can be no
deposition of calcium carbonate and existing deposits will be dissolved ; there cannot
therefore be any protection by calcium carbonate scale.[7]

1.9 Dissolved mineral salts :
The principal ions found in water are calcium , magnesium , sodium ,
bicarbonate , sulfate , chloride , and nitrate . A few parts per million of iron or
manganese may sometimes be present , and there may be traces of potassium salts ,
whose behavior is similar to that of sodium salts . From the point of view , the small
quantities of other acid radicals present , e.g., nitrite , phosphate , iodide , bromide ,
and fluoride , generally have little significance . larger concentrations of some of
these ions , notably nitrite and phosphate , may act as corrosion inhibitors , but the
small quantities present in natural water will usually have little effect .

1.10 Hardness :
The hardness of a water supply is determined by the content of calcium and
magnesium salts . Calcium and magnesium can combine with bicarbonates , sulfates ,
06

chlorides , and nitrates to precipitate as solids . Mineral salts make water more basic
and lead to more aggressive corrosion on many materials . The presence of salts in
lime scale deposits is one of the most common causes of corrosion ; these deposits
cause damage in water pipelines and boilers .
There are basically two types of hardness :
(i) Temporary hardness caused by Ca and Mg bicarbonates ( precipitate
minerals upon heating ).
(ii) Per moment hardness due to Ca and Mg sulfates or chlorides ( dissolve
with sodium ).[7]

1.11 pH :
pH is a measure of the hydrogen ion (H+) concentration. Solutions range from
very acidic (having a high concentration of H+ ions) to very basic (having a high
concentration of OH- ions). The pH scale ranges from 0 to 14,with 7 being the neutral
value. The pH of water is important to the chemical reactions that take place within
water, and pH values that are too high or low can inhibit the growth of
microorganisms.[8]

1.12 Alkalinity:
Alkalinity is the capacity of water to accept protons; it can also be defined as a
’

z

B

hydrogen cause alkalinity and hydrogen compounds in a raw or treated water supply.
Bicarbonates are the major
components because of carbon dioxide action on basic materials of soil; borates,
silicates, and phosphates may be minor components. Alkalinity of raw water may also
contain salts formed from organic acids such as humic acids.[9]

1.13 Corrosion products and scale formation :
1.13.1 Corrosion products are materials which are derived from the destruction
of another material by a chemical reaction with the environment it is in. Every year
corrosion results in massive costs to industry. Accurate analysis and identification of
corrosion products is one of the first steps in determining the causes of corrosion. To
give you an idea of the variety of these materials some of the phases we have
encountered in corrosion products include , ( goethite, magnetite, maghemite,
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lepidocrocite, akaganeite, greigite, mackinawite, pyrrhotite, wuestite, tenorite, cuprite,
pyroaurite, green rust, feroxyhyte, hazlewoodite, atacamite, paratacamite, botallackite,
triolite, cinnabar, galena, and laurionite ) , and certainly this list is not exhaustive .[10]
1.13.2 Scales are deposits/coatings which form on the surface of another material,
e.g. metals or rocks. To give you an idea of the variety of these materials some of the
phases we have encountered in scales include ( calcite, Mg-calcite, aragonite, Sr-Cacarbonate, dolomite, siderite, gypsum, anhydrite, barite, Sr-barite, Celestine, halite,
berthierine, pyrite, and sphalerite ) ,although this list is not exhaustive. Clearly
various carbonates and sulphates are common, and often they are non-stoichiometric
.[10]

1.14 Water
Water is our most precious resource. Water is vital to life. Humans, plants, and
animals are made up of mostly water. All living things would die if it weren't for
water .

