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In view of the emerging importance of non-toxic and green corrosion inhibitors to 
replace chromate (CrO4

2-), molybdenate (MoO3
-), nitrate (NO2

-) and silicate 
(SiO4

4-) in protecting metallic surfaces in acid pickling for metal processing 
industry, acidified oil wells and boiler cleaning process; researchers have 
recently focused on organic corrosion inhibitors. Schiff bases are amongst the 
molecules of choice that are able to exhibit corrosion inhibitory activities and have 
been predominantly investigated as corrosion inhibitors for numerous metals in 
various acidic media. The lone pair electrons and π-electrons at imine bond may 
interact with d-orbital of metal through electron donation and forms a layer. This 
layer protects the metal surface from being attacked by corrosive species. The 
objectives of this study are firstly to synthesize Schiff base hydrazones (SBHs) 
from palmitic hydrazide and various aldehydes; and secondly to investigate 
inhibitive activities of those SBHs on mild steel in acid solution via 
electrochemical method.  
 
 
Eight SBHs were successfully synthesized from PH and various aldehydes 
containing linear alkyls, branched alkyl and aryls through one-pot synthesis. 
Commonly, acid catalyst is required in the synthesis of Schiff base as to increase 
electrophilicity of carbonyl for aldehyde and to allow dehydration to form Schiff 
base; and an efficient water removal system is applied to improve conversion. In 
this study, SBHs were prepared by heating the reactants in dimethylformamide 
at 90oC for 2 hours without using any acid catalyst. Opportunely, SBHs with high 
yields (92-100%) and high purity (92-99%) were successfully obtained. The 
effect of solvent used, reactant mol ratio and reaction time on synthesis of SBHs 
were also investigated. Chemical characterization was conducted using gas 
chromatography, Fourier transformed-infrared (FT-IR), CHN elemental analysis, 
1H and 13C nuclear magnetic resonance and gas chromatography-mass 
spectroscopy.  
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The inhibitory properties were examined on mild steel (MS) coupons in 1 M HCl 
solution with concentration varied from 25, 50, 75, 100 and 200 mg/L at 
temperature ranged from 25 to 55oC using electrochemical techniques: linear 
polarization and electrochemical impedance spectroscopy as well as surface 
analysis using scanning electron microscopy-energy dispersive x-ray (SEM-
EDX). The presence of studied inhibitors had shown appreciable inhibition 
efficiency (IE%) in which the increment of IE% values exceed 50% when the 
concentration of inhibitor and temperature were increased from 25 to 200 mg/L 
and 25 to 55oC, respectively. 
 
 
The adsorption of SBHs onto the MS surface obeyed the Langmuir adsorption 
isotherm with the standard free energy of adsorption (ΔGads) of between -31 and 
-43 kJ/mol. According to these values, these SBHs adsorbed spontaneously onto 
MS surface through both physisorption and chemisorption processes. Other 
thermodynamic parameters such as activation energy (Ea), entropy of adsorption 
(ΔSads), enthalpy of adsorption (ΔHads), enthalpy of activation (ΔHo) and entropy 
of activation (ΔSo) were also determined. 
 
 
SEM-EDX analysis was conducted on MS coupons after immersing in 1 M HCl 
solution and inhibited 1 M HCl solution containing 200 mg/L for 3 hours and 30 
days. In general, significant changes of MS surface were clearly seen after 30 
days of immersion. Smooth surfaces with invisible of scratch lines were observed 
for MS coupons obtained from experiments containing SBHs except for SBHs 
with a branched alkyl (HB1) and phenyl with methoxy group (HA2). In EDX 
analysis, significant differences in ferum, chlorine and oxygen contents were 
observed for MS coupons that were immersed in blank and inhibited solutions 
containing PH and HB1 that probably attributed to the formation of corrosion 
products like FeCl2 and Fe(OH)2. 
 
 
All SBHs except for solutions containing HB1 and HA2 showed inhibitory 
properties that better than PH. This could be due to the lone pair of electrons on 
the nitrogen at imine and heteroatoms of SBHs structures. These electrons allow 
them to efficiently adsorb onto metal surface thus inhibiting the surface. 
Branching effect and incapability of phenyl group to lay flat orientation on the MS 
surface for HB1 and HA2 molecules, respectively could be the main reasons for 
these two inhibitors did not perform well as corrosion inhibitors.  
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Kepentingan terhadap perencat kakisan tidak toksik dan hijau untuk 
menggantikan perencat bukan organik seperti kromat (CrO4

2-), molybdenate  
(MoO3

-), nitrat (NO2
-) dan silikat (SiO4

4-) untuk melindungi permukaan logam 
dalam proses acid pickling untuk industri pemprosesan logam, telaga minyak 
berasid serta proses pembersihan dandang telah menyebabkan para penyelidik 
telah beralih tumpuan kepada perencat kakisan bersumberkan organik. Schiff 
bes adalah antara molekul pilihan yang berupaya  merencat kakisan dan telah 
banyak dikaji sebagai perencat kakisan untuk pelbagai logam dalam medium 
asid. Elektron pasangan tunggal dan elektron π pada ikatan imina boleh 
berinteraksi dengan orbital-d logam secara pemindahan elektron seterusnya 
membentuk lapisan yang dapat melindungi permukaan logam daripada 
serangan spesies menghakis. Sehubungan ini, objektif pertama kajian ini adalah 
untuk mensintesis hidrazon Schiff bes (SBHs) dari palmitat hidrazida (PH) dan 
pelbagai aldehid; dan seterusnya mengkaji aktiviti perencatan kakisan oleh 
SBHspada keluli lembut dalam larutan asid melalui kaedah elektrokimia. 
 
 
Lapan SBHs telah berjaya disintesis daripada PH dan pelbagai aldehid 
mengandungi alkil rantai linear, alkil rantaian bercabang dan fenil melalui sintesis 
satu periuk. Kebiasaannya, pemangkin asid diperlukan dalam sintesis Schiff bes 
bagi meningkatkan sifat keelektrofilan karbonil bagi aldehid dan untuk 
membenarkan dehidrasi bagi membentuk Schiff bes; dan sistem pembuangan 
air yang cekap digunakan untuk meningkatkan hasilan tindak balas. 
Walaubagaimanapun, dalam kajian ini SBHs telah disediakan secara 
memanaskan bahan tindak balas dalam pelarut dimethylformamide pada 90oC 
selama 2 jam tanpa menggunakan sebarang pemangkin asid dan SBHs dengan 
hasil yang tinggi (92-100%) dan ketulinan yang tinggi (92-99%) telah berjaya 
diperolehi. Kesan parameter-paramer tindak balas seperti jenis pelarut yang 
digunakan, nisbah mol bahan tindak balas dan masa tindak balas terhadap 
penghasilan SBHs juga telah disiasat. Pencirian kimia dijalankan dengan 
menggunakan kromatografi gas, fourier berubah-inframerah (FT-IR), CHN 
analisis unsur, 1H dan 13C resonans magnetik nuklear dan gas kromatografi jisim 
spektroskopi. 
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Sifat-sifat perencatan SBHs telah dikaji pada kupon keluli lembut (MS) dalam 
larutan 1 M HCl dengan kepekatan bahan perencat sebanyak 25, 50, 75, 100 
dan 200 mg/L pada suhu antara 25 hingga 55oC menggunakan teknik 
elektrokimia: polarisasi linear dan spektroskopi impidan elektrokimia serta 
analisis permukaan menggunakan imbasan mikroskop elektron-penyerakan 
tenaga sinar-x (SEM-EDX). Kehadiran perencat telah meningkatkan kecekapan 
perencatan (IE%) di mana kenaikan nilai IE% melebihi 50% apabila kepekatan 
perencat dan suhu ditingkatkan masing-masing dari 25 ke 200 mg/L dan 25 ke 
55oC. 
 
 
Penjerapan SBHs ke permukaan MS mematuhi penjerapan isoterma Langmuir 
dengan tenaga bebas penjerapan (ΔGads) antara -31 dan -43 kJ/mol. 
Berdasarkan nilai-nilai ΔGads ini, SBHs ini terjerap secara spontan ke permukaan 
kupon MS secara serapan fizikal dan kimia. Parameter-parameter termodinamik 
lain seperti tenaga pengaktifan (Ea), entropi penjerapan (ΔSads), entalpi 
penjerapan (ΔHads), entalpi pengaktifan (ΔHo) dan entropi pengaktifan (ΔSo) juga 
diukur. 
 
 
Analisis SEM-EDX telah dijalankan ke atas kupon MS yang telah direndam 
dalam larutan 1 M HCl dan larutan 1 M HCl berperencat yang berkepekatan 
sebanyak 200 mg/L selama 3 jam dan 30 hari. Secara umumnya, perubahan 
ketara permukaan MS telah jelas dilihat selepas 30 hari rendaman. Permukaan 
yang licin tanpa garisan calar diperhatikan untuk kupon MS yang direndam 
dalam larutan asid yang mengandungi SBHs kecuali SBHs yang mempunyai 
rantaian alkil bercabang (HB1) dan fenil dengan kumpulan metoksi  (HA2). 
Dalam analisis EDX, perbezaan kandungan ferum, klorin dan oksigen yang 
ketara diperhatikan untuk kupon MS yang telah direndam di dalam larutan 
kawalan dan larutan yang mengandungi PH dan HB1 dan ini boleh dikaitkan 
dengan pembentukan produk kakisan seperti FeCl2 dan Fe(OH)2. 
 
