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Abstract

The use of corrosion inhibitors has proven to be one of the effective methods of corro-
sion protection of metals and alloys. Aluminum alloys are good candidate materials for
structural components in major industrial application owing to their excellent corrosion
resistance. However in high intensity coastal and acidified medium the challenge of
micro porosity and hydrogen embrittlement distributed along the interface cannot be
neglected as suitable corrosion inhibitive compounds is needful without significantly
reacts with the environmental components. The challenges of most effective organic and
inorganic Inhibitors when dissolved in aqueous environments are increasingly due to
their toxicity. Drug as inhibitive compound have been seen as suitable replacement for
this high toxic organic inhibitors since both react by adsorption on a metallic surface.
They are usually compounds that form film and cause the formation of precipitates on
the metal surface, thereby blocking both cathodic and anodic and sites. Therefore, this
study covers the general overview of impact of some drugs as corrosion inhibitive
compound on aluminum for industrial applications and their environmental impact.

Keywords: corrosion inhibitors, protection, coastal, acidified, drug and impact

1. Introduction

Aluminum is a silvery white material and a member of boron group. It is one of the most
abundant metal in the Earth’s crust, and the third most abundant element within, after oxygen
and silicon. It is yielding, long-lasting, lightweight, malleable metal with physical appearance
varying from silvery coloration to approximate gray, which depend on the roughness of the
surface. Aluminum is not a Ferro-magnetic material. It is also not soluble in alkanols, despite
the fact that, in certain form, it can be water-soluble. It has an appreciable yield strength of
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S/N Research work Result Reference

1 Meclizine (Antihistaminic Drug) as Corrosion  The result showed that the drug excellently inhibited [2]
Inhibitors of Aluminum in HCI Environment the aluminum in the acid medium at 303 K

2 Clotrimazole and Fluconazole (Antifungal The results pointed out that both drug server as [3]
drugs) as Corrosion Inhibitors of Aluminum in  excellent inhibitors in the Medium
HCI Environment

3 Amine Compound as Corrosion Inhibitors of The result indicated 92% inhibitive efficiency at 30°C  [4]

Aluminum in HCI Environment and 83% at 60°C using 100 ppm inhibitor
concentration
4 Voltaren (expired) Drug to inhibit Aluminum in Corrosion potential (Ecorr) was shifted to the [5]
HCI Environment direction that is more noble by the Inhibitor
molecules

5 Domiana Extract as inhibitor of Aluminum in ~ From the result, the inhibition efficiency displayed  [6]
Acidic medium direct variation with inhibitor’s concentration but
demonstrated inverse relation with temperature

6 Corrosion Inhibitor of Aluminum using It was deduced that chloroquine excellently [7]
Chloroquine in HCl Environment Media inhibited the aluminum in the acidic environment
and the efficiency of the inhibitor increased with
concentration of inhibitor but not favored by

temperature
7 Corrosion Inhibitor of Aluminum using Aloe The result showed that Aloe Vera is potential green  [8]
Vera in NaCl medium corrosion inhibitor in saline environment
8 Corrosion inhibition of Aluminum Alloy in The result showed the potential of the Omeprazole  [9]

NaOH Medium using Anti-inflammatory drug  drug in inhibiting corrosion in the basic environment

9 Corrosion inhibition of Aluminum using The result displayed the antifungal drug as potential [10]
Fluconazole & Clotrimazole in HCI Medium inhibitor of aluminum in the acidic environment

10 Corrosion inhibition of Aluminum using green  The result showed the extract as eco-friendly [11]
corrosion inhibitor in acidic medium inhibitor in the acidic environment

Table 1. Analysis of inhibitive drugs and their performance.

about 10 MPa for the pure metal, while that of its alloys can range from about 150 to 650 MPa.
Aluminum is about 33% dense and stiff in comparing to steel.

The machinability and formability of aluminum is excellent with outstanding corrosion resis-
tance due to its ability to form an effective and tenacious thin surface layer of its oxide in
atmosphere. It is also noteworthy that the strongest alloys aluminum are less corrosion resis-
tant because of the possibility internal galvanic cell that may be developed in service [1]. This
corrosion resistance is also often greatly reduced in the presence of various salts or dissimilar
metals and often corrosion of aluminum can be mitigated using corrosion inhibitors, even the
use of inhibitive drugs (Table 1).