1.14.1 Water uses :
There are many ways that we use our water . We use water for drinking,
washing, cleaning, cooking, and growing our food as well as many, many other
things.
Water can be used for direct and indirect purposes. Direct purposes include
bathing, drinking, and cooking, while examples of indirect purposes are the use of
water in processing wood to make paper and in producing steel for automobiles. The
k

’

Worldwide, high-income countries use 59 percent of their water for industrial use,
while low-income countries use 8 percent.[11]

1.14.2 Types of water uses :
1.14.2.1

Commercial water use includes fresh water for motels, hotels,

restaurants, office buildings, other commercial facilities, and civilian and military
institutions. Domestic water use is probably the most important daily use of water for
most people.[12]

1.14.2.2 Domestic use includes water that is used in the home every day.[12]
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1.14.2.3

Irrigation water use is water artificially applied to farm, orchard,

pasture, and horticultural crops .[13]

1.14.2.4

Livestock water use includes water for stock animals, feed lots,

dairies, fish farms, and other nonfarm needs. [12]

1.14.2.5

Mining water use includes water for the extraction of naturally

occurring minerals; solids, such as liquids, such as crude petroleum; and gases, such
as natural gas. [12]

1.14.2.6 Thermoelectric Power water use is the amount of water used in the
production of electric power generated with heat.[13]

1.14.2.7

Industrial water use is a valuable resource to the nation's industries

for such purposes as processing, cleaning, transportation, dilution, and cooling in
manufacturing facilities .[12]
The one of the applications of water industrial uses is cooling tower.
A cooling tower is designed to remove heat from a building or facility by
spraying water down through the tower to exchange heat into the inside of the
building. Air comes in from the sides of the tower and passes through the falling
water. As the air passes through the water, heat is exchanged and some of the water
evaporates. This heat and evaporated water flow out the top of the tower in the form
of a fine cloud-like mist. The cooled water is collected at the bottom of the tower and
pumped back into the plant or building for reuse. Cooling towers provide large scale
air-conditioning where land and (or) water are expensive, or regulations prohibit the
return of once-through cooling waters [14] .
The industries use cooling water in various processes. As a result, there are also
various types of cooling towers. There are cooling towers that create process water
that can only be used once, before it is discharged. There are also cooling towers that
create water that can be reintroduced in the production process.
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When water is reused, it is pumped through the installation into the cooling tower.
After the water is cooled, it is reintroduced into the production process. Water that
needs to be cooled usually has a temperature of between 40 and 60°C.
The water is pumped to the top of the cooling tower and will than flow down through
plastic or wooden shells. This causes drop formation. While flowing down, the water
0

0˚

Part of the water evaporates, causing it to emit more heat. Water vapor can sometimes
be observed over the cooling tower.
To create an upward airflow, some cooling towers contain blades in the top, which are
similar to ventilator blades. These blades cause an upward air flow inside the cooling
tower. The water falls down into a basin and will be brought back into the production
process from there.
There are open and closed cooling tower systems. When a system is closed, the water
does not come in contact with outside air. This causes pollution of cooling tower
water by air pollutants and microorganisms to be insignificant. Also, microorganisms
that are present in cooling tower water cannot end up in outside air. When a cooling
tower is an open system, this phenomenon may occur.[14]

Figure(1.14): Schematic diagram of cooling tower.[14]

1.15 Nature of corrosion inside water distribution systems :
Corrosion occurring inside water distribution systems , water tanks ,
cooling towers , reservoirs etc .Can be described as internal corrosion to

21

differentiate it from external corrosion Internal corrosion within distribution
systems originates.
from the chemical composition of water to be transported through this system .
Water which causes corrosion of materials is called aggressive or corrosive .
Corrosivity of water is usually considered as aggressiveness of water to metals ,
while aggressivity refers to chemical composition of water that can cause
deterioration of nonmetals materials like concrete , asbestocement ,cement , etc .
The chemical reaction of metallic corrosion in water is accompanied by the
passage of an electric currant .
A metal ion leaves a site on the metal (anode ) , enters the water and leaves be hid
excess electrons which migrate to near by cathode on the pipe . These electrons
are consumed by a balancing reaction using oxygen in natural waters .
O₂ + 2H₂ O + 4e¯ → 4OH¯ ………..eq(1.10)

