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Abstract

Abstract

The corrosion of steel is one of the main reasons causing the premature failure of
reinforced concrete construction, and it has become a research focus in the field of
corrosion and protection in the world. It is significant and urgent to further study the
corrosion and protection of steel in concrete from theoretical and practical aspects.
The carbonation of concrete and ingress of Cl” are known to be the two major factors
resulting in corrosion of steel in concrete. Corrosion inhibitor, as one of the most
convenient and efficient techniques for corrosion protection has been extensively
applied in reinforced concrete. Compared with the general corrosion process of steel
in an opened system, the corrosion process of reinforcing steel in concrete usually
behaves very complicatedly, which often depends on some crucial factors, such as the
non-uniform corrosion under the included condition, chemical environment,
especially pH and CI concentration at the interface of steel/concrete, and permeability
of concrete resulting in the ingress of the harmful species. It is desired and challenged
to develop a multifunctional inhibitor to control the corrosion of steel in concrete,
which is not only able to efficiently inhibit corrosion at the included condition, but
also can absorb and eliminate harmful anions (like CI, CO32' ) in concrete.
Furthermore, the increase of the compactness of concrete for blocking the
transportation of corrosive species in concrete is also desirable. Accordingly, the
Zn-Al layered double hydroxides (Zn-Al LDHs) and its derivatives were developed as
multifunctional corrosion inhibitors for steel in concrete in this thesis work. The main
research results and progress are listed as follows:

1. Zn-Al CLDHs was successfully synthesized in the carbonate solutions under a
routine air atmosphere. After adding 5 g/LL Zn-Al CLDHs in 0.1 mol/L NaCl solution
for 3 h, the corrosion current density of steel decreased obviously in the solution. It
was found that the Cl concentration decreased and the pH value increased in the test

solution which might be due to the loading of CI" ions and release of OH" ions onto
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Abstract

and from the Zn-Al CLDHs respectively during the reconstruction process.

2. A new synthesis method of Zn-Al LDHs in the alkaline solution under a
routine air atmosphere was developed. The products were characterized by XRD,
SEM and FTIR. The final product of Zn-Al CLDHs-tar was of layered structure with
hundreds nanometer. It was demonstrated that the tartrate anions could be loaded into
the layered structure of Zn-Al CLDHs-tar after a simple tartrate solution treatment.

3. The inhibition of Zn-Al CLDHs-tar for steel was studied in NaCl solution and
concrete respectively by electrochemical techniques. It was shown that the
synthesized Zn-Al CLDHs-tar was of effective inhibition to steels in 0.1 mol/L NaCl
solution, and the inhibition efficiency was up to 90% after 7 h immersion when the
absorption and release of tartrate anion might reach a balance. The addition of 5 g/L
Zn-Al CLDHs-tar into concrete was able to notably retard the corrosion development
of rebar. A concept model was proposed to further understand the corrosion
protection mechanism of Zn-Al CLDHs-tar for steel rebar in concrete. Firstly, the
tartrate anion is released from the synthesized Zn-Al CLDHs-tar and formed a
protective film on the steel surface. Secondly, the CI, CO;> or other anions are
adsorbed into the layer structure of Zn-Al CLDHs-tar and the corrosion environment
is improved. Finally, the concrete becomes more compact and exhibits higher
resistance to the mass transport for corrosive species because the micro size of Zn-Al

CLDHs-tar can fill up the structural gaps in the concrete.

Keywords: Steel Reinforced Concrete; Corrosion; Zn-Al Layered Double Hydroxides;

Multifunctional; Inhibitor
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