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1. Introduction

Alloy 600 steam generator (SG) tubes are servioed i
reducing and impurity-nearly free secondary water
chemistry conditions [1]. Nevertheless, numeroushAl
600 tubes have been affected by various corrosion
related damages such as stress corrosion crack@g)(
intergranular  attack, and pitting. Destructive
examinations for pulled tubes with corrosion defect
from operating steam generators showed some
evidences for high susceptibility to corrosion dgesa
Chemical impurities including chloride, sulfur-
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sodium hydroxide, 0.1 M triethanolamine, and 0.043
ferric sulfate hydrate. The magnetite layer was
electrodeposited in the deposition solution at yplied
potential of -1.05 V¥, at 80°C. The detailed
electrodeposition process of magnetite is given
elsewhere [9, 10].

3. Ni-Based Alloys
Fig. 1 shows the potentiodynamic polarization

curves of Alloy 690 and magnetite in the all vdati
treated (AVT) solution with pH 9.5 at 60°C [11]. &h

containing compounds, and lead etc. were detectedcorrosion potential (&) of magnetite was higher than

inside the surface films and oxide-filled defec?s4].
Acidic and alkaline chemistry deviated from the koul
water chemistry were also found to be a contrib{Ber
7]. These conditions could be induced preferentill
the heated crevices related with the top of tubstshe
tube support, and sludge pile, where harmful imjagi
can be concentrated by a local boiling process. pHhe
in the crevices is dependent on the species oharaad
cations, their concentrations, and their molaiorggj.

It should be noted that tubes and heated crevites i
operating SGs are covered with deposits. The deposi
are porous in nature and consist of mainly magnetit
which origin is corrosion products released fromboa
steel piping by flow accelerated corrosion. Thisame
that real corrosion phenomena are occurring on the
surface of a tube covered with porous magnetite.
Therefore, the effects of magnetite deposit shdadd
considered in evaluating the corrosion behavior of
steam generator materials.

Therefore, the purpose of this paper is to reviesv t
extensive works being performed in our laboratany f
the effects of magnetite deposit on the generabsan
of Ni-based alloys and carbon steel in various agse
environments. The corrosion behaviors of Ni-based
alloys and carbon steel will be reviewed separately

2. Preparation of M agnetite Specimens
To evaluate the electrochemical corrosion behasfior

magnetite itself, a compact and rigid magnetitekivay
electrode is needed. Similarly, to evaluate thetiea

that of Alloy 690. Therefore, when Alloy 690 anceth
magnetite are electrically contacted, Alloy 690draes
the anodic element of the galvanic pair. Here, aB ¢
calculate the corrosion rate of Alloy 690 and maigme
at each g, using the Tafel extrapolation method. The
galvanic corrosion rate can also be estimated bygus
the mixed potential theory. Therefore, if the two
materials are coupled in equal area, the corrasitanof
coupled Alloy 690 will increase by about 2.6 tintean
that of non-coupled Alloy 690 due to the shift is i
potential in the positive direction. Alloy 600 also
revealed similar electrochemical behavior in theea
test solution [12].
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Fig. 1. Potentiodynamic polarization curves of 41890 and

electrodeposited magnetite in the AVT solution vgtth 9.5 at
60°C.

mechanism at the interface between magnetite and

metallic materials, a magnetite layer should be
deposited on the localized area of the materials.

In our laboratory, various types of these magnetite
deposited specimens were prepared by using th
electrodeposition of the magnetite layer on a nwter
matrix. The electrodeposition solutions consisted M

Fig. 2 shows the polarization curves of Alloy 690
and magnetite in the AVT solutions with and withdut
M NaCl at 60°C [13]. The &, of Alloy 690 was always

dower than that of magnetite. This means that AB&Y

behaves as an anode when Alloy 690 and magnette ar
electrically connected. From these polarizatiorvesy
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we can calculate the corrosion ratg,ji of Alloy 690
and magnetite at each g and at the mixed potential
through the Tafel extrapolation method and mixed

4. Carbon Steel

We examined the effect of magnetite on the

potential theory, respectively. The change of thesecorrosion of carbon steel in AVT solution [14] and

corrosion rates are depicted in Fig. 3 [13].
Independently, the effect of chloride ions and gale
coupling to magnetite produced a small effect om th
corrosion rate of Alloy 690. However, the anodic
dissolution rate of Alloy 690 was increased gredy
approximately 3.4 times when considering both the
chloride ion effect and galvanic effect with magteet
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Fig. 2. Potentiodynamic polarization curves of A4li@90 and
magnetite in alkaline solutions of pH 9.5: (a) witlh and (b)
with 1 M NacCl at 60°C.
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Fig. 3. Change in the anodic dissolution rate obyAI690 by
the effects of chloride ions and magnetite in afieakolutions
of pH 9.5 at 60°C.

polyacrylic acid (PAA)-containing AVT solutions [15
The E,, of magnetite was always higher than that of
carbon steel in all test solutions. Thus, carbaelst
acted as the anode of the galvanic couple between
carbon steel and magnetite, resulting in an ineeas
corrosion of carbon steel. Typically, Fig. 4 shote
polarization curves of carbon steel and magnetite i
AVT solution of pH 9.5 with 100 ppm PAA at 25°C
[15].
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Fig. 4. Potentiodynamic polarization curves of cartsteel
and magnetite in AVT solution of pH 9.5 with 100npPAA
at 25°C.

The effect of magnetite on the corrosion of carbon
steel was also investigated in AVT water under fiayv
conditions at 60°C by using immersion and
electrochemical tests [16]. From the immersion
corrosion tests, it was clearly confirmethat the
galvanic coupling with magnetite accelerated
significantly the corrosion of carbon steel. In addition,
the electrochemicalbehavior of carbon steel and
magnetite showed that carbon steel actthasanode of
the galvanic couple with magnetite, resulting in an
increased corrosion current. Therefore, the galvanic
coupling of carborsteel with magnetite is proposed as
an additional acceleration factor dhe corrosion of
carbon steel piping under severe turbulent flowing
conditions in the secondary system of PWRs.

Fig. 5 schematically presents the electrochemical
corrosion behavior in the regions where flow
accelerated corrosion is most severe by a turbfil@mnt
with a higher flow velocity [16]. The electrocheraic
behavior of carbon steel and magnetite demonstrated
that the corrosion current of carbon steel was more
increased by not only the mass transfer effectlna a
galvanic corrosion mechanism. This galvanic comosi
mechanism was also supported by the results olstaine
from ZRA measurements. Thus, wall thinning of carbo
steel piping will be more accelerated owing to the
galvanic corrosion mechanism with magnetite under
severe turbulent flowing conditions.
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Fig. 5. Schematic of the electrochemical behaviéizarbon
steel and magnetite occurring under a severe tembélbw.

5. Conclusions

From this review of the effects of magnetite deposi
on the general corrosion of Ni-based alloys andb@ar
steel, it is verified that magnetite coupled to the
materials significantly accelerates the generatasion
rate of the materials in various aqueous enviroisien
The galvanic coupling of carbon steel with mageeitt
also proposed as an additional acceleration faxtdghe
corrosion of carbon steel piping under severe feriiu
flowing conditions in the secondary system of PWRs.

Actual corrosion phenomena are occurring in a
condition where the surface of a SG tube is eleaityi
contacted with porous magnetite deposits. Therefore
the effects of magnetite deposit should be consiiér
evaluating the corrosion behaviors of the secondiaigy
materials in PWRs.
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