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The Influence of Temperature on Corrosion 

Inhibition of Carbon Steel in Phosphoric Acid 

By 

Anees Abdullah Khadom Al-Shammari 

Supervised by 

Dr. Apriel S. Yaro & Dr. �idhal S. Abdul-Masih 

The corrosion of low carbon steel in 7N H3PO4 acid at temperature 

range of 30-60 
o
C in presence and absence of potassium iodide as an 

inorganic inhibitor in the range of 4-10 g/l at static condition has been 

investigated. Weight loss and polarization techniques were employed in 

this investigation. 

The weight loss data showed that the corrosion rate in presence and 

absence of KI as inhibitor increased with temperature. And that for a 

given inhibitor concentration, an Arrhenius plot was obtained from which 

the activation energies were calculated. The corrosion rate decreased with 

increasing inhibitor concentration for a given temperature. The maximum 

value of inhibitor efficiency obtained was 99.95% at 50 
o
C in presence of 

10 g/l inhibitor concentration. The fraction of surface covered calculated 

from corrosion rates followed the Langmuir adsorption isotherm. 

Potentiostatic polarization experiments showed that for a given 

temperature, the curves were shifted towards the potential axis leading to 

lower the corrosion rates as the inhibitor concentration increased. The 

influence of temperature and inhibitor concentration was found to be 

mixed affecting both the anodic and cathodic reaction. Nerveless, the 

effect on the anodic reaction was more pronounced. Corrosion current 

densities, Tafel slopes and other corrosion parameters have been obtained 

as well.  
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he importance of corrosion studies is threefolds. The first area of 

significance is economic including the objective of reducing 

material losses resulting from the corrosion of piping, tanks, metal 

components of machines, ships, … etc. The second area is improved 

safety of operating equipment, which through corrosion may fail with 

catastrophic consequences like pressure vessels, boilers, … etc. The 

third is conservation, applied primarily to metal resources where by 

the world supply of these is limited and the wastage of them includes 

corresponding losses of energy and water reserves associated with the 

production and fabrication of metal structure. Losses sustained by 

industry, by the military, by municipalities amount to many billions of 

dollars annually 
(1)

. 

Metals are exposed to the action of acids in many different ways 

and for many different reasons. The exposure can be most sever but in 

many cases, the corrosion can be controlled by means of inhibitors. 

Processes in which acids play a very important part are 
(2)

: 

1. Acid Pickling: 

In these processes, undesirable oxide coatings are removed from 

metals (usually ferrous metals) and the surface is prepared for further 

operations, such as enameling, painting, … etc. 

2. Industrial Acid Cleaning: 

This very important procedure is applied chiefly to the removal of 

scale and unwanted deposits from steam generating equipment and 

from chemical and petrochemical reaction vessels. Hydrochloric acid 

T
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is widely used. Sulfuric and phosphoric acids are also used for 

chemical cleaning. 

3. Oil Well Acidizing: 

For oil well simulation, large quantities of acid are pumped at high 

rates of flow through the oil well tubing in the production formation. 

The primary object is to act of the formation is such a way as to 

simulate the oil flow. 

One of the used acids in these processes is the phosphoric acid. 

Also, phosphoric acid solutions are an efficient catalyst for organic 

reaction such as the alkylation of aromatic hydrocarbons with olefins, the 

isomerization of olefins and polymerization of normally gaseous olefins 

(3)
. Therefore, it is very important to study the corrosion and corrosion 

inhibition of carbon steel in phosphoric acid. 

In general, although corrosion processes in H2SO4 and HCl in the 

presence of an inhibitor is widely known in many industries, the subject 

has received limited attention in presence of H3PO4 with an inhibitor. 

The present work is a step in the direction of understanding the 

corrosion of carbon steel in H3PO4 and its inhibition by potassium iodide 

at different temperatures. Weight loss and potentiostatic polarization 

techniques have been used. Corrosion rates, inhibition efficiency and 

other corrosion parameters have been obtained. 
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2.1 Corrosion Reactions: 

n nature, most metals are found in a chemically combined state 

known as ore. Ores may be oxides, sulphides, carbonates or other 

complex compounds. In order to separate a metal such as iron from one 

of its ores, e.g. iron oxide, it is necessary to supply a large amount of 

energy. Therefore, metals in their uncombined condition are usually high-

energy states. 

Thermodynamic laws tell us that there is a strong tendency for 

high-energy states to transform into low energy states. It is this tendency 

of metals to recombine with components of the environment that leads to 

the phenomenon known as corrosion. A good definition of corrosion is 
(4)

: 

“Corrosion is the degradation of a metal by an electrochemical reaction 

with its environment”. 

Corrosion can be separated into two or more partial reactions. 

These partial reactions are divided into two classes: oxidation and 

reduction 
(5)

. These two separated reactions taking place at different areas 

on the metal surface. One of the reactions being the anodic reaction 

consists of an oxidation type chemical change in which the metal changes 

from the metallic state to an ionic state, i.e. the valance of metal is 

increased by giving off electrons. 

e2FeFe +++→         …(2.1) 

While the cathodic reaction occurs at different sites from the anodic one. 

There are several different cathodic reactions which are frequently 

encountered in metallic corrosion. The most common cathodic reactions 

are: 

 

1. Hydrogen evolution: 

I
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2He2H2 →++        …(2.2) 

2. Oxygen reduction (acid solution): 

OH2e4H4O 22 →++ +       …(2.3) 

3. Oxygen reduction (neutral or basic solutions): 

−→++ OH4e4OH2O 22      …(2.4) 

4. Metal ion reduction: 

23 MeM ++ →+        …(2.5) 

5. Metal deposition: 

MeM →++        …(2.6) 

Both the oxidation and the reduction reactions proceed at the same rate 

during electrochemical corrosion. 

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 is capable of 

producing this reaction. Metal ion reduction and metal deposition are less 

common reactions and are most frequently found in chemical process 

streams. All above reactions are quite similar in consuming electrons 
(6)

. 

 

2.2 Effect of Environmental Parameters: 

2.2.1  Effect of Temperature: 

Temperature increases the rate of almost all-chemical reactions 
(6)

. An 

increase in temperature of a corroding system has four main effects 
(7)

: 

1. The rate of chemical reaction is increased. 

2. The solubility of gases in solution is decreased. 



16 

 

3. The solubility of some of the reaction products may 

change, resulting in a different corrosion reaction 

products; and 

4. Viscosity is decreased, and many thermal differences will 

results in increased circulation. 

When corrosion is controlled by diffusion of oxygen, the corrosion 

rate at a given oxygen concentration approximately doubles for every 30 

°C rise in temperature 
(8)

. In an open vessel, allowing dissolved oxygen to 

escape, the rate increased with temperature to about 80 °C and then falls 

to a very low value at the boiling point, Fig. (2.1). The falling off of 

corrosion above 80 °C is related to a marked decrease of oxygen 

solubility in water as the temperature is raised, and this effect eventually 

overshadows the accelerating effect of temperature alone. In closed 

system, on the other hand, oxygen can not escape and the corrosion rate 

continues to increase with temperature until all oxygen is consumed. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2.1) Effect of Temperature on Corrosion of Iron in Water 

Containing Dissolved Oxygen (8). 



17 

 

 

When corrosion is attend by hydrogen evolution, the rate increase 

is more than double for every 30 °C rise in temperature 
(1)

. Like most 

chemical reactions, the rate of corrosion of iron and steel in aqueous acid 

solutions increases with increasing temperature 
(9)

. The magnitude of the 

temperature effect for acid corrosion reaction has been studied by a 

number of workers
 (10-17)

, most often in H2SO4 and HCl. In many of these 

investigations, the number of temperature points obtained is too small to 

yield a very accurate value of activation energy. So they put their data 

into an Arrhenius type equation: 

( ) 







−=

TR

E
ExpA.R.CRateCorrosion     …(2.7) 

Where: 

A = Frequency factor. 

E = Activation energy 

R = Gas constant (8.314 J/mole.K) 

T = Absolute temperature (K). 

Taking the logarithms of the previous equation then: 

( )
TR303.2

E
Alog.R.Clog −=      …(2.7.a) 

So that log (C.R.) gives a straight line when plotted vs. (1/T) with a 

slope of (-E/2.303 R). Many thermally activated processes behave in a 

similar way and an Arrhenius plot enables us to determine the activation 

energy 
(18)

. 

Temperature changes have the greatest effect when the rate-

determining step is the activation process. In general if the diffusion rates 

are doubled for a certain increase in temperature, activation process may 
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be increased by 10-100 times depending on the magnitude of the 

activation energy. 

Mathur and Vasudevan
 (19) 

made a detailed kinetic study of 

corrosion reactions of iron in HCl, H2SO4 and H3PO4 by modified version 

of the gasometric and weight loss techniques. They measured the reaction 

rates at different temperatures (25-60 °C) in 5.5 N acids and at different 

normalities (1-10 N) at 33 °C. The corrosion reactions rates led to the 

development of a new kinetic expression: 

TR

E

BC eeARate
−

=        …(2.8) 

By substituting Arrhenius equation (2.7) into equation (2.8), they 

obtained the following equation: 

BCeKRate =         …(2.9) 

Where; 

C = The concentration of acid (i.e. the normality). 

B = The constant for the reaction studied. 

All the kinetic parameters K, A, E and B were calculated for the 

corrosion of iron in three different acids. This relation indicates that the 

rate increases exponentially with increasing temperature and acid 

normality. Values of activation energy were calculated as 14.56, 15.26 

and 15.7 for HCl, H2SO4 and H3PO4 respectively. 