2. Passivity of pure aluminum and its alloys

2.1. Corrosion of aluminum

Al has a reactive metal, can react with acidic, basic or salty foods to release itself into the food
product. Also, an aluminum container that is worn out or pitted may contaminate the food by
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releasing excess aluminum into it [12]. Therefore, temperature does have an effect on the
corrosion of aluminum. The aluminum subjected to the higher temperature does corrode
because of the increase in particles” collision [13]. Corrosion of aluminum depends on environ-
ment, design, alloy and preventive measures put into considerations. A dirt-free aluminum
surface is highly reactive and will spontaneously react with air or water to form aluminum
oxide. This oxide is usually stable and possess excellent adhesion to the surface of metal
therefore protects the material (aluminum) from further corrosion or oxidation. Thus alumi-
num has excellent corrosion resistance in stable oxide layer environments [14]. This oxide layer
will be weaken in environments where there is low or high pH particularly, in the presence of
aggressive ions. That is, at a pH below 4 and beyond a pH of about 8.5, there will generally be
an increase in the aluminum corrosion rate, though this depend on the ions that are present in
that particular environment. The oxide layer will be broken down by the aggressive ions
locally and localized corrosion attacks start. Of all the ions that display high aggression,
chloride ion (Cl7) is of the most practical importance [15]. From thermodynamically point of
consideration aluminum is a metal with high activity. Nevertheless, in aerated environment,
the metal is rapidly covered with an intense oxide layer [16]. This oxide layer is basically inert,
and prevents further oxidation. The thickness of this layer depends largely on the temperature,
environment and alloy elements. The oxide films that are formed in air at ordinary room
temperature are about 2.5 nm of thickness on pure aluminum. Heating to about 400°C may
results in films up to about 25 nm (this is about 10 times that at room temperature [17]. If the
oxide film is destroyed, e.g. by a scratch, new oxide will spontaneously and immediately form
on the uncovered metal [18]. Thus pure and even many of its alloys display excellent perfor-
mance in corrosion protection.

3. Aluminum alloy

Major reason for alloying aluminum is to increase hardness, strength and resistance to fatigue,
stress relaxation, wear or creep. The Effects of different alloying elements and combinations of
them on these properties are specific and related to the phase diagrams of constituent alloy
elements.

Figure 1 shows the relationships between some of the more commonly used alloys in the 6xxx
series. The elements that are most frequently used in commercial aluminum alloys to provide
better strength especially, when related to strain hardening via cold working or heat treatment,
or both are; zinc, copper, silicon, magnesium and manganese (Figure 2). All these elements
have high solid solubility in aluminum, and usually, the solubility increases as temperature
increases.

Aluminum and its alloys possess significant industrial and economic value due to its light
weight, good thermal and electrical conductivity as well as low cost [20]. The most important
property of aluminum is its ability to effectively resist atmospheric and several aqueous
solution because of the quick formation of protective oxide of thin film which adhere tenaci-
ously to the surface, that serves as barrier between the corrosive environment and the metal.
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Figure 1. Relationships that exist among commonly used alloys in the 6xxx series (Al-Si-Mg). Their yield strength (YS)
and tensile strength (TS) in ksi units [19].
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Figure 3. Aluminum in the redox strength of metals.

The reaction is in line with the position of aluminum in the redox strength of metals (Figure 3).
It has been observed that this film (oxide) is stable at a range of about 5-9 range of pH [21].

4. Pitting corrosion of aluminum

Aluminum usually suffers pitting corrosion in the presence of chloride ions. Pitting corrosion is a
dangerous form of localized corrosion that selectively attacks areas of a metal surface where
there is; (i) a surface scratch or a mechanically induced break in an otherwise protective film, (ii)
an emerging dislocation or slip step caused by applied or residual stresses and (iii) a composi-
tional heterogeneity such as an inclusion, segregate or precipitate [22]. Pitting is one of the most
insidious forms of corrosion. It is very destructive to many engineering materials since it causes
perforation of the metal. As a result of its localized nature, it often causes sudden unexpected
failures. Pitting is often difficult to detect because corrosion products may cover small pits.
General illustration of pitting corrosion on aluminum alloys is shown in Figure 4.
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Figure 4. General illustration of pitting corrosion on aluminum alloys [18].