 
Kesemua SBHs kecuali HB1 dan HA2 menunjukkan sifat perencatan yang lebih 
baik daripada PH. Ini boleh dikaitkan dengan kewujudan pasangan elektron 
tunggal pada atom nitrogen imina yang membolehkan molekul SBHs ini 
menjerap dengan cekap ke permukaan logam itu serta melindungi permukaan. 
Kesan struktur alkil bercabang dan ketidakupayaan kumpulan fenil untuk 
berorientasi sesatah dengan permukaan kupon MS untuk HB1 dan molekul HA2, 
masing-masing boleh menjadi sebab utama bagi kedua-dua perencat ini tidak 
menunjukkan prestasi yang baik sebagai perencat kakisan. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of Study 
 
 
Steel pickling is part of finishing processes in the manufacture of steel products. 
Pickling is a metal surface treatment used to remove impurities such as stains, 
inorganic contaminants, rust or scale from ferrous metals, copper and aluminum 
alloys. These impurities are removed by dissolution in acids like hydrochloric acid 
(HCl), sulfuric acid (H2SO4), hydrofluoric acid (HF) and nitric acid (HNO3). In this 
process, iron oxides dissolve in acid (in case of HCl) form ferrous salt and water 
as shown in Eq. 1.1, Eq. 1.2 and Eq. 1.3. 
 
 
Fe2O3 (s) + Fe (s) + 6HCl (aq)              3FeCl2 (aq) + H2O (aq) Equation 1.1 

 
Fe3O4 (s) + Fe (s) + 8HCl (aq)               4FeCl2 (aq) + H2O (aq) Equation 1.2 

 
      FeO (s) + 2HCl (aq)              FeCl2 (aq) + H2O (aq)     Equation 1.3 

 
 
However, HCl acid also may react with base steel (Fe) by this mechanism (Eq. 
1.4)  
 

Fe (s) + 2HCl (aq)               FeCl2 (aq) + H2 (g)               Equation 1.4 
 
 
In this process, hydrogen gas is released from the metal surface due to the 
metal-acid interaction. The exposure of hydrogen to the metal could bring a 
problematic issue known as hydrogen embrittlement. The diffusing of hydrogen 
through the metal makes it brittle. In the case of inhibitor usage, the inhibitor 
forms a barrier on the metal surface and the hydrogen gas that obtained due to 
acid -metal interaction is strongly inhibited (Uhlig, 1971). Therefore, hydrogen 
embrittlement risk on metal parts may be reduced with addition inhibitor into 
pickling baths. Inhibitor also inhibit or reduce acid attack on the steel itself while 
allowing preferential attack on the iron oxides (Al-Sabagh et.al, 2011). Similar to 
a process for scale removal treatment that conducted for steam boilers in which 
HCl acid solutions is applied. These processes require the use of efficient 
corrosion inhibitors to protect the metal surface from corrosive species. 
Chromate (CrO4

2-), molybdenate (MoO3
-), nitrate (NO2

-), silicate (SiO4
4-) and 

phosphate (PO4
3-) are amongst efficient inhibitors that have been extensively 

used for several decades (Rudnick, 2009). These compounds inhibit corrosion 
on metal surfaces by providing passivation protection to metallic surfaces 
(Koeppen et al., 1972). Unfortunately, they are carcinogenic to human and 
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harmful to the environment as such their use was prohibited in some countries. 
The health, safety and environmental issues related to these inorganic inhibitors 
have encouraged researchers to develop organic corrosion inhibitors from 
renewable resources that are able to exhibit excellent inhibition with low toxicity. 
 
In recent years, several types of organic compounds were investigated on 
several metals in acidic solutions. Organic inhibitors are categorized under film-
forming types due to their ability to bond with a metallic surface. Many types of 
organic inhibitors were investigated including alkaloids, amino acids, organic 
dyes, tannins, aldehydes and honey. Most of these organic inhibitors were 
chemically synthesized and very few of them were extracted from plants. These 
organic inhibitors have shown excellent inhibition properties on various metals in 
acidic media. Compounds containing lone pair electrons (heteroatoms) and π-
electrons were found to be very efficient in inhibiting metals from corrosion in 
corrosive environments. These high electron density moieties function as active 
centers for inhibiting activity. They facilitate electron transfer between the 
molecules (inhibitors) and the metal surface. The adsorption of organic inhibitors 
onto metal with solution interface might also occur through several interactions 
(Danaee et al., 2013) as follows: 
 
a) Electrostatic attraction between the charged molecules and the charged 

metal 
b) Interaction of unshared electron pair in the molecule with the metal 
c) Interaction of π-electrons with the metal 
d) Combination of all above. 
 
 
Theoretically, the adsorption of organic inhibitors onto metal surfaces starts with 
displacement of water molecules on the corroding surface (Eq. 1.5) followed by 
a formation of a barrier (El-Maksoud, 2008). The barrier subsequently slows 
down the anodic reaction, cathodic reaction or both reactions that leads to a 
decrease in corrosion rate. 
 
[Inhibitor]sol  + [nH2O]ads                       [Inhibitor]ads   +  [nH2O]sol       Equation 1.5 

 
where n is the number of water molecule to be displaced by an inhibitor molecule. 
The value of n is not influenced by coverage and charge of an electrode but, it 
depends on the cross-section area of organic molecules (El-Maksoud, 2008). 
Meanwhile, the size and orientation of an inhibitor molecule might affect the 
number of water molecules to be displaced (Papavisanam, 2000). Many 
techniques were utilized to measure the performance of organic inhibitors as 
corrosion inhibitors on different metals includes weight loss analysis, 
electrochemical analyses, quantum chemical analysis and Mylius thermometric 
technique and surface analysis. 
 
 
In recent times, some efforts to develop nitrogenous compounds containing long 
alkyl chains were described in the literatures. Beside the adsorption of the active 
center of an inhibitor molecule, it was also postulated that the alkyl chains may 
arrange themselves to form a hydrophobic layer thus providing additional 
inhibition. The hydrophobic layer protects the metal surface from being attacked 
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by corrosive species (Chen et al., 2000; Miksic et al., 2009; Negm et al., 2011). 
An illustrative diagram of an organic inhibitor containing long alkyl chain is shown 
in Figure 1.1.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1: Illustration on adsorption of organic inhibitor bearing long alkyl 
chain on a metal surface 
 
Amongst several types of organic inhibitors, Schiff bases are interesting 
molecules for corrosion inhibitors. They have been recently reported as effective 
corrosion inhibitors toward several metallic surfaces. The presence of 
heteroatoms and π-electrons combined in one molecule enables them to have 
several interactions with metals in acidic media. According to research works 
done by Liu et al. (2014), the excellent inhibition of Schiff bases was due to 
formation of self-assembled monolayers (SAMs) that resulted from their 
adsorption on the metallic surfaces.  
 
 
A Schiff base or also synonymous with an imine or azomethine (Figure 1.2) was 
discovered by Hugo Schiff, a German chemist in 1864 (Brodowska and Lodyga-
Chruscinka, 2014). Hugo Schiff introduced a condensation reaction between an 
amine with a carbonyl compound that conducted under an azeotropic distillation 
with simultaneous removal of water. The removal of water was facilitated using 
molecular sieves or a Dean-Stark apparatus (Taguchi and Westheimer, 1971; 
Moffett and Rabjohn, 1963; Kuehne, 1959). 
 
 
 
 
 
 
 

 
Figure 1.2: General structure of Schiff base 

 
 
Since then, many efforts have been devoted by researchers in improving the 
yields. Some researchers introduced an in-situ dehydration method using 
dehydrating solvents such as tetramethyl orthosilicate or trimethyl orthoformate 
(Love and Ren, 1993; Look et al., 1995). In different studies, Chakraborti and his 
colleagues (2004) recommended that the efficiency of the reaction greatly 
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dependent on the use of highly electrophilic carbonyl compounds and strongly 
nucleophilic amines. Bronsted-Lowry or Lewis acids that used to activate the 
carbonyl group of aldehydes, catalyze the nucleophilic attack of amine and 
dehydrate the system or eliminate water was also introduced. Basically, this 
condensation reaction starts with a formation of an unstable addition product so 
called hemiaminal followed by losing water to give an imine or a Schiff base. Acid 
catalyst is required to increase the electrophilicity of the carbonyl and to 
protonate the OH group to allow dehydration process as shown in Figure 1.3.  
 

a) Acid-catalyzed addition of the amine to the carbonyl group 
 

H+

C

O

H2N R

C

O
H

C

OH

N

H

H R

H2O

C

OH

N
H R

H3O+
+

 
 

b) Acid-catalyzed dehydration 
 

 
 
 
 
 
 
 
 
 

Figure 1.3 Acid-catalyzed condensation 
 
 
However, this reaction is reversible and fairly unstable, unless the imine group 
consists an extended system of conjugation (Xavier and Srividhya, 2014; Liu et 
al., 2014). In addition, dehydration process is the rate determining step and the 
process could also occur in both acidic and basic conditions (Mishra et al., 2013). 
Meanwhile, Schiff base hydrazones (SBHs) are characterized by an imine and 
an amide groups as shown in Figure 1.4.  SBHs are produced from a 
condensation reaction of a hydrazide with an aldehyde or a ketone. 
 

