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PREFACE

In recent years, the regulation of metal corrosion had a great interest in the field
of scientific research. Ready availability, notable mechanical strength and affordable cost
make mild steel a widely used alloy in industrial applications. However, the deterioration
of mild steel remains a critical issue for the community by considering safety and
economic matters. Acid media is used to clean boilers and massive equipment made
from mild steel in large scale production units. But it causes metal corrosion. Mitigation
of metal corrosion during acid treatment requires appropriate acid solutions. High-cost
synthesis and hazardous influence on the atmosphere and human beings make synthetic
inhibitors unfriendly inhibitors. The application of extracts from natural products like
leaves, fruits, stems, seeds and roots as green corrosion inhibitors can overcome the
limitations of the synthetic inhibitors. Plant products can adsorb the surface of the metal
either by physical or chemical adsorption. This shielding behaviour of the natural
products on the metal surface is due to numerous phytochemicals, which can interact
with the metal surface by donating lone pair of electrons of heteroatoms, unsaturated and
aromatic systems. Thus, the employment of eco-friendly corrosion inhibitors has a
significant role in chemical research.

Microbial induced corrosion (MIC) is the destruction of a metal by the activity of
living organisms either directly by enhancing the electrochemical reactions or indirectly
because of their metabolic products. Various environments such as soil, natural waters,
seawater, natural petroleum products and oil emulsion cutting fluids encounter corrosion
by such biological activity. MIC is termed for corrosion by the occupancy and activities
of microbes within biofilms at metal surfaces. Biocides are a standard chemical method
applied as a MIC mitigation solution. Plant extracts are considered natural sources of

antimicrobial agents. Schiff bases accounted for their high inhibition efficiency among



various synthetic organic inhibitors due to their electronic and structural properties. They
can coordinate with the metal surface through m-electrons from double bonds and lone
pairs of electrons from nitrogen.

The present work is an effort to find out potentially active natural corrosion
inhibitors for mild steel in acid media and apply Schiff base inhibitors for MIC in marine
environments. Some of the medicinal plants primarily available in our countryside are
investigated as natural inhibitors for acid corrosion.

This thesis is divided into nine chapters.

CHAPTER 1: Introduction and Review

This chapter encompasses the introductory session and thorough review of this
thesis. It provides an idea about the social and economic aspects of corrosion, types of
corrosion, corrosion chemistry, and the need and methods for corrosion control. An
introduction to MIC, causes of MIC and strategies to reduce MIC are also discussed in
this chapter. The different experimental and quantum mechanical calculations adopted in
the investigation for monitoring corrosion and the theories behind all these methods are
included here. This chapter reviews natural and synthetic compounds as acid corrosion
inhibitors and MIC corrosion inhibitors, respectively. This chapter is concluded by
giving the scope and aim of the present investigations.

CHAPTER 2: Materials and Methods

This chapter deals with the experimental details regarding the whole work. The
preparation of the extracts, materials and medium for acid corrosion are described here.
The technical details of various corrosion monitoring studies, the operational aspects of
quantum mechanical studies and statistical analysis methods are explained in this
session. It also contains methods and reagents used for preparing medium for MIC

inhibition studies, isolation and identification of bacterium from original seawater and



MIC corrosion monitoring techniques.

CHAPTER 3: Ixora coccinea Extract: Natural Corrosion Inhibitor for Mild Steel in Acid
Media

This chapter discusses the corrosion inhibition behaviour of Ixora coccinea leaf
extract (ICE). Phytochemical screening, FTIR spectroscopy, Weightloss measurements,
Electrochemical impedance spectroscopy (EIS), Potentiodynamic polarization,
Electrochemical noise measurements, adsorption, UV-Visible spectroscopy, temperature
studies and surface morphological studies were carried out. Theoretical calculations of
the major component ixorene have been performed. Statistical analysis of factors has
also been studied using Response surface methodology and Central composite design. It
was proved that ICE act as a good inhibitor for mild steel corrosion in 1 M HCI and
0.5 M H,SO,.

CHAPTER 4: Croton persimilis Extract: Natural Corrosion Inhibitor for Mild Steel in
Acid Media

This chapter encompasses the study of the anti-corrosion behaviour of Croton
persimilis leaf extract (CPE). The ethanolic extract of CPE was investigated as inhibitor
for mild steel in 1 M HCl and 0.5 M H,SO,4 media at room temperature. Electrochemical
studies revealed the excellent inhibition capacity of CPE in 0.5 M H,SO,4than 1 M HCI,
which was supported by adsorption studies, temperature and surface morphological
studies. Theoretical calculations of the significant components neocrotocembraneic acid
and stigmasterol have been performed. Statistical analysis of factors has also been
studied using Response surface methodology and Central composite design.