5. Corrosion inhibitors

Corrosion inhibitors have been established to be effective and easier means of corrosion
control. Using chemical inhibitors to reduce the rate of corrosion processes is somewhat
amenable. Corrosion inhibitors found applications in various industries, examples are; oil and
gas, chemical industries, production, refineries, heavy manufacturing, water treatment and etc.
[23]. In extraction the oil, chemical and processing industries, the use of corrosion inhibitors
are usually considered to be the primary line of protection. Therefore, a large numbers of
scientific research have been concentrated to the issue of corrosion inhibitors [24-29]. Table 1
shows application of corrosion inhibitors in some specific system environment. An inhibitor is
a chemical substance or mixture of substances which when added in very little concentrations
to a corrosive environment, it effectively retards or prevents corrosion without significantly
reacts with the environmental components.

Inhibitors can be classified as either organic or inorganic compounds and they are usually
dissolved in aqueous environments. Some of the most effective inorganic inhibitors are car-
bonates, chromates, nitrites, silicates and phosphates. The organic inhibitors comprise amines,
nitrogen compounds, sulfur compounds such as thioethers, thioalcohols, thioamides, thiourea
and hydrazine. Chromates and zinc salts are used increasingly less due to their toxicity and are
currently largely replaced by organic inhibitors.

Also, with reference to their influence on the electrochemical reaction relating to metal, and
their environment corrosion inhibitors (the inorganic inhibitors) can also be classified as
anodic, cathodic or mixed corrosion inhibitors (Figure 5). Figure 6 displays the adsorption
mechanism of an organic inhibitors on aluminum. These have been in application for quite
some years and the most common examples of their uses are in films and coatings on metals
where chromate, nitrate, borates, phosphate, benzoates, and oxides are incorporated, Nitrites
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Figure 6. Adsorption mechanism of an organic inhibitor on an aluminum surface in an aqueous environment.

are being used as inhibitor in concrete reinforcement. While the organic inhibitors react by
adsorption on a metallic surface.

Anodic inhibitors generally act by forming a protective oxide film on the surface of the metal to
be protected resulting in a large anodic shift of the E.,, (corrosion potential). This shift usually
forces the surface of metal into the region of passivation. That is, they slow down the anodic
dissolution reaction rate of and produce products of reaction which form a thin film over
anode. Examples are; Chromates, nitrates, tungstate and molybdates.

Cathodic inhibitors usually work by either slowing down the cathodic reaction or precipitating
(selectively) on cathodic regions to inhibit the diffusion of reducing parts to the surface. That is,
they interrupt the flow of electrons from the anode to the cathode and produce products of
reaction which precipitate selectively at cathodic sites. Examples are zinc sulfate, nickel sulfate,
aminoethylene and polyphosphate.
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Mixed inhibitors act by reducing both the anodic and cathodic reactions. They are usually
compounds that form film and cause the formation of precipitates on the metal surface,
thereby blocking both cathodic and anodic and sites. Common examples are the phosphates
and silicates.

Therefore, this study deals with general overview of aluminum, corrosion inhibitors, their
classifications, Inhibitive drugs, considerations in employing them, their efficiency industrial
applications and their environmental impact.

6. Properties of a good inhibitor

In order to prevent or mitigate the corrosion of materials (metallic), inhibitors in question must
be able to satisfy these following measures [26]:

i. It must be effective in corrosion protection at a very little concentration of the inhibitor.

ii. It must offer protection to all the part of the component that are exposed from the
corrosion attack of corrosion.

iii. It must maintain its effectiveness at extreme operating conditions (high velocity and
temperature).

iv.  During application, over or under dosage of inhibitor, the rate of corrosion must not
drastically increased.

v.  The inhibitor or inhibitor’s products must not form any deposit on the surface metal
especially at regions of heat transfer.

vi. It must mitigate both localized and uniform corrosion.
vii. The range of effectiveness should be long.

viii. It must not pose health hazard or pollution potential.

