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Testing Procedure

o Plates were sliced about 1-
inch thick

e Then ends were cut
keeping the weld seam
and base metal at both
ends of the weld

» Then sliced through the
thickness to approximately
Ya =inch thick

» Degreased, rinsed, dried,
dimensioned, weighed

e Immersion Test

Department of » Office of Civilian Radioactive Waste
Rebak NiDI Workshop 6, 5-6 April 2006.ppt




As-Received D1 Welded Plates

AERY

A5 ARS

Plates 94R5 Plates 95R5
As-Welded (ASW) Solution Heat Treated (S

Waste Management

Ldoe gov
11

Department of » Office of Civilian Radioactive
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ASW + SHT Coupons — Top Layer
Before and After Corrosion Test

73R5-G28-1-F 73R5-G28-1-F
Sept. 9, 2004 Sept. 16, 2004
Pre Test Post Test

T —— o Temm————

|

|

illllu

SAHONI |

vttt

Tiriririrtrivtrirdriviv

| |

1

oAl ll =l LA L
(LALLM LR

JUNLINYNL 'SNIVEVAAY AHOLVEOUV I

ritrirtrinintrivir

LA LAY
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ASW + SHT Coupons — Second Layer
Before and After Corrosion Test

83R5-G28-1-C 83R5-G28-1-C
6/17/2005 6/28/2005
Pre Test = ~__ Post Test

L e Ul
it

vttt

it

= s =
ivihan Radioactive Waste Management R R
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Corrosion Rate of As-Welded Plates
First Layer

e Corrosion Rate for most of
the coupons is between

1871 ASW Plates [V T T 70 0.8 and 1.2 mml/year (or 35
= ~‘Ag‘§§‘%€gﬁ | and 45 mpy)
2 I 3 R N -« * The standard value for
§ .| & mmo| q Welded Alloy 22 plates
gl R D=t ¢ - with matching filler metal
% . ' g N is 40 mpy
2 8 § § . g & « Plates with corrosion rate
§ R % g above 80 mpy are rejected

&
ol B & e 97 » A few plates (E4, G4, F4)

3 4 5 g 7 g had higher corrosion rates
eld Wire Number

s

Department of E = Office of Civilian Radioactive Waste Management
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Corrosion Rate of ASW + SHT Plates
First Layer

NO6022
3.2 —{ ASW + SHT Plates i =
Top Layer ‘ 120
- ASTM G 28 A ‘
E S Plate A ’ A
g{’ 2.8 — D Plate B [~ Av4 7
b O  Patec ‘
E /\  PlateD — 100
M 24 V Plate E
v 1  Plate F g >
§ LS mmes |7 B
- 2 o & 0O —{ 80
g O O
‘2 o < ]
e " ‘ s B9 60
O B & O
b
1.2 ? = = T T i
1

2 3 4 5 g T g
Weld Wire Number

Department of E = Office of Civilian Radicactive Waste Management
Rebak_NiDI WorEshop 6, 5-6 April 2006.ppt

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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Corrosion Rate of As-Welded Plates
Second Layer

e Corrosion Rate for most of

NO6022
| O Fiee the coupons is between
econ yer )
e L 0.6 and 1.0 mm/year (or 25
12 —— B reesi and 40 mpy)
g & s » The standard value for
R s 5 recal-4 Welded Alloy 22 plates
g - & . 2 ; with matching filler metal
:‘503_. : O ”g ¥ a 2 is 40 mpy
| & | 5E '
: 2 % g s § ¥ ™ < Nomuch influence of the
g . v type of base heat or weld
A I =3 wire
O — 20
- o ' =2 3 ‘lt S (|.=, 7 zia

Weld Wire Number

Department of E » Office of Civilian Radioactive Waste Management
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Comparison of Corrosion Rate
of ASW and ASW + SHT Plates - Second Layer