 
 
 
 
 
 
 

R1, R2 and/or R3 is H, alkyl and/or aryl 
 

Figure 1.4: General structure of SBHs 
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In the present investigation, SBHs were prepared from palmitic hydrazide and 
various aldehydes bearing linear alkyl chains, branched alkyl, aryls, saturation 
and unsaturation bond. Since the carbonyl compound is aldehyde as such the 
R2 is H atom. The effect of linear alkyl chain and different types of aryl groups of 
R3 on yield of product was investigated. A large number of works on the 
preparation of SBHs from various hydrazides and carbonyl compounds were 
reported in the literatures. In most cases, reactions were carried out via reflux 
using various solvents: ethanol, acetone, methanol and water in the presence of 
a catalyst or an oxidizing agent such as ceric ammonium nitrate (Dabiri et al., 
2009; Al-Qalaf et al., 2008), glacial acetic acid (Liu et al., 2014) and Lewis acid 
(Jha et al., 2013). Conversely, Chamarthi et al. (2012) introduced a successful 
reaction system that conducted without the use of catalyst.   
 
  
The presence of lone pair electrons at heteroatoms and π-electrons in the 
structures is expected to provide high electron density active center and to make 
strong adsorption with metal surface. Additionally, the development and 
utilization of these palmitic acid derivatives could add value to palm oil as palmitic 
acid is one of major components of palm oil (Sumathi et al., 2008).   
 
 
1.2 Problem Statement 
 
 
Inorganic inhibitors are very efficient in inhibiting metallic surface from corrosion. 
These inorganic inhibitors are widely utilized in acid pickling and scale removal 
treatment for steam boilers. However, some of them are carcinogenic and their 
use gave negative impact on the environment. Their usage was also banned in 
some countries. This has encouraged scientist to develop inhibitors from organic 
sources that are able to exhibit excellent inhibitory properties with low toxicity. 
 
 

 
1.3 Research Aim and Scope 
 
 
The aim of this study is to produce palm-based derivatives namely SBHs to be 
utilized as corrosion inhibitors. PH was prepared from methyl palmitate and 
hydrazine monohydrate through hydrazinolysis process. Palmitic acid is major 
component of palm oil and developing of this fatty acid for application of corrosion 
inhibitors may give value addition to oleochemicals especially palm oil. PH was 
further reacted with several aldehydes containing linear alkyls, branched alkyl, 
aryl, saturation and unsaturation bonds. In designing corrosion inhibitors, SBHs 
were expected to exhibit some inhibitory activities on metal surface due to the 
presence of imine bond. Unshared electrons and π-electrons at imine may 
adsorb on the metal surface, form protective layer thus inhibiting the surface. 
Aldehyde with linear alkyls, branched alkyl, aryl, saturation and unsaturation 
bonds were selected as these functionalities might have different effects on 
inhibitory properties. SBHs with phenyl and unsaturation were expected to have 
excellent inhibitory activities due to increase number active centers. However, 
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the effect of linear alkyl and branched alkyls are also interested to be 
investigated. Their presence could interrupt the adsorption of active center on 
metal surface. 
 
  
In the synthesis of SBHs, the aldehydes used might also have different reactivity 
due to steric hindrance and resonance effect. The resonance effect could change 
the electrophilicity of carbonyl. All synthesized compounds were characterized 
using several chromatographic and spectroscopic methods. The corrosion 
inhibitory properties were tested on mild steel (MS) coupon in 1 M HCl solution 
using electrochemical analysis employing linear polarization (LP) and 
electrochemical impedance spectroscopy (EIS) techniques. Inhibitory activities 
of SBHs are expected to occur at imine that acts as active center for adsorption. 
Here, the effect of linear alkyl, branched alkyl, phenyl, saturation and 
unsaturation groups on the adsorption of these SBHs on metal surface were 
investigated.  
 
 
Subsequently, this study also aims to understand the cumulative effects of 
inhibition properties, thermodynamic parameters and adsorption isotherm of the 
synthesized PH and SBHs. The inhibition properties of the synthesized PH and 
SBHs was also determined by capturing the morphology of MS coupons that 
were exposed to inhibited corrosive solution and blank corrosive solutions using 
scanning electron microscopy (SEM) and analyzing the surface composition 
through energy dispersive x-ray (EDX). Adsorption mechanism of these 
inhibitors on MS coupons was determined by fitting the surface coverage (θ) with 
several isotherm models. Free energy of adsorption (ΔGads), equilibrium constant 
of adsorption (Kads), entalphy of adsorption (ΔHads) and entropy of adsorption 
(ΔSa) will be also determined. Thermodynamic activation parameters such as 
activation energy (Ea), entalphy of activation (ΔHa), entrophy of activation (ΔSa) 
and adsorption isotherm of the PH and SBHs was obtained by conducting 
experiments at different temperatures.  
 
 
This research embarks on the following objectives 
 
a)  To synthesize Schiff base hydrazones (SBHs) from palmitic hydrazide and 

various aldehydes. 
b) To determine the effect of reaction time, solvent and reactant mol ratio for 

synthesis of SBHs. 
c) To identify the corrosion inhibitory properties of PH and SBHs on mild steel 

in acidic solution through electrochemical analysis including linear 
polarization and electrochemical impedance spectroscopy. 

d) To determine thermodynamic activation parameters, adsorption isotherm, 
and adsorption mechanism of PH and SBHs on mild steel in the acidic 
solution. 

e) To characterize the surface morphology of mild steel after immersed in the 
test solution containing SBHs. 

 
 



© C
OPYRIG

HT U
PM

118 
 

REFERENCES 
 
 
AE Systems Limited. 2008. International Corrosion Cost Facts. Retrieved on 18 

Jan 2016 from http://www.ae-system.com/techpapers/Corrosion cost 
facts.doc.  

 
Abdulwali, N., Ennajih, H., AbdallahGuenbour, AbdelkbirBellaouchou, Al Subari, 

R., Anton, J.G. and ElmokhtarEssassi. 2013. Inhibition of mild steel 
corrosion in 1 M hydrochloric acid by benzimidazolium bromide 
derivatives. Australian Journal of Basic and Application 7(6):1-8. 

 
Agrawal, V.P. 1983. Hydrazinolysis of lipids and analysis of their constituent fatty 

acids. Journal of lipid research 24:216-220. 
 
Ahamad, I., Prasad, R. and Quraishi, M.A. 2010. Thermodynamic, 

electrochemical and quantum chemical investigation of some Schiff 
bases as corrosion inhibitors for mild steel in hydrochloric acid solutions. 
Corrosion Science 52:933-942. 

 
Ahmad, N., Hassan, Z.A.A., Hassan, H.A., Ahmad, M. and Yunus, W.M.Z.W. 

2015. Reaction parameters for the synthesis of N,N-dimethyl fatty 
hydrazides from oil. Journal of Oleo Science 64:41-49. 

 
Aiad, I.A. and Negm, N.A. 2009. Some Schiff base surfactants as steel-corrosion 

inhibitors. Journal of Surfactant and Detergent 12:313-319. 
 
Aimstead, J.K., Izzo, N.J., Jones, D.R. and Kawamoto, R.M. 2001. Medicinal 

uses of hydrazones. U.S. Patent 6660737. 
 
Ali, S.A., Al-Muallem, H.A., Saeed, M.T. and Rahman, S.U. 2008. Hydrophobic-

tailed bicycloisoxazolidines: A comparative study of the newly 
synthesized compounds on the inhibition of mild steel corrosion in 
hydrochloric and sulfuric acid media. Corrosion Science 50(3):664–671. 

 
Al-Lateef. 2015. Experimental and computational investigation on the corrosion 

inhibition characteristics of mild steel by some novel synthesized imines 
in hydrochloric acid solutions. Corrosion Science 92:104–117 

 
Al-Mulla, E.A.J., Yunus, W.M.Z.W., Ibrahim, N.A. and Rahman, M.Z.A. 2010.  

Enzymatic synthesis of fatty amides from palm olein. Journal of Oleo 
Science 59:569-573. 

 
Al-Mulla, E.A.J., Yunus, W.M.Z.W., Ibrahim, N.A. and Rahman, M.Z.A. 2008. 

Synthesis, characterization and optimum reaction conditions of fatty 
hydrazide from triacylglycerides. Research Journal of Applied Sciences 
3:545-549. 

 
Al-Qalaf, F., Mekheimer, R.A. and Sadek, K.U. 2008. Cerium (IV) ammonium 

nitrate (CAN) catalyzed one-pot synthesis of 2-arylbenzothiazoles. 
Molecules 13: 2908-2914. 

http://www.ae-system.com/techpapers/Corrosion%20cost%20facts.doc
http://www.ae-system.com/techpapers/Corrosion%20cost%20facts.doc
https://scholar.google.com/citations?user=AAzkWzUAAAAJ&hl=en
https://scholar.google.com/citations?user=AAzkWzUAAAAJ&hl=en
http://jlc.jst.go.jp/JST.JSTAGE/jos/59.59?from=Google


© C
OPYRIG

HT U
PM

119 
 

 
Al-Sabagh, A.M., Abd-El-Bary, H.M., El-Ghazawy, R.A., Mishrif, M.R. and 

Hussein, B.M. Corrosion inhibition efficiency of linear alkyl benzene 
derivatives for carbon steel pipelines in 1 M HCl. Egyptian Journal of 
Petroleum 20(2):33–45. 

