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Uniform Passive Dissolution 
of Alloy 22 
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A steady passive current density 
of - 10 -8 A / c m  2, corresponding to a 
corrosion rate of -0.1 lam/yr, was 
measured in 0.028 M C1- at 95 °C 
in a 15-day test at 0.1 Vsc E 

A container lifetime of -100,000 yr 
can be estimated from this value 
by using Faraday's laws 

This estimate does not consider 
defect generation or the 
accumulation of metastable events 
that may lead to higher corrosion 
rates at longer times 

The effects of fabrication processes 
on long-term dissolution rates 
need to be considered 



Long-Term Prediction of 
Uniform Passive Corrosion 

Concerns  abou t  the val idi ty  of long- te rm ( thousands  of years)  
ex t rapo la t ion  of exper imenta l  (electrochemical  or gravimetr ic)  
m e a s u r e m e n t s  of corrosion rates 

.~ Need  of critical assessment  of mechanis t ic  mode l s  to p rov ide  
bases  for  n e w  concepts,  approaches ,  and  me thods  to be u sed  in 
expe r imen ta l  m e a s u r e m e n t s  

• Modified Point Defect Model 
• Semiconductive oxide model 
• Passive film breakdown/repair  models 

Val idi ty  of  high t empera tu re  exper iments  as accelerated tests 
for ex t rapola t ions  to low t empera tu re  condit ions 

:a Wha t  o ther  factors can be used  to accelerate the occurrence of 
poss ib le  e n h a n c e m e n t  effects on corrosion rates? 
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Modeling of Long-Term 
Passive Corrosion 
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Modified Point Defect Model solution 
Conduction by interstitial cations or oxygen vacancies or both carriers 

Very low vacancy diffusivities in the metal lead to vacancy accumulation at the 
metal/film interface 

Film spalling at irregular locations caused by vacancy accumulation assuming 
no efficient sink exists 

Heuristic model proposed to account for film spalling 

As a result, steady state passive dissolution is stoichiometric 
4 



Estimation of Container Lifetime 
Considering Vacancy Generation 
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• Lifetime of container is a function of critical vacancy concentrat ion 
fraction, Pm .... at the meta l -ox ide  interface 
• Film spal l ing is a s s u m e d  to occur w h e n  P > Pm~ at pos i t ion x0... x i 

Uniform Passive Corrosion 
Experiments 
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Measure  so lut ion  c o m p o s i t i o n  
us ing  capillary e lectrophores is  
to evaluate  s to ichiometric  vs. 
preferential d i sso lut ion  of 
al loying e l ements  

High resolut ion pass ive  
current dens i ty  m e a s u r e m e n t s  
over  extended t ime periods  

Resistivity m e a s u r e m e n t s  of  
thin metal  foils to evaluate  
possibil i ty of  metal  vacancy  
accumulat ion  



Additional  Aspects to Consider on 
Passive Corrosion 

Other possible processes leading to small increases of passive 
current densi ty 

+ Cumulat ive  metastable passive film breakdown and 
repassivation events 

+ Modification of outer  deposit  layer creating a local, more 
aggressive envi ronment  with time 

:a Methodology to evaluate these processes 

• Enhanced resolution of long-term potentiostatic and zero 
resistance ammeter  measurements  

• Appropriate consideration of naturally corroding 
conditions (role of cathodic area) compared to potentiostatic 
control 

Semi-Empirical Model  of 
Localized Corrosion 
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.J Repassivation potential, Erp = f (T, IX'], [Inh], metallurgical factors) 
_J Corrosion potential, Ecorr = f (T, [Ox], pH, i°o~, surface state, 

metallurgical factors) 
-J Pit growth is affected mainly by dissolution kinetics and mass 

transport processes within pits 
J If Ecorr < Erp only passive dissolution occurs 



, ; , ~  Factors Affecting the Evolution of 
Corrosion and Repassivation Potentials 

Environment or materialfactors 
T decrease 

}H increase 

[CI-] increase 

[NO3-] or other inhibitor increase 

Econ. 
(+) 

(-) 

(-) 

[HCO3- ] increase (-) 

[82032- ] or other activator increase (-) 

Eh (from air and radiolytic species) decrease (-) 

Aging of passive film (+) 

Precipitation of intermetallic phases at g.b. (0) 

(0) Segregation of impurities and depletion of 
allo),in~ elements in welds 

(+) 

