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OPTIMIZATION OF WET LAY-UP CONDITIONS FOR STEAM GENERATORS
HYDRAZINE CHEMICAL TREATMENT

A. LONG, M. ORGANISTA, C. BRUN and P. COMBRADE, FRAMA TOME ANP, France

INTRODUCTION

Since a long time, hydrazine is used as a chemical agent to prevent corrosion of unalloyed steels.

The treatment specified by Framatome ANP for steam generator chemistry control during lay-up is the
following 

Hydrazine [N2H41 = 75 - 200 mg/kg
pH pH = 10. - 0.5
Ammonia: [NH31 = quantity required to reach the specified pH
Dissolved oxygen 1021 < 0. 1 m g/kg
Atmosphere : nitrogen blanket

This is a conventional treatment widely used by nuclear power plant operators. But its application in SG lay-up
at French nuclear power plants has, however, lead to some drawbacks

Effluent releases:
Due to regulation relative to release of hydrazine and alkaline chemical compounds, some plant operators limit
the concentrations of reagents to levels that could lead to insufficient protection of materials.

- SafetV hazards associated with SG nitrogen blanketing:
Prohibiting use of nitrogen blankets for SG wet lay-up due to associated safety hazards could likewise
jeopardize corrosion protection at normally specified hydrazine levels.

As the exact limits of hydrazine action against corrosion during SG lay-up are not well known, it is sometimes
difficult to evaluate the risk associated to low dosage of NA.

In order to answer to these problems, Framatome ANP (France) decided to carry out a test program aimed to
determine the limit conditions for use of hydrazine in a wet lay-up environment.

DESIGN OF TEST PROGRAM

Corrosion of steels in a hydrazine environment depends on numerous factors with varying degrees of impact.

These are primarily:
* pH
* [N2H41
* Type of base: NH3 or Morpholine
* 1021

[C]]
Conductivity
SG atmosphere: air or inert gas
Agitation: stagnant fluid or agitation by bubbling with an inert gas stream
Temperature
Materials used



• Surface-to-volume ratio
• Duration of test

There are many parameters involved, and assessing the impact of all of them would require a staggering
number of tests: (parameters)2 = 12)2.

To limit such testing, it was decided to restrict the number of factors studied, by selecting a set of control
parameters, along with their ranges of variation, as shown in the table below.

Table 1: Control Parameters

Parameter Values Selected for the Test
pH 9.7 and 10.0

[N2H4] in mg/kg 30 and 0

Type of base NH3

1021 in mg/kg < 0.1 and saturation
[CI] in mg/kg < 0.5

Cationic conductivity in [tS/cm < 70
Atmosphere Air or Argon

Agitation Stagnant fluid
T emperature 25 C

Materials A42 alone or coupled with alloy 600

Surface/volume ratio in m2/m3 7

Atmosphere/liquid ratio in m3/m3 0.5
Test duration 1 2 or 3 weeks

An analysis based on Tagushi-Box design method ("Isis") was used to devise the optimum experimental plan for
the study.

This resulted in choice of four influencing parameters: pH, N2H4 and 02 concentrations, and type of
atmosphere above the SG water level. For each of these factors, two values were selected.

DEFINITION OF TESTS

In view of the restricted number of tests involved in this program, it was decided, as far as possible, to replicate
a real steam generator wet lay-up configuration.

Figure I Experimental setup
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The test setup complies with the real configuration in order of material surface-to-water volume ratio and the
ratio of atmosphere-to-water volumes in the SG.

To account for the different forms of corrosion, test samples immersed in the test reactor were of two types:
free, unalloyed A42, coupled with alloy 600, fully immersed in water; and unalloyed A42, positioned at the water
line.

All samples were diamond polished to 3 gm, then ultrasonically clegreased with ethanol.

Temperature was kept at a constant value of 25'C throughout the test.

A single base - ammonia (NH3 - was used for pH control. pH was left to evolve freely without adjustment
during the test.

The progress of corrosion was monitored by measuring samples weight losses after 1 2 or 3 weeks of
exposure.

RESULTS

- Changes in Chemical Parameters

1 I - pH changes

During tests performed with an argon atmosphere, a very slight change was observed in the pH of the solution.
This contrasted with the air blanket scenario, where there was a rapid drop in pH. The drop not only
corresponds to hydrazine content decrease, which takes place simultaneously, but is also attributable to
acidification of the environment following carbonatation.

1. 2 - Changes in Hydrazine Content

During tests performed with argon atmosphere, there was no change in the hydrazine content of the solution,
which remained stable throughout the three-week test period.

However, during tests performed with an air atmosphere, there was a sharp drop in the hydrazine content of the
solution. Hydrazine decomposed rapidly over a period of 4.5 to days (time required for it to decrease by 50%).

Decomposition took place faster in an initially deoxygenated solution and at higher pH.

Figure 2 Hydrazine concentration evolution
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Hydrazine decomposes by reaction with oxygen and the reaction is catalyzed by metal. This could explain the
faster decomposition rates observed in deoxygenated solutions where sample surfaces are initially not oxidized
and thus more active for catalysis.
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1.3 - Changes in Oxygen Content

In tests performed in an oxygen-saturated solution with an argon atmosphere, there was a rapid decrease in
oxygen content. This behavior was significant at higher hydrazine levels.

