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أهدي ثمرة هذه الدراسة المتواضعة

إلى وطني الغالي الذي أعرف مسبقا ً أنها ستكون في حقه قاصرة.
" ليبيا الحبيبة "
إلي من علمنا أن الحياة عمل وعطاء الذي شقي لننعم بالراحة والهناء.
" أبي العزيز "
إلي المالك الطاهر والمدرسة األولى إلي كنز المحبة الخالص الذي ال يمل إلي من كانت لنا
مرفأ أمان وبدمعها سقتنا الحنان.
" أمي الغالـية "
إلى من رافقونا طيلة حياتنا بحلوها ومرها ،إلى سندنا وفخرنا ،إلى الثغور الباسمة في حياتنا.
" أخوتي واخواتي األحبة "
إلي من شاركونا بوجدانهم رحلتنا الطويلة وشجعونا بأمانيهم علي إكمال المسيرة.
" أصدقائي صديقاتي "
إلي من علمنا حرفا ً في سبيل العلم والمعرفة إلي البحر الذي أغرقنا بعلمه ولم يتردد.
" أعضاء هيئة التدريس "
إلى صرحنا العلمي الشامخ "جامعة سبها" بكافة هيئتها التدريسية واإلدارية.
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ABSTRACT
The effect of corrosion inhibitor namely, " Methyl Carbazodithoate " sulphur
containing organic compound on the corrosion of low carbon steel in 2.0 M Sulphuric
acid (H₂SO₄) solution has been studied by weight loss measurements and over the
temperature 50 °C (323 K). The effect of organic compound inhibitor concentration
on the corrosion rate of low carbon steel have been found increases with inhibitor
concentration (7.5x10⁻⁴ - 4.0x10⁻³) M . The results showed that is the used organic
compound an excellent inhibitor as when the concentration of " Methyl
Carbazodithoate " increased, the rate of steel corrosion is decreased, which indicates
that the inhibition of the corrosion process is produced. A detailed analysis of the
experimental data was performed to determine the best models of isothermal
equilibrium data sets for used inhibitor. The results were fit to all used adsorption
isotherms including; Langmuir isotherm; Temkin isotherm, Frumkin isotherm,
Freundlich isotherm and Flory-Huggins isotherm.
Relatively, the adsorption process has best obeyed to the Temkin isotherms
since it has the best (R² values) . Values of the standard free energy of adsorption
(

), stranded enthalpy (

) and standard entropy (

) are calculated. The

lower adsorption of sulphate ions on the carbon steel metal surface permits more
space for the adsorption of inhibitor molecules and enhances inhibition of corrosion.
Finally, The inhibition efficiencies of " Methyl Carbazodithoate " obtained
from the all various measurements were in good agreement.

xi

CHAPTER 1
INTRODUCTION
1.1 GENERAL
Organic corrosion inhibitors are an attractive field of research, due to their
usefulness in various industries. Organic molecules can form a barrier through
adsorption on the metal surface to reduce the corrosion of metal in acidic solution [1].
So most of efficient inhibitors are organic compounds in their structures containing
heteroatoms (such as, N, S, and O) donating lone pair electrons, unsaturated bonds
(such as double bonds, or triple bonds), and plane conjugated systems including all
kinds of aromatic cycles [2]. Furthermore, organic inhibitor adsorption on metal
surface is influenced by organic inhibitor nature, surface charges on the metal, the
type of aggressive solution, and the interaction of inhibitor with the metal surface.
The choice of the inhibitors is based on two considerations: first, they could be
synthesized conventionally from relatively cheap raw materials; second, they contain
the electron clouds or the electronegative atoms [8,9]. The inhibitor molecule should
have centers capable of forming bonds with the metal surface of the electron transfer.

1.2 CORROSION DEFINATION
Corrosion is the destructive attack of a material by reaction with its
environment. The serious consequences of the corrosion process have become a
problem of worldwide significance. In addition to our everyday encounters with this
form of degradation, corrosion causes plant shutdowns, waste of valuable resources,
loss or contamination of product, reduction in efficiency, costly maintenance, and
expensive overdesign; it also jeopardizes safety and inhibits technological progress.
The multidisciplinary aspect of corrosion problems combined with the distributed
responsibilities associated with such problems only increase the complexity of the
subject. Corrosion control is achieved by recognizing and understanding corrosion
mechanisms, by using corrosion - resistant materials and designs, and by using
protective systems, devices, and treatments. Major corporations, industries, and
government agencies have established groups and committees to look after corrosion related issues, but in many cases the responsibilities are spread between the
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manufacturers or producers of systems and their users. Such a situation can easily
breed negligence and be quite costly in terms of dollars and human lives [3].

1.3 CHEMISTRY OF CORROSION
Common structural metals are obtained from their ores or naturally-occurring
compounds by the expenditure of large amounts of energy. These metals can therefore
be regarded as being in a metastable state and will tend to lose their energy by
reverting to compounds more or less similar to their original states. Since most
metallic compounds, and especially corrosion products, have little mechanical
strength a severely corroded piece of metal is quite useless for its original purpose.
Virtually all corrosion reactions are electrochemical in nature, at anodic sites on the
surface the iron goes into solution as ferrous ions, this constituting the anodic
reaction. As iron atoms undergo oxidation to ions they release electrons whose
negative charge would quickly build up in the metal and prevent further anodic
reaction, or corrosion. Thus this dissolution will only continue if the electrons
released can pass to a site on the metal surface where a cathodic reaction is possible.
At a cathodic site the electrons react with some reducible component of the electrolyte
and are themselves removed from the metal. The rates of the anodic and cathodic
reactions must be equivalent according to Faraday‘s Laws, being determined by the
total flow of electrons from anodes to cathodes which is called the ―corrosion
current‖,

. Since the corrosion current must also flow through the electrolyte by

ionic conduction the conductivity of the electrolyte will influence the way in which
corrosion cells operate. The corroding piece of metal is described as a ―mixed
electrode‖ since simultaneous anodic and cathodic reactions are proceeding on its
surface. The mixed electrode is a complete electrochemical cell on one metal surface.

The most common and important electrochemical reactions in the corrosion of
iron are thus
Anodic reaction (corrosion)
Fe

e

+ 2e

(1.1)

Cathodic reactions (simplified)
+ 2e

2

(1.2a)

e

or

(1.2b)

Reaction 1.2a is most common in acids and in the pH range 6.5 – 8.5 the most
important reaction is oxygen reduction 1.2b. In this latter case corrosion is usually
accompanied by the formation of solid corrosion debris from the reaction between the
anodic and cathodic products.
e

+

Fe

, iron (II) hydroxide

(1.3)

Pure iron (II) hydroxide is white but the material initially produced by corrosion
is normally a greenish colour due to partial oxidation in air.
2Fe

+

2Fe

, iron (III) hydroxide

(1.4)

Further hydration and oxidation reactions can occur and the reddish rust that
eventually forms is a complex mixture whose exact constitution will depend on other
trace elements which are present. Because the rust is precipitated as a result of
secondary reactions it is porous and absorbent and tends to act as a sort of harmful
poultice which encourages further corrosion. For other metals or different
environments different types of anodic and cathodic reactions may occur. If solid
corrosion products are produced directly on the surface as the first result of anodic
oxidation these may provide a highly protective surface film which retards further
corrosion, the surface is then said to be ―passive‖. An example of such a process
would be the production of an oxide film on iron in water, a reaction which is
encouraged by oxidizing conditions or elevated temperatures [4].

1.4 CAUSES OF CORROSION
1.4.1 Change in Gibbs Free Energy
The change in Gibbs free energy, ΔG , for any chemical reaction indicates the
tendency of that reaction to go. Reactions occur in the direction that lowers the Gibbs
free energy. The more negative the value of ΔG , the greater the tendency for the
reaction to go. It should be emphasized that the tendency to corrode is not a measure
of reaction rate. A large negative ΔG may or may not be accompanied by a high
corrosion rate, but, when ΔG is positive, it can be stated with certainty that the
reaction will not go at all under the particular conditions described. If ΔG is negative,
the reaction rate may be rapid or slow, depending on various factors [5].
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In view of the electrochemical mechanisms of corrosion, the tendency for a
metal to corrode can also be expressed in terms of the electromotive force (emf) of the
corrosion cells that are an integral part of the corrosion process. Since electrical
energy is expressed as the product of volts by coulombs (joules, J), the relation
between ΔG in joules and emf in volts, E , is defi ned by ΔG = − nFE , where n is the
number of electrons (or chemical equivalents) taking part in the reaction, and F is the
Faraday (96,500 C/eq). The term ΔG can be converted from calories to joules by
using the factor 1 cal = 4.184 absolute joules [5].
Accordingly, the greater the value of E for any cell, the greater the tendency for
the overall reaction of the cell to go [5].

1.4.2 Pilling–Bedworth Ratio
Although many factors control the oxidation rate of a metal, the Pilling – Bedworth
ratio is a parameter that can be used to predict the extent to which oxidation may
occur. The Pilling – Bedworth ratio is M /D , where M and D are the molecular weight
and density, respectively, of the corrosion product scale that forms on the metal
surface during oxidation; m and d are the atomic weight and density, respectively, of
the metal, and n is the number of metal atoms in a molecular formula of scale; for
example, for e

, n = 2 [5].

The Pilling – Bedworth ratio indicates whether the volume of the corrosion
product is greater or less than the volume of the metal from which the corrosion
product formed. If M / D < 1, the volume of the corrosion product is less than the
volume of the metal from which the product formed. A film of such a corrosion
product would be expected to contain cracks and pores and be relatively nonprotective. On the other hand, if M / D > 1, the volume of the corrosion product scale
is greater than the volume of the metal from which the scale formed, so that the scale
is in compression, protective of the underlying metal. A Pilling – Bedworth ratio
greater than 1 is not sufficient to predict corrosion resistance. If M / D >> 1, the scale
that forms may buckle and detach from the surface because of the higher stresses that
develop [5].
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1.5 THERMODYNAMICS: POURBAIX DIAGRAMS
1.5.1 Basis of Pourbaix Diagrams
M. Pourbaix devised a compact summary of thermodynamic data in the form of
potential – pH diagrams, which relate to the electrochemical and corrosion behavior
of any metal in water. These diagrams, known as Pourbaix diagrams, are now
available for most of the common metals [5]. They have the advantage of showing at
a glance specific conditions of potential and pH under which the metal either does not
react (immunity) or can react to form specifi c oxides or complex ions; that is,
Pourbaix diagrams indicate the potential – pH domain in which each species is stable.
From a corrosion engineering perspective, the value of Pourbaix diagrams is
their usefulness in identifying potential – pH domains where corrosion does not occur
— that is, where the metal itself is the stable phase. By controlling potential (e.g., by
cathodic protection) and/or by adjusting the pH in specific domains identified using
Pourbaix diagrams, it may be possible to prevent corrosion from taking place. For
example, in the potential – pH domain labeled ― Fe (immunity), ‖ iron is stable, and
no corrosion is predicted [5].
In general, thermodynamics is an excellent starting point for many corrosion
studies, and potential – pH diagrams are essential tools. For this reason, Pourbaix
diagrams continue to be developed for interpreting corrosion studies in specific
systems of engineering importance [5].