» Corrosion Rate for ASW
coupons was higher than

|

12| Welded Plates | for the ASW + SHT
. ASTM G 28 A 1 coupons
E O Asw | ®
% L __0_ __ASW + SHT | & - s = B '_740 ® Iitis Iikely that the SHT
: Y e o reduced the amount of
5 $ o 3 £ * & intergranular corrosion in
g T % 533 | g s |°F the heat affected zone —
5 s ¢ ¢ i s SEM studies may be
TR .8 needed to quantify this
S °

0.4 , | : ‘ ‘

o ' 2 3 4 5 g 7 8

Weld Wire Number

Department of E « Office of Civilian Radioactive Waste Management
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Corrosion Rate of ASW + SHT Plates
First and Second Layer Comparison

» Corrosion Rate of top layer

| | of ASW + SHT coupons
PP - S ( I :-1igher than of the second
— | ASTMG28A a er
g 2.5 _H‘ ‘; ;Zfolr‘ladyf;yeri ) ] -~ =100 y
) v ¥ ' » For ASW plates effect by a
E, 2 RRRSERE: T SNSRI factor larger than 2
8 v v ¥ y 4B .
S v ¥ f v § > 3 605‘ e Influence of surface finish
g WYY Y 7 well documented in the
S v | literature
g 1 — ——— —g —————— z——740
O .
¥ § ¥V ¥ O¥ ¢ 1
0.5 | | ; | 1 120
> 3 4 5 & 7

o
-l

Weld Wire Number
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Model for Localized Corrosion

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

Crevice Corrosion occurs only above a Critical
Potential (E_ ;) such as the Repassivation Potential

If the steady state Corrosion Potential (E_,,,) in the
environment of choice never reaches E_., crevice
corrosion will not occur

IfFAE=E_.-E_, >0

crit corr

Crevice Corrosion will not occur

ent of Energy » Office of Civilian Radioactive Waste Management
NiDi Worgl{

hop 6, 5-6 April 2006.ppt
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Monitoring E__,. and
Polarization Resistance

» 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 102

] b, -b,

[ = =—X

“r R " 2303(b, +b)

P

CR(um/ yr) ==k Lo gy
0

Department of Civilian Radioactive Waste Management
Rebak_NiDI Wori!shopﬁ 5-6 April 2006.ppt
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Long Term E__ . Creviced Specimens

corr

» Four (4) As-Welded (ASW) Polished PCA and

» Four (4) ASW + Black Annealed PCA Specimens or
ASW + SHT (1120°C for 20 min + Water Quenched)

Civilian Radioactive Waste Management

Department of En.rqz
Rebak_NiDI Workshop 6, 5—6Apri| 2006.ppt
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E... of Creviced Alloy 22

corr

e« 6 mNaCl+0.9m KNO3
6 m NaCl + 0.9 m KNO,, 100°C . [C']I[NO3] = 6.67

Cell 23, [CI']/[NO;] = 6.67
[ —4&@)— Pt - WEAD27 ]

‘ E_... in Naturally Aerat;ed

ot et s || * YRl 045
7 | e T=100°C
N
" -~ e Individual Specimens with
E . | black annealed film have
8 il L an E_,,, slightly more
§ ° —qi" \ m N positive than the freshly
£ e0e00000e0eoe? | polished specimens

[ . ©
200 4= - - === = | Ak W » Variations in the Ecorr Of

the creviced specimens

) — 1 I

0 100 200 300 may indicate onset of

Immersion Time (Days)

crevice corrosion
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-E .. (mV, SSC)

Corrosion Pot.