7. Drug inhibitors

Typical examples of organic eco-friendly inhibitors are fast green and carmine. The molecules
of fast green have aromatic ring with electroactive nitrogen and oxygen atoms while molecules
of carmine have aromatic rings (electron rich) with electroactive oxygen atoms. These molecu-
lar structures are shown in Figure 7. These compounds are adsorbed at the metal surface and
they block the active site and consequently, decreasing the corrosion rate and consequently
increase the inhibition efficiency [30]. Nevertheless, Most of organic inhibitors are poisonous
and harmful to the environment. The increasing health and ecological awareness have drawn

the attentions toward research and development of very effective and efficient eco-friendly
inhibitors.
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Figure 7. Structure of (a) carmine and (b) fast green [31].

Therefore it is vital and essential to develop cheap and environmentally secure corrosion
inhibitors [32, 33]. Recently drugs have now been used as corrosion inhibitors. According to
Gece [34], the use of drugs as corrosion inhibitors of metals corrosion possesses some merits
over using some inorganic/organic inhibitors because of their little or insignificant impact on
the environment. Drugs are nontoxic, cheap, negligible negative effects on environment, so it
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suggested replacing the traditional toxic corrosion inhibitors [35]. Many Researchers in this
field generally agree that drugs are corrosion inhibitors that can compete favorably with
discovered green corrosion inhibitors and that most of these drugs can be synthesized from
natural products. The choice of some drugs used as corrosion inhibitors is based on the
following: (a) drug molecules contain oxygen, nitrogen and sulfur as the main active centers,
(b) drugs are reported to be environmental friendly and important in biological reactions and
(c) some drugs are easy to produced. Therefore, it has been established from research findings
that, since majority of these drugs are natural product or plants extracts have been discovered
to accomplish the aim of employing a cheap, environmentally suitable, abundantly available
and effective high inhibition efficiency and little or insignificant environmental impact.
Tables 2 and 3 reveal application of corrosion in specific system environment and examples
of drugs (quinolones) commonly used as corrosion inhibitors in our common environment
respectively [34]. Nowadays, studies are now focusing on using pharmaceutical drugs
nontoxic corrosion inhibitors to slow down the corrosion of metals and their alloys. For
instance, Abdallah [36] used rhodanine azosulpha drugs to inhibit the corrosion of 304 stain-
less steel in HCl solution, [37] also anti-bacterial drug to control the deterioration of aluminum
in HCI solution. Similarly, Obot and Obi-Egbedi [38] used antihypertensive drugs to slow
down the corrosion of aluminum and aluminum alloys in aqueous solutions.

The presence of benzene ring in the molecules and heterocycles like pyridine, thiophenes,
isoxazoles, others that present in drugs has sensitized researchers all over the world to inten-
sifying their investigation of drug compounds as green corrosion inhibitors as save alternative
to the conventional toxic corrosion inhibitors [39].

A number of studies have reported the use of drugs particularly antibacterial as corrosion
inhibitors [40]. For instance, Eddy and Ebenso [40] investigated on Corrosion Inhibition and
Adsorption Characteristics of Tarivid on Mild Steel in H,SO, using thermometric and
gasometric methods. Their finding showed that tarivid drug inhibits the deterioration of mild
steel in the acid environment (H,SO,). The inhibition efficiency of tarivid was established to
increase in values as its concentration increased however; it decreased as the temperature
increases. The mechanism of physical adsorption was proposed from the acquired kinetic and
thermodynamic factors. Also, Langmuir isotherm adsorption model was followed. Abdallah
[36] studied the effect of Rhodanine azosulpha drugs as corrosion inhibitors on the corrosion
of 304 stainless steel in HCIl environment using gravimetry and potentiodynamic methods.
Parallel adsorption technique was used for the inhibition process on the steel surface because
of the presence of multiactive center within the molecules of the inhibitor.

Solmaz et al. [41] have shown that Rhodanine is a good corrosion inhibitor for low carbon steel
in hydrochloric acid. They used electrochemical techniques for the corrosion findings.