1.5.2 Pourbaix Diagrams of Water
Each line of a Pourbaix diagram represents conditions of thermodynamic
equilibrium for some reaction. The Pourbaix diagram for water is presented in Fig.1
Above line
→

b,

oxygen
+

is
+

evolved

in

accord

with

the reaction

e . For this equilibrium, the relationship between

potential and pH is, from the Nernst equation,
(1.5)
Where,

is the standard potential, R is a constant (8.314 J/deg - mole), T is a

temperature (25 °C) and F is the Faraday constant (96,500 C/eq).
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2.0
1.6

b

Equilibrium potential

1.2

liberation of oxygen
and acidification

0.8
0.4
0.0

thermodynamically stable
region of water at 1 atm.

a

-0.4
-0.8
-1.2
-1.6

liberation of hydrogen and
alkalization

pH
Figure 1.1. Pourbaix diagram for water at 25 °C, showing the oxygen line, b , above which
oxygen is evolved, and the hydrogen line, a , below which hydrogen is evolved, from the
surface of an immersed electrode. Between these two lines, water is stable. ( M. Pourbaix,
Atlas of Electrochemical Equilibria in Aqueous Solutions , 2nd English edition, p. 100,
copyright NACE International 1974 and CEBELCOR.)

With φ ° = 1.229 (Appendix, Section 29.9), T = 298.2 K, R = 8.314 J/degmole, and F = 96,500 C/eq, we have;
φ = 1.229 − 0.0592 pH

(1.6)

Above line b , defined by this equation, oxygen is evolved at the surface of an
immersed electrode. Below this line, water is stable.
Below line a , hydrogen is evolved in accord with the reaction

+ 2e →

.

Using the Nernst equation for this equilibrium, the relationship between potential and
pH is;
With

0.0592 pH
,;

Below line a , represented by this equation, hydrogen gas is evolved from the surface
of an immersed electrode. Between lines a and b , water is stable [5].

1.5.3 Pourbaix Diagrams of Iron
The Pourbaix diagram for iron is presented in Figure 2 . A horizontal line
represents a reaction that does not involve pH; that is, neither
e

involved, as in the reaction,

nor

is

+ 2e − → Fe. For this equilibrium, using the

Nernst equation, we obtain;
− 0.440 + 0.0296 log e
If Fe ⁺⁺ is taken as 10¯⁶

,

(1.9)

− 0.617 V, a horizontal line on Pourbaix diagram.
6

A vertical line involves
3

O →

e

+6

, but not electrons; for example, 2 e

or

. In Figure 2 , the vertical line separating e

+

from e

corresponds to this reaction. For this equilibrium, we have;
⁶

Log K = 6 log

(1.10)

− 2 log( e )

(1.11)

Figure 1.2. Pourbaix diagram for iron [5]

logK = − 6 pH − 2 log( e ), Since ΔG ° = − RT ln K and ΔG ° = − 8240 J/mole, we
obtain; logK = 1.43 , logFe³⁺ = − 0.72 − 3pH , Taking logFe ⁺ = 10⁻⁶ , pH = 1.76.
In the Pourbaix diagram for iron, Figure2 , the vertical line at pH 1.76
represents the equilibrium reaction, 2 e

+ 3

right of this line (i.e., at pH > 1.76), e

e

O →

+ 6

. To the

is the stable phase; and this oxide, as a

protective film, would be expected to provide some protection against corrosion. To
the left of this line (i.e., at pH < 1.76), ferric ions in solution are stable, and corrosion
is expected to take place without any protection afforded by a surface oxide film [5].
A sloping line involves

,

, and electrons. For example, the sloping line

separating e from e
represents the reaction e
+ 3 O. For this reaction, we have;

+ 6

⁶

Taking

e )=

(1.12)

, we obtain;
= 1.082 − 0.1776 pH

This line in Figure2 represents the equilibrium, e
3

+ 2e − → 2 e

O To the right of this line, e

+ 6

(1.13)
+ 2e − → 2 e

+

is a stable phase that is expected to form a
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surface oxide film that protects the underlying metal from corrosion. To the left of
this line, e

is a stable species in solution [5].

The pH values in Pourbaix diagrams are those of solution in immediate contact
with the metal surface. This value in some instances (e.g., Fe in aerated
from that of the bulk solution. Soluble hypo-ferrites (

e

O) differs

) can form in very

alkaline solutions within a restricted active potential range. Soluble ferrates ( e

)

can form in alkaline solutions at very noble potentials, but the stable field is
not well - defined. When any reaction involves ions other than
assumed, in general, that the activity equals

or

, it is

. Thus the horizontal line at − 0.62

V means that iron will not corrode below this value to form a solution of
concentration >
(0.059/2)log (

M e

in accord with Fe →

e

+ 2e − , φ = − 0.44 +

) = − 0.62V [5].

1.6 CORROSION OF IRON IN ACID ENVIRONMENT
In strong acids, such as hydrochloric and sulfuric acids, the diffusion - barrier
oxide film on the surface of iron is dissolved below pH 4. In weaker acids, such as
acetic or carbonic acids, dissolution of the oxide occurs at a higher pH; hence, the
corrosion rate of iron increases accompanied by hydrogen evolution at pH 5 or 6. This
difference is explained by the higher total acidity or neutralizing capacity of a
partially dissociated acid compared with a totally dissociated acid at a given pH. In
other words, at a given pH, there is more available

to react with and dissolve the

barrier oxide film using a weak acid compared to a strong acid [5].
The increased corrosion rate of iron as pH decreases is not caused by increased
hydrogen evolution alone; in fact, greater accessibility of oxygen to the metal surface
on dissolution of the surface oxide favors oxygen depolarization, which is often the
more important reason. The sensitivity of the corrosion rate of iron or steel in
nonoxidizng acids to dissolved oxygen concentration is shown by data of Table1 . In
6% acetic acid at room temperature, the ratio of corrosion rate with oxygen present to
corrosion rate with oxygen absent is 87. In oxidizing acids, such as nitric acid, which
act as depolarizers and for which the corrosion rate is, therefore, independent of
dissolved oxygen, the ratio is almost unity. In general, the ratios are larger the more
dilute the acid. In more concentrated acids, the rate of hydrogen evolution is so
pronounced that oxygen has difficulty in reaching the metal surface. Hence,
8

depolarization in more concentrated acids contributes less to the overall corrosion rate
than in dilute acids, in which diffusion of oxygen is impeded to a lesser extent [5].
Table 1.1. Effect of Dissolved Oxygen on Corrosion of Mild Steel in Acids [6]

Acid

Corrosion Rate (mm/y)
Under

6% acetic
6%
4% HCl
0.04% HCl
1.2% HN

Ratio

Under

13.9
9.1
12.2
9.9
46

0.16
0.79
0.79
0.14
40

Traces of oxygen in dilute

87
12
15
71
1.2

or substantial amounts in more concentrated

acid, in which the corrosion rate is higher inhibit the corrosion reaction. For zone
refined iron, the average corrosion rate in aerated 1.0 N

at 25 °C was found to

be 41.5 gmd, whereas in hydrogen - saturated acid the rate was 68.0 gmd [5] . Similar
effects are shown by pure 9.2% Co – Fe alloy in 1.0 N

, both aerated and de-

aerated, for which the corrosion rates are high and the diffusion of oxygen is impeded
by rapid hydrogen evolution (Figure 2) [5].

Weight loss g/m²

400

40 mL
/min
85 gmd

300

200
40 mL air/min
45 gmd
re acid air

100

0

1

2

3 4 5
Time (days)

6

7

Figure 1.3. Corrosion of 9.2% Co – Fe alloy in 1 N
, showing an inhibiting
effect of dissolved oxygen, 25 °C [5]

Potential and polarization measurements indicate that oxygen in small concentrations
at the metal surface increases cathodic polarization, thereby decreasing corrosion; in
higher concentrations, oxygen acts mainly as a depolarizer, increasing the rate [5].
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1.7 CONCENTRATION POLARIZATION
Concentration

polarization

is

the

polarization

component

caused

by

concentration changes in the environment. When a chemical species participating in a
corrosion process is in short supply, the mass transport of that species to the corroding
surface can become rate controlling. A frequent case of concentration polarization
occurs when the cathodic processes depend on the reduction of dissolved oxygen since
it is usually in low concentration, that is, in parts per million (ppm).
As illustrated in the following figure, mass transport to a surface is governed by
three forces, that is, diffusion, migration, and convection. In the absence of an
electrical field the migration term is negligible since it only affects charged ionic
species while the convection forced is appears in stagnant conditions [7].

Figure 1.4. Graphical Representation of the Processes
Occurring at an Electrochemical Interface [7]

Potential (V vs. SHE)

0.0
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𝑂

4𝐻
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- 0.2

𝐹𝑒

𝑒
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- 0.3
- 0.4
𝐻

𝑒

𝐻

- 0.5
- 6.0 - 5.5 - 5.0 - 4.5 - 4.0 - 3.5 - 3.0 - 2.5 - 2.0
Log (I) A
Figure 1.5. Polarization Curve Corresponding to Iron in a pH 2 Solution [3]
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1.8 MECHANISM OF CORROSION IN SULPHURIC ACID
1.8.1 Chemical Characteristics of Sulphuric Acid
A colourless liquid, more or less viscous depending on concentration; it has
the capacity to form intermolecular hydrogen bonds. Sulphuric acid is miscible with
any amount of water with an exothermic reaction [8].