Hydrogen is used to balance the electrons when the PH is below 7 and when O₂
is absent or excluded from the metal surface such as beneath deposits .
2H⁺ + 2e⁺ → 2H ₌ H₂

…………..eq(1.11)

In deareated conditions , sulphate reducing bacteria (SRB) can help drive the
cathodic reaction by reducing sulphate to sulphide .
H

e¯

→

4H₂ O

…………eq(1.12)

Corrosion can therefore occur in both aerated and de aerated waters.[15]
The corrosion of iron drinking water mains been found to lead to structural
failure , leaks , loss of capacity and deterioration of chemical and microbiological
water quality .
Reductions in the concentration of iron in drinking water have been made in
recent years and these can be attributed to creased investment and improvements
in water treatment and supply .
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our increased undastanding of corrosion science and of methods for assessing the
extant and type of corrosion prior to rehabilitation have also led to
improvements.[16]

1.16
Environmental aspects of corrosion in water distribution
systems .
In water environment mainly electrochemical corrosion takes place as a
result of electrolyte solutions acting on metals . Corrosion within water
distribution systems creats a variety of problems . The most significant are
economic and technical . Same of technical problems arising from corrosion are :


Clogging metals and service lines by corrosion products.



Losses in carrying capacity of mains due to tuberculation .



Leaks in mains and service lines .



Short life of service lines .

Corrosion can also affect very seriously water quality by creating aesthetic
problems such as :
o Staining fixtures and laundry
o Increasing colour and turbidity
o Production of bad tests and odours , and health problems such as :
o Increasing water toxicity associated with the leaching of some metals (
lead , zinc , copper , cadmium ) or fibers (asbestos) into water .
The importance of these problems was reflected in the amendments
proposed as early as 1979 by the environmental protection agency ( EPH ) USA
to the national interim primary drinking water regulations which included
requirements that community distribution water system ought to carry out
corrosion control programmers . These programs should determine the corrosion
potential of the system's water or ( the aggressiveness of different water supplies
).
Accordingly the monitoring requirements for corrosion control in public drinking
water systems ware established in USA since (1980 ) .[17],[18]
In a province in eastern Iran cross-sectional study of 879 samples were taken
to evaluate the water quality characteristics during 12 months (2013–2014). Five
indices, Langelier, Ryznar, Puckorius, Larson–Skold, and Aggressiveness, were
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programmed in Microsoft Excel. The results illustrated that the values of the
Langelier saturation index, Ryznar stability index, Puckorius scaling index, Larson
ratio, and Aggressiveness index were 0.33 (±0.17), 7.36 (±0.37), 7.4 (±0.6), 2.1
(±1.4), and 12.03 (±0.18), respectively. According to the Ryznar index (RSI), the
index for the water resources of Torbat city was 6.99 and RSI for the central part of
Gonabad was 6.4 (consolidation grade). The average pH in the studied water wells
was 8.03. The amounts of turbidity, calcium, magnesium, nitrate, and fluoride in the
study areas have favorable and acceptable conditions. However, the values of sulfate,
total dissolved solids, and chloride in a few cities were higher than the standards.
Comparison of five stability indices demonstrated that water in some parts of the
study area is corrosive. Based on the results, selecting the best method to prevent the
corrosion process is required.[19]
In the past, some of the students have been studying groundwater pollution
assessment in the southern Lebanese city of Targen , the results obtained were used in
application of some factors that reflect the effect of the results values on corrosion and
sedimentation study showed that the coefficient of aggression ranged from 9.7 to 12.6
. This indicates that the water of this area is highly corrosive water to non-corrosive
(precipitated), and the Larson coefficient ranges between (2.6 -0.5) and shows the
corrosive water condition
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Aim of the work
Internal corrosion within the water distribution systems creates a number of
serious economic and technical problems as well as affect water quality .
The aim of this work is carry out physiochemical analysis of drinking water
utility from ( east – north area ) sebha city . The data of parameters obtained will
be correlate to assess quantitatively the ability of water to be more as less
aggressive ( corrosive ) or has tendency to from scales .
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2. Experimental work
Experimental part is concentrated on determination of essential parameters
used to evaluate scale tendency and corrosivity of studied water samples .

