


















Testing Procedure 

Plates were sliced about 1- 
in~h I. - thick ; .  d 

Then ends were cut 
keeping the weld seam 
and base metal at both 
ends of the weld - 
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 hen sliced through the 
thickness to appr6ximately 

F '  ' % =inch thick. 
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Degreased, rinsed, dried, 
dimensioned, I .A I#- . q weighed 
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Immersion Test 
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ASW + SHT Cou'pons - Top Layer 
~efore and After Corrosion Test 
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I -I .Before and After Cosrosion Test 



- ;* - 
r . . . - 

' L5'17 h 

Corrosion Rate of As-Welded Plass 
. - .. ' 

I . .  - First Layer . 
. . - 

. *  . 

1 
I 

A. + = .  - r .  1- 

\ 

I 1  Corrosion Rate for most ofl',' 
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~'bl~rosion Rate of ASW +SHT Plates 
First Layer --- L . l  
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Corrosion Rate for most of 
the coupons was higher 
than for the ASW plates 

Oxide scale loss may have 
contributed to the higher 
corrosion rates 

Corrosion Rate increased 
for the higher heats. Weld 
4 heat gives higher than 
the trend corrosion rates - .  
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- The standard Wug far r 

Welded AIloy29 plates 
whth matchina Ifltbr metal 
1's 40 m py 

No much influence of the 
type of base heat or weld 
wire 
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Compaiison of Corrosion Rate 
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of ASW and ASW + SHT Plates - Second I .  Layer 
I, '7- i'G I 

0.4 r r . . i I f 

0 d 4 s 7 B  
Weld wife N u m h  

Corrosion Rate for ASW' - 
coupons was higher than 
for the ASW + SHT 

It is likely that the SHT 
reduced the amount of 
intergranular corrosion in 
the heat affected zone - 
SEM studies may be 
needed to quantify this 
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Model for Localized - Corrosion 
C 

Pitting Corrosion does not form easily in 
Alloy 22. Crevice Corrosion May be Possible 

. I . I  L 

~revicb Corrosion occuG ;ay abovecH 'CrGca~ 

If the steady state Corrosion Potential (E COCT ) in the 
environment of choice never reaches E,,,, 

' - 
crevice 

'A - corrosion will not occur b 

If AE = E,,, - E,,, 0 

Crevice Corrosion will not occur 







Monitoring E,, and 
Polarization .- Resistance 

-.q I = l - .  ' 
m . I  

5 

Immerse Artificially Creviced Specimens - .  , -  in Brines 
and Monitor E,,, as a Function-of Time '" ' 

Also Monitor the Polarization Resistance (R ) (or 
Corrosion Rate) using ASTM G 59 and G 103 





Long Term E corr Creviced specimens 

Four (4) As-Welded (ASW) Polished PCA and 
f - '  

Four (4) ASW + Black Annealed PCA specimens or 
ASW + SHT (I 120°C for 20 min + Water Quenched) 

. I  
1 

, T I  . - 9 4 '  . - - .  -, . 

- 
. = -  ' . I? 

- -7-lj * ? L L. - I - 5 . . 
'k I d. . 2 - s  1 c -  







E C O ~ T  o f  Creviced Alloy22 p 

*,a '1 @ 
6 Individual Spec~mens with 

black annealed film have 
an ECOW slightly more .' . , 

positive than the freshly 
- 

polished specimens A 

Variations in the E,,, of 
the creviced specimens 
may indicate onset of 

Immedm Time (Days) 
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E,,, of Crev'iced Alloy 22 

Averane of Fourvalues of 
E,, at the end of the test as a 
function of Nitrate 

1 .  Concentration for the Six . .. 

Cells I 3 t  : ,. . . I  -1-r 
- kx+I% -& . L L Y l . .  $ 

x m N a C l + y m K ~ 0 3  

Specimens with black 
annealed film have less 
reproducible E,, than the 
freshly polished specimens 

For the tested conditions 
(0.05~N03/C1~0.15), E,, did 
not depend strongly on total 
IN031 I 

-200 j r - ' r  l r -  'r I' I I 6 

6: 0-2 ?8.4 0-a 018 I 
Nitrate mnoentratipa (m) 

. . I 



Averane of Four Values of 
as a function of 

&ride Concentration for - 
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theSixCells 
x m NaCI + y m KN03 - - 

T = 100°C % ':: 
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annealed film have less 
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specimens I;: L .  . W .  
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E C O ~  o f  Creviced Alloy 22 

>8 Months Immersion 
Aexated NaCl+ m0, 
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Em- as a function of 
Cmbride over Nitrate Ratio 
tor the S 

