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In reinforcing concrete structures, the corrosion prevention technique is usually evaluated by the
use of microcell corrosion theory in which cathode and anode are coexisted, and is rarely evaluated
based on macrocell corrosion theory in which cathode and anode are separated. In macrocell
corrosion state, the macrocell potential difference and the macrocell polarization slopes and ratios of
cathode and anode are the important parameters to control the magnitude of macrocell current. So
based on macrocell corrosion theory, studying these parameters can lead us a deeper understanding
of the mechanism of corrosion prevention techniques.

In this study, the corrosion prevention technique was mainly focused on the nitrite-based
corrosion inhibitor. The effect of nitrite on steel corrosion has been evaluated by the use of both
microcell and macrocell corrosion theory. Some factors influencing the macrocell corrosion also has
been investigated.

This dissertation is composed of nine chapters. In Chapter 1 the research backgrounds, purposes,
significance and contents were introduced. In Chapter 2, the influence of nitrite on the properties of
fresh and hardened concrete was introduced, the inhibition mechanism of nitrite ions was explained,
and the inhibiting efficiency of nitrite on the corrosion of steel embedded in simulated pore solution
and concrete was discussed and summarized.

In view of the existing problems in Chapter 2 and based on the microcell corrosion theory, then in
Chapter 3, the influence of nitrite concentration on the corrosion of steel immersed in three
simulated pH environments containing chloride ions or sulfate ions was investigated by comparing
and analyzing the change of half-cell potential, the change of threshold level of C1~ or SO, the
change of threshold level of NO,/CI™ or NO, /SO, mole ratio. The corrosivity of chloride ions
against sulfate ions also had been discussed in three different pH environments containing various

nitrite concentrations. The results indicated that the presence of nitrite could effectively inhibit the



corrosion of steel. Chloride threshold level and sulfate threshold level were not only increased with
increasing of nitrite concentration but also affected by pH. Highly alkaline environment played an
important role in assisting nitrite to inhibit corrosion. For chloride-induced corrosion, using
NO, /CI" mole ratio as the parameter to guarantee the inhibition effect is suitable in highly alkaline
environment, but not appropriate in weakly alkaline and neutral environments. Chloride-induced
corrosion was more prone to initiate than sulfate-induced corrosion in highly alkaline environment.

Based on the macrocell corrosion theory, in Chapter 4, the effect of anodic and cathodic chloride
contents on the macrocell corrosion and polarization behavior of reinforcing steel embedded in
cement mortars were investigated by comparing the magnitude of macrocell current and analyzing
the macrocell polarization ratios and slopes of anodic and cathodic steels. The results indicated that
the higher cathodic chloride content could accelerate the cathodic reaction of cathode and make the
controlling mode of macrocell corrosion changed from cathodic control to mixed control or anodic
control. The higher anodic chloride content could accelerate the anodic reaction of anode and make
the macrocell corrosion more controlled by cathode. So in the real reinforcing concrete structures,
due to the existence of large cathode and small anode, the acceleration of macrocell corrosion caused
by higher anodic chloride content could be confirmed.

After understanding the effect of anodic and cathodic chloride contents on the macrocell corrosion
behaviors of cathode and anode, in Chapter 5, based on macrocell theory, the inhibiting effect of
nitrite on steel corrosion was evaluated. In this chapter, nitrite solutions with various concentrations
were filled into the holes of mortar around anodic steel. The change of macrocell potential difference
and current, the change of macrocell polarization ratios and slopes of cathode and anode were
compared and analyzed. The effect of nitrite ions on the relationship between macrocell current
density and microcell current density were also investigated. The results indicated that nitrite was
more effective in inhibiting the macrocell corrosion than the microcell corrosion. The presence of
adequate nitrite on the surface of anodic steel could effectively inhibit the anodic reaction of anode
and was prone to make the macrocell corrosion less controlled by cathode. The presence of nitrite on
the surface of cathode could make the control mode of macrocell corrosion changed from anodic
control to cathodic control and therefore accelerated the corrosion due to the existence of large
cathode and small anode in the real reinforcing concrete structures.

Then in the following Chapter 6, Chapter 7, and Chapter 8, factors influencing the macrocell
corrosion and polarization behavior of steels were investigated by comparing the magnitude of
macrocell current and analyzing the macrocell polarization ratios and slopes of anodic and cathodic
steels. These factors were related to the steel initial surface conditions, water-cement ratios and
moisture contents of mortar. The results also indicated that the initial polished surface had a higher

corrosion resistance to inhibit the macrocell current than the scaled surface that formed in the



production process. The lower water-cement ratio could decrease the macrocell potential difference
and increase the macro-cell polarization resistance of both cathode and anode, both of which resulted
in the decrease of macrocell current. The moisture contents of cathode played an important role in
weakening the macrocell corrosion. The increase of moisture contents of cathode limited the
transport of oxygen, decreased the oxygen concentration of cathode and thus greatly weakened the
cathodic reaction of cathode, which not only resulted in the increase of macro-cell polarization ratio
of cathode but also inhibited the macro-cell current.

Finally, in Chapter 9, the main conclusions of this study was summarized, the limitations of this

research was pointed out and the direction of further studies was suggested.
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