 
Amin, M. 2006. Weight loss, polarization, electrochemical impedance 

spectroscopy, SEM, and EDX studies of the corrosion inhibition of 
copper in aerated NaCl solutions. Journal of Applied Electrochemistry 
36:215-226. 

 
Arai, M., Alvi, Y.I.H., Mendoza, J. and Sividen, R. 2004. Isonicotinic acid 

hydrazide: An anti-tuberculosis drug inhibits malarial transmission in 
the mosquito gut. Experimental Parasitology 106(1-2):30-6. 

 
Ashassi-Sorkhabi, H., Shaabani, B. and Seifzadeh, D. 2005. Corrosion inhibition 

of mild steel by some schiff base compounds in hydrochloric acid. 
Applied Surface Science  239 (2):154–164. 

 
Ashassi-Sorkhabi, H., Asghari, E. and Ejbari, P. 2011. Electrochemical studies 

of adsorption and inhibitive performance of basic yellow28 dye on mild 
steel corrosion in acid solutions. Acta Chimica Slovenica 58:270-277. 

 
Ashassi-Sorkhabi, H., Ghalebsaz-Jeddi, N., Hashemzadeh, F. and Jahani, H. 

2006. Corrosion inhibition of carbon steel in hydrochloric acid by some 
polyethylene glycols. Electrochimica Acta 51(18):3848-3854. 

 
ASTM G1-03 Standard Practice for Preparing, Cleaning and Evaluating 

Corrosion Test Specimens. ASTM International. 
 
ASTM G106-89 Standard Practice for Verification of Algorithm and Equipment 

for Electrochemical Impedance Measurements. ASTM International. 
 
ASTM G31-72 Standard practice for laboratory immersion corrosion testing of 

metals. 
 
ASTM G3-89 Standard Practice for Conceptions Applicable to Electrochemical 

Measurements in Corrosion Testing. ASTM International. 
 
ASTM G5-13 Standard Reference Test Method for Making Potentiodynamic 

Anodic Polarization Measurements. ASTM International. 
 
Avwiri, G.O. and Igho, F.O. 2003. Inhibitive action of Vernoniaamygdalina on the 

corrosion of aluminum alloys in acidic media. Materials Letters 
57:3705-3711. 

 
Awasthi, S., Rishishwar, P., Rao, A.N., Ganesan, K. and Malhotra, R.C. 2007. 

Synthesis, characterization and spectral studies of various newer long 
chain aliphatic acid (2-hydroxy benzylidene and 1H-indol-3-
ylmethylene) hydrazides as mosquito para-pheromones. Journal of the 
Korean Chemical Society 50:506-512. 

http://www.sciencedirect.com/science/journal/01694332
http://www.sciencedirect.com/science/journal/01694332/239/2


© C
OPYRIG

HT U
PM

120 
 

 
Aylward, F. and Rao Narayana, C.V. 1956. Use of hydrazine as a reducing agent 

for unsaturated compounds. I. The hydrogenation of oleic acid. Journal 
of Chemical Technology and Biotechnology 6:248-252. 

 
Badr, E.E., Kandeel, E.M. and El-Sadek, B.M. 2010. Novel gemini cationic 

surfactants based on N,N-dimethyl fatty hydrazide and 1,3-
dibromopropane: Synthesis, evaluation of surface and antimicrobial 
properties. Journal of Oleo Science 59(12):647-652. 

 
Bagrov, F.V., Matveeva, T.M. and Petrukhin, V.A. 1997. Phosphorus-containing 

hydrazones as additives for lubricating greases. Chemistry and 
Technology of Fuels and Oils 33:40-41. 

 
Bahrami, K., Khodaei, M. M., and Naali, F. 2008. Mild and highly efficient method 

for the synthesis of 2-arylbenzimidazoles and 2-arylbenzothiazoles 
Journal of Organic Chemistry 73, 6835-6837. 

 
Bahrami, M.J. and Hosseini, S.M.A. 2012. Electrochemical and thermodynamic 

investigation of the corrosion behavior of milds steel in 1 M HCl solution 
containing organic compounds. International Journal of Industrial 
Chemistry 3:30. 

 
Banerjee, G. and Malhotra, S.N. 1992. Contribution to adsorption of aromatic 

amines on mild steel surface from HCl solutions by impedance, UV, 
and raman spectroscopy. Corrosion 48: 10-15. [doi: 
10.5006/1.3315912]. 

 
Barmatov, E., Geddes, J., Hughes, T., and Nagl, M. 2012. Research on corrosion 

inhibitors for acid stimulation in NACE, pp. C2012-0001573. 
 
Bentiss, F. and Lagrenee, M.  2011. Heterocyclic compounds as corrosion 

inhibitors for mild steel in hydrochloric acid medium -correlation 
between electronic structure and inhibition efficiency. Journal of 
Materials and Environmental Science 2(1): 13-17. 

 
Bentiss, F., Lebrini, M. and Lagrence, M. 2005. Thermodynamic characterization 

of metal dissolution and inhibitor adsorption processes in mild 
steel/2,5-bis(n-thienyl)-1,3,4-thiadiazoles/hydrochloric acid system. 
Corrosion Science 47(12):2915-2931. 

 
Bentiss, F., Lebrini, M., Vezin, H., Chai, F., Traisnel, M., and Lagrené, M. 2009. 

Enhanced corrosion resistance of carbon steel in normal sulfuric acid 
medium by some macrocyclic polyether compounds containing a 
1,3,4-thiadiazole moiety: AC impedance and computational studies. 
Corrosion Science 51(9):2165-2173. 

 
Bouklah, M., Hammouti, B., Lagrenee, M. and Bentiss, F. 2006. Thermodynamic 

properties of 2,5-bis(4-methoxyphenyl)-1,3,4-oxadiazole as a 
corrosion inhibitor for mild steel in normal sulfuric acid medium. 
Corrosion Science 48(9):2831-2842. 



© C
OPYRIG

HT U
PM

121 
 

 
Brindsi, F.A., Bleeks, T.W. and Sullivan, T.E. U.S. Patent 4,302, 246 (1981). 
 
Brodowska, K. and Lodyga-Chruscinka, E. 2014. Schiff bases-Interesting range 

of applications in various fields of science. Chemik 68(2):129-134. 
 
Callister, W.D. and Rethwisch, D.G. 2011. Materials Science and Engineering: 

An Introduction 8th Ed. John Wiley and Sons (Asia) Private Limited.  
 
Carpenter, C. A., Kenar, J.A. and Price, N.L.P.J. 2010. Preparation of saturated 

and unsaturated fatty hydrazides and long chain C-glycoside 
ketohydrazones. The Royal Society of Chemistry 12:2012-2018. 

 
Chakraborti, A.K., Bhagat, S. and Rudrawar, S. 2004. Magnesium perchlorate 

as an efficient catalyst for the synthesis of imines and 
phenylhydrazones. Tetrahedron Letters 45(41):7641-7644. 

 
Chakravarthy, M.P. and Mohana, 2013. Inhibition behaviour of some isonicotinic 

acid hydrazides on the corrosion of mild steel in hydrochloric acid 
solution. International Journal of Corrosion. Article ID: 854781 
http://dx.doi.org/10.1155/2013/854781. 

 
Chamarthi, N. R., Thalla, N., Devineni, S. R. and Parimi, B. N. 2012. A facile, 

catalyst-free green synthesis for Schiff’s bases in aqueous medium 
under ultrasonic irradiation conditions and their antimicrobial activity. 
Der pharma chemical 3(4):808-816.  

 
Chang, R. Chemistry; 5th ed; McGraw-Hill, Inc.: USA.1994. 
 
Chen, H.J., Hong, T. and Jepson, W.P. 2000. High temperature corrosion 

inhibition performance of imidazoline and amide. Corrosion 2000. 
NACE International 2000, USA. Paper No: 35. 

 
Cicek, V. and Al-Numan, B. 2011. Corrosion Chemistry. Masschusetts: Wiley 

Scrivener Publishing LLC. 
 
Cizek, A. 1994. Acidizing Inhibitors. Materials Performance 33:56.  
 
Clubley, B.G. 1990. The design of corrosion inhibitors to meet specific 

requirements for oilfield applications. In Chemical Inhibitors for 
Corrosion Control, ed. Donham. J.E., pp. 21-45. Britain: Henry Ling 
Limited. 

 
Contrerasa, E.Q., Huanga, J., Posustab, R.S., Sharmab, D.K., Yana, C., 

Guraieba, P., Tomsona, M.B. and Tomsona, R.C. 2014. Optical 
measurement of uniform and localized corrosion of C1018, SS 410, 
and Inconel 825 alloys using white light interferometry. Corrosion 
Science 87:383–391. 

 



© C
OPYRIG

HT U
PM

122 
 

Dabiri, M., Salehi, P., Baghbanzadeh, M. and Bahramnejad, M. 2006. A facile 
procedure for the one-pot synthesis of unsymmetrical 2,5-disubstituted 
1,3,4-oxadiazoles. Tetrahedron Letters 47:6983-6986. 