In tests performed in an argon atmosphere, oxygen content stabilized rapidly at about 0.5 mg/kg.

However, in tests performed with an air atmosphere, no significant change was observed in the oxygen content
of the solution which stabilized rapidly at 3 to mg/kg.

2 - Corrosion Behavior

Corrosion was monitored by sample's weight losses before and after elimination of oxide deposits.

Corrosion rates are shown in the figure below.

Figure 3 Corrosion results
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Analysis of results shown here gave rise to the following general remarks:

- tests performed with an air blanket:
In the case of tests performed with an air blanket, hydrazine levels are inefficient to protect materials against

corrosion. A uniform, non-adhering layer of FeIll oxide (Fe2O3, FeOOH confirmed by XRD analyses) forms
rapidly, i.e. after 3 to 13 days, depending on the test scenario. This layer has no protective action, as
demonstrated by sample corrosion rates, which showed no signs of decrease over time.

- A42 steel samples positioned at the water line:
Tests on unalloyed A42 steel samples positioned at the SG water line provided interesting results.
No corrosion in fact occurred on the part of the samples above water level, in any test configuration, even when
significant corrosion was observed on the part under water level (air blanket scenario).

It is thus possible to conclude that lay-up with an air atmosphere, even if the air is not dried, is a better solution
than wet lay-up with inadequate water chemistry and no nitrogen blanket.

- coupled A42/lnconel 600 samples:
Unalloyed A42 coupled with nconel 600 samples did not exhibit abnormal higher corrosion rates than free A42
samples.
The ratio of corrosion rates for coupled and uncoupled samples varied from 0.5 to 14, depending on the test.
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3 - Micrographic Analysis of Coupons

Micrographic analyses were performed on some test coupons.

These analyses detected general corrosion, and localized corrosion with low density pitting on the zones of the
samples immersed in the water.

Pitting was rare and shallow, with depths of up to 20-40 pm in some cases.

Examination of the coupons corresponding to samples at the "water line" shows a very clear limit between
immersed zones and those above the water. Oxide deposits were fund in the immersed zones only-, there was
no evidence of damage in zones exposed to air.

Figure 4 Coupons after testing
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Table 2 Metallographic Examination of Coupons

Type of Test Comments
sample

- no oxidation on zones outside the water, even in an air
atmosphere

water line 5 6 - general oxidation of immersed zones only
- increase in localized corrosion pits at the water-to-atmosphere
interface
- oxidation increasing with exposure time

immersed 5 6 - localized corrosion pitting with hange in size (but not in density)
over time (depth of pitting < 20-40 pm)

immersed 5 6 -localized pitting; but with limited zones of attack.
and coupled
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4 - XRD Analysis of Oxide Deposits

X-ray diffraction analyses were performed on a series of samples selected for the purpose of determining the
different phases in oxide formation.

Results showed that, at a hydrazine concentration of 30 mg/kg, the main oxide formed was maghemite
(Fe2O3). In contrast, at a level of 80 mg/kg, the main deposit was lepidocrocite (FeOOH), with some magnetite

(Fe3O4)-

Magnetite formation is thus a function of hydrazine level and reaction time.

The hydrazine levels tested (up to 80 mg/kg) are therefore inadequate to ensure formation of a protective
magnetite layer.

IMPACT ANALYSIS OF VARIOUS FACTORS

A parametric analysis was also performed with the aim of optimizing chemical treatment for wet lay-up
operations.

This analysis, which addressed the impact of various parameters, was based on average corrosion rates.

These results make it possible to draw the following general conclusions:

Impact of pH
Raising the pH from 97 to 1 0.0 results in a decrease in the average corrosion rate by a factor of about 12.

Impact of N-�,HA level
Increasing the N2H4 level from 30 to 80 mg/kg results in a decrease in the average corrosion rate by a factor of

about 14.

Impact of 02 level
A decrease in the 02 content from saturation level to values 0.6 mg/kg results in a reduction in the average

corrosion rate by a factor of about 13 to 3.4. This trend is more marked in an argon atmosphere.

Impact of atmospher
Switching from an air to an argon atmosphere results in a marked reduction in the corrosion rate (by a factor of
about 60). Atmosphere is the parameter with most impact.

Under the test conditions selected, the type of atmosphere proved to be the most important parameter, and
results also showed that use of a nitrogen blanket is therefore recommended in SG wet lay-up.

CONCLUSIONS

The tests described in this study show the importance of nitrogen blanketing during SG wet lay-up phases.

Under the test conditions applied - pH = 10.0 and [N2H4 = 80 mg/kg - hydrazine levels were inadequate to

inhibit general corrosion of SG structural materials in an air atmosphere.

To limit corrosion and SG sludge buildup in cases where nitrogen blanketing is not feasible, or is refused by the
plant operator, lay-up should be performed with a dry air blanket.

Another possibility is to use larger quantities of hydrazine. At the moment, the exact hydrazine threshold at
which corrosion rates are reduced to acceptable levels (< 0.5 pm/month) has not yet been determined.

By extrapolating experimental results, however, it can be estimated at a level of 190 to 220 mg/kg.
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