The effect of a number of antibiotic drugs, like; spectinomycin, paromomycin and streptomycin
on the corrosion performance of zinc metal in hydrochloric acid environment was studied by
[42], using some electrochemical and gravimetric techniques. The percentage of inhibition effi-
ciency was discovered to be increasing as the concentration of drug increases but decreases with
temperature. It has been discovered that majority of the drugs used display vital roles in
biological reactions due to their antibacterial, anticonvulsant, antidiabetic, and other properties
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[10, 11]. The criteria used in selection of these drugs as corrosion inhibitors depend on the
following (i) whether the molecules contain sulfur, oxygen and nitrogen as active centers, (ii)

the ease of production as well as purification. (iii) They are eco-friendly.

System Inhibitor Metals Concentration
Acids
HCI Ethylaniline Fe 0.5%
Mercaptobenzotriazole 1%
Pyridine + phenvlhydrazine 0.5% + 0.5%
- Rosin amine + ethylene oxide 0.2%
Sulfuric Phenylacridine 0.5%
Phosphoric Sodium iodide 200 ppm
Others Thiourea 1%
Sulfonated castor oil 0.5-1.0%
Arsenic Oxide 0.5%
- Sodium arsenate 0.5%
Water
Potable Calcium bicarbonate Steel, cast iron 10 ppm
Polyphosphate Fe, Zn, Cu, Al 5-10 ppm
Calcium hydroxide Fe, Zn, Cu 10 ppm
Sodium silicate 10-20 ppm
Cooling Calcium bicarbonate Steel, cast iron 10 ppm
Sodium chromate Fe, Zn, Cu 0.1%
Sodium nitrite Fe 0.05%
Sodium phosphate monobasic 1%
- Morpholine " 0.2%
Boilers Sodium phosphate monobasie Fe, Zn, Cu 10 ppm
Polyphosphate " 10 ppm
Morpholine Fe variable
Hydrazine 02 scavenger
Ammonia neutralizer
Octadecylamine variable
. ; Fe, Pb, Cu
Engine coolants Sodium chromate ’ Zr; ’ 0.1-1%
Sodium nitrite Fe 0.1-1%
- Borax - 1%
Glycol/water Borax + MBT All 1% + 0.1%
Oil field brines Sodium silicate Fe 0.01%
Quaternaries - 10-25 ppm
Imidazoline v 10-25ppm
Seawater Sodium silicate Zn 10 ppm
Sodium nitrite Fe 0.5%
Calcium bicarbonate All pH dependent
Sodium phosphate monobasic + Sodium nitrite Fe 10 ppm + 0.5%

Table 2. Application of corrosion inhibitors in specific system environment [24].
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Table 3. Examples of drugs (quinolones) commonly used as corrosion inhibitors [35].

Zv6z L usdoydaul/z/ /S 0L /biotopxp//:dny
16 WNIP3A PalIpIdY-|RISLOD Ul AOj|Y WNUIWN|Y UO SI0HGIYU| UOISOLIO) Se sbniq o 1edw| oy



92 Corrosion Inhibitors, Principles and Recent Applications

Author details

Ojo Sunday Isaac Fayomi'?*, Paul Apeye Lucky Anawe® and Ayodele Daniyan*

*Address all correspondence to: ojosundayfayomi3@gmail.com

1 Department of Chemical, Metallurgical and Materials Engineering, Tshwane University of
Technology, Pretoria, South Africa

2 Department of Mechanical Engineering, Covenant University, Ota, Ogun State, Nigeria

3 Department of Petroleum Engineering, Covenant University, Ota, Ogun State, Nigeria

4 Department of Materials Science and Engineering, Obafemi Awolowo University, Ile-Ife,
Nigeria

References

(1]

(2]

Das S. Development of aluminium alloy composites for engineering applications. Trans-
actions of Indian Institute of Metallurgy. 2004;57(4):325-334

Ishwara Bhat ], Alva VDP. A study of aluminium corrosion inhibition in acid medium by
an antiemitic drug. Transactions of the Indian Institute of Metals. 2011;64:377. DOI: 10.1007/
s12666-011-0102-9