Specimens with black 
annealed film have less 
reproducible E, , than the 
freshly polisheB 
specimens 
For the tested conditions 
E , did not depend 
sron ly on nitrate over P chlor de ratio 
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Corrosion Rate d of Creviced = a - T  I Alloy I - 
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~ ~ 6 0 2 2  W & I ~  pa4 a -  AveraueValuesof 
Aemkd ]Brines, 1m0c 
?ZW D~~ hzmlmSh Corrosion Rate (CR) as a 

0.m y o function of Nitrate 
Asw+#PT I 1 
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Concentration for Times - - 
>250 Days - - 
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I .  - 7. - 
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J L  

x m NaCI + y m )--JOT 
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- -- - - - - - 
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Qp9 -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - No apparent influence of 

B - 

4 .  yitrate concentr4 :ion 
- *  * 0 0 - 

0.m -- - - - - - - - - - + - - - - - - ---- - - - - - - - - 4-- 
+ : Average CR for Black 

- Annealed (ASW + SHT) 
0.01 I I I I I I f I I Specimens more erratic 



Corrosion Rate of Creviced Alloy 22 

NO6022 Welded PCA 
Aerated Brines, 1 OOpC 
,250 lxl~mdm 

2 4 8 
Chloride Concentration (m) 

of 
Corrosion Rate (CR) as a 
function of Chloride 
Concentration for Times 
*250 Days 

x m NaCI + y m KN03 

No apparent influence of 
Chloride Concentration 

Average CR for Black 
Annealed (ASW + SHT) 
Specimens more erratic 







: .,Effect of immers'i~ri Time on ,- - , 

Cvclic P~larizati~o~n 
Cvclic Potentiodynamic - - - 

- 1 Day Deaerated (Polished) 
a8 Months Aerated 

. .  (Prepolis hed) 
- )8 Months Aerated (Black 

Annealed) -.- .. - - I. - 
' I  I I .  

I  

1 m NaCl + 0.05 m KNO, 

After 8 Mo. Passive . Current Two ordeggf - -. 

- Magnitude Lower 7 .  

I  

After 8 Mo. Repassivation 
Potential . . . - -  Highe 





















Conclusions Black Annealing Scale 

In the tested conditions, the E,,, of Alloy 22 specimens 
increased as time increased 

-.. N' Increase of E,,, more gradual for polished ASW PCA 
specimens 

Long Term Ecom was higherfor BlackAnnealed specimens 
Little effect of solution composition on E,,, 
Corrosion Rate CR of creviced specimens decreased as 
time increased, - t b ot A for Polished and BlackAnnealed 
After I00 da s of immersion, the corrosion rate was 
nominally 3 g nmlyear, even though salt concentration was 
-30% and T = 100°C - I  

After Long-Term Immersion in Aerated Brines, the Breakdown 
Potential and Repassivation Potential Increased 
After >6 Months Immersion, ASW + SHT Specimens were - 

-- >re Drone to crevice corrosion with natural polarizr m 
I , 'W. -. 



on the General and Localized A 7ma S o r r ~ q m . ~ .  - ' . 
hmersion and Electrochem~cal. g&b-I 
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Conditions of ~ e s t i d  Plates ,. 

As-Welded (ASW) - Gas Tungsten - Arc Weldifig 
(GTAW) - 1 '  . 

+ i +: 

- I Non-tyeajpd. s - g  - - + h . h-T I - 1 

Low Plasticity Burnishing (LPB) I (  . - . IT -#I - ? 

! I  ' 

- Produces com*sive stresses by rolling a metallic ball 
over the surface - -l ' - .Tb I L - - - 

A- 
. 7 -  - - 

7 
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~ a s e r  Shock Peening (L?) rb-;:. ' I 

- Produces compressive stresses by means of a laser 
beam, which produces a high-pressure plasma 
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After The Cyclic Potentiodynamic 
Polarization in 

Magnification X8 

Lae#tb:ed Attack autsDde the 
Crevla~ Fomherrr and SterNng at 

Side (Non-Creviced) View 









Overall Summary I - 

Alloy 22 is Highly Resistant to General and Localized 
Corrosion 

- - '9 ' 
t 

a - 

In the Tested Conditions No Difference in Behavior was 
Found Between Welded and Non-Welded Specimens 

Fabrication Processes Do not Affect Corrosion Performance 
- Heat to Heat Variability - No Effect 

- Black Annealing Scale Generally Does Not Have an Effect on 
General and Localized Corrosion Behavior - 4 

- Surface Stress Mitigation - No Effect 

- Specimens Prepared from a Full-Diameter Mock up Container 
Behave the Same as Other Laboratory Specimens 




