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Key Points
• Localized corrosion susceptibility of Alloy 22 was affected 

by several factors
– Temperature
– pH
– Ratio of chloride concentration to concentration of inhibitors (NO3

-, 
SO4

2-, CO3
2-, HCO3

-)
– Fabrication processes

• Strong tendency toward stifling and repassivation of 
localized corrosion was observed
– 5 M NaCl solution at 95 °C
– Uncertainties remain in elevated temperature and more 

aggressive chemical conditions
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NRC/CNWRA Model for Alloy 22 
Localized (Crevice) Corrosion

• It is considered that 
localized corrosion 
initiates if Ecorr > Ercrev

Ecorr — corrosion potential in 
an aerated environment 

Ercrev — repassivation 
potential for crevice 
corrosion, critical potential 
to initiate crevice corrosion • Total-system Performance 

Assessment (TPA) code
d = ktn

n = 1 and K = 0.25 mm/yr

• Localized corrosion propagation 
typically conforms to

d = ktn

d— penetration depth 
t — time 
n — time exponent, 0<n<1
k — coefficient

n = 0.5 for a diffusion controlled process
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Localized Corrosion Initiation —
Corrosion Potentials and pH

• Ecorr in acidic 
condition was more 
than 300 mV 
greater than that in 
alkaline solutions
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Corrosion Potentials and Temperature

• Ecorr decreased 
with increasing 
temperature

• Ecorr values at 
25 °C were 
approximately 
150 to 200 mV 
greater than the 
values at 95 °C
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Repassivation Potential 
Measurement Method

Multiple Crevice Assembly 
(ASTM G78)

• Electrochemical tests used to 
measure repassivation potential for 
assessing crevice corrosion 
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Repassivation Potentials and Effects of 
Fabrication Processes

• Repassivation potential 
used as critical potential for 
the long-term initiation of 
localized corrosion

• Crevice corrosion 
susceptibility increases with 
increasing chloride 
concentration

• Fabrication processes such 
as welding, postweld heat 
treatments, and thermal-
aging increase crevice 
corrosion susceptibility 

Susceptible

Immune
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Repassivation Potentials and Nitrate to 
Chloride Concentration Ratios

At 110 °C
• [Nitrate]/[Chloride] > 0.1

no localized corrosion for 
mill-annealed

• [Nitrate]/[Chloride] > 0.3 
no localized corrosion for 
thermally aged

At 80 °C 
• [Nitrate]/[Chloride] > 0.1 

no localized corrosion for 
mill-annealed

• [Nitrate]/[Chloride] > 0.1 
no localized corrosion for 
thermally aged
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1 cm

Dissimilar or Similar Metal Coupling
Serrated Crevice 

Washer, Bolt, and Nut
1 cm

Crevice Specimen

Large Titanium Grade 7 Washer

Protruding 
serrated plateaus

Flange to 
increase 
surface area

2 cm
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Corrosion of Alloy 22, Ti Grade 7, and 
Alloy 22-to-Ti Grade 7 Crevice Couples

• No effect of Alloy 22-to-Ti 
Grade 7 crevice couple on 
corrosion potential 
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Localized Corrosion Propagation —
Experimental Setup
Single Crevice Assembly Multiple Crevice Assembly

PTFE

Alloy 22 cylinder
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e-

nut

bolt washer
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bolt washerbolt washerbolt washerbolt washerbolt washer

ZRA
SCE

V

Alloy 22

• Solution: 5 M NaCl + 2×10-4 M CuCl2
• Temperature: 95 °C • Test time: 0.5 – 90 days 
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Crevice Corrosion Propagation, 
Stifling, and Repassivation
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• Strong stifling after initiation 
• Arrest at 9 days and no re-initiation (Arrest refers to a stop in 

penetration, e.g. repassivation)
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Crevice Corrosion Penetration Behavior

• Tests were conducted for 
specific time intervals

• Penetration depths were 
measured with an optical 
microscope
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• Fitted equation

dmax = 0.0912 t 0.233

• 0.233 < 0.5, suggesting 
strong stifling tendency
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Conclusions

• Localized corrosion susceptibility of Alloy 22 was affected 
by several factors
– Temperature
– pH
– Ratio of chloride concentration to concentration of inhibitors
– Fabrication processes

• Strong tendency toward stifling and repassivation of 
localized corrosion was observed in 5 M NaCl solution at 
95 °C

• The localized corrosion resistance of Alloy 22 was not 
degraded by similar or dissimilar metal crevices 
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Uncertainties Related to Localized 
Corrosion of Alloy 22

• Impact of dust deliquescence brines

• Tendency toward stifling and repassivation in elevated 
temperatures and more aggressive chemical conditions

• Applicability of data obtained from experiments in fully-
immersed condition to limited-volume (e.g. water-film) 
systems
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Crevice Corrosion Initiation of 
Dissimilar Metal Crevices

• Crevice corrosion resistance was not degraded by 
dissimilar metal crevices

Crevice Assembly

Crevice 
Specimen

Crevice 
washer

W+SA 22 Ti Gr. 7 Ti Gr. 7 No No

W+SA 22 PTFE Alloy 22 No
Yes, but it was

arrested

Coupling 
large 
plate

Did crevice corrosion 
initiate under open 
circuit condition?

Did crevice 
corrosion 

initiate with 
CuCl2?

Alloy 22 Ti Gr. 7 Ti Gr. 7 No No

W+SA 22* Alloy 22 Alloy 22 No No

* W+SA 22 = Welded-plus-solution-annealed Alloy 22
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