Table 1.2. Chemical Characteristics of Sulphuric Acid [8]

Molecular Formula
Molar mass

98.8

Boiling point

337℃

Melting point

10.31℃

1.8.2 Corrosivety of Sulphuric Acid
Sulphuric acid corrosivity is due to a combination of four mechanisms [8]:
* The acidity itself (production of

ions);

* The dehydration caused by concentrated solutions;
* The heat released by exothermic reactions;
* The oxidizing nature of the chemical (concentrated or after warm-up).

1.8.3 Acidity of Sulphuric Acid
Sulphuric acid can release 2

ions successively in an aqueous solution [8]:
→

(1.13)

→

(1.14)

Thus, for a molar concentration (1M), the corrosion potential of sulphuric acid is
doubled. Acidity occurs also when sulphuric acid is used as a sulfonation agent:
→

+
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(1.15)

1.9 CORROSION INHIBITOR
1.9.1 Introduction
A corrosion inhibitor is a chemical substance that, up on addition to a corrosive
environment, results in reduction of corrosion rate to an acceptable level. Corrosion
inhibitors are generally used in small concentrations. A corrosion inhibitor should
not only mitigate the corrosion, but also be compatible with the environment in the
sense that it should not cause any complications. Usually the corrosion inhibitor is rated
in terms of inhibition efficiency I and is given by the relationship [10]:
I

%

(1.16)

where CR refers to corrosion rate and the subscripts o and I refer to the absence and
presence of the inhibitor. A corrosion inhibitor can function in two ways. In some
situations the added inhibitors can alter the corrosive environment into a
noncorrosive or less corrosive environment through its interaction with the corrosive
species.

1.9.2 Inhibitor Interaction Mode
Based on the mode of interaction, there are two broad classes of inhibitors [10].

Corrosion inhibitor

Environment modifiers

Adsorption

In the case of environment modifiers the action and mechanism of inhibition
is a simple interaction with the aggressive species in the environment, and thus reduce
the attack of the metal by the aggressive species. This is exemplified by oxygen
scavengers such as hydrazine or sodium sulfite along with cobaltous nitrate and
biocides used in inhibiting microbiological corrosion. In the case of corrosion in neutral
and alkaline solutions, oxygen reduction is the cathodic reaction which can be
countered by the oxygen scavengers and thus inhibit the corrosion [10].

12

4e
→

→ 4
+ 4

(Cathodic reaction)
+ 4

(Oxygen scavenger)

→

(1.17)
(1.18)
(1.19)

In the case of inhibitors which adsorb on the metal surface and inhibit the
corrosion there are two steps, namely: (i) transport of inhibitor to the metal surface;
and (ii) metal inhibitor interactions. The process is analogous to drug molecule
transport transported in the body to the required site and its interaction with the site to
provide relief from the ailments [10].
The most important step involves the interaction of the metal with the inhibitor
molecule. Depending upon whether the cathodic reaction or the anodic reaction is
suppressed by the added inhibitor, inhibitors have further classified as follows [10]:
Adsorption inhibitors
Cathodic inhibitors

Anodic inhibitors

Mixed type inhibitors
(both cathodic and anodic)

Cathodic inhibitors inhibit the hydrogen evolution in acidic solutions or the
reduction of oxygen in neutral or alkaline solutions. It is also observed that the cathodic
polarization curve is affected when a cathodic inhibitor is added to a system, as shown
in the following figure.
Distinct differences are seen in the cathodic branch of the uninhibited and
inhibited systems. Substances with high over-potential for hydrogen in Acidic solutions
and those that in soluble products in alkaline solutions are generally effective. Some
examples of such inhibitors are inorganic phosphates, silicates or borates in alkaline
solutions which inhibit the oxygen reduction at the cathodic sites. Substances such as
carbonates of (Ca) and (Mg), due to limited solubility, block the cathodic sites [10].

Figure 1.6. Polarization Curve in the Presence of Cathodic Inhibitor [10]
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Cathodic poisons can cause hydrogen blisters and hydrogen embrittlement due
to the absorption of hydrogen into steel. This problem may occur in acid solutions,
where the reduction reaction is hydrogen evolution, and when the inhibitor poisons,
or minimizes, the recombination of hydrogen atoms to gaseous hydrogen molecules.
In this situation, the hydrogen, instead of

leaving the surface as hydrogen gas,

diffuses into steel causing hydrogen damage, such as hydrogen-induced cracking
(HIC), hydrogen embrittlement or sulfide stress cracking [15].
Anodic inhibitors are generally effective in the pH range of 6.5 –10.5 (near
neutral to basic).Basically, oxyanions such as chromates, molybdates, tungstates and
also sodium nitrite are very effective anodic inhibitors. These oxyanions are thought
to play a role of repairing the defects in the passive iron oxide film on the iron surface.
In the case of chromate or dichromate the concentration of the inhibitor used is critical.
A potentio-dynamic polarization diagram showing the effect of the concentration of the
inhibitor is depicted in the following figure. The diagram clearly illustrates the critical
aspect of the concentration of the inhibitor. Protection is rendered when sufficient
amount is used and conversely the corrosion is accelerated when the inhibitor is
insufficient. This behavior is displayed by dichromate as an inhibitor [10].

Figure 1.7. Polarization Diagram of an Active - Passive Metal Showing the
Dependence of the Current on Concentration of Passivation- Type Inhibitor [9]

Mixed type of inhibitors are generally represented by organic compounds.
Irrespective of the type of inhibitor, the inhibition process involves transport of
Inhibitor to the metal site followed by interaction of the inhibitor with the surface of the
metal, resulting in protection [10].
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1.9.3 Organic Inhibitor
Organic compounds used as inhibitors, occasionally, they act as cathodic,
anodic or together, as cathodic and anodic inhibitors, nevertheless, as a general rule,
act through a process of surface adsorption, designated as a film- forming. Naturally
the occurrence of

molecules

exhibiting a strong affinity for metal surfaces

compounds showing good inhibition efficiency and low environmental risk. [11]
These inhibitors buildup a protective hydrophobic film adsorbed molecules on the
metal surface, which provides a barrier to the dissolution of the

metal in the

electrolyte [12].
The efficiency of an organic inhibitor depends of the:
- Chemical structure, like the size of the organic molecule;
- Aromaticity and/or conjugated bonding, as the carbon chain length;
- Type and number of bonding atoms or groups in the molecule;
- Nature and the charges of the metal surface of adsorption mode like bonding
strength to metal substrate;
- Ability for a layer to become compact or cross-linked;
- Capability to form a complex with the atom as a solid within the metal lattice;
- Type of the electrolyte solution like adequate solubility in the environment [13].
The organic acid inhibitor that contains oxygen, nitrogen and/or sulfur is
adsorbed

on

the

examples

are

amines,

etoliotriazol,

metallic surface blocking the active corrosion sites. Some
urea,

Mercapto-benzothiazole

(MBT),

benzotriazole,

aldehydes, heterocyclic-nitrogen compounds, sulfur – containing

compounds and acetylenic compounds and also

ascorbic acid, succinic acid,

tryptamine, caffeine and extracts of natural substances [14].
Table 1.3. Some Functional Groups in Organic Inhibitors [10]
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1.9.4 Inhibitor Corrosion Inhibition Mechanism
Adsorption occurs as a result of electrostatic forces between the electric charge
on the metal and the ionic charges or dipoles on the inhibitor molecules. The potential
at which there is no charge on the metal is known as the zero-charge potential [16].
Table 1.4. Values of Zero Charge Potentials (ZCP) [15]

The charge on a metal surface in a given medium can be determined from the
corrosion potential (

corr )

and zero-charge potential.

When the difference, corr - ZCP, is negative, the metal is negatively charged
and adsorption of cations is favored. When

corr -

ZCP is positive, the metal is

positively charged and adsorption of anions is favored. The charge on inhibitors
depends on the presence of loosely bound electrons, lone pairs of electrons,
rcelectron cloudsaromatic (e.g., benzene) ring systems, and functional groups
containing, elements of group V or VI of the periodic table. Most organic inhibitors
possess at least one functional group, regarded as the reaction center or anchoring
group [15].
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The strength of adsorption depends on the charge on this anchoring group [rather on
the hetero atom (i.e., atoms other than carbon including nitrogen, sulphur) present in
the anchoring group]. The structure of the rest of the molecule influences the charge
density on the anchoring group. Water molecules adsorb on the metal surface
immersed in an aqueous phase [15].
Organic molecules adsorb by replacing the water molecules:
In i i r

o

or

In i i r

or

o

(1.20)

where n is the number of water molecules displaced by one inhibitor molecule.
The ability of the inhibitor to replace water molecules depends on the
electrostatic interaction between the metal and the inhibitor. On the other hand, the
number of water molecules displaced depends on the size and orientation of the
inhibitor molecule. Thus, the first interaction between inhibitor and metal surface is
nonspecific and involves low activation energy. This process, called "physical
adsorption," is rapid and, in many cases, reversible [17].
Under favorable conditions, the adsorbed molecules involved in chemical
interaction (chemisorption) form bonds with the metal surface. Chemisorption is
specific and is not reversible. The bonding occurs with electron transferor sharing
between metal and inhibitor. Electron transfer is typical for transition metals having
vacant, low-energy electron orbitals.
Inhibitors having relatively loosely bound electrons transfer charge easily. The
inhibition efficiency of the homologous series of organic substances differing only
in the heteroatom is usually in the following sequence: P> S> N> O. An
homologous series is given in figure 1.8 . On the other hand, the electronegativity,
that is, the ability to attract electrons, increases in the reverse order [18].

Furan

Thiophene

Pyrole

Figure 1.8. Homologous Series of Organic Molecules
(the Molecules Differ Only in the Hetero Atom) [18]
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Adsorption strength can be deduced from the adsorption isotherm, which
shows the equilibrium relationship between concentrations of inhibitors on the
surface and in the bulk of the solution.
Metal atoms on oxide-free surfaces are considered to be soft acids, which in
acid solutions form strong bonds with soft bases, such as sulfur-containing organic
inhibitors. By comparison, nitrogen- or oxygen-containing organic compounds are
considered to be hard bases and may establish weaker bonds with metal surfaces in
acid solutions [18].