 
Danaee, I., Ghasemi, O., Rashed, G.R., Avei, M.R. and Maddany, M.H. 2013. 

Effect of hydroxyl group position on adsorption behavior and corrosion 
inhibition of hydroxybenzaldehyde Schiff bases: Electrochemical and 
quantum calculation. Journal of Molecular Structure 1035:247-259. 

 
Dar, M.A. 2011. A review: plant extracts and oils as corrosion inhibitors in 

aggressive media. Industrial Lubrication and Tribology 63(4):227–233.    
http://dx.doi.org/10.1108/00368791111140431. 

 
Davis, J.R. 2000. Corrosion: Understanding the Basics, Materials Park, Ohio 

USA: ASM International. 
 
Desai, M.N., Desai, M.B., Shah, C.B. and Desai, S.M. 1986. Schiff bases as 

corrosion inhibitors for mild steel in hydrochloric acid solutions. 
Corrosion Science 26(10):827-837. 

 
Desai, M.N., Talati, D. and Shah, N.K. 2003. Ortho-substituted aniline-N-

salicylidenes as corrosion inhibitors for zinc in sulphuric acid. Indian 
Journal of Chemistry 42A:3027-3035. 

 
DIN EN ISO 8044- Corrosion of metals and alloys: Basic terms and definitions. 
 
Durnie, W.H., Kinsella, B.J., de Marco, R. and Jefferson, A. 2001. A study of the 

adsorption properties of commercial carbon dioxide corrosion inhibitor 
formulations. Journal of Electrochemical Society 31:1221–1226. 

 
Ejikeme, P.M., Umana, S.G., Menkiti, M.C. and Onukwuli, O.D. 2015. 

International Journal of Materials and Chemistry 5(1):14-23. Inhibition 
of Mild Steel and Aluminium Corrosion in 1M H2SO4 by Leaves Extract 
of African Breadfruit. DOI: 10.5923/j.ijmc.20150501.03 

 
El-Ashry, E.H. and Samir, A. 2011. QSAR of lauric hydrazide and its salts as 

corrosion inhibitors by using the quantum chemical and topological 
descriptors. Corrosion Science 53(3):1025-1034. 

 
El-Etre, A.Y., Abdallah, M. and El-Tantawy, Z.E. 2005. Corrosion inhibition of 

some metals using lawsonia extract. Corrosion Science 47(2):385-395. 
 
El-Hosary, A.A., Saleh, R.M. and El Din, A.M.S. 1972. Corrosion inhibition by 

naturally occurring substances-I. The effect of Hibiscus subdariffa 
(karkade) extract on the dissolution of Al and Zn. Corrosion Science 
12(12):897-904. 

 
El-Lateef, H.M.A. 2015. Experimental and computational investigation on the 

corrosion inhibition characteristics of mild steel by some novel 
synthesized imines in hydrochloric acid solutions. Corrosion Science 
92:104–117. 

http://dx.doi.org/10.1108/00368791111140431


© C
OPYRIG

HT U
PM

123 
 

 
El-Maksoud, S.A.A. 2008. The effect of organic compounds on the 

electrochemical behaviour of steel in acidic media. A review. 
International Journal of Electrochemical Science 3:528-555. 

 
Emregul, K.C. and Hayvali, M. 2006. Studies on the effect of a newly synthesized 

Schiff base compound from phenazone and vanillin on the corrosion of 
steel in 2 M HCl. Corrosion Science 48:797-812. 

 
Espinoza-Vázquez, A., Garcia-Galan, S. and Rodríguez-Gómez, F.J. 2015. 

Nicotine as corrosion inhibitor for 1018 steel in 1 M HCl under turbulent 
conditions. Journal of Analytical and Bioanalytical Technology 6:273. 
doi: 10.4172/2155-9872.100027. 

 
Fouda, A.E.S, Nazeer, A.A. and Saber, A. 2014. Electrochemical adsorption 

properties and inhibition of zinc corrosion by two chromones in sulfuric 
acid solutions. Journal of Korean Chemical Society 58(2):160-168. 

 
Fouda, A.E.S., Badr, G.E. and El-Hadad, M.N. 2008. The inhibition of C-steel 

corrosion in H3PO4 solution by some furfural hydrazone derivatives. 
Journal Korean Chemical Society 52(2):124-132. 

 
Fouda, A.E.S., Gouda, M.M. and Et-Rahman, S.I.A. 2000. Benzaldehyde, 2-

hydroxybenzoyl hydrazone derivatives as inhibitors of the corrosion of 
aluminum in hydrochloric acid. Chemical  Pharmaceutical Bulletin 
48(5):636-640. 

 
Fouda, A.E.S., Mostafa, H.A., Ghazy, S.E. and El-Farah, S.A. 2007. Use of 

hydrazone derivates as inhibitors for the corrosion of nickel in 
hydrochloric acid solution. International Journal of Electrochemical 
Science 2:182-194. 

 
Fu, J.J., Zang, H.S., Wang, Y., Li, S.N., Chen, T. and Liu, X.D. 2015. 

Experimental and theoretical study on the inhibition performances of 
quinoxaline and its derivatives for the corrosion of mild steel in 
hydrochloric acid. Industrial and Engineering Chemistry Research 
51:6377-6386. 

 
G2MT Laboratories. Cost of Corrosion Annually in the US Over $1.1 Trillion in 

2016 (Retrieved on 18 May 2016 from 
http://www.g2mtlabs.com/corrosion/cost-of-corrosion). 

 
Gallego, M., Garcia-Vargas, M. and Valcarel, M. 1979. Pyridine-2-carbaldehyde 

2-hydroxybenzoylhydrazone as a selective reagent for the extraction 
and spectrophotometric determination of iron(II), Analyst 
104(1239):613-619. 

 
Ghali, E. Active and Passive Behaviors of Aluminum and Magnesium and Their 

Alloys. In Corrosion Resistance of Aluminum and Magnesium Alloys: 
Understanding, Performance, and Testing; John Wiley Sons, Inc.: New 
Jersey. 2010. doi: 10.1002/9780470531778.ch3 

http://www.g2mtlabs.com/corrosion/cost-of-corrosion


© C
OPYRIG

HT U
PM

124 
 

 
Ghazoui, A., Saddik, R., Bencat, N., Hammouti, B., Guenbour, M., Zarrouk, A. 

and Ramdani, M. 2012. The role of 3-amino-2-phenylimidazo[1,2-a] 
pyridine as corrosion inhibitor for C38 steel in 1 M HCl. Der Pharma 
Chemica 4(1):352-364. 

 
Grand View Research. 2014. Corrosion Inhibitors Market Analysis by Product 

(Organic, Inorganic), By Application (Water Based and Oil/Solvent 
Based), By End-Use Industry (Power Generation, Metal Processing, 
Pulp Paper, Oil Gas and Chemical Processing) And Segment 
Forecasts To 2020. Retrieved on 16 January 2016 from: 
http://www.grandviewresearch.com/industry-analysis/corrosion-
inhibitors-market.  

 
Graiver, D., Dacomba, R., Khawaji, M., Jaros, A., Berglund, K., and Narayan, R. 

2012. Steel-Corrosion Inhibitors Derived from Soybean Oil. Journal of 
the American Oil Chemists' Society 89(10):1895-1903. 

 
Grew, E.L. and Robertson, A.A., 1974. Reduction of thebaine. USP3812132. 
 
Hamdy, A. and El-Gendy, N.S.  2013. Thermodynamic, adsorption and 

electrochemical studies for corrosion inhibition of carbon steel by 
henna extract in acid medium. Egyptian Journal of Petroleum 22: 17–
25.  

 
Harrop, D. 1998. Chemical inhibitors for Corrosion Control. The proceedings of 

an International Symposium, Organized by the Industrial Division of the 
royal Society of Chemistry and the Institution of Corrosion Science and 
Technology.  

 
Hays, G.F. 2010. Now is the time. Advanced Material Research 95:1-2. 
 
Hosseini, M.G., Mertens, S., Ghorbani, M. and Arshadi, M.R. 2003. 

Asymmetrical Schiff bases as inhibitors of mild steel corrosion in 
sulphuric acid media. Materials Chemistry and Physics 78(3):800-808. 

 
https://www.classle.net/book/corrosion-inhibitor. Retrieved on 16 June 2015.  
 
http://www.gamry.com. Retrieved on 26 Oct 2015. 
 
Hussain, Z., Yousif, E., Ahmed, A. and Altaie, A. 2014. Synthesis and 

characterization of Schiff's bases of Sulfamethoxazole. Organic and 
Medicinal Chemistry Letters 4:1. DOI:10.1186/2191-2858-4-1. 

 
Hussin, M.H. and Kassim, M.J. 2010. Electrochemical studies of mild steel 

corrosion inhibition in aqueous solution by uncaria gambir extract. 
Journal of Physical Science 21(1):1-13. 

 
Hussin, M.H. and Kassin, M.J. 2011. The corrosion inhibition and adsorption 

behavior of Uncaria gambir extract on mild steel in 1M HCl. Materials 
Chemistry and Physics 125:461-468. 

http://www.grandviewresearch.com/industry-analysis/corrosion-inhibitors-market
http://www.grandviewresearch.com/industry-analysis/corrosion-inhibitors-market
https://www.classle.net/book/corrosion-inhibitor
http://www.gamry.com/


© C
OPYRIG

HT U
PM

125 
 

 
Ismail, T.N.M.T., Hazimah, A.H. and Yunus, W.M.Z.W. 2012. Optimization of 

reaction conditions for enzymatic synthesis of palm fatty hydrazides 
using response surface methodology. Journal of Oleo Science 
61(5):297-302. 