Obot IB, Obi-Egbedi NO, Umoren SA. Antifungal drugs as corrosion inhibitors for
aluminium in 0.1 M HCI. Corrosion Science. 2009;51(8):1868-1875

Oki M, Oki K, Otaigbe ], Otikor S. Corrosion inhibition of aluminium in HCl by amine
modified epoxy resin. Journal of Materials. 2013;2013:5. Article ID 479728. DOI: 10.1155/
2013/479728

Abdel Hameed RS, Ismail EA, Abu-Nawwas AH, Al-Shafey HI. Expired Voltaren drugs as
corrosion inhibitor for aluminium in hydrochloric acid. International Journal of Electro-
chemical Science. 2015;10:2098-2109

El-Etre AY, Shahera M, Shohayeb MA, Elkomy S, Abdelhamed S. Inhibition of acid
aluminium corrosion in presence of aqueous extract of Domiana. Journal of Basic and
Environmental Sciences. 2016;3:25-36

Adejoro IA, Akintayo DC, Ibeji CU. The efficiency of chloroquine as corrosion inhibitor
for aluminium in 1M HCI solution: Experimental and DFT study. Jordan Journal of
Chemistry. 2016;11(1):38-49

Biki¢ F, Kasapovi¢ D, Deljji¢ K, Radonji¢ D. Application of Aloe Vera as green corrosion
inhibitor for aluminum alloy types AA8011 and AA8006 in 3.5% NaCl. Bulletin of the
Chemists and Technologists of Bosnia and Herzegovina. 2017;48:35-40

Gupta NK, Quraishi MA, Singh P, Srivastava V, Srivastava K, Verma C, Mukherjee AK.
Curcumine longa: Green and sustainable corrosion inhibitor for aluminum in HCI
medium. Analytical & Bioanalytical Electrochemistry. 2017;9(2):245-265



The Impact of Drugs as Corrosion Inhibitors on Aluminum Alloy in Coastal-Acidified Medium 93
http://dx.doi.org/10.5772/intechopen.72942

[10] Abood HA. The study of the inhibitory properties of Omeprazole on the corrosion of
Aluminum 6063 in alkaline media. Basrah Journal of Science. 2011;28:74-93

[11] Uma K, Rekha S. Investigation and inhibition of aluminium corrosion in methane
sulphonic acid solution by organic compound. Journal of Chemical and Pharmaceutical
Research. 2015;7(4):165-169

[12] Hackerman N, Hurd RM. Corrosion Inhibition and Molecular Structure, First Interna-
tional Congress on Metallic Corrosion. London: Butterworth; 1962. pp. 166-172

[13] Norayan R. An Introduction to Metallic Corrosion and Its Prevention. New Delhi: Oxford
& IBH Publishing Co; 1983

[14] West JM. Basic Corrosion and Oxidation. Chichester UK: Ellis Horwood; 1980

[15] Jones DA. Principles and Prevention of Corrosion. 2nd ed. New Jersey, United States:
Upper Saddle River; 1996

[16] Pourbaix M. Atlas of Electrochemical Equilibria in Aqueous Solutions. Huston: NACE
Cebelcor; 1974

[17] Shimizu K, Furneaux RC, Thompson GE, Wood GC, Gotoh A, Kobayashi K. On the
nature of “easy paths” for the diffusion of oxygen in thermal oxide films on aluminium.
Oxidation of Aluminium. 1991;35(5/6):427-439

[18] Davis JR et al., editor. Metals Handbook. Vol. 13. 9th ed. Ohio: ASM International; 1987.
pp- 104-122 and 583-609

[19] Davis JR. Alloying: Understanding the Basics. Ohio, USA: ASM International; 2001. pp.
351-416

[20] Fouda AS, Abdallah M, Eissa M. Corrosion inhibition of Aluminum in 1 M phosphoric
acid solutions using some Chalcones derivatives and synergistic action with halide ions.
African Journal of Pure and Applied Chemistry. 2013;7(12):394-404. DOI: 10.5897/
AJPAC2013. 0534