CHAPTER 5: Tinospora cordifolia Extract: Natural Corrosion Inhibitor for Mild Steel in
Acid Media

The inhibiting capacity of Tinospora cordifolia extract (TCE) has been evaluated
on mild steel in 1M HCI and 0.5 M H,SO,4 by physicochemical and electrochemical

techniques and by utilizing statistical tools such as response surface methodology (RSM)



and Box-Behnken design (BBD) in this chapter. Surface properties have been
ascertained by atomic force microscopy (AFM) to confirm the adsorption performance of
the inhibitor molecules on the surface of the metal. Experimental results were found to
agree with quantum chemical calculations of the active principle of TCE, Tinosponone.

CHAPTER 6: Garcinia cambogia Extract: Natural Corrosion Inhibitor for Mild Steel in
Acid Media

This chapter illustrates the corrosion-resistant power of the ethanol extract of
Garcinia cambogia (GCE) leaves for mild steel in 1 M HCI and 0.5 M H,SO,.
Gravimetric, electrochemical and morphological studies have been established to
authenticate inhibiting power of GCE. Quantum mechanical investigations of chief
constituents, hydroxycitric acid and hydroxycitric acid lactone have been shown the
anticorrosion behaviour of GCE. Statistical analysis using response surface methodology
and Box-Behnken design was proved a good agreement with experimental results.

CHAPTER 7: Clerodendrum infortunatum Extract: Natural Corrosion Inhibitor for Mild
Steel in Acid Media

This chapter deals with physicochemical, electrochemical and surface
morphological studies of the inhibitive interaction of Clerodendrum infortunatum leaf
and root extracts (CILE and CIRE) on the mild steel surface in 1 M HCI and 0.5 M
H,SO4. The extracts showed appreciable efficiencies in varying inhibitor concentrations.
The major components clerodin and scutellarin have also been analyzed for their
inhibitory action. Predicted inhibition efficiency of CIRE at different CIRE
concentrations and operating temperature in 1 M HCI evaluated by RSM was in perfect
agreement with the data obtained from weight loss measurements.

CHAPTER 8: Dioscorea bulbifera Extract: Natural Corrosion Inhibitor for Mild Steel in
Acid Media

This chapter explores the potent corrosion inhibition property of green Dioscorea

bulbifera leaf extract (DBE) on the mild steel in 1 M HCI and 0.5 M H,SO, using



physicochemical, electrochemical and surface morphological techniques. Three essential
chemical components, bafoudiosbulbin A, diosgenin and kaempferol, have been
subjected to quantum mechanical studies to supplement the corrosion inhibition
mechanism of the leaf extract in more detail. By designing BBD, response surface
methodology has been applied to validate the interdependence between DBE
concentration, HCI concentration, and temperature on the inhibition efficiency. DBE was
found to be an efficient corrosion inhibitor for mild steel corrosion exposed in 1 M HCI
and 0.5 M H,SOg.

CHAPTER 9: Schiff Bases Derived from Pyridine Carbonyl Compounds: Synthetic
Microbial Induced Corrosion Inhibitor for Mild Steel in Marine Environment

This chapter deals with microbial induced corrosion (MIC) behaviour of four
synthetic inhibitors derived from pyridine carbaldehyde and acetyl pyridine on mild steel
in the artificial seawater medium, 1) N-hydroxy-1-(pyridin-2-yl)methanimine, NHP2M
2) N-hydroxy-1-(pyridin-3-yl)methanimine, NHP3M 3) (E)-2-(1-(2-phenylhydrazono)
ethyl)pyridine, 2PHEP and 4) (E)-2-(1-triazylidineethyl)pyridine, 2TAEP. It includes
isolation and identification of bacterium from original seawater and corrosion monitoring
methods like physicochemical and electrochemical techniques of these Schiff bases.
Mechanism of corrosion was established by in vitro antibacterial effects of Schiff bases,
surface analysis, microscopic surface analysis and UV-Vis spectroscopy.

An overall summary of these investigations is also reported at the end of this part,
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