Energies of activation were obtained from corrosion data of 

annealed carbon steel exposed to reagent grade H3PO4 (45, 70, 80 and 85 

wt. %) at temperatures from 24 through 83 °C (20)
. Activation energies 

were experimentally very close to the same values of 14.2 ± 0.5 

kcal/mole through the 24-50 °C range. At temperatures of 50, 66 and 83 

°C, the activation energy values were quite close with an average value of 
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17.5 kcal/mole. A more active reaction rate occurs over the 50-83 °C 

range. 

In the presence of inhibitor, the effect of increased temperature on 

inhibited acid-metal reaction can be highly complex. The following 

changes can take place 
(2)

: 

1. The rate of the inhibited, acid-metal, heterogeneous reaction 

increases. 

2. The fraction of the metal surface covered by adsorbed 

inhibitor changes usually decreases. 

3. Some inhibitor molecules decompose or rearrange themselves. 

While specific inhibitors and the acid-metal systems have specific 

reactions, as a generalization, few inhibitors are as effective at high 

temperatures as they are at low temperatures. 

Sieverts and Lueg
 (21) 

attributed diminished effectiveness under the 

influence of increasing temperature to diminished coverage by the 

assumption that metal dissolution occurs on that part of the surface free of 

adsorbed molecules. 

Riggs and Hurd
 (9) 

took exception to this premise and suggested that 

the measured corrosion rate accurately as the sum of two rates: 

( ) ( ) θ+θ−=− 21 k1k
td

Fed
      …(2.10) 

Where: 

θ = The fraction of the surface covered by adsorbed inhibitor. 

k1 = The rate constant for the uninhibited reaction. 

k2 = The rate constant for the corrosion of the completely covered 

surface. 

As θ becomes quite large, then very small increase in θ causes the 

term k1(1-θ) to decrease markedly. It is therefore not surprising that the 
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activation energy of inhibited reactions at high coverages can be either 

large or smaller than that of uninhibited reactions. 

Information contained in the literature show that the relationship 

( ) ( )T1fRate.Corrlog =  is quite frequently, although not always linear 

in the presence of inhibitor
 (16)

. Three different types of linear graphs 

occur: 

 

 

 

 

 

 

 

 

 (a)     (b)    (c) 

Fig. (2.2) Influence of Temperature on the 

Protective Activity of Inhibitor toward Steel (in g/m
2
.h) 

(16)
. 

(1a) in 5 ' H2SO4, (2a) in Presence of 8 % Thiourea, (1b) in 5 ' HCl, 

(2b) in Presence of 1 % Hexamine, (1c) in 4.1 ' HCl, and (2c) in 

Presence of 1 % 'arcorine. 

 

In the first case, (Fig. 2.2, a), the activity of the inhibitor which 

retards corrosion at low temperature is considerably reduced at higher 

temperatures. For example, thiourea in H2SO4 and PB
∗
 type inhibitors in 

HCl. Their adsorption falls appreciably with increasing temperature, 

which under these condition leads to considerable rise in the reaction rate 

owing to the greater area of metal exposed to acid for the corrosion of 

                                         
∗
 - Condensation products of urotropine and aniline. 
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steel containing 0.1 % carbon in 5 N H2SO4. The activation energy is 11.6 

kcal/mole in the presence of 8 % thiourea it rises to 17.2 kcal/mole. 

For processes occurring in the presence of the majority of 

inhibitors which have been examined, the value of E is nearly the same as 

that for the same process taking place in acid containing no inhibitors, 

Fig. (2.2, b). The behavior of such inhibitors resembles the behavior of 

stable poisons in heterogeneous catalysis which, as Taylor
 (22) 

has shown, 

do not affect the temperature coefficient of the reaction. Thus the value of 

E for the dissolution of steel containing 0.1 % carbon in 5 N HCl in the 

absence of inhibitors and in the presence of 1 % hexamine are equal to 

15.8 kcal/mole. 

The action of inhibitors, characterized by a lower absolute value of 

temperature coefficient than for the corrosive process in their absence, is 

of practical interest when retardation of corrosion at elevated 

temperatures is desired. In this group we must include all the reasonably 

effective corrosion inhibitors for aqueous sulphuric acid, dibenzyl 

sulphide, dibenzyl sulphoxide
 (13)

, iodides
 (23) 

and for hydrochloric acid 

(some alkaloids and nitrogenous bases). The activation energy for the 

solution of steel containing 0.3 % carbon in 4.1 N HCl for example is 21 

kcal/mole; in the presence of 1 % narcotine then the value falls down to 

12 kcal/mole, Fig. (2.2, c). There are grounds for supposing that they are 

bound to the surface by forces of specific adsorption and in the some 

cases by chemisorption, as a result of which a surface film of the reaction 

product is formed. These inhibitors are interesting not merely in a 

practical connection. At first sight their action appears to be paradoxical, 

since the lower both the rate of reaction and the value of activation 

energy. The fall in the value of activation energy is probably accounted 
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for by the increase in surface area of the metal covered by inhibitor 

molecules as temperature rises. 

Uzlyuk et al.
 (24) 

investigated the possibility of inhibiting the 

corrosion of steel in 2 N phosphoric acid with the aid of organic 

thiocyanates. Thiocyanates of benzylquinoline, allylpyridine, 

benzylpyridine and ethylpyridine, and hydrocyantes of 

benzylmonoethanolamine, benzyldiethanolamine, benzyltriethanolamine 

and benzyldiethylamine were tested at concentration of 1 g/l at 20-90 

°C(25)
. All of them were adsorbed with large degree of coverage (θ) in a 

wide potential range. Benzylquinolinethiocyanate was the best inhibitor 

with (θ ≈ 1) by the formation of multimolecular layers. Mechanism of 

inhibiting is based on activation energy. With a rise in temperature, the 

inhibiting effect of benzylquinolinethiocyanate is enhanced, which is 

evident from the chemical nature of adsorption. 

 

2.2.2  Effect of Dissolved Oxygen: 

Dissolved oxygen is the main cause of corrosion in neutral aqueous 

solutions because it represents the main cathodic reaction that occurs on 

cathodic areas. 

Corrosion in acids is also accelerated by the presence of oxygen. 

Corrosion takes place by both oxygen depolarization and hydrogen gas 

evolution. Thus in the presence of oxygen corrosion in acids may be over 

ten times as higher as in the absence of oxygen 
(7)

. 

The relation between dissolved oxygen and pH is shown in Fig. (2.3). 

It shows that there is little effect of hydrogen ions between pH values 

of 5-10, and that the corrosion rate depends only on how rapidly 

oxygen diffuses to the metal surface. 
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Whitman and Russel (26) determined
 
the

 
effect

 
of

 
pH on the corrosion 

rate of mild steel in Cambridge Massachusetts tap water. It was found by 

measuring the consumption of oxygen, reporting that the corrosion rate 

was constant between pH of 4 and 9. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2.3) Corrosion Rate as a Function of pH and Dissolved 

Oxygen. 

 

Within the acid region (pH < 4), the ferrous oxide film is dissolved, 

the surface pH falls and iron is more less direct contact with the aqueous 

environment. The increased rate reaction is then the sum of both 

appreciable rate of hydrogen evolution and oxygen depolarization. 

Above pH of 10, increase in alkalinity of the environment raises 

the pH of the iron surface. The corrosion rates correspondingly decrease 

because iron becomes increasingly passive in presence of alkalis and 

dissolved oxygen. 
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2.2.3  Effect of Acid Concentration: 

Normality as the concentration of a corrosive acid media is 

increased, the corrosion rate is likewise increased. This is primarily due 

to the fact that the amounts of hydrogen ions, which are the active 

species, are increased, as acid concentration is increased
 (6)

. Hydrogen ion 

activity is commonly expressed, for convenience in term of pH. 

At low pH values hydrogen evolution usually predominate both in 

presence and absence of oxygen 
(27)

. 

Mathur and Vasudevan
 (19) 

showed a detailed kinetic study of 

corrosion reactions of iron in HCl, H2SO4 and H3PO4 by measuring the 

reaction rates in different normalities (1-10 N) for each of the used acids 

at 33 °C. They developed the kinetic expression shown by equation (2.8) 

and observed that sulfuric acid is the most corrosive acid in the lower 

range of concentration say from 1 to 3 N. H3PO4 is the next while HCl is 

the least corrosive acid but corrosivity of these acids is markedly altered 

beyond 6 N. In this high range of concentration, HCl becomes most 

corrosive. 

Hudson
 (12) 

investigated the dissolution rate and the amount of 

hydrogen absorbed by low-carbon steel in H2SO4, HCl, H3PO4 and HNO3 

at different normalities (0.05-10 N) and different temperatures (38-90 

°C). It was concluded that the dissolution rate of steel in 2 N and 10 N 

solutions of HNO3 at 38 °C was much faster that the corresponding 

concentrations of the other acids. Although for 0.05 and 0.5 solutions the 

rates were not significantly different from those of H2SO4. Dissolution in 

H2SO4 solutions of 0.5 and 2 N at 38 °C was more rapid than dissolution 

in HCl, but for 10 N acid the rate in HCl was greater than for H2SO4. 

Dissolution in H3PO4 solutions at 38 °C was slower over the entire 

concentration range. 
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2.3 Polarization: 

When there is no net current flows from an electrode, then this 

electrode is at equilibrium state and its potential is the equilibrium 

potential (E°). When net current flows to or from its surface, the potential 

changes from E° to Ei, the electrode is then said to be polarized and the 

process is termed as polarization. Polarization is measured in volts as 

follows: 

oEE i −=η         …(2.11) 

Where: 

η = The overvoltage, and 

Ei = The polarization potential. 