[21] Mazhar AA, Badaway WA, Abou-Romia MM. Impedance studies of corrosion resistance
of aluminium in chloride media. Surface and Coatings Technology. 1986;29:335-345

[22] Baker MA, Castle JE. The initiation of pitting corrosion at MnS inclusion. Corrosion
Science. 1993;34(4):667-682

[23] Van Delinder LS. Corrosion Inhibitors Basics: An Introduction. Houston, Texas, USA:
NACE International; 1984

[24] Corrosion inhibitors www.chemia.odlew.agh.edu.pl/dydaktyka/Dokumenty/Corrosion/
Inhibitors.pdf [Accessed: 28-06-17]

[25] Bregman JJ. Corrosion Inhibitors. New York/London: MacMillan; 1963

[26] Yurt A, Balaban A, Kandemir SU, Bereket G, Erk B. Investigation on some Schiff bases as
HCI corrosion inhibitors for carbon steel. Materials Chemistry and Physics. 2004;85:
420-426



94  Corrosion Inhibitors, Principles and Recent Applications

[27]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Musa AY, Jalgham RTT, Mohamad AB. Molecular dynamic and quantum chemical
calculations for phthalazine derivatives as corrosion inhibitors of mild steel in 1M HCI.
Corrosion Science. 2012;56:176-183

Rosenfeld IL. Corrosion Inhibitors. New York: McGraw-Hill; 1977
Thomas JGN. The Mechanism of Corrosion. Oxford, UK: Butterworths Heinemann; 1994

Hegazy MA, Abdallah M, Awad MK, Rezk M. Part I: Experimental results. Corrosion
Science. 2014;81:54-64

Prabhu RA, Shanbhag AV, Venkatesha TV. Influence of tramadol [2-[(dimethylamino)
methyl]-1-(3-methoxyphenyl) cyclohexanol hydrate] on corrosion inhibition of mild steel
in acidic media. Journal of Applied Electrochemistry. 2007;37:491-497

Loto RT, Loto CA, Popoola APL Corrosion inhibition of thiourea and thiadiazole deriva-
tives: A review. Journal of Materials and Environmental Science. 2012;3:885-894

Ladha DG, Naik UJ, Shah NK. Investigation of cumin (Cuminum cyminum) extract as an
eco-friendly green corrosion inhibitor for pure Aluminium in acid medium. Journal of
Materials and Environmental Science. 2013;4:701-708

Gece G. Drugs: A review of promising novel corrosion inhibitors. Corrosion Science.
2011;53(12):3873-3898

Mahdi AS. Amoxicillin as green corrosion inhibitor for concrete reinforced steel in simu-
lated concrete pore solution containing chloride. International Journal of Advanced
Research in Engineering and Technology. 2014;5:99-107

Abdallah M. Rhodanine azosulpha drugs as corrosion inhibitors for corrosion of 304
stainless steel in hydrochloric acid solution. Corrosion Science. 2002;44(4):717-728

Abdallah M. Antibacterial drugs as corrosion inhibitors for corrosion of aluminium in
hydrochloric solution. Corrosion Science. 2004;46(8):1981-1996

Obot IB, Obi-Egbedi NO. Fluconazole as an inhibitor for aluminium corrosion in 0.1 M
HCI. Colloids and Surfaces A: Physicochemical and Engineering Aspects. 2008;330:
207-212

Khan G, Newaz KS, Basirun WJ, Ali HB, Faraj FL, Khan GM. Application of natural
product extracts as green corrosion inhibitors for metals and alloys in acid pickling
processes - A review. International Journal of Electrochemical Science. 2015;10:6120-6134

Eddy NO, Ebenso EE. Corrosion inhibition and adsorption characteristics of tarivid on
mild steel in H,SO,. E-Journal of Chemistry. 2010;7(1):442-448

Solmaz R, Kardas G, Yazici B, Erbil M. Inhibition effect of rhodanine for corrosion of mild
steel in hydrochloric acid solution. Protection of Metals. 2005;41(6):581-585

Abdallah M, Zaafarany BA, Jahdaly AL. Corrosion inhibition of zinc in hydrochloric acid
using some antibiotic drugs. Journal of Materials and Environmental Science. 2016;7(4):
1107-1118