1.9.5 Inhibitors Containing the Sulphur Atom
Thiourea and its derivatives are used as corrosion inhibitors for a variety of
metals. They are nontoxic and are not an environmental hazard. The variation in the
inhibitor efficiencies of various derivatives of thiourea depends on the molecular
weight. By using lower concentrations of large molecules, higher inhibitor
efficiencies can be obtained table 1.5 [19].
Table 1.5. Concentrations of Substituted Thioureas Required to Produce 90% Inhibition [18]

Figure 1.9. Chemical Structure of the Sulfur – Containing Compound [20]
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1.9.6 Pickling Inhibitors
Most pickling inhibitors function by forming an adsorbed layer on the metal
surface, probably no more than a monolayer in thickness, which essentially blocks
discharge of

and dissolution of metal ions. Some inhibitors block the cathodic

reaction (raise hydrogen over-potential) more than the anodic reaction, or vice versa;
but adsorption appears to be general over all the surface rather than at specific anodic
or cathodic sites, and both reactions tend to be retarded. Hence, on addition of an
inhibitor to an acid, the corrosion potential of steel is not greatly altered ( < 0.1 V),
although the corrosion rate may be appreciably reduced as shown on (Figure 1.10)
[20].

Potential

Ec

E

tho

Ecorr

no

Icorr

Log (I)

Icorr

Figure 1.10. Polarization Diagram for Steel Corroding in Pickling Acid with and without
Inhibitor [21].

Compounds serving as pickling inhibitors require, by and large, a favorable
polar group or groups by which the molecule can attach itself to the metal surface.
These include the organic N, amine, S, and OH groups. The size, orientation, shape,
and electric charge of the molecule play a part in the effectiveness of inhibition. For
inhibitors that adsorb better at increasingly active potential as measured from the
point of zero surface charge (potential of minimum ionic adsorption), cathodic polar-ization in presence of the inhibitor provides better protection than either the
equivalent cathodic protection or use of an inhibitor alone. Antropov [22]
demonstrated this for iron and zinc in sulfuric acid containing various organic
inhibitors [21].
The anion of the pickling acid may also take part in the adsorbed film or double
- layer structure, accounting for differing efficiencies of inhibition for the same
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compound in HCl compared to

. For example, the corrosion rate of steel at

20° C inhibited with 20 g/liter quinoline is 26 gmd in 2 N

, but only 4.8 gmd in

2 N HCl, whereas the corrosion rates in the absence of inhibitor are 36 and 24 gmd,
respectively [23] . In addition, specific electronic interaction of polar groups with the
metal (chemisorption) may account for a given compound being a good inhibitor for
iron, but not for zinc, or vice versa. The latter factor in certain cases may be more
important than the steric factor (diffusion – barrier properties) of a closely packed,
oriented layer of high - molecular - weight molecules [21].

1.9.7 Application of Pickling Inhibitors
Pickling inhibitors used in practice are seldom pure compounds. They are
usually mixtures, which may be a byproduct, for example, of some industrial
chemical process for which the active constituent is unknown. They are added to a
pickling acid in small concentration, usually on the order of 0.01 – 0.1%. The typical
effect of concentration of an inhibitor on the reaction between steel and 5%

is

illustrated [24].
Inhibitors are commonly used in the acid pickling of hot - rolled steel products
in order to remove mill scale. The advantages of using an inhibitor for this purpose
are (1) saving of steel, (2) saving of acid, and (3) reduction of acid fumes caused by
hydrogen evolution. Inhibited dilute sulfuric or hydrochloric acid is also used to clean
out steel water pipes clogged with rust, to clean boiler tubes encrusted with a

or

iron oxide scales, and to activate oil wells underground, the inhibitor protecting steel
oil - well tubing. For example, boiler scale can be removed by using 0.1%
hexamethylene tetramine in 10% HCl at a maximum temperature of 70 ° C [25] .
Table 1.6. Reference Steels Organic Inhibitors Newly Developed [26], [27], [28], [29]
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1.9.8 Factors to be considered in Application of Inhibitors
1.9.8.1 Temperature Affect
In general, film-forming inhibitors that depend on physical adsorption become
less effective at elevated temperatures, so that larger treatment dosages may be
required to maintain protective films. Chemisorption, on the other hand, increases
with temperature due to the strengthening of chemical bonds. As a result, inhibitor
efficiency increases with temperature up to the temperature at which decomposition
of the inhibitor occurs [30].
1.9.8.2 Time Affect
The nature of the inhibitor initially present in acid solutions may change with
time as a consequence of chemical or electrochemical reactions. For example, the
reduction of thiourea and its alkyl derivatives gives rise to

, which accelerates

corrosion [30].
1.9.8.3 Hydrogen Formation Affect
Although thiourea inhibits corrosion, it poisons the hydrogen recombination
reaction, so that much of the hydrogen produced at the steel surface enters the steel,
causing hydrogen damage, rather than recombining with other hydrogen atoms to
form bubbles of hydrogen that escape from the system [30].
1.9.8.4 Interaction Affect
In the presence of two or more adsorbed species, lateral interaction between
inhibitor molecules can significantly affect inhibitor performance. If the interaction is
attractive, a synergistic effect arises, that is, the degree of inhibition in the presence
of both inhibitors is higher than the sum of the individual effects [30].
1.9.8.5 Toxic Affect
There is demand for corrosion inhibitors that are less toxic and biodegradable
compared to current formulations. Green inhibitors displaying substantially improved
environmental properties will be the inhibitors most widely used in the future [30].
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1.9.9 Forms of Corrosion that can be Inhibited by using Inhibitors
1.9.9.1 Uniform Corrosion
A uniform, regular removal of metal from the surface in the usually expected
made of corrosion, the corrosive environment must have the same access to all parts
of the metal surface, and the metal itself must be metallurgically and compositionally
uniform.
Atmospheric corrosion is probably the most prevalent example of uniform
corrosion of steel in an acid solution. The other localized forms of corrosion are much
less predictable and are to be avoided whenever possible. Thus, uniform corrosion is
preferred from a technical viewpoint because it is possible and thus acceptable for
design [31].

Figure 1.11. Uniform Corrosion [32]

1.9.9.2 Corrosion-Fatigue
Fatigue is the failure of a metal by cracking when it is subjected to cyclic stress.
The usual case involves rapidly fluctuating stresses that may be well below the tensile
strength. As stress is increased, the number of cycles required to cause fracture
decreases. For steels, there is usually a stress level below which no failure will occur,
even with an infinite number of cycles, and this is called the endurance limit. In
practice, the endurance limit is defined as the stress level below which no failure
occurs in one million cycles. When a metal is subjected to cyclic stress in a corrosive
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environment, the number of cycles required to cause failure at a given stress may be
reduced [6].

Figure 1.12. Corrosion - Fatigue Crack through Mild Steel Sheet,
Resulting from Fluttering of the Sheet in a Flue Gas Condensate [32]

1.9.9.3 Hydrogen Induced Cracking (HIC)
HIC and the impairment by relatively low levels of hydrogen are reversible to
some extent if the hydrogen is permitted escape by baking at elevated temperatures.
Other effects at higher hydrogen levels are usually irreversible. Hydrogen attack is the
reaction of hydrogen with carbides in steel to form methane, resulting in
decarburization, voids and surface blisters. Hydrogen blisters or smaller hydrogen
cracks become evident when internal hydrogen filled voids erupt at the surface. Voids
are formed when atomic hydrogen migrates from the surface to internal defects and
inclusions, where molecular hydrogen can nucleate, generating sufficient internal
pressure to deform and rupture the metal locally [31].

Figure 1.13. Cross-section of Carbon Steel Plate Showing a Large Hydrogen Blister Removed
after 2 yr Exposure from a Petroleum Process Stream [32]
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1.9.9.4 Stress Corrosion Cracking (SCC)
SCC is the conjoint action of stress and a corrosive environment which leads to
the formation of a crack which would not have developed by the action of the stress or
environment alone. The stresses that cause SCC are either produced as a result of the
use of the component in service or residual stresses introduced during manufacturing.
It is a problem, because, it can happen ‗unexpectedly‘ and rapidly after a period of
satisfactory service leading to catastrophic failure of structures or leaks in pipework.
Typical SCC failures are seen in pressure vessels, pipework, highly stressed
components and in systems when an excursion from normal operating conditions or
the environment occurs [33].

Figure 1.14. Inter-granular Cracking and Trans-granular Cracking [33]

Figure 1.15. Stress-corrosion Cracking of 18 –8, Type 304 Stainless Steel Exposed to Calcium
Silicate Insulation Containing 0.02 –0.5% Chlorides, 100 °C (250 ×). Note that the Cracks for
this Environment Start at a pit. An Undulating Path Accounts for Disconnected Cracks as
Viewed in one Plane [34]
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1.9.10 Inhibitor Adsorption Isotherms
1.9.10.1 General
Adsorption process is usually studied through graphs known as adsorption
isotherm. Adsorption is the amount of adsorbate on the adsorbent as a function if its
pressure or concentration at constant temperature .The quantity adsorbed is nearly
always normalized by the mass of the adsorbent to allow comparison of different
materials. From the above we can predict that after saturation pressure "Ps" adsorption
does not occur anymore, that is there are limited numbers of vacancies on the surface
of the adsorbent. At high pressure a stage is reached when all the sites are occupied
and further increase in pressure does not cause any difference in adsorption process.
At high pressure, adsorption is independent of pressure [35].
The inhibition process is generally assumed that the adsorption of inhibitor of
metal solution
inhibitors

interface is the first step in the action mechanism

of

the

in aggressive acid medium. Different expressions of the adsorption

isotherms may obtain. The analysis of isotherms data should be fitted into any of
isotherm models, to fit suitable isotherm model could be used to design the
adsorption process. Longmuir, Frumkin, Temkin,

Freundlich and Flory-Huggins

models were applied in this study [35].

