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Abstract

Abstract

As a most popular and important building material, reinforcement concrete is
widely applied in various infrastructures in the world. The corrosion of steel rebar
makes the premature failure of reinforcement concrete structures, which induces
immeasurable economic losses and grave social harm. The corrosion and protection of
reinforcement concrete has become a research hotspot and challenge in the world.
Concrete carbonation and chloride ion erosion are the main causes of corrosion of
steel rebar in concrete. Measuring the change of chloride ion concentration and pH
value in the pore solution of the steel rebar/concrete interface is the key to monitor the
corrosion process of the steel rebar in concrete. It is of great significance not only in
forcasting and judging the safety, durability and service life of concrete structure, but
also in optimizing corrosion protection measurements. Corrosion inhibitor, as one of
most convenient and efficient techniques has been applied in reinforced concrete.
Nitrites and its mixtures are common corrosion inhibitors; however, they would
pollute the environment due to its toxicity. The array electrodes and pH/CI
multi-sensor techniques were developed to investigate the influence on the
microenvironment of corrosion and electrochemical chloride removal. And a
composite inhibitor was developed and the inhibition efficiency was evaluated by
electrochemical techniques. The main progress in this thesis is listed as follows.

(1) A combination of a Ag /AgCIl microelectrode and a W/WQO3 microelectrode
prepared by electrochemical oxidations was developed as a pH/CI sensor, which had
a good response to chloride concentration and pH value respectively, and was suitable
to in situ monitor the change of chloride concentration and pH value in the process of
electrochemical chloride removal. It was showed that the CI° was extracted by
electrochemical chloride removal. The chloride concentration in the concrete pore
solution decreased with time, and the pH value around rebar steel increased at early

stage, while then decreased in a certain extent. From the measurements of
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electrochemical impedance spectroscopy (EIS) and linear polarization curve, it
indicated that the steel rebar in concrete was cathodic polarized by the applied
cathodic current. After depolarization, the corrosion potential of steel rebar shifted
positive obviously, the corrosion current decreased and the corrosion resistance
increased, implying that the treatment of electrochemical removal chloride was able to
significantly improved the corrosive environment in concrete.

(2) One dimensional Fe-Ag/AgCl array electrodes were developed to measure
the concentration distribution of chloride ion at the interface of steel rebar/concrete
and to study its influence on the corrosion of reinforcing steel. It was found that in the
beginning of the immersion experiments, the Fe electrodes were in passive state in
concrete. With the extension of immersion time, the chloride ion concentration at the
interface increased and the corrosion potential shifted negative gradually. The critical
chloride concentration was 0.12 mol/L sensed by array electrodes in this experiment
condition. When 2% NaNO, based on the weight of cement was added into a mortar
even with a 0.75 mol/L CI" contamination, the corrosion of Fe electrodes was
inhibited efficiently.

(3) Zn-Al layered double hydroxide roasting derivatives loaded with tartrate
anion (Zn-Al CLDHs-tar) was prepared by coprecipitation, calcinations and
ion-exchange process. The inhibition for steel in simulated carbonated concrete pore
solution (SCCPS) was evaluated by electrochemical techniques. When adding 5 g/L
of Zn-Al CLDHs-tar in SCCPS, the inhibition efficiency was highest, and when the
immersion time lasted to 24 h, the efficiency was 91.33%. The Zn-Al CLDHs-tar as a
multifunctional inhibitor had a good sustained release function, the concentration of
tartrate ion in SCCPS solution increased along with the immersed time. The inhibition
of Zn-Al CLDHs-tar in SCCPS solution was contributed from not only the release and
protection of tartrate anion, but also the trap of CI into and release of OH" from Zn-Al
CLDHs-tar, consequently improving the corrosion environment in concrete.
Keywords: Reinforced concrete; Array electrode; pH/CI™ sensor; Multifunctional

inhibitor; Corrosion control
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