Figure (2.4) shows polarization curves (E vs. log i) for the 

corrosion of metal in a reducing acid in which there are two exchange 

processes involving oxidation of M/M
+
 and reducing H

+
/H2 

(28)
. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2.4) Electrode Kinetic Behavior of a Metal (M) in Reducing 

Acid. 
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Polarization is divided into three main types: 

2.3.1  Activation Polarization (ηηηηA): 

This polarization is caused by a slow electrode reaction or stated in 

another way. The reaction at the electrode requires activation energy in 

order to go. The most important is that of hydrogen ion reduction at the 

cathode 
(1)

; reaction might be considered as: 

Gas
2

)2(StageMetalsonAbsorbed)1(StageIons

HH2
e2H2  → →+

+
 …(2.12) 

Stage (1) occurs rapidly, whereas stage (2) is generally the slower 

and rate-controlling step 
(29)

. 

The activation overpotential, and hence the activation energy varies 

exponentially with the rate of charge transfer per unit area of electrode 

surface, as defined by the well-known Tafel equation 
(30)

: 









β±=η

oi

i
log

A
       …(2.13) 

Where: 

i = The current density, and 

β = The Tafel constant being equal to 








α FZ

TR
303.2  

The Tafel constant (β) varies with the nature of the electrode 

process and with the nature of the solution. Thus (ηA) will be linearly 

related to (log i) at overpotential greater than 0.05 V
 (6) 

and the position of 

the curve will be dependent on the equilibrium exchange current density 

(io), the transfer coefficient (α) and the number of electrons (z) involved 

in one act of the rate determining step. The Tafel equation for a cathodic 

process can be expressed in the form
 (30)

: 

co iln
Fz

TR
iln

Fz

TR
c,A α

−
α

=η      …(2.14) 
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Similarly for the anodic process: 

( ) ( ) ao iln
Fz1

TR
iln

Fz1

TR
a,A α−

+
α−

−=η     …(2.15) 

It is evident from these expressions that since in the Tafel region (i) 

must be greater than (io) and the signs of the overpotential will be 

negative for ηA,c and positive for ηA,a. 

 

2.3.2  Concentration Polarization (ηηηηC): 

Concentration polarization is obtained when the rate of an 

electrode reaction is dependent on mass transfer, i.e. the rate at which the 

reactant is transported to the surface of the electrode and the rate at which 

the product is transported away from the electrode. 

Transport through the solution to and from the metal surface occurs 

by diffusion, ionic migration (transport of electrical charge through the 

solution) and convection of these diffusion through the thin static layer of 

solution adjacent to the metal surface. The diffuison layer (δ) is usually of 

greatest significance. However, this is not always the case in practical 

systems, particularly, where dissolved oxygen is the cathodic reactant. In 

certain circumstances the rate of diffusion through the bulk solution to the 

metal-solution interface may be rate determining 
(31)

. For concentration 

polarization reaction current is given by Fick’s law 
(31)

: 









=

xd

Cd
ADFzI        …(2.16) 

Or its equivalent 









δ

−
= sb CC

ADFzI                …(2.16.a) 

The limiting current, i.e., the maximum current under diffusion control is 

obtained when Cs = 0. 
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δ
= b

L
C

ADFzI                 …(2.16.b) 

Or  

bL CkAFzI =                …(2.17) 

Where the mass transfer coefficient is defined as: 

δ
=

D
k                  …(2.17.a) 

The concentration polarization can also be expressed as
 (6)

: 
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       …(2.18) 

Or 









−=η
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1ln

Fz

TR
C

       …(2.19) 

Where: 

F = Faraday’s constant (columbs/mole). 

D = Diffusivity (cm/s
2
) 

δ = Diffusion layer thickness 

Cb = Bulk concentration (gmole/cm
3
) 

Cs = Surface concentration (gmole/cm
3
) 

A = Surface area (cm
2
) 

From equation (2.19) it an be seen that: 

1. The term 







−

LI

I
1  is equivalent to the term 









b

s

C

C
 in 

equation (2.18). 

2. When I is very small in comparison with IL, the concentration 

polarization is negligible. 

3. When I approaches IL in magnitude, concentration 

polarization approaches infinity. 
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2.3.3  Resistance Polarization (ηηηηR): 

The resistance polarization is the ohmic potential drop through a 

portion of the electrolyte surrounding the electrode, through a metal 

reaction product film on the surface or both. An ohmic potential drop 

always occurs between the working electrode and the capillary tip of 

reference electrode. The ohmic (i.e., solution) IR drop is given by 
(33)

: 

k1iiIR .lnso =ρ= l        …(2.20) 

Where: 

ρ = The specific resistance (i.e. resistivity) (Ω.cm) 

k = The conductivity (Ω−1
.cm

-1
) or (S.cm

-1
); S = Siemens 

l = The solution gap between the capillary tip and the working 

electrode (cm). 

Resistance polarization is important only at high current densities 

or in high resistance electrolyte solution 
(33)

. 

All of these three types of polarization will be present to a greater 

or less extent in most corrosion reactions. 

RCATotal
η+η+η=η        …(2.21) 

But if one is more influential than the others, then it will control the 

reaction rate. 

 

2.4 Corrosion Rate Measurements: 

Besides the weight loss technqiue there are other techniques used in 

corrosion rate measurements. 

2.4.1  Linear Polarization Technique: 

The linear polarization technique in principle is a convenient and 

rapid way for determining corrosion rates
 (34)

. Although this technique 

was first developed some sixty years ago by Wanger and Traud
 (35) 

who 
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stated that the corrosion process with two coupled electrochemical 

reactions under activation control can be represented by: 
















 η
−−







 η
=

ca
.Corr

b
exp

b
expII      …(2.22) 

But it lay dormant until the early nineteen-fifties when it was used by 

Stern
 
and Geary

 (36) 
in various studies of metal dissolution in acids. Briefly 

their method rests on the mathematical consequence of expanding two 

exponential functions around the rest potential equation, (2.22), for 

relatively small increment of the exponent (i.e., for potential within about 

10 mV of the corrosion potential).  

It is observed that the applied current density is a linear function of 

the electrode potential. The slope of this linear polarization is related to 

the kinetic parameters of the system as follows: 

( )ca.corr

ca

.app I303.2i

E

β+β

ββ
=

∆

∆
     …(2.23) 

Where; βa and βc are the anodic and cathodic Tafel slopes respectively. 

Oldham and Mansfield
 (37,38) 

pointed out that for the general case it 

was unreasonable to treat polarization curve in the region near the 

corrosion potential as a straight line. They demonstrated that the 

inflection point of the polarization curve did not coincide with the point 

∆E = 0 except in the case where Tafel slopes of anodic and cathodic 

reactions of the corrosion process where equal (i.e. ca β=β ) 

In addition they noticed that, in general, it was unsuitable to take 

(10 mV) as the confines of linearization, because in most cases 

polarization curves would obviously deviate from the straight line before 

E∆  reached (10 mV). Thus equation (2.23) will bring a high percent of 

error because of no linearity near the corrosion potential. 
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2.4.2  Tafel Extrapolation Technique: 

The Tafel extrapolation method uses data obtained from either 

cathodic or anodic polarization measurements. If the potential of 

electrode (with respect to the reference electrode) is plotted against the 

logarithm of applied current then a figure similar to that shown in Fig. 

(2.5) is produced. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2.5) Tafel Extrapolation Technique on Cathodic Region. 

The applied current polarization curve indicated by points and a 

solid line. At low currents the curve is non-linear; but at higher current it 

becomes linear on a semi-logarithmic plot. Applied cathodic current is 

related to cathodic and anodic current as: 

.oxd.red.app iii −=         …(2.24) 

At high-applied currents the value of the anodic current is small 

compared with cathodic current so at high-applied current it begins to 
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approach total actual cathodic current. In actual practice, an applied 

polarization curve becomes linear on a semi-logarithmic plot at 

approximately (50 mV), more active than the corrosion potential
 (6)

. This 

region of linearity is refereed to as the Tafel region. 

To determine the corrosion rate from such polarization 

measurements, the Tafel region is extrapolated to the corrosion potential. 

At the corrosion potential, the rate of anodic and cathodic reactions are 

equal. This point corresponds to the corrosion rate of the system 

expressed in terms of current density. This method can only be applied to 

system containing one reduction process, since the Tafel region is usually 

distorted if more than one reduction process occurs. This technique has 

been used by many investigators
 (39,40) 

to measure the corrosion rate in 

inhibited and uninhibited acid solutions. 
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CHAPTER THREE 

Corrosion inhibition 
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3.1 Introduction: 

n inhibitor is a chemical substance which when added in small 

concentration to environment effectively checks, decrease or 

prevent the reaction of metal with environment
 (41)

. 

First of all, it must be clearly understood that no universal 

corrosion inhibitor exists. Each inhibitor must be tailored to the specific 

corrosion problem that needs solution
 (2)

. Inhibitors that are valuable for 

some cooling-water corrosion problems, for example, can actually be 

harmful to other cooling waters under certain circumstances. While the 

use of inhibitors for some types of corrosion can be similar to other, this 

similarity must be treated as coincidence. Even within one category of 

corrosion problem, a change in some of the factors affecting the system 

such as pH and hardness content of the water can result in the need for a 

new inhibitor or else for a new method of using the old inhibitor 
(2)

. 

To be used effectively, the inhibitor must be: 

1. Compatible with expected environment. 

2. Economical for operation. 

3. Amenable to treatment. 

4. Contribute the greatest desired effect. 

Corrosion solutions in the acidic range are more commonly 

encountered in industry than are solutions nominally neutral or alkaline. 

The importance of inhibitive practice in acidic solution is increased by 

the fact that iron and its alloys constitute the bulk of exposed metals in 

industrial and other environment. Also, iron is more susceptible to attack 

in the acidic pH range than the alkaline range 
(41)

. 

In the study of inhibitors it is nearly always important to 

quantitatively estimate the effect of inhibitor on the corrosive process. 