(o) 

(-) 

(+) 
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Supplementary Slides 

Evolution and Monitoring of 
Corrosion Potential 
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:a The cor ros ion  po ten t ia l  (Ecorr) is 
the add i t iona l  e lec t rochemical  
p a r a m e t e r  r equ i red  to 
de t e rmine  the occurrence  of 
local ized cor ros ion  

:a Ecorr is calc~flated in TPA Code  
us ing  the anod ic  pass ive  
current  dens i ty  and  
e lec t rochemical  kinet ics  
express ions  for the ca thodic  
reduc t ion  of 02 and  H 2 0 / H  ÷ 

7J Ecorr is m e a s u r e d  in an air- 
sa tu ra ted  0.028 M C1- so lu t ion  
in p ro longed  tests  ( > 870 days)  
to verify m o d e l  ca lcula t ions  
and  va l id i ty  of the  a p p r o a c h  



Uniform Corrosion Rates 
of Alloy 22 

Starting [CI] ,  pH I Temp, Potential,m Anodic 
Condition of  molar I °C Vsct Current 
Alloy C-22 Density, 

A/cm 2 

As-received 0.028 8 20 200 2 x 10 .9 

As-received 0.028 8 95 200 3 x 10 I 

As-received 0.028 0.7 95 200  7 x i 0  -s 

As-received 4 8 95 200 3 x 10 -s 

As-received 4 8 95 400 4 x 10 -s 

TPA 3.2 Calculation Low Dissolution Rate 6 x 10-" 

TPA 3.2 Calculation High Dissolution Rate 2 x 10 -~ 

Corrosion Lifetime of 
Rate, mm/yr 20 mm Thick 

WP Barrier, 
Yeats 

2 x I O- ~ - 1,000,000 

3 x I 0  -+ - 7 0 , 0 0 0  

7 x I 0  -+ - 3 0 , 0 0 0  

3 x I 0  -4 ~ 7 0 , 0 0 0  

4 x 10 -4 - 5 0 , 0 0 0  

7 x 10 +4 -30,000 

2 x I 0  -3 ~ l O , O 0 0  

These table summarizes data obtained in short-term (approximately 48hs) 
potentiostatie measurements 

Uniform Passive Dissolut ion 
of Ti Grade 7 
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I - Range ol values observed in short term tests 

200 400 600 800 1000 1200 

Time, h 

:3 A steady passive current 
density lower than 10 -7 
A /cm 2, corresponding to a 
corrosion rate of 0.9 vm/y r ,  
was measured in a 50-day 
potentiostatic test 

:3 A drip shield lifetime of 
approximately 17,000 yr can 
be estimated from this value 

:3 In addition to other long-term 
aspects considered for alloy 
22, values are only valid 
assuming that fluoride is not 
present in the aqueous 
environment 



Engineered Barrier Alloys 
in DOE Program 

Type 316L SS: Fe-17%Cr-10%Ni-2.5% Mo 

Alloy 825: Fe-42%Ni-21.5%Cr-2%Cu-3%Mo 

Alloy 625: Ni-21.5%Cr-9%Mo-3.7%Nb 

Alloy 22: Ni-3%Fe-21.5%Cr-13.5%Mo-3%W 

Ti Grade 7: Ti-0.15%Pd 
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Effect of Fabrication Processes on 
Localized Corrosion of Al loy 22 
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Alloy 22, 4 M NaCI, 95 °C 

• As-received Alloy + thermal aging 

V' As-welded (no thermal aging) 
J 

I ' I ' I 
10 2 0  3 0  

Aging t ime at 870 °C, minutes  
40 

Very short heat treatment 
times (few minutes) at 870 °C 
decreases significantly Ercre v 

The effect of welding o n  Ercre v 

is less pronounced 

Additional data is need to 
evaluate the combined effect 
of welding plus thermal aging 
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Effect of Thermal Treatment on 
Localized Corrosion of Alloy 22 
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Thermally treated at 
870 °C for 5 min and 
tested in 0.01 M 
NaC1 at 95 °C 

Ercre v is 350 mVsc E 
and 3/24 crevice 
sites exhibited this 
grain boundary 
attack, accompanied 
by some attack at 
twin boundaries 

No attacks was 
observed in 0.001 M 
NaC1 after I hr 
treatment at 870 °C 
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