E

corr

| >8 Months Immersion \
Aerated NaCl + KNO, |
100°C |
(O  ASW N06022 PCA
@ ASW + SHT N06022 PCA

ﬁ [] PtRod
300 ————
J O =
- [:P O -
200 4~ ==t = - B l
100 -+ | I ® W
| |
] ‘ = — -
S 2w O S L]
Ty e
1 | 1L |
-100 — © 2 Q-__;
N |
2 e
-200 —
0 0.2 0.4 0.6 0.8 1

Nitrate Concentration (m)

hop 6, 5-6 April 2006.ppt
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Average of Four Values of
E... at the end of the test as a
function of Nitrate
Concentration for the Six
Cells

x m NaCl + y m KNO3
T=100°C

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

For the tested conditions
(0.05<NO3/CI<0.15), E_,,, did
not depend strongly on total
[NO3]




E... of Creviced Alloy 22

corr
prmemn e il » Average of Four Values of
100°C . as a function of
O ASWNO6022PCA chloride Concentration for
@ ASW + SHT N06022 PCA T
o | O Prrod the Six Cells
[ [ T | J )
g g ) 5 | ¢« xmNaCl+ymKNO3
/p)
o 200 = e - : 7 e T=100°C
E - 1 . :
Tk ° e Specimens with black
p
§ 100 — - f =i ey
2 s annealed film have less
\ y T reproducible E___ than the
o ® P : corr
g o e freshly pollshecf
g | specimens
'z 8 O .
g T o | = Forthe tested conditions
3 — 3 E_.,, did not depend
200 ——— [ , e ] stcrongly on total [CI]
2 4 6

Chloride Concentration (m)
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E...r of Creviced Alloy 22

>8 Months ‘C’i:‘?%iié’“ | » Average of Four Values of
' crated MaCl +INO, | E.., as a function of
| B vmeediio chioride over Nitrate Ratio
. | O PtRea | for the Six Cells
LOE ‘ [ ’
2 5 ~ .+ xmNaCl+ymKNO3
n
S 2T e T=100°C
g -- 1 : :
S | e ¢ Specimens with black
S = annealed film have less
o o [ reproducible E_ . than the
g o7 e e freshly pollshecf
g . + specimens
'Q -100 — = . : =) — ses
E 5 | ¢ Forthe tested conditions
O ° E o did not depend
200 +——T—— T | strongly on nitrate over
0.04 0.06 0.08 0.1 0.12 0.14 0.16 ‘ 1 i
(NO.1/[CL] (m) chloride ratio
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Corrosion Rate of Creviced Alloy 22

| NO6022 Welded PCA « Average Values of
erated Brines, p =
380 Days Tmenersion Corrosion Rate (CR) as a
O Asw function of Nitrate
i | & wovewls ) Concentration for Times
£ . * | >250 Days
¢ 005—---- —
E « xm NaCl+y m KNO3
0 o ot — e e = - o« T=100°C
% s o . = Noapparentinfluence of
= . ¢ Nitrate concentration
O | o < o
§ 02—+« - o Average CR for Black
i * ~ Annealed (ASW + SHT)
001 +— — Specimens more erratic
0 0.2 0.4 0.6 0.8 1

Nitrate Concentration (m)
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Corrosion Rate of Creviced Alloy 22

b g <24 * Average Values of
>250 Days Immersion Corrosion Rate (CR) as a
¥ s | function of Chloride
08—y ——— . = Concentration for Times
. >250 Days
T ooos IO S .
| » xmNaCl+ymKNO3
E ool o |« T=100°C
L
£ . ~ « No apparent influence of
g 0% - . Chloride Concentration
7] | 1
E ol S ¢ .+ Average CR for Black
O . | Annealed (ASW + SHT)
o | Specimens more erratic
o | |

2 4 6
Chloride Concentration (m)
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Potential (mV SSC)

Effect of Immersion Time on
Cyclic Polarization

1200 —

Welded NO6022 Specimens
1 m NaCl + 0.05 m KNO,

100°C '

e Cyclic Potentiodynamic
Polarization

- -&~- - ASW PCA KE0141 - 254 Days Aerated | - 1 Day Deaerated (Po"shed)

—&@— SHT PCA KE0206 - 254 Days Aerated |

— >8 Months Aerated

800 —

400 —- -

(<)
|

(Prepolished)

— >8 Months Aerated (Black
Annealed)

» 1 m NaCl +0.05 m KNO,
e T=100°C

e After 8 Mo. Passive
________ | Current Two orders of

-400 —
r -
e Magnitude Lower
B
800 ey @ After 8 Mo. Repassivation
1x107"° 1x10° 1x10°® 1x10™ 1x107? Potential ngher

Current Density (A/cm?)