 
Jayaperumal, D. 2010. Effects of alcohol-based inhibitors on corrosion of mild 

steel in hydrochloric acid. Materials Chemistry and Physics 119:478-
484. 

 
Jha, A., Yashmeen, S. and Kumar, D.N. 2013. An innovative green synthesis of 

some Schiff bases and their antimicrobial activity. International Journal 
of Pharma and Biosciences 4(4):197-204. 

 
Jones, D.A. 1992. Principles and Prevention of Corrosion, 1st Ed.; Maxwell 

Macmillan International Publishing Group: New York, USA. 
 
Kalsi, R., Pande, K., Bhalla, T.N., Barthwal, J.P., Gupta, G.P. and Parmar, S.S. 

1990. Synthesis and biological activities of diflunisal hydrazide-
hydrazones. Journal of Pharmaceutical Sciences 79:317-320. 

 
Kamis, A. 1992. Cost of corrosion. Buletin FKKKSA 6(2):12-15. ISSN 0128-

0740. 
 
Karthikaiselvi, R and Subhashini, S. 2014. Study of adsorption properties and 

inhibition of mild steel corrosion in hydrochloric acid media by water 
soluble composite poly(vinyl alcohol-o-methoxy aniline). Journal of the 
Association of Arab Universities for Basic and Applied Sciences 16:74-
82. 

 
Keersmaecker, M.D., Depla, D., Verbeken, K. and Adriaens, A. 2014. 

Electrocemical and surface study of neutralized dodecanoic acid on a 
lead substrate. Journal of The Electrochemical Society 161(3):C126-
C137. 

 
Keles, H., Emir, D.M. and Keles, M. 2015. A comparative study of the corrosion 

inhibition of low carbon steel in HCl solution by an imine compound and 
its cobalt complex. Corrosion Science 101:19-31. 

 
Khadiri, A., Saddik, R., Bekkouche, K., Aouniti, A., Hammouti, B., Benchat, N., 

Solmaz, R. and Bouachrine, M. 2016. Gravimetric, electrochemical 
and quantum chemical studies of some pyridazine derivatives as 
corrosion inhibitors for mild steel in 1 M HCl solution. Journal of Taiwan 
Institute of Chemical Engineers 58: 552-564. 

 
Kim, E., Kim, S. and Kim, B.M., 2011. Efficient and chemoselective reduction of 

olefins catalyzed by Fe3O4 nanoparticles using hydrazine hydrate. 
Bulletin Korean Chemical Society 32: 3183-3186.  

 



© C
OPYRIG

HT U
PM

126 
 

Koeppen, A.V., Pasowicz, A.F. and Metz, B.A. 1972. Non-chromate corrosion 
inhibitors.  In Industrial Water Engineering. USA: Wright Chemical 
Corporation.  

 
Kuehne, M. E. 1959. The applications of enamines to a new synthesis of b-

ketonitriles. Journal of American Chemists’ Society 81(20):5400-5404. 
Doi:10.1021/ja01529a037. 

 
Kumar, K.A., Jayaroopa, P. and Kumar, G.V. 2012. Comprehensive review on 

the chemistry of 1,3,4-oxadiazoles and their applications. International 
Journal of Chemtech Research 4:1782-1791. 

 
Kumar, S.M., Sudesh, K., Ratnani, R. and Mathur, S.P. 2006. Corrosion 

inhibition of aluminum by extracts of proscopiscineraria in acidic media. 
Bulletin of Electrochemistry 22(2):69-74. 

 
Kumpawat, N., Chaturvedi, A. and Upadhyay, R.K. 2012. Comparative study of 

corrosion inhibition efficiency of naturally occurring ecofriendly 
varieties of holy basil (Tulsi) for tin in HNO3 solution. Open Journal of 
Metal 2:68-73. 

 
Lambert, J., Shurvell, H.F., Lightner, D.A. and Cooks, R.G. 2001. Structural 

Analysis. In Organic Structural Spectroscopy, pp 183-184; 227. New 
Jersey: Prentice Hall, Inc. 

 
Larabi, L., Harek, Y., Benali and Ghalem, S. 2005. Hydrazide derivatives as 

corrosion inhibitors for mild steel in 1 M HCl. Progress in Organic 
Coating 50:256-262. 

 
Lebrini, M., Bentiss, F., Vezin, H. and Lagrenee, M. 2006. The inhibition of mild 

steel corrosion in acidic solutions by 2,5-bis(4-pyridyl)-1,3,4-
thiadiazole: Structure–activity correlation. Corrosion Science 48:1279-
1291. 

 
Lendvay-Gyorik, G., Meszaros, G., Lengyel, B. and Lendvay, G. 2003. 

Electrochemical and quantum chemical studies on the formation of 
protective film by alkynols on iron. Corrosion Science 45:1685-1702. 

 
Li,W., He, Q., Pei, C. and Hou, B. 2007. Experimental and theoretical 

investigation of the adsorption behaviour of new triazole derivatives as 
inhibitors for mild steel corrosion in acid media.  Electrochimica Acta 
52:6386-6394. 

 
Liu, H., Zhu, L. and Zhao, Q. 2014. Schiff base compound as a corrosion inhibitor 

for mild steel in 1M HCl. Research on Chemical Intermediates, DOI 
10.1007/s11164-014-1579-8. 

 
Look, G.C., Murphy, M.M., Campbell, D.A. and Gallop, M.A. 1995. 

Trimethylorthoformate: A mild and effective dehydrating reagent for 
solution and solid phase imine formation. Tetrahedron Letters 
36(17):2937-2940. 

http://www.sciencedirect.com/science/article/pii/S0013468607005762
http://www.sciencedirect.com/science/article/pii/S0013468607005762
http://www.sciencedirect.com/science/article/pii/S0013468607005762


© C
OPYRIG

HT U
PM

127 
 

 
Love, B.E. and Ren, J. 1993. Synthesis of sterically hindered imines. Journal of 

Organic Chemistry 58(20):5556–7. 
 
Madkour, L.H. and Elroby, S.K. 2015. Correlation between corrosion inhibitive 

effect and quantum molecular structure of Schiff bases for iron in acidic 
and alkaline media. Standard Scientific Research and Essays 
2(13):680-704. 

 
Malhotra, R., Singh, J.P., Dudeja, M. and Dhindsa, K.S. 1992.  Ligational  

behavior of  N-substituted  acid  hydrazides  towards  transition metals   
and   potentiation   of   their microbiocidal activity. Journal of Inorganic 
Biochemistry 46:119-127. 

 
Manimekalai, A., Sivakumar, B.S. and Maruthavanan, T. 2004. NMR spectral 

studies of some N-aroyl hydrazones. Indian Journal of Chemistry 
43B:1753-1757. 

 
Maranhãoa, S.L.A., Guedesa, I.C., Anaissib, F.J., Tomac, H.E. and Aokia, I.V. 

2006. Electrochemical and corrosion studies of poly(nickel-
tetraaminophthalocyanine) on carbon steel. Electrochimica Acta 
52(2):519–526. 

 
Migahed, M.A., Abd-El-Raouf, M., Al-Sabagh, A.M. and Abd-El-Bary, H.M. 2006. 

Corrosion inhibition of carbon steel in acid chloride solution using 
ethoxylated fatty alkyl amine surfactants. Journal of Applied 
Electrochemistry 36(4): 395-402. 

 
Miksic, B.M., Furman, A.Y. and Kharshan, M.A. 2009. Effectiveness of the 

corrosion inhibitiors for the petroleum industry under various flow 
conditions in NACE Corrosion Conference and Expo 2009, pp. 9573. 

 
Mishra, N., Poonia, K and Kumar, D. 2013. An overview of biological aspects of 

Schiff base metal complexes. International Journal of Advancements 
in Research and Technology 2(8):52-66. 

 
Moffett, R.B. and Rabjohn, N. 1963. Organic Syntheses, pp. 605-608. New York: 

John Wiley Sons, Inc.  
 
Mohamad, S., Yunus, W.M.Z.W., Haron, M.J. and Rahman, M.Z.A. 2008. 

Enzymatic synthesis of fatty hydrazides from palm oils. Journal of Oleo 
Science 57:263-267. 

 
Monk, K.A. 2015. Quaternary fatty acid esters as corrosion inhibitors. US Patent 

20150240365. 
 
Moussa, M.N.H., Taha, F.I.M., Gouda, M.M.A. and Singab, G.M. 1976. The 

effect of some hydrazine derivatives on the corrosion of Al in HCl 
solution. Corrosion Science 16:379-385. 

 
Nalesnik, T. E. 2003a. Alkyl hydrazide additives for lubricants. USP6667282B2. 



© C
OPYRIG

HT U
PM

128 
 

 
Nalesnik, T.E. 2003b. Alkyl-succinhydrazine additives for lubricants. 

USP0104953A1. 
 
