








Summary

I. Project Title

Water Chemistry Technology Development Using Advanced Amines

II. Objective and Importance of the Project

In order to minimize corrosion of PWR secondary system components,

cycle pH should be maintained within the range of 7.2 ±0.2. Since

ammonia, used as a pH control agent at domestic PWRs, has shown

disadvantages due to its high volatility, it is necessary to apply better

amines alternatively. On the other hand, dissolved organic impurities in the

system water should be removed during their purification stage, since they

have a negative effect on cycle pH,

In this research, the direction for advanced amine system application and

an efficient decomposition process for removal of dissolved organics were

studied.

III. Scope and Contents of Project

In order to choose an available amine system, the background and

feasibility of advanced amine application for secondary system water pH

control were reviewed, and the main characteristics of ammonia, morpholine,

AMP, ETA and MPA as pH control agents were evaluated, and the effect

of dissolved organics on pH and the characteristics of photocatalytic

decomposition for removal of them were investigated.

IV. Results and Proposal for Applications

• Since some unexpected accidents due to FAC, IGA/SCC or pitting in

the PWR secondary system have often occured, pHs of the system water

around steam generator, turbine, condenser, etc. should be controlled more

carefully in order to minimize corrosion attacks and system performance

loss and to maximize reliability and economic effectiveness of the system.

• Ammonia, which has been used as a pH control agent in the
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secondary system of domestic PWRs, is very volatile and tends to stay

with the steam phase rather than water phase, resulting in very little

protection in wet steam areas where FAC is a serious concern, including

difficulties with effective operation of condensate polishers. While, advanced

amines recently applied have shown their available characteristics for

reduction of corrosion product transport and increasing cost-benefit

effectiveness.

• Main characteristics of amine as a pH control agent are its base

strength(Kb), relative volatility(RV), distribution coefficient(Kd) and thermal

decomposition rate including effects on plant system and component. The

characteristics of the selected advanced amines were evaluated and

compared for their application at domestic PWRs. The results showed that

the base strength and the distribution coefficient of MPA, AMP or ETA

were better, but the thermal decomposition rate of AMP was relatively high,

and a single amine system of MPA was thought to be available. In view

of protection of wet steam area and requirement of low temperature

feedwater pH, a mixed amine system of ETA with MPA (or Morpholine)

would be more available for secondary system water pH control.

• In order to investigate the effects of dissolved organic acids on pH

in an aqueous solution, the thermodynamic equilibrium between carbonic

acid, carbonate, bicarbonate and carbon dioxide was calculated. With only

extremely small quanties of organic acids, the conductivities of the aqueous

solution was shown to be decreased, while the pH increased. The

calculated values of conductivities well agreed with the measured values

obtained from photocatalytic oxidation of salicylic acid. This meant that

photocatalytic reaction would be available for indirect measurement of

therdynamic equilibrium of dissloved oxidative organics in an aqueous

solution. On the other hand, the experimental result of .photocatalytic

reactions of dissolved nitrogen containing organics such as the amines

selected above showed that it would also be an available process for

decomposition of dissolved organics.
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AMP, ETA and MPA were evaluated, and the effect of dissolved organics on
pH and the characteristics of photocatalysis for removal of them were studied.

Based on the base strength, distribution coefficient and thermal decomposition
rate of them, a single amine system of MPA seems to be available. Under
consideration of wet steam area protection and low temperature feedwater pH
requirement, a mixed amine system of ETA with MPA or morpholine is
thought to be more available.

The calculated values of thermodynamic equilibrium between carbonic acid,
carbonate, bicarbonate and carbon dioxide agreed with the values measured
from photocatalytic decomposition experiments of salicylic acid. It showed that
the conductivities of the aqueous solution decreased, while pH increased even
with extremely small quantities of organic acids. While, results experimentally
obtained from photocatalytic decomposition of the amines above showed
photocatalysis would be an available process for removal of dissolved organics.
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