The efficiency of inhibitors is quite often expressed in terms of two 

A
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ratios, the retardation coefficient or inhibtive effect (γ) and the protective 

power (z) 
(16)

: 

100
k

kk
z;

k

k

o

oo ×
−

==γ      …(3.1) 

Where; 

k = Corrosion rate in presence of inhibitor. 

ko = Corrosion rate in absence of inhibitor. 

The retardation coefficient and the protective power of inhibitors 

are closely dependent on the composition of the metal undergoing 

corrosion. 

 

3.2 Theories of Inhibition: 

There is no general theory of corrosion or inhibition that is 

applicable to all situations. The corrosion mechanism can vary 

considerably depending on the corrosive factor that are present. Similarly, 

the mechanism of inhibition will vary depending on the chemical nature 

of the inhibitor and the factor causing corrosion 
(42)

. 

The most widely accepted postulated involves the formation of 

surface layers or films, which reduce the ease of access of the corrosive 

materials to the metal surface. Such scale can be formed naturally, or can 

be induced to form 
(43)

. 

 

3.2.1  The Adsorption Theory: 

The first adsorption theory of inhibitive action was proposed in 

1923 by Sievert and Lueg
 (21) 

who studied organic substances such as 

alkaloids and aromatic amines in aqueous sulfuric and hydrochloric acids. 
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Krestzfeld
 (44) 

investigated starch and yeast as inhibitors for steel in 

sulfuric acid maintained that these substances form a continuous 

insulating adsorbed layer on the metal surface. 

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 H
+
 and dissolution of metal ions. 

Schunkert
 (45) 

concluded from his studies of lyophillic colloids 

(gelatin, starch and albumen) that the inhibitors are adsorbed on the 

anodic regions of metal undergoing corrosion retarding in consequence 

the transfer of metal ions in solution. Terano and Takasaki
 (46) 

examined 

the action of sulfur containing organic inhibitors, also held the view that 

protection of metals is due to a complete adsorption film. 

Adsorption type inhibitors may obey one of the following 

isotherms: 

1. The Langmuir Isotherm: 

`The model for the Langmuir isotherm is a set of uniform 

adsorption sites and many cases of strong adsorption do not fit this 

isotherm
 (47)

. Mathematically, this isotherm is given as: 










=
θ−

θ TR

q

eCA
1

       …(3.2) 

Or 

TR303.2

q
ClogAlog

1
log ++=





θ−

θ
   …(3.3) 

Where; 

C = The inhibitor concentration. 

θ = Fraction of surface covered, i.e. degree of inhibition (or 

% protection). 

q = Heat of adsorption. 
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A = Constant for a given system. 

This isotherm is usually plotted as 







θ−

θ
1

log  against log C 
(41)

. 

A correlation between θ and C, the concentration of inhibitor in the 

electrolyte, can be achieved with Langmuir adsorption isotherm 

expressed mathematically as follows: 

Ck1

Ck

+
=θ         …(3.4) 

Or 

C
k

1C
+=

θ
        …(3.4.a) 

k is the adsorption constant 
(48)

. 

2. The Freundlich Isotherm
 (49)

: 

This isotherm is expressed as: 

nCk=θ         …(3.5) 

Where, k and n are constant for a given system at a given 

temperature. 

This isotherm can be written as: 

Clognkloglog +=θ       …(3.6) 

And is usually plotted as log θ against log C.  

3. The Temkin Isotherm 
(41)

: 

This isotherm is expressed mathematically as: 

( )CAln
q

TR
o

o α
=θ        …(3.7) 

Where; 

θ−
=

1

q
qo  
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α and Ao are constants for a given system at constant 

temperature. 

This isotherm is usually plotted as θ versus log C. 

 

3.2.2  The Overvoltage Theory 
(16)

: 

The explanation given, in a number of works, of the action of 

inhibitors in aqueous acids is based on the fact that they can be regarded 

as substances which raise the cathodic polarization of the metal surface 

under going corrosion. Those who hold this opinion consider that when 

inhibitors are absorbed on the surface no insulating layer is formed but 

the hydrogen overvoltage is merely increased. This theory has received 

that name “Theory of Cathodic Action” or “Overvoltage Theory”. 

The essential points made by supporters of the overvoltage theory 

may be summarized as follows. Ions, molecules, or colloidal particles of 

the inhibitor block the cathodic regions on the metal surface and raise the 

hydrogen overvoltage to such an extent that discharge of hydrogen ions 

can take place only very slowly. Retardation of the cathodic process 

leads, of course, to retardation of the anodic proceed to the same extent. 

This anodic retardation, however, is entirely due to the slower discharge 

of hydrogen ions, and no direct action of the inhibitor on the anodic 

reaction exists. 

The theory of overvoltage has been overthrown by experimental 

work carried out in recent years. After the discovery that all-organic 

inhibitors without exception act as polarizers of the anodic process to a 

great degree than of the cathodic process, the supporters of the 

overvoltage theory have gradually come over in favor of the adsorption 

theory. 
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3.2.3  The Film Theory: 

The relation between the retardation coefficient and the 

concentration of inhibitor has the form of adsorption isotherm. On this 

basis, Sieverts and Lueg
 (21) 

proposed the concept of an adsorptive 

mechanism of inhibitive action. They studied the protective action of 

alkaloids during the solution of iron in acids. They concluded that a 

protective film is formed on the metal as a result of ordinary physical 

adsorption. According to their observations the retarding action of an 

inhibitor (due to adsorption) appears to rapidly disappears as quickly 

(owing to desorption) when the metal is transferred into acid containing 

no inhibitor. 

Later, however, many workers recorded other facts. Thus Mann, 

Laver and Multin
 (50) 

established the retention of protective activity by an 

inhibitor for as much as 16 h, after the specimen had been transferred 

from sulfuric acid containing the inhibitor to fresh acid with out inhibitor. 

Fromeuk and Sharre
 (51) 

observed that steel samples previously 

immersed in acid containing inhibitor, remain in the passive state not only 

after being washed, but even after being dried. 

These facts forced some investigators to abandon the explanation 

of protective action of inhibitor by exclusively physical adsorption. 

Becker and Zisman
 (52) 

suggested a considerable “electron interaction” 

between the molecules of nitrogenous inhibitors and the metal surface. 

Genny and Hugel
 (53) 

established in 1954 that when mercaptanes are 

used as inhibitors against acidic corrosion of iron, they are decomposed in 

contact with the metal on the surface of which a protective layer of iron 

sulfide is formed. The protective action of mercaptanes, more over, 

increases with decreasing chemical stability. 
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The inadequacy of the adsorption theory of inhibitive action is, 

therefore, evident in a number of cases, although it would be wrong to 

deny the significance of physical adsorption as the first step in the 

formation of protective film. When adsorption does take place it 

undoubtedly facilitate the formation of the protective film. 

Appreciably effective protection of metals by inhibitors is due to 

the formation, on the metal surface, of a layer of products of reaction 

between the metal, the inhibitor and the ions of the corrosive medium. 

Experiments have shown that all substances that are active corrosion 

inhibitors are capable of reacting with the metal and its ions, forming 

insoluble or only slightly soluble compounds. 

Authors treat adsorption phenomena in different ways. In examining 

the role played by surface compounds in corrosive processes we shall 

use the classification and terminology introduced by Shilov and 

Chmutov
 (54)

, Lepin
 (55) 

and Dubinin
 (56)

. According to their definition, 

chemisorption represents a process of adsorption of the substance by 

means of heterogeneous reaction that gradually spreads through the 

whole bulk of solid. In other words, the molecules of the surrounding 

medium react in this process with the molecules or atoms of the solid 

producing a new substance in the form of an independent phase, for 

example absorption of oxygen by copper turnings. This process is to 

clearly distinguished from molecular physical adsorption. The kinetics 

are governed by the law of heterogeneous reactions; the system is 

usually slow to reach a state of equilibrium, and a considerable 

activation energy is required for the process to take place. 
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3.3 Effect of Inhibitor Concentration: 

Investigators of acid corrosion soon learn that there is a 

characteristic relation between inhibitor concentration and loss in weight 

of the metal specimen. As the concentration of inhibitor increases, the 

weight loss decreases and tends to approach a low constant value, which 

depends on the properties of particular inhibitor
 (41)

. This typical relation 

between concentration of inhibitor and corrosion rate is shown in Fig. 

(3.1.a and b). Figure (3.1.a) shows the relation between inhibitor 

concentration and weight loss, and Fig. (3.1.b) shows the relation 

between inhibitor concentration and degree of inhibition. Sieverts and 

Lueg
 (21)

,
 
who showed that Fig. (3.1.b) has the form of an adsorption 

isotherm, were the first to investigate these relations. This led them to 

suggest an adsorption mechanism for the action of organic corrosion 

inhibition. Particularly all organic and many inorganic inhibitors in small 

concentrations in acidic and neutral media slow down corrosion in a way 

shown by these curves. 

 

 

 

 

 

 

 

 

 

 

   (a)      (b) 

Fig. (3.1) a- Typical Curves Showing Drop in Corrosion Rate as a Function of Inhibitor 

Concentration. And b- Typical Curves Showing Increased Efficiency as a Function of 

Inhibitor Concentration. 
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Mann
 (50) 

suggested that inhibitors are effective because of their 

adsorption on cathodes. More recent investigators
 (57-59) 

believed that 

adsorption is generally and further that it is both physical and chemical in 

nature. 

The classical relation between the concentration of an adsorbate 

and the amount of adsorption had been shown by Langmuir
 (41)

. He 

showed that the fractional surface, S, covered by adsorption is related to 

the concentration, C, of the adsorbed species in solution by the relation: 

Cba1

Ca
S

+
=         …(3.8) 

Where; a and b are a characteristic constants for the specific adsorbate. 