Negm, N.A. and Zaki, M.F. 2008. Structural and biological behaviors of some 

nonionic Schiff-base amphiphiles and their Cu(II) and Fe(III) metal 
complexes. Colloids and Surfaces B: Biointerfaces 64(2):179-83. 

 
Negm, N.A., Ghuiba, F.M. and Tawfik, S.M. 2011. Novel isoxazolium cationic 

Schiff base compounds as corrosion inhibitors for carbon steel in 
hydrochloric acid. Corrosion Science 53:3566-3575. 

 
Noor, E.A. and Al-Moubaraki, A.H. 2008. Thermodynamic study of metal 

corrosion and inhibitor adsorption processes in mild steel/1-methyl-
4[4(-X)-styryl pyridinium iodides/hydrochloric acid systems. Materials 
Chemistry and Physics 110:145-154. 

 
Obot, I.B. and Obi-Egbedi, N.O. 2010. Adsorption properties and inhibition of 

mild steel corrosion in sulphuric by ketoconazole: Experimental and 
theoretical investigation. Corrosion Science 52:198-204. 

 
Olasunkanmi, L.O., Obot I.B., Kabanda, M.M. and Ebenso, E.E. 2015. Some 

quinoxalin-6-yl derivatives as corrosion inhibitors for mild steel in 
hydrochloric acid: Experimental and theoretical studies. The Journal of 
Physical Chemistry C 119(28):16004-16019. 
(http://dx.doi.org/10.1021/acs.jpcc.5b03285). 

 
Ota, Y., Kawase, Y., Yasuda, K. and Yoshitomi, K. 1972. Hydrogenation of fatty 

acid methyl ester and soybean oil by hydrazine. Journal of The Japan 
Oil Chemists Society 21:380-382. 

 
Özcan, M., ˘Karadag, F. and Dehri, I. 2008. Investigation  of adsorption 

characteristics of methionine at mild steel/ sulfuric acid interface: An 
experimental and theoretical study. Colloids  Surfaces A: 
Physicochemical and Engineering Aspects 325:57-63. 

 
Palou, R.M., Olivares-Xomelt, O. and Likhanova, N.V. Chapter 19: 

Environmentally Friendly corrosion inhibitors. INTECH Publication, 
2014. (http://dx.doi.org/10.5772/57252). 

 
Pandey, A., Dewangan, D., Verma, S., Mishra, A. and Dubey, R. D. 2011. 

Synthesis of Schiff bases of 2-amino-5-aryl-1,3,4-thiadiazole and its 
analgesic, anti-inflammatory, anti-bacterial and anti-tubercular activity.  
International Journal of ChemTech Research 3(1):178–184. 

 
Papavisanam, S. 2000. Corrosion Inhibitor. In Uhlig’s Corrosion Handbook, 2nd 

Ed., pp 1089-1105. USA: John Wiley and Sons Inc. 
 
Patel, M.S., Patel, D.D., Patel, V.S., Patel, K.C. and Patel, P.S. 2014. Synthesis 

of Schiff bases of N-based methylene derivatives. International Journal 
of Advanced Research 2(3):580-585. 

http://pubs.acs.org/doi/abs/10.1021/acs.jpcc.5b03285
http://pubs.acs.org/doi/abs/10.1021/acs.jpcc.5b03285
http://pubs.acs.org/doi/abs/10.1021/acs.jpcc.5b03285
http://dx.doi.org/10.5772/57252


© C
OPYRIG

HT U
PM

129 
 

 
Pavia, D.L., Lampman, G.K., Kris, G.S. and Vyvyan, J.R. 2009. Introduction to 

Specrtoscopy 4th Ed. Washigton: Brooks/Cole Cengage Learning. 
 
Pieber, B.,  Martinez, S.T., Cantillo, d. and Kappe, C.O. 2013. In Situ Generation 

of Diimide from Hydrazine and Oxygen: Continuous-Flow Transfer 
Hydrogenation of Olefins. Angewandte Chemie International Edition 
52(3):10127-10387. 

 
Pludek, V.R. 1977. Design and Corrosion Control. Surrey: The Macmillan Press 

Ltd. 
 
Prathiba, B.S., Kotteeswaran, P. and Raju, V.B. 2012. Study on the inhibition of 

mild steel corrosion by N,N-dimethyl-N-(2-phenoxyethyl)dodecan-1-
aminiumbromide in HCl medium. Journal of Applied Chemistry 2(5):61-
70. 

 
Qiu, L.G., Wu, Y., Wang, Y.M. and Jiang, X. 2008. Synergistic effect between 

cationic gemini surfactant and chloride ion for the corrosion inhibition 
of steel in sulphuric acid. Corrosion Science 50(2):576-582. 

 
Quraishi, M.A. and Ansari, F.A. 2003. Corrosion inhibition by fatty acid triazoles 

for mild steels in formic acid. Journal of Applied Electrochemistry 
33:233-238. 

 
Quraishi, M.A. and Ansari, F.A. 2006. Fatty acid oxadiazoles as corrosion 

inhibitors for mild steel in formic acid. Journal of Applied 
Electrochemistry 36:309–314. 

 
Quraishi, M.A. and Rawat, J. 2001. Influence of iodide ions on inhibitive 

performance of tetraphenyl-dithia-octaaza-cyclotetradeca-hexaene 
(PTAT) during pickling of mild steel in hot sulfuric acid. Materials 
Chemistry and Physics 70:95–99. 

 
Quraishi, M.A., Ahamad, I., Lal, B. and Singh, V. 2009. Aromatic amines and 

hydrazides as corrosion inhibitors for paper-pulp industry. The Arabian 
Journal for Science and Engineering 34:2A. 

 
Quraishi, M.A., Bhardwaj, V. and Rawat, J. 2002. Prevention of metallic 

corrosion by lauric hydrazide and its salts under vapor phase 
conditions. Journal of Applied Oleochemical Society 79:603-609. 

 
Quraishi, M.A., Jamal, D. and Saeed, M.T. 2000. Fatty acid derivatives as 

corrosion inhibitors for mild steel and oil-well tubular steel in 15% 
boiling hydrochloric acid. Journal of American Oil Chemists’ Society 
77:265-268. 

 
Quraishi, M.A., Sardar, R. and Danish Jamal, D. 2001. Corrosion inhibition of 

mild steel in hydrochloric acid by some aromatic hydrazides. Materials 
Chemistry and Physics 71(3):309–313. 

 



© C
OPYRIG

HT U
PM

130 
 

Rafiquee, M.Z.A., Saxena, N., Khan, S. and Quraishi, M.A. 2007. Some fatty 
acid oxadiazoles for corrosion inhibition of mild steel in HCl. Indian 
Journal of Chemical Technology 14:576-583. 

 
Raja, P.B. and Sethuraman, M.G. 2008. Natural products as corrosion inhibitors 

for metals in corrosive media-A review. Materials Letter 62:113-116. 
 
Ramesh, S.V. and Adhikari, V. 2007.  Inhibition of corrosion of mild steel in acid 

media by N′-benzylidene-3-(quinolin-4-ylthio)propanohydrazide. 
Bulletin of Materials Science 31(4): 699–709. 

 
Ramya, K., Mohan, R., Anupama, K.K. and Joseph, A. 2015. Electrochemical 

and theoretical studies on the synergistic interaction and corrosion 
inhibition of alkyl benzimidazoles and thiosemicarbazide pair on mild 
steel in hydrochloric acid. Materials Chemistry and Physics 149-
150:632-647. 

 
Rani, B.E.A. and Basu, B.B.J. 2012. Green Inhibitors for Corrosion Protection of 

Metals and Alloys: An Overview. International Journal of Corrosion ID 
380217. 

 
Rauf, A., Bandy, M.R. and Mattoo, R.H. 2008. Synthesis, characterization and 

antimicrobial activity of long-chain hydrazones. Acta Chim. Slov. 
55:448-452. 

 
Rehan, H.H. 2003. Corrosion Control by water-soluble extracts from leaves of 

economic plants. Materials Science and Engineering Technology 
34(2):232–237. 

 
Rivera-Grau, L.M., Casales, M., Regla, I., Ortega-Toledo, D.M., Ascencio-

Gutierrez, J.A. and Martinez-Gomez, L. 2013. Effect of organic 
corrosion inhibitors on the corrosion performance of 1018 carbon steel 
in 3% NaCl solution. International Journal of Electrochemical Science 
8:2491 – 2503. 

 
Rollas, S., Gulerman, N. and Erdeniz, H. 2002. Synthesis and antimicrobial 

activity of some new hydrazones of 4-fluorobenzoic acid hydrazide and 
3-acetyl-2,5-disubstituted-1,3,4-oxadiazolines. Il Farmaco 57:171-174. 

 
Rostron, P. and Kasshanna, S. 2015. Novel synthesis of vegetable oil derived 

corrosion inhibitors. International Journal of Corrosion Article ID: 
851698  (http://dx.doi.org/10.1155/2015/851698). 

 
Rudnick, L.R. 2009. Lubricant additives: chemistry and application, 2nd ed.; 

U.S.A.: CRC Press. 
 