2.1 Study area location:
Sabha city is situated in the south of Libya , located about 780 Km south of
the capital Tripoli .
Sabha is usually considered as capital of the south of Libya with the population nearly
160,000 .
The main water source is underground wells, at average depth between 70 and 120
meters . The potential water sources used mainly for drinking and agriculture
purposes . Drinking water is distributed allows the city by network pipelines mainly
made of steel . Because of groundwater quality different in many areas at sebha city ,
the north – east part taken as studied area .

figure(2.1) : map to show the location
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2.2 Sample collection:
Six water samples were collected from Hajara1(H1) , Hajara2(H2),
Hajara3(H3) , Sukara1(S1) , Sukara2 (S2) , Sukara3 (S3) .
All water samples are kept in plastic polyethylene bottles at room temperature .

2.3 Material and reagents:
All reagents and chemicals used were analytical grade of BDH chemicals LTD
origin. Acids such as hydrochloric, sulphuric solutions, buffer solutions, alkaline
solutions, standard solutions and all solid chemical compounds used in highly purified
form.

2.4 Apparatus and instruments:
Different sizes of glassware (beakers, pipettes , burette s, volumetric
k…
pH meter model: pH.Conductivity Benchtop Brion 4 Star: was used for pH measured
Conductivity meter model: pH.Conductivity Benchtop Orion 4 Star: was used to
measure conductivity of water.
Photometer system for water analysis model: Palintest Photometer 7100: was used for
photometrical analysis to measure sulphate of water.

2.5 Analytical methods:
To determine the water corrosivity (aggressive), the following physiochemical
parameters were analyzed:
Temperature: was measured by PH.Conductivity Benchtop Orion 4 Star.
Ph Benchtop Orion 4 star: was measured by PH.Conductivity.
Conductivity: Benchtop Orion 4 star: was measured by PH.Conductivity.
Alkalinity, total hardness, total dissolved salts(T.D.S), calcium, magnesium, CO2 and
chloride were analyzed using volumetric technique according to analytical procedures
outlined in standard methods. [20]
Sulphate: is determined using Photometer 7100.
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3. Results and discussion:
3.1 Physiochemical parameters:
Table(3.1) shows the physiochemical examination results for six ground water
samples from different sources.

Table(3.1) : Physiochemical compassion of groundwater from east-north SEBHA area .

Water well

Analyzed
parameter
s

Hajara
(H1)

Hajara
(H2)

Hajara
(H3)

Sokara
(S1)

Sokara
(S2)

Sokara
(S3)

297.6

298.4

298.2

298

299

299.4

PH

7.3

7.4

7.4

7.1

6.8

7

T.D.S (mg/lit)

1939

565

1946

4938

2377

1877

3.96

115.3

3.97

21.5

72.3

62.7

SA (PPT)

2.1

0.6

2.1

5.7

49.8

42.4

cl- (mg/lit)

676.275

189.925

268.61

1604.6

1008.2

827.15

Mg++ Ca++ (mg/lit)

820

200

100

390

225

300

Ca++ (mg/lit)

300.8

88

65.6

190.4

128

128

Mg++ (mg/lit)

72.96

14.4
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181.44

106.56

99.84

Co2 (mg/lit)

66

11

11

22

44

33

So4--(mg/lit)

111

114

190

170

500

490

Acidity (mg/lit)

1

1

1.25

2

1.5

1.2

Alkalinity (mg/lit)

