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Alloy 800, as one of the key materials in steam
generator (SG) tubes, is widely used in CANDU power
plant.

The degradation mechanism of passive film is actopi
of great interest in theoretical studies and inustdal
operations such as nuclear plant. Sulfate impariéiad
released resins accumulate in the crevice betwasng
and support plate. M, can react with these species to
produce lower-valence sulfur according to
thermodynamic inclination of such reactions to a@ccu
Sulfur of lower-valences (+2.5,+2 or -2) tend toilitate
the entry of hydrogen into metals and to accelerate
general and localized corrosion of Alloys 600 a®@[&-

3]. Therefore, low-valence sulfur-induced passivati
degradation is one of the major problems for steam
generator (SG) tubing materials.

Generally, alloy degradation induced by low-valence
sulfur has been extensively studied in the areab sis
fossil fuel, petroleum industry, paper machinegrobial
corrosion and nuclear power systems[4, 5]. Howetrer,
effects of lower-valence sulfur on passivity degtamh
have not been studied systematically over the aslev
range of pH. The interactions among various spatiag
have profound impacts on passivity and SCC
susceptibility of materials. These interactions aften
very complex and may heavily depend on the test
conditions. One of the examples is the effects wfus
contamination on the SCC behavior, which has been
found to be strongly dependent on the solution[pH

The anodic films degradation caused by sulfur
impurity could be resulted from the changes in filhm
structures. The composition and structure of aipass
film on a Ni-Cr—Fe alloy are dictated by the enmiment
where the passive film forms. Unfortunately, vamgited
experimental data are currently available to rewbal
interactive effects of important dissolved spedhest are
commonly found in the crevice chemistry. The
comprehensive understanding of the synergisticceffe
among these species on the corrosion behavior of SG
tubing alloys is practically important for optimigj the
water management strategy to extend the servieeofif
nuclear power generation systems.

In this work, the effects of pH on S-induced paisgiv
degradation of Alloy 800 in simulated crevice chstnigs
at 25 °C with and without sulfur contamination are
evaluated using  electrochemical noise  (EN),
electrochemical impedance spectroscopy (EIS), $agnn
electron microscope (SEM), secondary ion mass
spectroscopy (SIMS), and Mott-Schottky analysis.

The results showed that in neutral crevicenubtry,
reduced S lowered the breakdown potential of ABOY
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by 100-600 mV in the solution with chloride ions,
depending on the concentration and the valencéehef t
sulfur species. Mott-Schottky analyses showed that
passive films formed in chloride-containing solaso
without and with reduced sulfur solution exhibitedype
semiconductor, possibly due to the predominance of
oxygen vacancies as the crystallographic defeaie ©
the catalytic effect of thiosulfate on the transbérMe™
from the oxide to the electrolyte, it inhibited thealing
process of repassivation once the film broke down.
Thiosulfate could be easily reduced to adsorbefilisar
sulfide, especially on the active sites where pasiim
breakdown was induced by Cl

In basic crevice chemistry, OHdecreased the
detrimental effect of reduced sulfur, leading tovale
potential range of passivatiofhe passive film in basic
crevice chemistry behaved as p-type and cationnzies
were considered as majority defects.

In acid crevice chemistry, Alloy 800 sufferedifarm
corrosion, and active-passive transformation was se
S-free solution. The addition of reduced sulfur rafed
the active-passive transformation to active anodic
dissolution.

References

1. Staehle, R.W. and J.A. Gorm#&pyantitative
assessment of submodes of stress corrosion
cracking on the secondary side of steam
generator tubing in pressurized water reactors:
Part 3. Corrosion, 200460(2): p. 115-180.

2. Staehle, R.W. and J.A. Gorm#&pyantitative
assessment of submodes of stress corrosion
cracking on the secondary side of steam
generator tubing in pressurized water reactors:
Part 1. Corrosion, 200359(11): p. 931-994.

3. Staehle, R.W. and J.A. Gorm#&jyantitative
assessment of submodes of stress corrosion
cracking on the secondary side of steam
generator tubing in pressurized water reactors:
Part 2. Corrosion, 200460(1): p. 5-63.

4. Newman, R.C., H.S. Isaacs, and B. Alman,
Effects of Sulfur Compounds on the Pitting
Behavior of Type 304 Sainless Steel in Near-
Neutral Chloride Solutions. Corrosion, 1982.
38(5): p. 261-265.

5. Marcus, P.Surface science approach of
corrosion phenomena. Electrochimica Acta,
1998.43(1-2): p. 109-118.

6. Fang, Z. and R.W. Staehlgfects of the valence
of sulfur on passivation of alloys 600, 690, and
800 at 25 degrees C and 95 degrees C.
Corrosion, 199955(4): p. 355-379.