1.9.10.2 Longmuir Adsorption Isotherm
It is a semi-empirical isotherm derived from a proposed kinetic mechanism. This
isotherm was based on different assumptions one of which is that dynamic
equilibrium exists between adsorbed gaseous molecules and the free gaseous
molecules. It is based on four assumptions [35]:
1) Surface of the adsorbent is uniform, that is, all the adsorption sites are equivalent;
2) Adsorbed molecules do not interact;
3) All adsorption occurs through the same mechanism;
4) At the maximum adsorption, only a monolayer is formed: molecules of
adsorbate do not deposit on other, already adsorbed, molecules of adsorbate, only
on the free surface of the adsorbent. Langmuir suggested that adsorption takes
place through this mechanism [35]:
(1.21)
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where,

- Unadsorbed gaseous molecule;

- Unoccupied metal surface;
AB - Adsorbed gaseous molecule.
The direct and inverse rate constants are

and

based on his theory,

Langmuir derived an equation which explained the relationship between the number
of active sites of the surface undergoing adsorption and pressure. This equation is
called Langmuir equation [35]:
𝜃

(1.22)

where, 𝜃 - is the number of sites of the surface which are covered with gaseous
molecule;
P - is pressure;
K - is the equilibrium constant for distribution of adsorbate between the surface
and the gas phase.
The basic limitation of Langmuir adsorption equation is that it is valid at
low Pressure only. At lower pressure, KP is so small, that factor (

) in

denominator can almost be ignored. So Langmuir equation reduces to denominator is
nearly equal to KP. So Langmuir equation reduces to [35]:
𝜃

, 𝜃

(1.23)

The Standard Gibb's free energy can be calculate by the following formula [34]:
n

(1.24)

1.9.10.3 Frumkin Adsorption Isotherm
[
where," 𝜃

𝜃
𝜃

]e

*

𝜃+

is the surface coverage, and "

(1.25)
" is the molecular interaction

parameter, " K " is the equilibrium constant of adsorption reactions, and " I " is the
inhibitor concentration in the bulk of the solution. This has been interpreted to imply
that the interaction

between models with a positive value causes an increase of

surface coverage. The expression of adsorption isotherms include the equilibrium
constant

of

adsorption "

the adsorption process which is related to the standard free Energy of
" [36]:
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K = *

+e

*

+

where, " R " is the universal gas constant which equal to " 8.314

(1.26)
o
o

n

".

1.9.10.4 Temkin Adsorption Isotherm
The Temkin model of isotherm adsorption contains a factor which explicitly
takes into account the interactions of ions of the aqueous solution and the membrane
" adsorbent-adsorbate " [37].
A linear expression of the Temkin equation is represented by:
n

( ) n

(1.27)

where,
= the equilibrium binding constant [L/g];

b = the adsorption constant [J/mol.K];

R = universal gas constant (8.314 J/mol.K);

T = absolute temperature value [K];

B = a constant related to the heat of sorption [J/mol].
Low values of B indicate a weak interaction between adsorbent and adsorbate
supporting a mechanism of ion exchange. The parameters. Higher

values of the

coefficient of correlation show a good linearity regardless of the maximum capacity of
adsorption used to calculate the coverage area. The positive value of the adsorption
energy, " ΔH " indicates that the reaction of the adsorption is exothermic [37].

1.9.10.5 Ferundlich Adsorption Isotherm
The Freundlich isotherm is given by:
log θ = log

+ n log I

where, θ is the inhibitor coverage surface area,

(1.28) [55]

is the adsorption equilibrium

constant, n is the interaction parameter and I is the inhibitor concentration.

θ
Slop = n

Intercept = log (CR)

I
Figure 1.16. Freundlich Isotherm [55]
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1.9.10.6 Flory - Huggons Adsorption Isotherm
The linearized form of this isotherm is given by equation:
n
where,

is ions number occupying adsorption sites ,

(1.29) [54]
is equilibrium constant.

Figure 1.17. Graphical representation of linearized form of the Flory-Huggins model [37]

1.11 OBJECTIVE OF THE RESEARCH WORK
The objective of the present work is study the effect of temperature on the efficiency
of organic compound inhibitor " Methyl Carbazodithioate " in acid environment
"

". The used temperature will be 50 C (323 K) rather than 30 C (303 K),

which have been used in an academic previous research, it is proposed that increasing
the temperature of the organic compound solution will enhance the mentioned organic
inhibitor efficiency. A nine different organic compound inhibitor concentration will
prepare in our study, in order to investigate the effect of different inhibitor
concentrations. The used material to study the behavior of inhibitor will be a low
carbon steels specimen.
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CHAPTER 2
LITERTAURE REVIEW
2.1 GENERAL
A great number of scientific studies have been devoted to the subject of
corrosion inhibitors. However, most of what is known has grown from trial and error
experiments, both in the laboratories and in the field. Rules, equations, and theories to
guide inhibitor development or use are very limited. In general, the efficiency of an
inhibitor increases with an increase in inhibitor concentration (e.g., a typically good
inhibitor would give 95% inhibition at a concentration of 0.008% and 90% at a
concentration of 0.004%) [38].
A large number of organic compounds, particularly those containing nitrogen,
oxygen or sulphur in a conjugated system, are known to be applied as inhibitors to
control acid corrosion of iron and steel. The inhibition process has been shown to
occur via inhibitor adsorption isotherm and the efficiency of the inhibitors strongly
depends on the structure and chemical characteristics of the adsorbed inhibitor layer
formed under particular experimental conditions [38].
The studies of corrosion in acidic media receive more and more attention both
of academics and industrials because of the wide applications such as acid pickling,
industrial cleaning, acid descaling, oil-well acid in oil recovery and the petrochemical
processes. The electrochemical corrosion is generally caused by dissymmetry
potentials between metal and strong acid. The aggressively of hydrogen ion is
inevitable in uninhibited acid. H+ and Dissolved O2 are named natural motors of
corrosion [39, 40].
The adsorption processes are described generally using adsorption isotherms
which show that the amount of a particular solute is retained by an particular
adsorbent in experimental conditions that were well-chosen (pH, temperature, and so
on). For a proper understanding of the adsorption process, which allows the design of
appropriate experimental strategy, it is necessary to discuss this process, both from the
thermodynamic point of view (by using the adsorption isotherms), as well as the
kinetic one. The selection of the most appropriate model that can best describe the
fitting of adsorption data obtained experimentally was made in this study by using
linear regression for all cases studied (Temkin and Flory-Huggins isotherms) [41].
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2.2 INHIBITION OF CORROSION IN SULFURIC ACID
SOLUTION
In 2015, F. El-Taib Heakal, et, al., were investigated

the inhibitive effect of

three thiouracil (TU) compounds on protecting carbon steel (0.2% C) corrosion in
1 M sulfuric acid (

). Experimental results showed that inhibition efficiency of

6 - Methyl - 2 - Thiouracil (TU-I) is higher than that for 2 - Thiouracil (TU-II) or
6 - Phenyl - 2 – Thiouracil (TU-III), i.e. TU-I >TU-II > TU-III .
The inhibition efficiency increases with concentration and decreases with
temperature. Potentio-dynamic curves showed that tested Thiouracils are of

mixed

type inhibitors. Values of charge transfer resistance (Rct) and double layer
capacitance (Cdl)were estimated from impedance data.
Thermodynamic functions for the corrosion process were obtained to glean
the inhibition mechanism. They concluded that:
- The investigated Thiouracil derivatives exhibit good inhibitive performance for
carbon steel in 1.0 M

by adsorption onto the metal surface.

- The Inhibitor Efficiency (%IE) increases with either increase

in inhibitor

concentration or decrease in temperature. At all concentrations, inhibitor efficiency
(% IE) followed the order: CH3 - TU > TU > ph - TU. The compounds are of mixed
type inhibitors, but the cathode is more polarized than the anode, i.e. they suppress both
of anodic carbon steel dissolution and cathodic hydrogen gas evolution reactions.
- Adsorption of the three tested compounds obeys Temkin isotherm [the
adsorption process is through physisorption (major contributor) and chemisorptions
(minor contributor) onto the metal surface. The negative high value of

o

obtained from their study indicatesthat these compounds are spontaneously strongly
adsorbed on carbon steel surface.
- The % IE obtained from weight loss, potentio-dynamic and linear polarization
curves, electrochemical impedance spectroscopy measurements, and quantum chemical
calculations are all in good agreement [42].
In 2013, Ahmed A. Al-Amiery, et, al., were investigated the inhibitory action
of Schiffbase derived from 4-aminoantipyrine and thiosemicarbazide for the
corrosion

of

mild

steel (0.21 % C)
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in 1 M

solution. The

effects

of

concentrations, temperatures and molecular structures on the inhibition efficiencies
of the Schiff base have been studied systematically. The results showed that this
inhibitor behaved as a good corrosion inhibitor, even at low concentration, with a
mean efficiency of 93% and, also, a reduction of the inhibition efficiency as the
solution temperature increases.
A polarization and

Electrochemical Impedance Spectroscopic techniques

were tested for different concentrations and different temperatures to reveal that
this compound is adsorbed on the mild

steel, therefore blocking the active sites,

and the adsorption follows the Langmuir adsorption isotherm model [43].
In

2013,

Prathibha

B. S., et, al.,

were

investigated

the effect of

surfactant, N,N - Dimethyl - N - (2-Phenoxyethyl) Dodecan – 1 Aminiumbromide
(DPDAB) on mild steel (0.22 % C) corrosion in 0.5M Sulphuric acid was
investigated

by

weight loss, potentio-dynamic-polarization and Electrochemical

Impedance Spectroscopic techniques. DPDAB is an excellent inhibitor and
inhibition efficiency increases with increase in

its

concentration and maximum

inhibition efficiency was observed above the Critical Micelle Concentration(CMC).
The polarization curves reveal that DPDAB acts as mixed type inhibitor with
predominantly of anodic type. The corrosion inhibition efficiency of

DPDAB

increases DPDAB increases with increase in concentration and decreases with
increase in temperature from 298K to 308 K and then increases and shows
maxima at 318K and then decreases at 328K. The adsorption of the inhibitor on
the mild steel in 0.5M

was found to obey Langmuir‘s adsorption isotherm [44].

In 2010,Aisha M. Al- Turkustani,et, al., were investigated corrosion inhibition of
mild steel in 1.0M H

containing 10% ethyl alcohol (EtOH) by ZizyphusSpina-

Christi ( ZSC ) has been studied using chemical techniques (hydrogen) evolution (HE)
and mass loss (ML) and electrochemical techniques (electrochemical impedance
spectroscopy (EIS) and potentio-dynamic polarization(PDP).

The effect of acid

concentration on the corrosion rate of mild steel increases with acid concentration
(0.25-1.5) M showing first order corrosion reaction without changing the reaction
mechanism, and the results showed that when aqueous extract and alcoholic extract)
increased the rate of the concentration of ZSC extracts steel corrosion is decreased,
which indicates that the inhibition of corrosion process is produced.
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Electrochemical Impedance Spectroscopy results showed that the corrosion
inhibition of steel occurred mainly by charge transfer. The electrochemical results of
polarization also showed that polarization also showed that the extracts of ZSC plant
act as mixed type inhibitors, they retarded both cathodic and anodic reaction. The
experimental results from chemical and electrochemical studies were fit Langmuir
isotherm [45].