5.6

3.9

2.8

6.6

2.3

3

Є

s/cm)
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The data of analyzed parameters is discussed on the basis of their relation with
corrosion and scale formation mechanisms.
(i)-Temperature: one of the main factors affecting the reaction rate and hence the
electrochemical corrosion process, it affects the process of dissolved oxygen in
electrolytic medium as well as biological activity.
As shown in the table(3.1), the water temperature measured was at room temperature.
(ii)-pH: the pH value of water of water is an important index of acidity or alkalinity.
pH values of tested waters were natural(7.0 - 7.4) to slightly acidic(6.8).
(iii)-Conductivity: it is ability of the water to conduct electricity and hence can
provide an accurate estimate T.D.S and salinity of water. Conductivity of studied
water samples table(3.1) fluctuated from (565 - 194 scm) Hajara water to (1877 4938scm) Sokara water.
These high values of conductivity showed that ground water contained considerable
amounts of dissolved salts and give evidence of its corrosivity.
(iv)-Carbon dioxide: most of free CO2 is considered to be aggressive which is mainly
responsible for the corrosive character.
As it can be seen from the results, table(3.1) all ground water samples were rich in
dissolved free CO2.
The amount of CO2 dissolved in water ranged from 11mglit to 66mglit indicating
activity of electrochemical corrosion process.
(v)-Calcium and magnesium: the results table(3.1) also indicated high concentration
of these two major cautions, calcium range (65.5 -300mglit), and magnesium (27 181mglit). increased concentration of these ions were reflected in higher values of
conductivity as well as total hardness of ground water.
(vi)-Total hardness: this important water quality parameter which water can classify
to quality to be soft or hard.
Table(3.1) shows the values of total hardness of studied samples were high and
greater than 100mglit indicating significant role in corrosivity and scale formation of
water.
(vii)-Total dissolved solids: the content of T.D.S in ground water reflecting high
conductivity of electrolytic medium for corrosion processes.
(viii)-Chlorides and sulphate: the ions of chlorides and sulphate have been loud to
increase corrosion especially in cement environment where corrosion of steel
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reinforced concrete.[21] Results in table(3.1) show high concentration of both [Cl-] and
[SO4--] for all studied sample.

3.2 Assessment of studied water aggressivity (corrosivity)
In order to evaluate or assess more quantitatively the ability of water to be
more or less aggressive or has tendency toward scale forming, four special corrosion
indexes which included several water quality parameters were calculated.
They allow one to compare to compare more precisely particulate corrosivity of
water. However, these indexes indicate the tendency of water to be corrosive,
noncorrosive, or scale forming.

3.2.1 Corrosion indexes:
The four corrosion indexes used were:
(i) Langelier Index (LI)
(ii) Ryznar Index (RI)
(iii) Aggressiveness Index (AI)
(iv) Larson Index (LRI)
The first three indexes are based on the solubility of calcium carbonate. These indexes
focus on predict the ability of water to deposit CaCo3 films in water distribution
system.
Langelier Saturation Index Works by professor W. F. Langelier, it's a measure of a
’
indicator of the corrosivity of water. The index is not related directly to corrosion, but
is related to the deposition of a calcium carbonate film or scale; this covering can
insulate pipes, boilers, and other components of a system from contact with water.
When no protective scale is formed, water is considered to be aggressive, and
corrosion can occur.[21]
The Langelier Index is defined as the difference between actual pH and calculated
pHs.[22]
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LI=pHa -pHs

………

3

Where:
The pHs has been calculated using suitable monograph fig (3.1).[22]

Langelier Index

Significance

LI > 0

Tendency to form scale

LI < 0

Enhibits aggrissive
proportion
Nonaggressive

LI ₌ 0
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Figure(3.1): Langelier saturation index .[22]
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The Ryznar Index (RI) index uses a correlation established between an empirical
database of scale thickness observed in municipal water systems and associated water
chemistry data. Like the LI, the RI has its basis in the concept of saturation level.[23]
The Ryznar index takes the form:
RSI = 2(PHs) –PH