Sakunthala, P., Vivekananthan, S.S., Gopiraman, M., Sulochana, N. and 

Vincent, A.R. 2013. Spectroscopic investigations of physicochemical 
interactions on mild steel in an acidic medium by environmentally 
friendly green inhibitors. Journal of Surfactants and Detergents 
16(2):251. 

http://link.springer.com/article/10.1007/s12034-008-0111-4
http://link.springer.com/article/10.1007/s12034-008-0111-4
http://dx.doi.org/10.1155/2015/851698


© C
OPYRIG

HT U
PM

131 
 

 
Saliyan, V.R. and Adhikari, A.V. 2009. Corrosion inhibition of mild steel in acid 

media by quinolinyl thiopropano hydrazone. Indian Journal of Chemical 
Technology 16:162-174. 

 
Sangeetha, M., Rajendran, S., Muthumegala, T.S. and Krishnaveni, A. 2011. 

Green corrosion inhibitors-An overview. Zaštita Materijala 52:1-19. 
 
Sastri, V.S., Ghali, E. and Elboujdaini, M. 2007. Corrosion Prevention and 

Protection: Practical Solutions. England: John Wiley and Son Limited. 
 
Scendo, M. 2008. Inhibition of copper corrosion in sodium nitrate solutions with 

nontoxic inhibitors. Corrosion Science 50(6):1584–1592. 
 
Schmitt, G., 1984. Application of inhibitors in acid media. British Corrosion 

Journal 19:165. 
 
Shafiee, S.R.M., Ashri, A. Zulkafli, M.Y., Othman, N.K. and Lazim, A.M. (2015). 

Effect of red palm oil as a natural corrosion inhibitor toward carbon 
steel and mild steel in 1 M of Hydrochloric acid solution. Malaysian 
Journal of Analytical Sciences 19: 679 – 691. 

 
Sharmila A., Prema, A. and Sahayaraj, A. 2010. Influence of Murraya koenighii 

extract on the corrosion inhibition of carbon steel in HCl solution. 
Rasayan Journal of Chemical Science 3(1):74-81. 

 
Shaw, B.A. and Kelly, R.G. 2006. What is corrosion? The Electrochemical 

Society Interface, Spring 2006. 
 
Sherif, E.M. and Park, S.2006. Effects of 2-amino-5-ethylthio-1,3,4-thiadiazole 

on copper corrosion as a corrosion inhibitor in aerated acidic pickling 
solutions. Electrochimica Acta 51 (2006):6556–6562. 

 
Shukla, S.K. and Ebenso, E.E. 2011. Corrosion inhibition, adsorption behavior 

and thermodynamic properties of streptomycin on mild steel in 
hydrochloric acid medium. International Journal of Electrochemical 
Science 6:3277-3291. 

 
Sıgırcık, G., Tunc¸ Tüken, Mehmet Erbil, M. 2016. Assessment of the inhibition 

efficiency of 3,4-diaminobenzonitrileagainst the corrosion of steel. 
Corrosion Science 102:437–445.  

 
Singh, T., Singh, R., Verma, V.K. and Nakayama, K. 1990. A study of N, O and 

S heterocyclic compounds as extreme pressure lubricant additives. 
Tribology International 23:41-46. 

 
Singh, R.K., Pandey, S., Saxena, R.C., Thakre, G.D., Atray, N. 2015. Study of 

cystine schiff base esters as new environmentally benign 
multifunctional biolubricant additives. Journal of Industrial and 
Engineering Chemistry 26:149–156. 

 



© C
OPYRIG

HT U
PM

132 
 

Smit, C., Fraaije, M.W. and Minnaard, A.J. 2008. Reduction of carbon-carbon 
double bonds using organocatalytically generated diimide. Journal of 
Organic Chemistry 73:9482-9485. 

 
Smith, C.F., Dollarhide, F.E. and Byth, N.B. 1978. Acid corrosion inhibitor: Are 

we getting what we need? Journal of Petroleum Technology 30:737-
746. 

 
Solmaz, R., Kardas, G., Culha, M., Yazici, B. and Erbil, M. 2008. Investigation of 

adsorption and inhibitive effect of 2-mercaptothiazoline on corrosion of 
mild steel in hydrochloric acid media. Electrochimica Acta 
53(20):5941–5952. 

 
Sudheer, Quraishi, M.A., Ebenso, E.E. and Natesan, M. 2012. Inhibition of 

atmospheric corrosion of mild steel be new green inhibitors under 
vapour phase condition. International Journal of Electrochemical 
Science 7:7463-7475. 

 
Sumathi, S., Chai, S.P. and Mohamed, A.R. 2008. Utilization of palm oil as a 

source of renewable energy in Malaysia. Renewable and Sustainable 
Energy Reviews 12(9):2402-2421. 

 
Taguchi, K. and Westheimer, F.H. 1971. Catalysis by molecular sieves in the 

preparation of ketimines and enamines. Journal of Organic Chemistry 
36(11):1570–1572.  

 
Tan, Y.J., Bailey, S. and Kinsellal, B. 1996. An investigation of the formation and 

destruction of corrosion inhibitor films using electrochemical 
impedance spectroscopy (EIS). Corrosion Science 38(9):1545-1561. 

 
Thalla, N., Devineni, S.R., Parimi, B.N. and Chamarthi, N.R. 2012. A facile, 

catalyst-free green synthesis of Schiff’s bases in aqueous medium 
under ultrasonic irradiation conditions and their antimicrobial activity. 
Pelagia Research Library 3(4):808-816. 

 
Tiu, B.D.B. and Advincula, R.C. 2015. Polymeric corrosion inhibitors for the oil 

and gas industry: Design principles and mechanism. Reactive and 
Functional Polymers 95:25-45. 

 
Toliwal, S.D, Jadav K. and Patel K. 2009a. Synthesis and biological evaluation 

of fatty hydrazides of by-Products of oil processing industry. Indian 
Journal of Pharmaceutical Sciences 71:144-148. 

 
Toliwal, S.D., Jadav, K., Bhatt, B., Verma, N. and Jha, N. 2009b. Enzymatic 

synthesis of nontraditional oils based hydrazides and microwave 
assisted synthesis of triazines and their evaluation as antimicrobial 
agents. Scholars Research Library 1: 344-355. 

 
Toliwal, S.D., Jadav, K. and Pavagadhi, T. 2010. Corrosion inhibition study of a 

new synthetic Schiff base derived from nontraditional oils on mild steel 



© C
OPYRIG

HT U
PM

133 
 

in 1 N HCl solution. Journal of Scientific and Industrial Research 69:43-
47. 

 
Toliwal, S.D., Jadav, K. and Pavagadhi, T. 2011. Inhibition of corrosion of mild 

steel in 1 N HCl solutions by Schiff base from non-traditional oils. Indian 
Journal of Chemical Technology 18:301-308. 

 
Transparency Market Research. 2016. Green Corrosion Inhibitors to Open New 

Opportunity for Global Corrosion Inhibitors Market. Retrieved on 16 
January 2016 from 
http://www.transparencymarketresearch.com/article/corrosion-
inhibitors.htm.  

 
Trethewey, K.R. and Chamberlain, J. 1995. Corrosion Science and Engineering, 

Longman, 2nd edition. Harlow, UK: Longman Scientific and Technical. 
 
Uhlig, H. H. 1971. Corrosion and Corrosion Control, 2nd Ed., New York: John 

Wiley & Sons. 
 
Van, D.P.J.P., Herbert, K., Maria, V.E. and Max, Z. 1969. Process for the surface 

treatment of plants containing water and/or steam. US Patent 3428488 
A. 

 
Verma, C.B. and Quraishi, M.A. 2014. Schiff’s bases of glutamic acid and 

aldehydes as green corrosion inhibitor for mild steel: Weight-loss, 
electrochemical and surface analysis. International Journal of 
Innovative Research Science  and Engineering Technology 
3(7):14501-14613. 

 
White, W.A. and Weingarten, H. 1967. A versatile new enamine synthesis. 

Journal of Organic Chemistry 32(1):213–214. 
 
Xavier, A and Srividhya, N. 2014. Synthesis and study of Schiff base ligands. 

IOSR Journal of Applied Chemistry 7(11):6-15. 
 
Yadav, M., Kumar, S., Purkait, T., Olasunkanmi, L.O., Bahadur, I. and Ebenso, 

E.E. 2016. Electrochemical, thermodynamic and quantum chemical 
studies of synthesized benzimidazole derivatives as corrosion 
inhibitors for N80 steel in hydrochloric acid. Journal of Molecular 
Liquids 213:122–138. 

 
Yurt, A., Balaban, A., Kandemir, A.U., Bereket, G. and Erk, B. 2004. Investigation 

on some Schiff bases as HCl corrosion inhibitors for carbon steel. 
Materials Chemistry and Physics 85(2–3):420–426. 

 
Zaki, A. 2006. Principles of Corrosion Engineering and Corrosion Control. 

Bonston, MA: ElsevierBH.  
 
Zhang, D., Xie, B., Gao, L., Joo, H.G. and Lee, K.Y. 2011. Inhibition of copper 

corrosion in acidic chloride solution by methionine combined with 

http://www.transparencymarketresearch.com/article/corrosion-inhibitors.htm
http://www.transparencymarketresearch.com/article/corrosion-inhibitors.htm
http://www.sciencedirect.com/science/journal/02540584
http://www.sciencedirect.com/science/journal/02540584/85/2


© C
OPYRIG

HT U
PM

134 
 

cetrimonium bromide/cetylpyridinium bromide.  Journal of Applied 
Electrochemistry 41:491-498. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