2.3 EFFECT OF TEMPERATURE ON RATE OF
CORROSION INHIBITOR
In 2014, Ouadi studied the corrosion inhibition of mild steel by Salvia Officinal is in
1M HCl using weight loss measurements. Values of inhibition efficiency calculated
from weight loss. The effect of temperature on the corrosion behavior of mild steel in
1M HCl with addition of essential oil and extract was also studied and
thermodynamic parameters were determined and discussed.
For most chemical reactions, the reaction rate increases with increasing
temperature. Temperature affects the corrosion rate of metals in electrolytes primary
through its effect on factors which control the diffusion rate of oxygen. The corrosion
of iron and steel is an example of this because temperature affects the corrosion rate
by virtue of its effect on the oxygen solubility and oxygen diffusion coefficient. As
temperature increases the diffusion coefficient of oxygen also increases which tends
to increase the corrosion rate. However as temperature is increased oxygen solubility
in aqueous solutions decreases until at the boiling point all oxygen is removed; this
factor tends to decrease the corrosion rate. The net affect of mild steel, is that the
corrosion rate approximately doubles for a temperature rise of 30°C up to a maximum
temperature at about 80°C, the rate then falls off in an open system because the
decrease in oxygen solubility becomes the most important factor. In a closed system,
where oxygen cannot escape the corrosion rate continues to increase indefinitely with
temperature until all the oxygen is consumed [46].
In 2012, Singh investigated the effect of temperature on corrosion inhibition
rate by studying punarnava extract as corrosion inhibitor of mild steel in acidic
medium and it was seen that the inhibition efficiency of Punarnava (Boerhavia
diffusa) extract decreases with increasing temperature.
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The effect of temperature on the corrosion rate of steel in 2 M
containing inhibitor at a maximal concentration (6 g/l) has been studied in the
temperature range 298–348 K using weight loss measurements. The result shows that
the increase in corrosion rate is more pronounced with the rise of temperature for the
uninhibited acid solution. The presence of inhibitor leads to decrease of the corrosion
rate. Inhibitor efficiency (IE%) depends upon the temperature and increases with
temperature [47].
In 2009, Sorkhabi studied Corrosion inhibition of mild steel in hydrochloric
acid by betanin as a green inhibitor .The results indicate that the corrosion current
density increases more rapidly with temperature in the absence of the inhibitor. In the
presence of betanin, surface coverage θ, defined by ηp/100, decreases slightly with
increasing temperature, which could be caused by desorption of the inhibitor from the
steel surface. The slight decrease of θ suggests that the inhibition efficiency of betanin
is independent of temperature. Therefore, betanin acts as an efficient inhibitor in the
range of temperatures [48].
In 2008, Raja studied Inhibitive effect of black pepper extract on the sulphuric
acid corrosion of mild steel. Results suggested that the increase of temperature
increases the IE also. This suggests that phytoconstituents of the black pepper adsorb
strongly on the mild steel surface to form a protective layer and shield the metal from
corrosion [49].
In 2006, Emeka studied the nature of inhibitor adsorption with the effect of
temperature (30 and 60°C) on the corrosion behavior of mild steel in the presence of
O. viridis extract. The results suggest that the extract was adsorbed on the mild steel
surface at all temperatures studied. The data indicated that the rates of steel corrosion
in absence and presence of the extract increased with rise in temperature in both acid
media [50].
In 2006, Benabdellah studied the corrosion inhibition on steel by using
Artemisia oil in 2M H3PO4 medium using weight loss measurements, electrochemical
polarization and EIS methods. The inhibition efficiency was found to increase with oil
content to attain 79% at 6 g/l. Results showed that Artemisia acts as a cathodic
inhibitor. The inhibition efficiency was found to be decreasing with increase in
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temperature. The adsorption isotherm of natural product on the steel has been
determined.
The effect of temperature on the corrosion rate of steel in 2 M H3PO4 containing
inhibitor at a maximal concentration (6 g/l) has been studied in the temperature range
(25 and 75°C) (298–348 K) using weight loss measurements. The result shows that
the increase in corrosion rate is more pronounced with the rise of temperature for the
uninhibited acid solution. The presence of inhibitor leads to decrease of the corrosion
rate. Inhibitor efficiency (IE%) depends upon the temperature and increases with
temperature [51].

2.4 ADSORPTION STUDY
In 2014, Rahim studied Aquilaria Crassna Leaves Extracts as a Green Corrosion
Inhibitor for mild Steel in 1 M HCl Medium .The mechanism of the adsorption is
further understood by fitting the weight loss method, EIS analysis and potentiodynamic polarisation measurements into adsorption isotherm models. The fit of the
adsorption isotherm models are determined by the closeness of linear correlation
coefficient (

) value to unity. The best fitted models with

closest to unity were

then picked to describe the mechanism of adsorption [52].
In 2012, Hui cang studied the corrosion inhibition of mild steel in 1.0 M HCl by
the Aloes leaves extract using weight loss methods, potentio-dynamic polarization and
electrochemical impedance spectroscopy techniques.
The results show that the inhibition efficiency increases with the increase of the
extract concentration. The type of the adsorption isotherm can provide additional
information about the properties of the tested compounds, and the adsorption depends
on the compounds‘ chemical composition, the temperature and the electrochemical
potential at the metal/solution interface. In fact, the water molecules could also adsorb
on metal/solution interface. Thus, the so-called adsorption can be regarded as a quasisubstitution process between the plant extract in the aqueous phase [PE(sol)] and
water molecules at the electrode surface [

(ads)]. According to Langmuir

adsorption isotherm, surface coverage is related to equilibrium adsorption constant
(

) and

by the equation:
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(2.1)
These results show that all the linear correlation coefficients (

) are almost equal to

1 and the slopes are close to 1, which confirmed that the adsorption of the plant
extract on mild steel surface good obeyed Langmuir adsorption isotherm [53].
In 2009, Quraishi studied the corrosion inhibition of mild steel in hydrochloric
solution by Black pepper extract (Piper nigrum fem. Piperaceae). The techniques
employed for study were mass loss measurements, potentio-dynamic polarisation,
linear polarization resistance and electrochemical impedance spectroscopy (EIS).
The degree of surface coverage for 120 ppm of extract in 1M HCl at 35-55°C
for 3 hour immersion time were evaluated from mass loss values. The data were
tested graphically by fitting to various isotherms. A straight line was obtained on plot
log versus log C as shown in Fig. This indicates that the extract as inhibitor found to
obey Langmuir adsorption isotherm [54].
In 2008, Ebenso used Piper guinensis as corrosion inhibitor for steel in acidic
medium. Results indicated that calculated values of Gads were negative and ranged
from -5.8193 to -14.5648 KJ/mol indicating that the adsorption of the extract is
spontaneous and that the mechanism of adsorption is physical adsorption. The degree
of surface coverage was evaluated from the weight loss measurements.
In this study, Langmuir adsorption isotherm was found to be suitable for the
experimental findings and has been used to describe the adsorption characteristic of
this inhibitor. Assumptions of Langmuir adsorption isotherm is expressed in equation
below [55]:
(2.2)
In 2005, Yan li studied Berberine as a natural source inhibitor for mild steel in
1M

. The surface coverage degree u were calculated using the data obtained

from potentio-dynamic and electrochemical impendence measurement. The result
showed both potentiodynamic polarization and electrochemical impendence data
giving similar result and indicating a good reproducibility. Then the u values were
fitted with some common adsorption isotherm and a good linear chemical adsorption
of the berberine and it was spontaneous in the thermodynamics [56].
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CHAPTER 3
MATERIAL AND DESIGN METHODOLOGY
3.1 GENERAL
The present chapter deals with the presentation of results obtained from
various

tests

conducting

on

organic

compound

inhibitor

"Methyl

Carbazodithioate". In order to achieve the objectives of the present study, an

experimental program was planned to investigate the effect inhibitor
concentration and temperature in acid medium on the corrosion of low carbon
steels.

3.2 MATERIALS
3.2.1. Carbon Steels Specimens
The commercial low carbon steel rods were collected from Musirata Steel
Factory , they were selected as a test samples for corrosion studies. The analysis data
for the low carbon steel rods data were provided by the manufacture, the data are
listed in the following table. The provided steel rods were cut into cylinder shapes
using a diamond where cutter. The dimensions of samples were taken as " 40 mm
length " and " 10 mm diameter " , the schematic figure of the sample type are shown
in the following figure. After the specimen cut, they are cleaned and polished using
emery papers with different grades " 60, 100, 120, 180, 220, 320, 400, and 1200
grade ".
These activity were done in order to get a smooth specimen surface, free of rust,
scale or dust. Following to the polishing procedure, the samples were washed using
methanol, acetone and distilled water and then dried. The prepared samples then
weighted using electronic balance with accuracy about " 0.0001 g ". The cleaned
specimens were kept in a desiccator in order to protect them against any weather
variables, until use them in the experiments.
Table 3.1. Chemical compositions of Steel Rods provided by Musirata Steel Factory.
Chemical Symbol
Percentage %

C

Si

Mn

P

S

Cr

Ni

Cu

Al

0.320 0.750 0.014 0.004 0.014 0.004 0.001 0.001 0.002
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3.2.2. Organic Compound Inhibitor "Methyl Carbazodithioate"
The organic compound under investigation was prepared by reaction 1:1 carbon
disulphide and diamine in presence of potassium hydroxide " KOH ". The obtained
potassium carbazodithioate was reacted with idomethane to produce the final product
methyle carbazodithioate which was extracted by eather, filtered and dried from the
solvent.
All used chemical are in reagent grade. Freshly distillated deionized water was
used in all preparations. Organic compound as an inhibitor in " 2 M Sulphuric acid
medium

was

solutions contained

prepared in dimethylformanide " D. M. F". All tested

" 10 volume percent "

of

" D. M. F"

to

maintain

complete soluble.
The molecular formula structure of studied compound is illustrated in the
following (Figure 3.1):

S
C

S

N

𝐇𝟑 𝐂

𝐍𝐇𝟐

Figure 3.1. Formula Structure of Studied Organic Inhibitor Compound
"Methyl Carbazodithioate" [57]

The

inhibitor

different concentrations,

solution used

in this work

a nine different

was

prepared

with

concentration samples in " 2 M

" . The concentration of the first inhibitor sample was carried out as "
M". The concentration difference was taken "

M " between

the samples (1 , 2), (4 , 5) and (5 , 6), while the concentration difference was taken as
"

M " between the samples (2 , 3), (6 , 7), (7 , 8) and (8 , 9) which gives

that the different

between concentration of first sample and the last one was "

. The inhibitor concentration increasing percentage of the last
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inhibited sample (No. 9) comparing with the first inhibited sample (No. 1)
percentage of increasing about 80 % as showed in

by

the following table:

Table 3.2. Inhibitor Concentration Data Used in the Experiments Work

S.