This equation can be put into a form useful in corrosion research as 

follows: 








 −
=

o

o

W

WW
kS         …(3.9) 

Where: 

Wo = The loss in weight per unit area per unit time in absence of an 

inhibitor. 

W = The loss in weight per unit area per unit time in presence of 

inhibitor. 

Combining equation (3.8) and (3.9), a direct relation between the 

amount of metal dissolved and the free surface available, the following 

relation can be obtained. 

B
C

1
A

WW

W

o

o +






=
−

       …(3.10) 

Where A and B are constants. 
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Method of testing inhibitor efficiency for low carbon steel in acid 

solutions is based on measurement of weight loss or the volume of 

hydrogen evolved during corrosion. From data developed by such 

experiments, plots can be drawn showing the corrosion rate as a function 

of inhibitor concentration, temperature … etc
 (14, 60)

. These methods can 

be used also to determine whether or not adsorption of a given inhibitor 

occurs according to one of the known adsorption isotherms. 

Kosting and Heins
 (61) 

studied the corrosion of metals by crude 

phosphoric acid and C.P.
*
 acids. Accelerated corrosion tests on 52 metals 

and alloys were carried out under various conditions using 10, 25, 50 and 

85 percent of C.P. acids. Arsenic, pine oil, mucilage and pyridine inhibit 

the attack of concentrated acid on iron. Arsenic is an efficient inhibiting 

agent. Figure (3.2) shows the effect of various quantities of arsenic 

pentoxide on the corrosion of iron in 85 % C.P. acid at 80 °C. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3.2) Effect of Arsenic on Corrosion of Iron by Phosphoric Acid. 

                                         
*
  The C.P. phosphoric acid is the product of both J. T. Backer Chemical Company 

and the Mallinckvodt Chemical Company. 
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Sanyal and Srivastava
 (62) 

showed that an onium compound 

(triphenyl benzyl phosphonium chloride) was an effective inhibitor for 

the dissolution of mild steel in hydrochloric acid in all practical 

conditions. The effect of concentration of onium (10
-5

 % to 10
-1

 %) on its 

inhibitive efficiency (θ) in 2 M HCl indicated that the efficiency 

increased with concentration of inhibitor from 34 % at 10
-5

 % to 87 % at 

10
-1

 %. Adsorption studies based on weight loss measurements show that 

adsorption of onium obeys the Freundlich adsorption isotherm. 

Maitra and Chakraborty
 (63) 

studied the inhibitive effect of 

guanylthiourea for mild steel in both H2SO4 and HCl acids. Results 

showed that guanylthiourea has a strong inhibiting effect for the corrosion 

of Fe in both acids, but more efficient in H2SO4. Corrosion rates 

(measured by weight loss) decreased with increasing the inhibitor 

concentration, the percent efficiency ranged from 92-98 % for 

concentrations of 0.7-11.2 g/l in 6 % w/w H2SO4. For 6 % w/w HCl acid, 

percent efficiencies were 77.9 and 89.9 for 1.6 and 25 g/l respectively. 

Sathianandhan et al.
 (64) 

studied the inhibitive effect of triazoles on 

the corrosion of mild steel in HCl, H2SO4, H3PO4 and HNO3 acids. The 

inhibition efficiency obtained with benzotriazole in different acids (0.1 

N), indicates that benzotriazole effectively decreases the corrosion rate in 

all acids studied. Generally, they found that the inhibition efficiency 

increased with increasing the inhibitor concentration. The same behavior 

was obtained for other types of triazoles (i.e., triazole, aminotriazole and 

thiourea). 

Schweinsbergy and Ashowrth
 (65) 

studied the inhibtive effect of n-

butyl, n-dodecyl and n-hexadecyl ammonium iodides on the corrosion of 

pure iron in 0.5 M H2SO4 at 30 °C using potentiostate polarization 

technique. Each compound is adsorbed in accordance with the Langmuir 
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adsorption isotherm. Heusler and Cartledge
 (66) 

found that iodide ions 

were adsorbed on pure iron in 0.5 M H2SO4 acid at 23 °C according to 

Langmuir adsorption isotherm. 

3.4 Corrosion Inhibitors: 

It is more advantageous to classify inhibitors according to the 

fundamental chemical reactions responsible for their effectiveness. On 

these bases, inhibitors may be divided into four major classes as follow
 (43)

: 

1. Proton Acceptors: 

This group includes all those inhibitors that pick up a proton or 

hydrogen ion in solution and drift to the cathodic area. It includes 

most organic inhibitors useful in acid media, especially in pickling 

operations such as pyridine, quinoline, urea, thiourea and aromatic 

substituted amines … etc. In general, this group of inhibitors will be 

effective because of their action at cathodic area. 

2. Electron Acceptors: 

 This group will include all substances that act as inhibitors because of 

their ability to pick up electrons. They will be effective because of 

their action at anodic areas, and will include besides regular anodic 

inhibitors those materials commonly known as passivators. 

Compounds that may be listed in this group are chromates, nitrites, 

organic peroxides … etc., and they will most effective in inhibiting 

reactions which are under anodic control. Even oxygen itself, when it 

reacts as a passivating agent, may be included in this group. 
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3. Overvoltage Modifiers: 

This group is made up of all those materials, which owe their 

effectiveness principally to the changes they bring about in 

overvoltage characteristics at the anode and cathode areas. It will 

include materials such as antimony and arsenic salts, which are 

effective in inhibiting corrosion of iron under acidic conditions due 

to the displacement of small amounts of the antimony or arsenic by 

the iron. The antimony and arsenic, having a high hydrogen 

overvoltage will cause the reaction to shift to effective cathodic 

control. The group also includes so-called “depolarizers” materials 

such as nitrates, which due to their action in speeding up the 

combination of liberated atomic hydrogen to molecular hydrogen 

or conversion of liberated hydrogen to water. 

4. Barriers: 

Materials such as glue, agar, molasses, yeast, flour … etc., although 

they do act in part to increase anodic or cathodic polarization, or both, 

apparently owe most of their usefulness as inhibitors to their direct 

effect on the viscosity of the solution. This change in viscosity is 

especially important at the interface between metal and solution and at 

interfacial areas that foreign addition agents will tend to collect. Most 

of the rate determining phenomena in reactions involving the 

dissolution of metals including corrosion, generally occur in a thin 

layer of the liquid, only a few microns in thickness, adjacent to the 

metal surface. 
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CHAPTER FOUR 
Experimental work 
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mersion testes and polarization experiments were performed with 

low carbon steel in 7N phosphoric acid, temperature range of 30-60 

o
C and 4-10 g/l potassium iodide as a corrosion inhibitor.  

4.1 Materials 

4.1.1 Electrodes: 

The material of electrodes was low carbon steel (ASTM 108) having 

the following composition: 

C=0.0506% S=0.0158% Ni=0.051% 

Mn=1.071% Cr=1.377% Si=0.035% 

The remainder is iron (97.3996 %) 

4.1.2 Solutions: 

Analar phosphoric acid was used throughout the experiments as 

a corrosive solution after dilution to 7 N (13% wt.) with distilled 

water. The specifications of the acid used were as follows: 

Concentration 90% w/w H3PO4 

Specific gravity 1.75 

Maximum limits of impurities (%) 

Chloride (Cl) 0.025 

Sulfate (SO4) 0.2 

Iron (Fe) 0.025 

 

Analar acetone and benzene were used for cleaning the metal 

specimen before and after each test. 

 

I 
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4.1.3 Chemicals 

Potassium iodide used as a corrosion inhibitor for low carbon 

steel in H3PO4 through this investigation. The used potassium iodide 

has the following specifications 
(67)

: 

Description Colorless or white granules 

Formula KI 

Molecular weight 166 g/gmole 

Melting point 723 
o
C 

Boiling point 1420 
o
C 

Density 3.89 g/cm
3
 

Min. assay 99% 

Max. Limits of Impurities (%) 

Iodate (IO2) 0.001 

Lead (Pb) 0.002 

Sodium (Na) 0.2 

Sulfate (SO4) 0.01 

 

4.2 Weight Loss Measurements  

Specimens of dimension (1×3 cm) and thickness of 0.1 cm, 

rectangular in shape were used exposing about 6.8 cm
2
 of its surface 

to the aggressive solution. The specimens were first degreased with 

analr benzene and acetone, second annealed in vacuum at 600
o
C for 1 

h, third furnace cooled down to room temperature, and then in the last 

kept in a desicater over silica gel bed until use. Samples were abraded 
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in sequence under running tap water using emery paper of grade 

number, 220, 320, 400 and 600 then washed with running tap water 

followed by distilled water. Then dried with clean tissue, immersed in 

acetone and benzene, dried again, and in the end kept in a desicater 

over silica gel bed until time for use. The dimensions of each sample 

were measured with a vernier to 2
nd

 decimal of millimeter and 

accurately weighted to the 4
th
 decimal of gram. 

For weight loss measurements, the metal samples were completely 

immersed each in 250 cm
3
 solution of the corrodant contained in ca 

conical flask. They were exposed for a period of 3 h at the desired 

temperature, normality and inhibitor concentration. Then the metal 

samples were cleaned, washed with running tap water followed by 

distilled water dried with clean tissue then immersed in acetone and 

benzene and dried again. Weight losses were determined in presence 

and absence of inhibitor. 

4.3 Potentiostatic Polarization: 

4.3.1 Description of the System: 

Tests were carried out in one-liter polarization glass cell, as 

shown in Figure (4.1). The cell was equipped with six necks, five of 

them were used, one for the working electrode, two for the counter 

platinum electrode, one for immersing a thermometer in order to 

observe the test temperature and a spherical joint for manipulating the 

lugging capillary probe. 

