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Abstract

Corrosion of metallic materials is a natural process, and our study shows
that even in an alkaline environment severe corrosion may occur on a carbon
steel surface. While corrosion cannot be stopped it can be retarded. Many of
the traditional anti-corrosion approaches such as the chromate process are
effective but hazardous to the environment and human health.

Mefp-1, a protein derived from blue mussel byssus, is well known for its
extraordinary adhesion and film forming properties. Moreover, it has been
reported that Mefp-1 confers a certain corrosion protection for stainless steel.
All these facts indicate that this protein may be developed into corrosion
inhibitors with ‘green’, ‘effective’ and ‘smart’ properties.

In this study, a range of surface-sensitive techniques have been used to
investigate adsorption kinetics, film forming and film compaction mechanisms
of Mefp-1. In situ atomic force microscopy (AFM) enables the protein
adsorption on substrates to be visualized, whereas the ex situ AFM facilitates
the characterization of micro- and nano-structures of the protein films. In situ
Peak Force AFM can be used to determine nano-mechanical properties of the
surface layers. The quartz crystal microbalance with dissipation monitoring
(QCM-D) was used to reveal the build-up of the Mefp-1 film on substrates
and measure the viscoelastic properties of the adsorbed film. Analytical
techniques and theoretical calculations were applied to gain insights into the
formation and compaction processes such as oxidation and complexation of
pre-formed Mefp-1 films. The electron probe micro analyzer (EPMA) and X-
ray photoelectron spectroscopy (XPS) were utilized to obtain the chemical
composition of the surface layer. Electrochemical impedance spectroscopy
(EIS) measurements were performed to evaluate the corrosion inhibition
efficiency of different forms of Mefp-1 on carbon steel substrates.

The results demonstrate that Mefp-1 adsorbs on carbon steel surfaces
across a broad pH interval, and it forms a continuous film covering the
substrate providing a certain extent of corrosion protection. At a higher pH,
the adsorption is faster and the formed film is more compact. At neutral
pH, results on the iron substrate suggest an initially fast adsorption, with
the molecules oriented preferentially parallel to the surface, followed by a
structural change within the film leading to molecules extending towards
solution. Both oxidation and complexation of the Mefp-1 can lead to the
compaction of the protein films. Addition of Fe3+ induces a transition from an
extended and soft protein layer to a denser and stiffer one by enhancing the
formation of tri-Fe3+/catechol complexes in the surface film, leading to water
removal and film compaction. Exposure to a NaIO4 solution results in the
cross-linking of Mefp-1, which also results in a significant compaction of the
pre-formed protein film. Mefp-1 is an effective corrosion inhibitor for carbon
steel when added to an acidic solution, and the inhibition efficiency increases
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with time. As a film-forming corrosion inhibitor, the pre-formed Mefp-1 film
provides a certain level of corrosion protection for short term applications, and
the protection efficiency can be significantly enhanced by the film compaction
processes.

For the long term applications, a thin film composed of Mefp-1 and ceria
nanoparticles was developed. The deposited Mefp-1/ceria composite film
contains micro-sized aggregates of Mefp-1/Fe3+ complexes and CeO2 particles.
The Mefp-1/ceria film may promote the further oxidation of ferrous oxides, and
the corrosion resistance increases with time. Moreover, phosphate ions react
with Fe ions released from the surface and form deposits preferentially at the
surface defect sites. The deposits incorporate into the Mefp-1/ceria composite
film and heal the surface defects, which result in a significantly improved
corrosion inhibition effect for the Mefp-1/ceria composite film in both initial
and prolonged exposure situations
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