Concentration in
2M
)
(M)

No.

Gradually Increasing of
Inhibitor Concentration
(M)

Gradually Increasing of
Inhibitor Concentration
(%)

Blank

Blank

1
2

033

3

100

4

167

5

200

6

233

7

300

8

367

9

4

433

3.2.3 Steel Samples Area
The corrosion rate highly depends on the exposed surface area to

the

corrosive environment of the corroded material, thus; the surface area for each
specimen has to be
rate. In

calculated

in order to predict and calculate the corrosion

our recent research

calculated

the

dimensions

for

each

specimen

was

using an digital " Vernier calipers " and micrometer. The exposed

surface area for each specimen has been calculated using the following formula:
A = 2𝜋 l + 2(

Area of cylinder specimen:
where, l

and

d

are

length and diameter

(3.1)

of the specimen

respectively.

The specimens area data are listed in the following table:
Table 3.3. Steel Samples Area

Sample No.

1

2

3

Specimen Area
mm²

755

794

840

4

5

6

7

8

9

10

790 769 767 832 812 811 812
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3.3. INHIBITOR EFFICIENCY CALCULATION
The corrosion immersion test was carried out in laboratory, by exposing the
length of the specimen to a corrosive environment " acid solution ". To calculate the
loss in

specimen weight the specimen weight was balanced regularly" each 90 min

exposer time ", then the following formula was used to determine the corrosion rate in
"

c

in

":
CR =

where,

and

(3.2)

are the specimen weight before and after the exposure respectively,

is the surface are of the specimen exposed area, and

is the exposure time.

The specimens were weighted then immersed in a beaker congaing " 50 ml " of
inhibitor organic compound solution at temperature " 50 ℃ " in a water bath. After
the test carried out, the specimen was cleaned with a distilled water, then the loss in
weight was determined by using the analysis balance. The inhibitor efficiency
can be calculated using the following formula:
% IE =
where,

and

(3.3)

are the corrosion rates in the absence and presence of a

certain inhibitor concentration respectively.

3.4. ADSORPTION ISOTHERMS
Adsorption of surfactants on solid surfaces can modify their hydrophobicity,
surface charge and other key properties that govern interfacial processes such as
corrosion inhibition [57]. In general, adsorption is governed by a number of forces such
as covalent bonding, electrostatic attraction, hydrogen bonding and non-polar
interactions between the adsorbed species, lateral associative interaction, solvation and
desolvation [58]. The total adsorption is usually the cumulative result of some or all of
the above forces. Several adsorption isotherms were assessed.

3.5. THERMODYNAMICS PARAMETER
In order to obtain more details on the corrosion process, activation kinetic
parameters such as energy of activation (Eₐ), enthalpy of activation (ΔH) and entropy
of activation (ΔS) are evaluated using Arrhenius equation and the Gibb's free energy
equation:

ΔGads =

ΔHads - T ΔSads
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(3.4) [59].

CHAPTER 4
RESULTS AND DISCUSSION
4.1 IMMERSION TEST
To study the investigated an organic compound as a corrosion inhibitor in
medium, it's inhibition characteristics for steel in a sulphuric acid and

acidic

mechanism of protection was investigated isothermally using a weight-loss technique
at 50 ℃

. The obtained data of low carbon steel " 1030 grade " in " 2 M

" solution in the absence and presence of the investigated " methyl carbozdithioate "
are given in the following table:
Table 4.1. Weight Loss Calculations

S.
S. Expos.
Inhibitor
Inhibitor
No. Area Time Concentration Concentration
cm²
min
in 2 M
in 2 M
M

M

0

Blank

Sample
Weight
Before
Exposer
g

Sample
Weight
After
Exposer
g

Weight
Loss
mg

40.8708 40.6532

21.760
16.520

1

7.77

99

2

7.73

99

39.3646 39.1994

3

7.76

99

40.5335 40.3792

15.430

4

7.60

99

38.9593 38.8177

14.160

5

7.57

99

38.2589 38.1260

13.290

6

7.43

99

37.5349 37.4284

10.640

7

7.58

99

38.5539 38.4702

8.370

8

7.57

99

38.3489 38.2778

7.110

9

7.42

99

37.2615 37.1944

6.710

19

7.41

99

37.0056 36.9460

5.960

4

4

The corrosion rate and inhibitor efficiency were calculated according to the
data in table (4.1), using the formulas of equations (3.2) and (3.3) respectively, the
resulted corrosion rate and inhibitor efficiency (%) for each samples is listed in the
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following table:
Table 4.2. Corrosion Rate and Inhibitor Efficiency Calculation

Sample
No.

Sample Exposure
Area
Time
" cm² "
" min "

Weight
Loss
" mg "

Inhibitor
Concentration
(I) in 2 M

Corrosion
Rate (CR)
c
in

Inhibitor
Efficiency
(IE)
"%"

"M"
1

7.77

99

21.760

0.00

2

7.73

99

16.520

24.08

3

7.76

99

15.430

29.09

4

7.60

99

14.160

34.93

5

7.57

99

13.290

38.92

6

7.43

99

10.640

7

7.58

99

08.370

61.53

8

7.57

99

07.110

67.33

9

7.42

99

06.710

69.16

19

7.41

99

05.960

00.00

4

4

51.10

4

72.61

According to the data in previous table it's clear that the corrosion rate
decreases gradually

with

increasing

the

inhibitor

concentration

at

a

temperature 50 °C (323 K). It seen that the sulphur containing compound inhibit the
corrosion of low carbon steels in " 2 M

" at all concentrations. It was

observed increase progressively with increase in concentration of the added inhibitor.
Maximum inhibition efficiency of the compound was " 72.61 % "which achieved at "
4

M ". As inhibitor of low carbon steel to" 2 M sulphuric acid solution "
given the high level of the inhibition efficiency.
Figure (4.1) shows the variation of weight loss as a function of the inhibition of

low carbon steels corrosion in " 2 M

" in absence

and presence

of

different concentration of "methyl carbozodithioate" inhibitor at 50 °C (323 K).
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Corrosion Rate x10⁻³
mg cm⁻² min⁻¹

30
25
20
15
10
5
0
0

2

4

6

8

10

12

Inhibitor Concentration x10⁻³ M
Figure 4.1. The Corrosion Rate Related to Inhibitor Concentration

As shown in the previous figure, the increasing in inhibitor concentration
causes

decreasing in corrosion rate, this indicates that the presence of "methyle

carbozodioate" compound retards the corrosion rate of low carbon steels in " 2 M
". The ability degree and of inhibition depends on the concentration of the
sulphur containing inhibitor. compound.
Table 4.3. Logarithm of Inhibitor Concentration Calculation

Sample
Inhibitor
No.
Concentration (I)
in 2 M
"M"
1

0.00

Inhibitor
Efficiency (IE)
"%"

Logarithm
Inhibitor
Concentration (I) in 2 M
"M"

00.00

0.0000

2

24.08

-3.1249

3

29.09

-3.0000

4

34.93

-2.8239

5

38.92

-2.7570

6

51.10

-2.6990

7

61.53

-2.6020

8

67.33

-2.5229

9

69.16

-2.4560

72.61

-2.3979

19

4

Figure (4.2) shows the variation of inhibition percentage with
logarithm of concentration of "Methyle carbozodioate" inhibitor:
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the
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Efficiency 40
% IE
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Logarithm Inhibitor Concentration

15
log I

Figure 4.2. Inhibitor Efficiency Related to Inhibitor Concentration

4.2. ADSORPTION ISOTHERM BEHAVIOR
The relationship between inhibition efficiency and the bulk concentration of the
inhibitor at constant temperature, which is known as isotherm, it gives an insight into
the adsorption process. Several adsorption isotherms were attempted to fit surface
coverage values to classical isotherms of Langmuir, Temkin, Frumkin, Freundlich and
Flory-Huggins.

4.2.1. Langmuir Adsorption Isotherm of "Methyle carbazodithioate"
A correlation between coverage (θ) defined by (IE %) and the concentration of
inhibitor (I)

in electrolyte can be represented by the Langmuir adsorption

isotherm;

= K.

(4.3) [35]

where, K is the adsorption constant, it's represents the relationship between surface
coverage and the inhibitor concentration. The K values are given in Table (4.4).
Since the efficiency of a given inhibitor is essentially function of the magnitude of its
binding constant K, therefore, large K values mean better and stronger interaction,
where as small K values, mean the interaction between the inhibitor molecules and the
metal is weaker. According to the obtained K values, it is concluded that the
interaction between the inhibitor molecules and the metal was improved.
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Table 4.4. Adsorption Parameters deduced from Langmuir Adsorption Isotherm

Inhibitor
Efficiency
(IE) %

Surface
Coverage
(𝜃)

𝜃

00.00

0.0000

2

24.08

3

Sample
No.

Inhibitor
Concentration
(I) in 2

Adsorption
Constant
(K)
𝜃
𝜃

Adsorption
Energy
(Δ
)

0.0000

000

00.00

0.2408

0.3172

353

- 26.54

29.09

0.2909

0.4102

359

- 26.58

4

34.93

0.3493

0.5368

296

- 26.07

5

38.92

0.3892

0.6372

309

- 26.18

6

51.10

0.5110

1.0450

104

- 23.26

7

61.53

0.6153

1.5994

547

- 27.72

8

67.33

0.6733

2.0609

649

- 28.17

9

69.16

0.6916

2.2425

568

- 27.82

72.61

0.7261

2.6590

337

- 26.42

𝜃

M
1

0.00

19

4

3.5
3

y = 0.3146x - 0.2942
R² = 0.9509

θ

θ

2.5
2
1.5
1
0.5
0
1

2

3

4

5

6

7

8

9

10

11

Inhibitor Concentration (I) M
Figure 4.3. Langmuir Adsorption Isotherm "Methyle carbozodithoate"
Inhibitor on Low Carbon Steel in " 2 M
"
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The value of the correlation "

" isused to determine the best fit isotherm

which was obtained for Langmuir. If the value of "

" is very close to unity

(0.9509), that is indicated the strong adherence to Langmuir adsorption isotherm.
In order to calculate the energy of adsorption (Δ
K =
where,

.