« Office of Civilian Radioactive Waste Management W carwen.doe. e 7
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Rebak_NiDI Workshop 6, 5-6 April 2006.ppt




13ybIH |euajod
umopyeaig "o\ 8 191V

2,001 = 1
*ONM W X + [QBN W 9

(pajeauuy
yoe|g) pajesay SYJUoOW 8<  —

(paysijodaid)
pajelay SYJUON 8< —

(paysijod) pajesseaqg Aeq | -

uoneziie|od
d1weuAponuajod J1j9A9H

1dd 900z |4dy 9-6 ‘9 doysyiom _Qz jeqey
juswabeueyy s1sep 0ANIROIPEY UBIIAID JO 82140 *

[eprroryp]/[s18n1N]
ZL’0 80°0

A | _

CCO90N P2PIPM\

&
O
408 1LHS oWg<Dw9 @
MSY ONg<‘ODmg []
T | msvuszowmwgaay (O
, 0.001
‘ONM W 6°0-€°0 + [DBN W g

0oz

+— 00€

-1 00¥%

— 008

— 009

- -+— 004

008

|eljualod umopyeaig
uo awli] uoisiawuwly] Jo }oau3

(0SS Aw) 0zd renusjod umopsealg




3dd 900z HdYy 9-G ‘g doysyiom _Qz xanam
wawabeuey eiSep) PAROEOIPEY UBIIAID JO 2310 *

[sprro[yD]/[ereniN]

oL'0 ZLo 800 vo.o =
19yBiH |enusjod | | ™ 8
uoljeAisseday ‘O|N 8 YUY » [ .
| 5o £
0,00b=1 o | © oL B

- = — = ) e s i e —— ey O

2

‘ONM WX +[QeENwWQ o -
- ]
(pajesuuy [ 7  ITTTTTTTTT™ R
¥oe|g) pajelay SYJUOW 8< - i - B w
(paysijodaid) _ el o
pajeIay SYUOW 8< - Lo i menms ) |Loe B
(paysijod) pajesseaq Aeq | — | 5001 © m
|_|D1|1 ONM W 6°0-€°0 + [DBN W 9 - gop %
—.—O_HNN_._N—OH— | CC0O90N P2PI2PM -

oiweuAponuajod JIjoAg »

jeljuajod uoijeAisseday
Uo awli] uoisiawuwj Jo )29




1dd 900z 11dY 9-G ‘9 doysyiom IQIN Heqay
wowabeuey aisem !aonoalh .jﬂzo JO BHO » 10 juauiedaq

s14] Wo—.,:.:?.ub AAAAAS

(FOAONOZ) umoq INYs I8y
suawioadg jJo uonosadsuy




ydd 900z |udy 9- ‘g doy oM IQIN Yeqay
wowabeuey aisepm 2ANOIROIDEY UBHIAD JO 3240 * 3 0 wauedeq

(41v Aq uonezuejod jeinjeN) jeuajod
}IN2419 uadQ ayj} o} pasodxg Ajuo aiapA 199
yoe3 ul pury yose3 jo suawidadg iayjp 924yl ayly e

aAIND uonezue|od 211949 ainsea|\ 0}
pPasn SeM punj Yoes jo uawioads auo [|9) yoes 104