The working electrode was (1×3 cm) carbon steel flat specimen, 0.1 

cm thick, with small hole of about 1 mm diameter near the end of 

specimen for connecting. Point of connection was insulated in order to 

prevent any effect may yield from coupling. 
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Platinum electrode was used as the counter electrode each has a 

dimension of (3.5×1 cm), a wire was connected to the platinum, and 

the platinum connected to a plastic plate with epoxy. 

Saturated Calomel Electrode (SCE) was used as a reference electrode. 

To ensure that KCl solution was saturated; a small amount of KCl 

(solid) was kept in the solution of SCE as long as the test. 

Polarization was carried out by using potentistate (model 551) 

supplied by Amel (Italy). This potentiostate was connected to 

voltmeter and ammeter to read voltage and current respectively. 

Voltmeter and ammeter were both of the type Hamorabi-3 supplied by 

Electronic Baath Institute (Iraq). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4.1) Electrochemical Corrosion Cell. 
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4.3.2 Specimen Preparation: 

The specimens were cleaned by washing with tap water 

followed by distilled water, degreased by analr benzene and acetone. 

Then annealed in vacuum at 600
o
C for 1 h and were furnace cooled 

under vacuum down to room temperature.  They were store in a 

desicater over silca gel bed until use. The specimens dimensions were 

measured by a vernier to the 2th decimal of millimeter. Before each 

test, specimens were abraded in sequence emery paper of grade 

number, 220, 320, 400 and 600 under running tap water on 

METASERN hand grinder tray (England), washed with running tap 

water followed by distilled water. Then the specimen was dried with 

clean paper tissue, degreased and rinsed with benzene and acetone 

respectively and dried with paper tissue and was left to dry out for one 

day over silica gel till its time of test. 

4.3.4 Procedure: 

Before each test, the cell and electrode was washed with 

running tap water followed by distilled water and then by test H3PO4 

solution. The working electrode as immersed in the flask to about 3 

cm from the solution surface. The capillary tip was placed about 1 mm 

from the working electrode. After preparation of the working electrode 

the corrosion cell parts were joint to each other, then connected to the 

potentiostate. The polarization began after the corrosion potential 

variation with time was equal to about 1 mV/min. the polarization was 

carried out beginning from a low potential of -700 mV until reach the 

corrosion potential. The potential was changed to 25 mV for each step 

and waiting for one minute, and then the current was recorded. 

Polarization continued to about 150 mV above the corrosion potential 
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CHAPTER FIVE 

Results & discussion 
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he corrosion of carbon steel in 7 N phosphoric acid containing 

different concentrations of potassium iodide as corrosion inhibitor 

has been investigated by weight loss and polarization techniques at 

a temperature range of 30-60 °C. 

5.1 Weight Loss Measurements: 

Table (5.1) summarizes the results of 20 test runs using weight loss 

technique of low carbon steel corrosion is 7 N H3PO4 acid solution as a 

function of temperature in the absence and presence of potassium iodide 

as corrosion inhibitor. 

Table (5.1) Effect of Temperature on the Corrosion Rate of carbon Steel 

in 7 ' H3PO4 in Absence and Presence of KI as Corrosion Inhibitor. 
 

Inhibitor Concentration 
(g/l) 

Temperature 
(°C) 

Corrosion Rate, Immersion 
Rate 3 h (gmd)* 

Nil 

30 
40 
50 
60 

500.23 
2089.89 
4183.41 
6696.07 

4 

30 
40 
50 
60 

31.46 (93.7)** 
58.32 (97.2) 
84.50 (97.98) 

190.37 (97.16) 

6 

30 
40 
50 
60 

26.33 (94.73) 
32.62 (98.43) 
38.64 (99.07) 

112.25 (98.32) 

8 

30 
40 
50 
60 

18.79 (96.24) 
19.82 (99.05) 
34.87 (99.16) 

108.60 (98.37) 

10 

30 
40 
50 
60 

14.66 (97.06) 
15.915 (99.23) 
16.97 (99.59) 
57.40 (99.14) 

 

* gmd means g/m
2
.day 

** Values in brackets show percent efficiency as:  

100
.InhwithoutRate.Corr

.InhwithRate.Corr
1 ×








−=θ  

T
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5.1.1  Corrosion Rate Evaluation: 

5.1.1.1 Uninhibited Acid: 

Weight loss measurements were used to calculate the corrosion 

rates in uninhibited acid solutions at different temperatures after 3 h 

exposure time. It was found that the corrosion rate in 7 N phosphoric acid 

increased from 500.23 to 6696.07 gmd as the temperature increased from 

30 to 60 °C. Figure (5.1) shows the variation in corrosion rate with 

temperature. The corrosion rate increases sharply with increasing 

temperature and the relationship between the temperature as a variable 

and the corrosion rate is exponential, as shall be discussed later on 

according to the Arrhenius equation. 
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5.1.1.2 Inhibited Acid: 

Generally the addition of potassium iodide reduces the corrosion 

rate markedly. Table (5.1) and Fig. (5.2) show the variation in corrosion 

rate with the inhibitor concentration at various temperature levels. It is 

clear that the corrosion rate decreases with increasing the concentration of 

inhibitor at any used temperature. 

The effect of temperature on corrosion rate for different inhibitor 

concentration is expressed in Fig. (5.3). This figure shows that the 

corrosion rate increases with increasing temperature at all studied 

inhibitor concentration. 

At inhibitor concentration of 4 g/l, the corrosion rate increases 

significantly when the temperature increased from 30 to 60 °C. The effect 

of 6 g/l inhibitor concentration is less than 4 g/l. While at inhibitor 

concentration of 8 and 10 g/l the temperature increases corrosion rate 

slightly. 

Values of inhibitor efficiency increase with increasing inhibitor 

concentration. Figure (5.4) shows the variation of inhibitor efficiency 

with inhibitor concentration. It varies as follows; from 93.71 to 97.15 % 

at 4 g/l inhibitor concentration, from 94.73 to 98.32 % at 6 g/l, from 

96.24 to 98.37 % at 8 g/l, and from 97.06 to 99.14 % as the temperature 

increased from 30 up to 60 °C. 

Figure (5.5) shows the effect of temperature on inhibitor efficiency. 

Inhibitor efficiency increases with increasing the temperature up to 50 °C 

then the efficiency reaches a maximum value of 99.59 % at 50 °C at 10 

g/l. This increase in inhibitor efficiency with temperature is presumably 

due to an increase in chemisorption of the inhibitor. Above 50 °C (i.e. at 

60 °C), the values of efficiency decreases, this might be attributed to 

desorption of potassium iodide. 
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5.1.2  Inhibitor Performance: 

It was shown that increasing the inhibitor concentration from 4 to 

10 g/l led to a decrease in corrosion rate to very low values. Figure (5.2) 

shows this situation clearly. It is clear from this figure that the corrosion 

rate approaches its minimum value when the inhibitor concentration is 10 

g/l. This might be due to that 10 g/l inhibitor concentration is enough to 

cover the metal surface especially at the temperature range of 30-50 °C. 

In 8 g/l inhibitor concentration, the effect of inhibitor concentration 

will be less than in 10 g/l. The increase of temperature from 30 to 40 °C 

does not lead to significant change in the corrosion rate values (only 5 % 

increasing in corrosion rate value, when temperature increased from 30 to 

40 °C). But when the temperature increased to 50 and 60 °C, the 

corrosion rate values changed markedly. 

At inhibitor concentration of 6 and 4 g/l it is shown in Fig. (5.2) 

and Table (5.1). The reduction in corrosion rate is small and it decreases 

with temperature increase. 

The surface coverage (θ) data are very useful while discussing the 

adsorption characteristics. The surface coverage of inhibitor at a given 

concentration is calculated using the following equation: 









−=θ

Un

In

W

W
1         …(5.1) 

Where WIN and WUN are the weight loss corrosion rates with and without 

inhibitor respectively.  

The plot of θ (%) vs. inhibitor concentration (g/l) of potassium 

iodide is found to generally increase with inhibitor concentration and 

approaches 99.59 % in 7 N H3PO4 acid at 50 °C with 10 g/l of the 

inhibitor. 
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Figure (5.4) shows the variation in the inhibitor efficiency with 

inhibitor concentration in 7 N H3PO4 acid. The highest inhibitor 

efficiency is 99.59 % at 50 °C and 10 g/l of the inhibitor. While the 

lowest inhibition efficiency is 93.71 % at 30 °C and 4 g/l inhibitor 

concentration. 

The corrosion rate data can be used to analyze the adsorption 

mechanism. The Langmuir isotherm
 (68) 

was expressed as: 

CK1

CK

+
=θ          …(3.4) 

Where; 

K is the equilibrium constant for the adsorption isotherm representing 

the degree of adsorption (i.e., the higher the value of K indicates that 

the inhibitor is strongly adsorbed on the metal surface. 

C is the inhibitor concentration (g/l), and 

θ is the surface coverage. 

Rearranging equation (3.4) will give: 

C
K

1C
+=

θ
         …(3.4.a) 

Figure (5.6) shows plots of C/θ vs. C for potassium iodide inhibitor 

in 7 N H3PO4 acid at 30, 40, 50 and 60 °C. The data fit straight lines 

indicating that potassium iodide is adsorbed according to the Langmuir 

adsorption isotherm. From the intercept of the straight line on the C/θ 

axis, K values are to be calculated as given in Table (5.2). 

Heusler and Cartledge
 (66) 

found out that iodide ions were adsorbed 

on pure iron in 0.5 M H2SO4 acid at 23 °C according to Langmuir 

isotherm. 
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Table (5.2) Equilibrium Constant for Langmuir Type Adsorption of the 

Inhibitor on Low Carbon Steel in 7 N H3PO4 Acid at Different 

Temperatures. 
 