(

is the universal constant " 8.314

), the following equation is used:
)

o

(4.4) [60]
" and "T" is the absolute

temperature of " 50 ℃ " and the constant value of " 55.5 " is the concentration of
water in solution in" mol/L ". The energy adsorption(Δ

), values were calculated

using the last formula as listed in table (4.4). According to the obtained values of
" Δ

" , we observed that the all values have a negative sign, this indicated that

the spontaneous adsorption of inhibitor on the surface of low carbon steel material
(indicates the occurrence of exothermic process). The negative value of " Δ

"

also suggest the strong interaction of inhibitor molecules with the low carbon steel
surface.
Generally, values of (Δ

) around -20 kJ/mol or lower are consistent with the

electrostatic interaction between charged molecules and the charged metal surface
(Physisorption); those around -40 kJ/mol or higher involve charge sharing or transfer
from organic molecules to the metal surface to form a coordinate type of metal bond
(Chemisorption) [62]. In the present work, the calculated (Δ

), values are slightly

less negative than -40 kJ/mol indicating that the adsorption of inhibitor molecules is
not merely physisorption or chemisorption but obeying a comprehensive adsorption
(Physical and chemical adsorption).

4.2.2. Temkin Adsorption Isotherm
The Temkin model of isotherm adsorption has been chosen secondly to
evaluate adsorption potential of the adsorbent and adsorbed solution. This isotherm
contains a factor which explicitly takes into account the interactions of ions of the
aqueous solution and the membrane (adsorbent - adsorbate). The surface coverage
values for "Methyle carbozodioate" were fitted into the Temkin adsorption
isotherm model, which has the form:

Exp (-2a𝜃) = K . I
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(4.5) [55]

Table 4.5. Adsorption Parameters deduced from Temkin Adsorption Isotherm

Sample
No.

Concentration
(I) M

1
2
3
4
5
6
7
8
9
19

Inhibitor

I

Surface
Coverage (𝜃)
0.0000
0.2408
0.2909
0.3493
0.3892
0.5110
0.6153
0.6733
0.6916
0.7261

0.00

4

0.0000
- 3.1249
- 3.0000
- 2.8239
- 2.7570
- 2.7000
- 2.6021
- 2.5229
- 2.4559
- 2.3979

1

y = 0.067x + 0.1638
R² = 0.9705

0.8

θ

0.6
0.4
0.2
0
1

2

3

4

5

6

7

8

9

10

11

I
Figure 4.4. Temkin Adsorption Isotherm "Methyle carbozodithoate"
Inhibitor on Low Carbon Steel in " 2 M
"

Thus, in figure (4.4) the Temkin isotherm was represented by a linear plot " ϴ "
versus the logarithm of

inhibitor concentration " log I ". According to Temkin

equation (4.5). The value of the correlation "

" isused to determine the best fit

isotherm which was obtained for Temkin. If the value of "

" is very close to unity

(0.9705), that is indicated the strong adherence to Temkin adsorption isotherm.

4.2.3. Frumkin Adsorption Isotherm
The Frumkin model of isotherm adsorption has been chosen thirdly to evaluate
adsorption potential of the adsorbent and adsorbed solution. The Frumkin isotherm is
θ / (1- θ) = Exp (-2a θ)

given by:
where

(4.6) [36]

is the molecular interaction parameter ," K " is the equilibrium constant of

adsorption reactions.
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Table 4.6. Adsorption Parameters deduced from Frumkin Adsorption Isotherm

ln (

θ

θ

) - ln (I)

Sample
Inhibitor
No. Concentration (I)
in 2
M
1
0.00
2
3
4
5
6
7
8
9
19
4
6.8
6.6
6.4
6.2
6
5.8
5.6
5.4

Surface
Coverage
( )

ln (I)

ln (

)

ln (

)-

ln (I)

0.0000
0.2408
0.2909
0.3493
0.3892
0.5110
0.6153
0.6733
0.6916
0.7261

0.0000
0.3172
0.4102
0.5368
0.6372
1.0450
1.5994
2.0609
2.2425
2.6590

000.000
0.0000
-7.1954 - 1.1462
-6.9077 - 0.8911
-6.5023 - 0.6221
-6.3481 - 0.4507
-6.2146
0.0440
-5.9915
0.4696
-5.8091
0.7231
-5.6550
0.8076
-5.5215
0.9779

0.0000
6.0492
6.0166
5.8802
5.8974
6.2586
6.4611
6.5322
6.4626
6.4994

y = 0.0834x + 5.8114
R² = 0.7160

θ
Figure 4.5. Frumkin Adsorption Isotherm "Methyle carbozodithoate"
Inhibitor on Low Carbon Steel in " 2 M
"

Thus, in figure (4.5) the Frumkin isotherm was represented by a linear plot " ϴ
" versus " ln (
the correlation "

)-ln (I)". According to Frumkin equation (4.6). The value of
" isused to determine the best fit isotherm which was obtained for

Frumkin. If the value of "

" is not close to unity (0.716), that is indicated the

used inhibitor is not obey to Frumkin adsorption isotherm.

4.2.4. Freundlich Adsorption Isotherm
The Freundlich model of isotherm adsorption has been chosen forthly to
evaluate adsorption potential of the adsorbent and adsorbed solution. The Freundlich
isotherm is given by:

log θ = log

+ n log I
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(4.7) [55]

where

is the adsorption equilibrium constant, n is the interaction parameter and

I is the inhibitor concentration.
Table 4.7. Adsorption Parameters deduced from Freundlich Adsorption Isotherm

Sample
Inhibitor
No. Concentration (I) M
1
2
3
4
5
6
7
8
9
19

Surface Coverage
(𝜃)
0.0000
0.2408
0.2909
0.3493
0.3892
0.5110
0.6153
0.6733
0.6916
0.7261

0.00

4

I

Log (𝜃)

0.0000
- 3.1249
- 3.0000
- 2.8239
- 2.7570
- 2.7000
- 2.6021
- 2.5229
- 2.4559
- 2.3979

0.0000
- 0.6183
- 0.5363
- 0.4568
- 0.4098
- 0.2916
- 0.2110
- 0.1718
- 0.1601
- 0.1390

0
-0.1
-0.2

θ

-0.3
-0.4
y = 0.0636x - 0.6506
R² = 0.9546

-0.5
-0.6
-0.7

I
Figure 4.6. Freundlich Adsorption Isotherm "Methyle carbozodithoate"
Inhibitor on Low Carbon Steel in " 2 M
"

The plot (log θ) vs. (log I). which is typical of Freundlich adsorption isotherm at 50°C
(323 K). As shown on figure (4.6) a perfectly linear plot was obtained with regression
constant (R²) exceeding 0.9546 .

4.2.5. Comparison of (R²) constant of different Used Adsorption Isotherms
Table 4.8. R² values of used Adsorption Isotherm Models

Isotherm Model

Lungmir

Temkin

Frumkin

Freundlich

Flory - Huggins

R²

0.9509

0.9705

0.7160

0.9546

0.9637
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1.2
1
0.8

R²

0.6
0.4
0.2
0
1سلسلة

Lungmir

Temkin

Frumkin

Freundlich

0.9509

0.9705

0.716

0.9546

Flory Huggins
0.9637

Figure 4.7. R² Constants Comparison of Adsorption Isotherm Models

According to the values of R² constant showed in figure (4.8), the results of the
experimental model are best described by Temkin model where the values of the
regression coefficients (R² = 0.9705) are higher than the other ones obtained in the
case of Frumkin, Lungmir, Freundlich and Flory - Huggins models. Therefore, even
after activation, the retention of "Methyle carbozodithoate" anions on is as a
monolayer and in entire process have only concerned functional groups on the surface
of the adsorbent.

4.4. ADSORPTION MECHANISIM
Mechanism of corrosion inhibition depends on the formation of mono- or multidimensional protective layers on the metal surface. The protective nature of the
surface layers depends on the factors: interaction between inhibitors and substrate,
incorporation of the inhibitor in the surface layer, chemical reactions, electrode
potentials, concentration of the inhibitors, temperature and properties of the
corresponding surface, etc. The first stage in the mechanism of the surfactants as
corrosion inhibitors in aggressive media is adsorption of the surfactant molecules onto
the metal surface. The adsorption process is influenced by the nature and the surface
charge of the metal, the chemical structure of the surfactant, and the nature of the
aggressive electrolyte. Adsorption of the surfactant molecules occurs because the
interaction energy between the surfactant molecules and the metal surface is higher
than that between water molecules and the metal surface. So the inhibition effect by
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surfactants is attributed to the adsorption of the surfactant molecules via their
functional groups onto the metal surface [62].
Inhibition of corrosion of low carbon steels in " 2.0 M H₂SO₄" at a temperature
50 °C can be explained on the basis of adsorption. The "methyl carbazodithoate"
inhibit the corrosion by controlling both the anodic and cathodic reactions. In
sulphuric acid solution this compound exists as protonated species. These protonated
species may be absorbed on the cathodic sites of the low carbon steel and decreases
the evaluation of hydrogen. The better inhibition efficiency in " 2.0 M H₂SO₄ "
attributed to the difference of adsorption of sulphate ions. The low adsorption of
sulphate ions on the metal surface permits more space for the adsorption of inhibitor
molecules and enhance the inhibition of corrosion [65].

51

CHAPTER 5
CONCLUSIONS

The study of effect of "methyl carbazodithoate" organic compounds on the
corrosion of low carbon steel in 2.0 M H₂SO₄ conducted by weight loss method may
draw the following conclusions:
(i) The "methyl carbazodithoate" organic compounds give a good performance as
corrosion protection in acid solution;
(ii) The inhibition efficiency increases with increase of inhibitor concentration to
attain a maximum value of 71.61 % at 4.0x10¯³ M inhibitor;
(iii) Adsorption of "methyl carbazodithoate" obeyed all used adsorption isotherms
specially, Temkin model.
(iv) The calculated

Δ

, values are slightly less negative than - 40 kJ/mol

indicating that the adsorption of inhibitor molecules is not merely physisorption
or chemisorption but obeying a comprehensive adsorption(Physical and chemical
adsorption).
(v) The Δ

values are negative for all the studied inhibitors in 2.0 M H₂SO₄,

suggests that the adsorption of inhibitor molecules onto metal surface is
an exothermic process.
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