……………

3

The empirical correlation of the Ryznar stability index can be summarized as
follows:

RI value

Significance

RI≥ 0

Very highly
corrosive

RI>6

Corrosive

RI<6

Highly scale forming

The Aggressive Index (AI) is derived from the actual pH, calcium hardness, and total
alkalinity.[22]
It is calculated by the formula:
AI₌ PH + log (A+H) …………
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Where :
A: total alkalinity
H: total hardness
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Aggressive Index

Significance

AI < 12

Highly aggressive

10 to 12.0

Moderately aggressive

AI > 12.0

Nonaggressive

Larson Index is the halogen_Sulphate / Alkalinity ratio used to measure aggressivity
of water , it has direct relation to nonmetal material deterioration such as concrete due
to it's indication for chlorides and sulphates interfering with natural film formation .

……

Lar.I =

(3.4)

Lar.I

Significance

Lar.I > 0.2
0.1 to 0.2

Water is corrosive
Non corrosive
water
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3.2.2 Evaluation of water corrosivity and scale formation:
Table (3.2) gives the results of four indexes that applied on studied water
physiochemical parameters .
Table (3.2) : Values of corrosion indexes of studied groundwater wells .

Indexes
Langelier (L.I)

Ryznar (R.I)

Aggressiveness(A.I)

Larson (Lar.I)

Hajara (H1)

0.34

6.62

10.21

1.4

Hajara (H2)

-0.66

8.72

9.7

0.7

Hajara (H3)

-0.92

9.4

1.6

Water well

9.24

Sokra (S1)

-0.26

7.62

9.6

2.6

Sokra (S2)

-0.94

7.92

9.1

6.5

Sokra (S3)

-0.72

8.44

9.4

4.3

As it can be seen from this table , the langelier index had negative values for all
tested samples except for water well Hajara( H1) indicating water corrosive
properties . As could be predicted , water with high TDS content , total hardness
and calcium had less corrosive chacter than soft water .
The water composition and temperature has major effect on it's corrosivity
. it is known that the carbonate balance is critical . [23]
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Soft water are usually more corrosive than hard waters . Water from natural
sources contains varies dissolved salts , the most common of which is calcium
carbonate . The balance of this salt with carbon dioxide can be presented by the
following reaction :
Ca(HCo3)2 heat → CaC

3+

Co2 + H2O ……….eq(3.5)

Complex interactions can shift the balance of this reaction causing the dissolution
of calcium carbonate resulting in aggressive water and the capacity to corrode .
Alternatively , calcium carbonate can be precipitated as scale formation .
These interactions are stimulated by changes in Ca content of water , the alkalinity
, the pH , the temperature and [ TDS ] .
Calculated values of the Ryznar index Table (3.2) for all water samples showed
that almost all waters were corrosive . Since this index is based on a study of
actual operating results with waters having various saturation indices , so it will
help to predict more accuratly the scaling and corrosive tendencies of water .

[23]

This can be used to explain why Hajara wl (H1) is scale forming according to LI
and corrosive according to RI .
As it can be seen also from table (3.2) . The aggressiveness index values , all
tested water were highly aggressive except Hajara well 1 ( H1) . Which
considered to be moderately aggressive ( AI ₌ 10.2 ) . These results supported
conclusions dram on the basis of LI and RI indexes .
The results for Larson index shown in table (3.2) indicat that all studied
water samples were aggressive especially against concrete owing to high contents
of dissolved O2 and sulphates . The index values showing high aggressivities
against asbestocement , concrete and reinforced-concrete water distribution
system .[24]
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Conclusion :
It can be concluded that preliminary study of groundwater well water in northeast Sabah area ( South of Libya ) with respect to it's corrosivity and tendency toword
scale formation indicated corrosive character . The main constituent responsible for
aggressive action of water is aggressive CO2 . Low alkalinity of water as shown in
table (3.2), and relatively low carbonate hardness speed up aggressive action of water
against non-metal material especially concrete significantly .
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