Temperature (°C) K Value (g/l)
-1 

Slope 

30 3.62 1.004 

40 7.32 0.9935 

50 9.87 0.9943 

60 7.60 0.9969 

 

The equilibrium constants for potassium iodide is the highest at 50 

°C, i.e. 98-99.59 % inhibition, and the lowest value is at 30 °C, i.e. 93.71-

97.06 % inhibition, as shown in Table (5.1). This suggest that at 50 °C 
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potassium iodide gives the highest coverage at any concentration and the 

lowest at 30 °C. 

It is also seen that values of K are approximately similar at 40 and 

60 °C (i.e., 97.21-99.23 % inhibition at 40 °C and 97.15-99.14 % 

inhibition at 60 °C). 

The rectilinear nature of Fig. (5.6) indicate an increase in 

adsorption with an increase in concentration of inhibitor and that 

adsorption occurs in accordance with Langmuir adsorption equation (i.e., 

equation 3.4). It is also noted in Fig. (5.6) that the lines accumulated and 

approximately looked like one line, this is due to the very close range of 

inhibition efficiency (i.e., 93.71-99.59 %). 

 

5.1.3  Effect of Temperature: 

Activation energies of low carbon steel in 7 N H3PO4 in presence 

and absence of potassium iodide are calculated from Arrhenius plots (Fig. 

5.7). 

It is observed that in uninhibited 7 N H3PO4 acid solution, the 

activation energy of the dissolution process is 17 kcal/mole. Several 

values given in the literature for the activation energy. Riggs
 (22) 

obtained 

an average value of 17.5 kcal/mole for the corrosion of carbon steel in 45, 

70, 80 and 85 % wt. H3PO4 at the temperature range of 50-83 °C. While 

Mathure and Vasudevan
 (19) 

obtained a value of 15.7 kcal/mole. 

Table (5.3) shows the values of activation energy in presence of KI 

in 7 N H3PO4 acid. Thus, as shown in this Table, the activation energy in 

presence of inhibitor is lower than uninhibited H3PO4 (i.e., 17 kcal/mole). 

Since only small differences are observed between the values of 

activation energy calculated at different concentration, the activation 
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energy is considered to be essentially a constant (mean) value of 9.9 

kcal/mole for potassium iodide independent of its concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (5.3) Activation Energies for the Corrosion of Low Carbon Steel in 

7 ' H3PO4 Acid Containing KI as the Corrosion Inhibitor. 

 

Inhibitor Concentration (g/l) Activation Energy (kcal/mole) 

4 11.41 

6 8.795 

8 11.343 

10 8.024 
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The decrease in the value of activation energy appears to be 

paradoxical. However, Putilova
 (16) 

attributed this to increased coverage of 

the metal surface by the inhibitor at higher temperatures and also 

suggested that the rate of formation of the chemisorbed passive film may 

be greater than its rate of dissolution at higher temperatures. 

El-Anadouli et al.
 (69) 

obtained a values of activation energy for the 

corrosion of iron in 1 N H2SO4 in absence and presence of TSC
*
, TU

**
 

and TA
***

. They found that activation energy was independent of 

inhibitor concentration, therefore, they took a constant mean value. 

Ideally, a corrosion inhibitor is a substance which greatly increases the 

activation energy of corrosion and/or adsorbs on the surface and prevents 

it from corroding. None of the used compounds increases the value of the 

activation energy. TSC has virtually no effect on the activation energy, 

both TU and TA decrease it notably. This suggests that TSC dose not 

interfere with the kinetics of the corrosion reaction. On the other hand, 

the presence of TU and TA in the corrosive medium modifies the kinetics 

of corrosion reaction by offering alternate reaction paths with lower 

activation energies. 

Desai and Desai
 (39) 

found that the activation energy in the presence 

of aldehydes was lower than those of uninhibited HCl, showing that there 

is an improvement in their efficiency with an increase in temperature. 

 Ateya et al.
 (70) 

suggested to determine the activation energy of a 

constant inhibitor activity at the metal surface, i.e. constant degree of 

coverage.  

 

                                         
*
  TSC = Thiosemicarbazide 

 
**

  TU = Thiourea 
 
***

  TA = Thioacetamide 
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5.2 Potentiostatic Polarization: 

The corrosion behavior of carbon steel in 7 N H3PO4 solution with 

and without inhibitor was studied using the polarization technique. 

A total of 20 runs were made; 4 runs for uninhibited solution and 

the remaining for inhibited solutions. The runs were carried out in 

duplicate. The electrode potentials are expressed relative to the Saturated 

Calomel Electrode (SCE). 

 

5.2.1  Corrosion Potential Measurements: 

The steady state of corrosion potential was measured from 

experimental runs, with variation of electrode potential with time equaled 

to 1 mV/min. 

The corrosion potential at various temperatures and inhibitor 

concentrations are given in Table (5.4). 

Table (5.4) Corrosion Potential Values at Different Conditions. 

Run NO. Temp. (°C) Inh. Conc. (g/l) Ecorr (mV) 

1 30 

Nil 

-495 

2 40 -497 

3 50 -515 

4 60 -522 

5 30 

4 

-418 

6 40 -462 

7 50 -440 

8 60 -463 

9 30 

6 

-460 

10 40 -450 

11 50 -465 

12 60 -466 

13 30 

8 

-425 

14 40 -442 

15 50 -448 

16 60 -485 

17 30 

10 

-405 

18 40 -480 

19 50 -469 

20 60 -474 
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Table (5.4) shows, generally, that corrosion potential influenced by 

both temperature and inhibitor concentration. In the absence of inhibitor, 

the corrosion potential shifts to more noble direction (positive value) as 

the temperature decreased. 

Orjela and Boden
 (71) 

studied the corrosion of Fe-Cr alloy in H3PO4 

solution by means of linear polarization technique at 25 °C. They found 

that the corrosion potential was –512 mV in 1.66 M acid. 

Lizlovs
 (72) 

detected that the corrosion potential of type 304 

austenitic stainless steel in reagent grade 85 % H3PO4 acid move in the 

positive direction from –256 to –246 mV as the temperature decreased 

from 130 to 80 °C. 

Generally the same behavior is shown in Table (5.4) in presence of 

inhibitor. 

The effect of inhibitor concentration on the corrosion potential is 

also shown in Table (5.4). The addition of any concentration of potassium 

iodide to 7 N H3PO4 acid shifts the corrosion potential to the positive 

direction. 

Sathianandhn et al.
 (64) 

studied the inhibition efficiency of triazoles 

on the corrosion of mild steel in HCl, H2SO4, H3PO4 and HNO3. They 

found that the addition of benzotriazole shift the corrosion potential in the 

positive direction.  

Heusler and Cartledge
 (64) 

found that addition of KI to 0.5 M H2SO4 

shifted the corrosion potential to more noble values. Shifting of corrosion 

potential in the positive direction explain the anodic nature of potassium 

iodide (as will be discussed later on), which inhibits the anodic reaction 

more than the cathodic one, Fig. (5.8.a). While Fig. (5.8.b) describes the 

opposite behavior. 
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 (a)        (b) 

Fig. (5.8) Schematic Evans Diagram Showing the Effect of  

Inhibitor on both Anodic and Cathodic Reaction. 

1- Uninhibited Acid, and 2- Inhibited Acid. 

 5.2.2  Corrosion Current Density: 

Figures (5.9-5.13) show the polarization curves at different 

temperatures and different inhibitor concentrations.  

The corrosion current densities were estimated by Tafel 

extrapolation
 
of

 
the

 
cathodic and anodic curves to the corrosion potentials. 

The Tafel slopes were evaluated as well. 

Table (5.5) shows the corrosion current densities, cathodic and 

anodic Tafel slopes, and the inhibitor efficiency at different temperatures 

and inhibitor concentrations. 
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Table (5.5) shows that the values of corrosion current densities 

increase with increasing the temperature in both the presence and absence 

of inhibitor. It is also shown that the corrosion current densities decrease 

with increasing the inhibitor concentration at any temperature. The same 

behavior was obtained from weight loss technique. 

In uninhibited acid solution, Table (5.5) shows that the values of 

cathodic Tafel slopes range between 95-137 mV in a good agreement 

with the theoretical cathodic Tafel slope for hydrogen evolution reaction 

of 118 mV
 (73)

. The deviation from 118 mV may be ascribed to change in 

symmetry of energy barrier (i.e., α ≠ 0.5) 
(74)

. 

In inhibited acid solution, the cathodic Tafel slopes were found to 

vary over a range of 80-139 mV. 

Table (5.5) Corrosion Parameters obtained  from thePotentiostatic Polarization 

Curves at Different Temperatures and Inhibitor Concentrations. 

Temp. (°°°°C) Inh. Conc. 

(g/l) 

icorr (mA/cm2) bc (mV) ba (mV) θθθθ (%) 

30 

Nil 

0.426 117 84  

40 0.933 126 80 

50 2.585 95 87 

60 12.841 137 94 

30 

4 

0.0525 112 60 0.88 

40 0.357 139 68 0.64 

50 0.7943 131 42 0.70 

60 0.8912 133 51 0.93 

30 

6 

0.0316 82 62 0.93 

40 0.1778 111 30 0.81 

50 0.446 114 31 0.84 

60 0.5012 108 33 0.95 
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30 

8 

0.00676 83 50 0.98 

40 0.0681 115 35 0.93 

50 0.223 93 32 0.91 

60 0.316 96 43 0.97 

30 

10 

0.00282 86 53 0.99 

40 0.0316 120 61 0.97 

50 0.1698 80 34 0.93 

60 0.1995 133 36 0.98 
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By comparing the bc range obtained in inhibited acid with that in 

uninhibited acid it can notice that the addition of inhibitor (4-10 g/l) 

generally does not lead to a significant change in cathodic Tafel slope. 

Thus indicating that the reaction mechanism did not altered due to the 

addition of inhibitor. 

Yaro
 (75) 

found out a range of 114-142 mV of a cathodic Tafel slope 

for the corrosion of carbon steel in HCl acid and a range of 91-161 mV in 

inhibited HCl solutions containing 1-naphthylamine as a corrosion 

inhibitor. 

Desai and Desai
 (39) 

found that the value of bc was 125 and 130 mV 

for the corrosion of mild steel in uninhibited 1 N HCl and inhibited acid 

by acetylacetone respectively at 35 °C. 

Anodic Tafel slopes were also obtained, Table (5.5) shows that the 

values of ba in inhibited 7 N H3PO4 acid solution varies over a range of 

80-94 mV. In inhibited acid solution values of ba decreased and vary over 

a range of 30-68 mV. 

Driver and Meakins
 (76) 

estimated a range of ba (65-80 mV) with a 

mean value of 72 mV and a range of 64-77 mV with a mean value of 71 

mV for the corrosion of mild steel in 0.5 M H2SO4 and 1 M HCl acids 

respectively. The variations observed in the values of ba with steel may be 

ascribed to inhomogeneity in the surface. They found that values of ba 

decreased to a minimum of about 33 mV in presence of n-

decyltriethylammonium bromide (TEAB) as corrosion inhibitor in 0.5 M 

H2SO4. They also found that other quaternary ammonium inhibitors with 

n-alkyl chains of between 8 and 14 carbon atoms also caused large 

decreases in ba. The lowest value being about 20 mV for theC8- and C10-

isoquinolinium bromides. In 1 M HCl, the changes in ba were in the same 

direction as in 0.5 M H2SO4 but were mostly much smaller. 
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From the polarization curves, the addition of any concentration of 

potassium iodide to 7 N H3PO4 led to increase both the anodic and 

cathodic polarization. This indicate that potassium iodide is a mixed 

inhibitor with predominate effect on the anodic reaction. 

The effect of low concentration of KI on the cathodic polarization 

curves was small as compared with anodic polarization curves. At high 

KI concentrations, generally, the corrosion potential shifted to more noble 

values and the corrosion current density decreased. Which indicates that 

the iron dissolution was inhibited to a greater extent than the hydrogen 

evolution
 (66)

. 

Sanyal and Srivastava
 (62) 

observed that in comparison with the 

uninhibited HCl acid the anodic polarization of the corrosion of mild steel 

increased to some extent by the addition of potassium iodide. 

Iofa et al.
 (77,78) 

noticed that iodide, which is the strongest inhibitor 

among the halogenide ions, decreases the rate of both the evolution of 

hydrogen and the dissolution of iron by being adsorbed on the iron 

surface. The inhibiting action increases with the concentration of the 

halogenide ion in the solution. 

5.2.3  Inhibitor Efficiency: 

Values of inhibitor efficiency (θ), listed in Table (5.5), represents 

the overall efficiency obtained from potassium iodide. This efficiency 

produced by conjoint action of inhibitor on the anodic and cathodic 

reactions. Figures (5.10-5.13) show that the addition of potassium iodide 

to 7 N H3PO4 causes appreciable displacement of anodic Tafel lines 

toward lower current values whereas the cathodic lines are almost 

unaffected. Upon further increases in inhibitor concentration, 

displacement of the cathodic Tafel lines occur but it is much less than the 

displacement of the anodic lines. 
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In order to explain the effect of KI on the anodic and cathodic 

reactions, two current densities values were taken from polarization 

curves at a cathodic and anodic potential of –600 and –375 mV 

respectively. 

Cathodic inhibition efficiency (θc) at –600 mV and anodic 

inhibition efficiency (θa) at –375 mV are listed in Table (5.6) at different 

temperatures and inhibitor concentrations. 

Values of θc and θa are calculated using an equation similar to 

equation (5.1). 
 

Table (5.6) Cathodic and Anodic Inhibition Efficiency at Different 

Operating Conditions. 

 

Inh. Conc. (g/l) Temp. (°C) 
Cathodic (θc)  

at –600 mV 

Anodic (θa)  

at –375 mV 

4 

30 

0.39 0.9915 

6 0.53 0.9912 

8 0.74 0.9922 

10 0.82 0.998 

4 

40 

0.56 0.75 

6 0.396 0.973 

8 0.76 0.968 

10 0.88 0.983 

4 

50 

0.394 0.956 

6 0.498 0.93 

8 0.648 0.973 

10 0.661 0.974 

4 

60 

0.89 0.926 

6 0.97 0.979 

8 0.81 0.951 

10 0.87 0.959 

 

Table (5.6) shows that the values of anodic inhibition efficiency are 

higher than the cathodic inhibition efficiency, which explain the 

displacement of anodic Tafel lines towards lower current values. 
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Cathodic inhibition efficiency is generally increased with 

increasing inhibitor concentration and sometimes with temperature. This 

might be attributed to increase in the chemisorption of KI to the metal 

surface and that the increase in concentration of KI is possibly just 

enough to effect the cathodic reaction as well. 
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CHAPTER SIX 
Conclusions & recommendation 
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6.1 Conclusions: 

he following conclusions could be drawn from the present 

investigation: 

 

A: Weight Loss Technique 

1. The variation of corrosion rate with temperature (30-60 

°C) obeys the Arrhenius equation adequately in the 

presence and absence of the inhibitor. 

2. Potassium iodide proved to be an effective inhibitor of 

carbon steel corrosion in 7 N H3PO4 acid solution. 

Maximum inhibition efficiency obtained is 99.59 % at 

50 °C and inhibitor concentration of 10 g/l. 

3. Potassium iodide is found to obey the Langmuir 

adsorption isotherm 




 +=
θ

C
K

1C
. 

4. It is found that the activation energy in absence of 

inhibitor was 17 kcal/mole, this value decreased down to 

a constant mean value of 9.9 kcal/mole. Generally, the 

activation energy in inhibited acid solution was 

independent of inhibitor concentration. 

 

B: Potentiostatic Polarization Technique 

1. It was found that the corrosion current densities increase 

with increasing temperature and decrease with 

increasing inhibitor concentration. The same behavior 

was obtained from weight loss technique. 

2. Potassium iodide inhibits carbon steel corrosion in 7 N 

H3PO4 acid by affecting both anodic and cathodic partial 

T
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reactions with the anodic reaction being more 

prevailing. 

6.2 Recommendation for Further Work: 

1. Similar work can be carried out under hydrodynamics 

conditions in order to test the efficiency of KI under 

conditions of high oxygen surface concentration. 

2. The influence of time of exposure can be subjected to 

study. 

3. The same work can be repeated using inhibitor 

concentration less than 4 g/l. 

4. Similar work can be carried out using different 

concentration of H3PO4. 

5. The addition of KI to other types of organic inhibitors, 

which are not efficient alone, is also recommended. 
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  تأثري درجة احلرارة 

  يف  كبح تآكل احلديد الكاربوين يف حامض الفسفوريك
  

  إعداد
  أنيس عبد اهللا كاظم الشمري

  إشراف

  الدكتور ابرائيل سركيس يارو  و  الدكتور نضال شاكر عبد املسيح
  
  
  

يف ) احلاوي على نسبة قليلة من الكاربون(يهدف البحث إىل دراسة معدالت تآكل احلديد الكربوين 

) °م 60-30(وحتت ظروف درجات احلرارة  (KI)حامض الفسفوريك بوجود و عدم وجود املادة املانعة 

مت استخدام طريقة الفقدان   ).لتر/غم 10-4(وبوجود املادة املانعة ضمن احلدود ) عياري 7(وتركيز احلامض 

  .بالوزن وطريقة االستقطاب الكهربائي لتحديد معدالت التآكل

لناجتة من طريقة الفقدان بالوزن بوجود وبعدم وجود املادة املانعة للتآكل بينت بأن معدل البيانات ا  

. التآكل يقل بزيادة تركيز املادة املانعة عند أي درجة حرارة ويزداد بزيادة درجة حرارة عند أي تركيز ملانع التآكل

بوجود وبعدم  (Arrhenius)أرينيوس وقد وجد إن التغري يف معدالت التآكل مع درجة احلرارة يتبع معادلة 

وقد أثبتت . (Activation Energy)وقد مت احلصول على الطاقة املنشطة للتفاعل . وجود املادة املانعة للتآكل

 .يف ميكانيكية عملها Langmuir Adsorption Isothermتتبع  (KI)التجارب العملية إن املادة املانعة 

فعالة جداً لعملية تآكل احلديد الكاربوين  (KI)التجارب العملية لطريقة الفقدان بالوزن أثبتت إن املادة املانعة  إن

. لتر تركيز مادة مانعة/غم 10و ° م 50عند %  99.59يف حملول حامض الفسفوريك وكانت أعلى كفاءة 

  .عةلتر تركيز مادة مان/غم 4و ° م 30عند %  93.71وكانت أوطئ قيمة 
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متت دراسة معدالت التآكل بطريقة االستقطاب الكهربائي حتت ظروف درجات احلرارة، تركيز احلامض 

بينت النتائج . وجد إن جهد التآكل يتأثر بتغري درجة احلرارة تركيز املادة املانعة .وتركيز املادة املانعة املذكورة سابقاً

حنراف جهد التآكل باالجتاه السالب بوجود و عدم وجود املادة إن زيادة درجة احلرارة، بصورة عامة، أدت إىل ا

إضافة املادة املانعة أدت إىل احنراف جهد التآكل باالجتاه املوجب وأدت إىل زيادة االستقطاب الكاثودي  .املانعة

وعلى  (icorr)أيضاً مت احلصول على قيم تيارات التآكل  .واألنودي لكن تأثريها على االستقطاب األنودي كان أكثر

  .baو   bcقيم 

  

  

  

 

 

 

 

 

 

 

 

 