suawioadg adiAa1) pajeauuy yoe|g v —
suawioadg padinal) paysijod MSY v —

pey ||2D yoeg

suawioadsg gy — S||199) XIS




20 = 1HS + MSY
20 llews €/¢ = MSVY
EONGO+IOWY=¢gZIIgD

00 = 1HS + MSY
30 ON = MSY
EONEO0+IDWY9=2ZIIRD

90 ON = 1HS + MSV
J0 ON = MSY
EONSZS0+I1DWGE=PZ 19D

20 llews €/Z = 1HS + MSY
J0 ON = MSY
CONSLLO+IDWEGE=6ZII8D

20 llews ¢/} = 1HS + MSY
92 ON = MSY
EONSLO+IQW L =9ZII9D

20 llews €/€ = 1HS + MSY
JJ ON = MSY
EONSOO+ QW L =/Z1I9D

4D 11092

3 pue

1dd'900z |1dy 9-G '9 doysyiom [QIN Heqey

wowosbeueyy 2ISeA SADEOIPEY UBIIAID JO 3240 *

(w) uonenuaduo) 93enIN
! 80 90 40 z0
— 1 _ 1 . |

3 J0 Jweunsedag

0

. ﬁ.nméw.m,..w...ﬁzLQNCUMm_ D
1 1HS + MSV "2 @

msv*™a QO
_ 0,001

‘ON3 + [OBN pa1e1ay
COEHMEEH WSHEOE 8<

CCO90N P2PlPM

00z-

+— 00}~

-~ 001

002

3 wud] BuoT Jo uoneaaion

d) renua10d

L10D

(0SS ‘Aw) (‘doy pue




ydd- d ‘g doysyiop |QIN Hege!
. Sﬂ_t:.ms 8 r_zx )

UOIS0410) 321A249) Jodg |
0L X L6L03X LHS + MSY

UOIS01I09 3JIA3I) Jodsg |
0L X ZZL03X MSY

T R e R ey,
- & sl

o4

G1'0 = ID/SON “ONM W 6°0 + |DBN W 9

uoisSJaWwW| SYJUO 8< J3YY €2 119D




3dd 900z |udY 9-6 ‘9 doysyiom IQIN Hegey

wowabeuey aisepm 2ARIEOIPEY LENIAID JO 22RO + 0 Juswiedag

UOISO01109 3DIABI) [JewS
0L X 88L03IM LHS + MSY

UOISO0.I0D 321A3D) ON
| 0L X ZZLOIX MSV

S0°0 = ID/SON “ONM W €°0 + |DBN W g TR

uoisiaww| SYJUO 8< JONY ZZ 119D




1dd 900z |HdY 9-G ‘9 doysyJom |QIN Heqey
g’ii%‘mﬂ.ﬂiu!!‘t. _.m .

SZ 119D 02X
00203X LHS + MSY

GC 119D 8X
9€103X MSY

¥Z 112D 8X
96L03X LHS + MSY

¥Z 113D 8X
L€L03IXM MSY

uoisJawu| Syjuol\ 8 <




1dd 9002 |udy 9-g ‘9 doysyiom |QIN Heqe
o : ! <330 < ﬁ_z qey

LZ 11°D 8X
60203 LHS + MSVY

—>
LZ 119D 8X
Y7103 MSY

92 1190 8X
S0203M LHS + MSV

92 11I°D 8X
- 07103 MSY

uoisiawu] Ssyjuol 8 <




Conclusions Black Annealing Scale

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

Increase of E__ ., more gradual for polished ASW PCA
specimens

Long Term E_,, was higher for Black Annealed specimens
Little effect of solution composition on E__,

Corrosion Rate (CR) of creviced specimens decreased as
time increased, both for Polished and Black Annealed

After 100 days of immersion, the corrosion rate was
nominally 30 nm/year, even though salt concentration was
~30% and T = 100°C

After Long-Term Immersion in Aerated Brines, the Breakdown
Potential and Repassivation Potential Increased

After >6 Months Immersion, ASW + SHT Specimens were
ore prone to crevice corrosion with natural polariza

Department of E « Office of Civilian Radioactive Waste Management
Rebak_NiDI WorEshop 6, 5-6 April 2006.ppt




Part 3
Effect of Surface Stress Mitigation
on the General and Localized Corrosion
Immersion and Electrochemical Tests




Conditions of Tested Plates

As-Welded (ASW) - Gas Tungsten Arc Welding
(GTAW)

— Non-treated
Low Plasticity Burnishing (LPB)

— Produces compressive stresses by rolling a metallic ball
over the surface

Laser Shock Peening (LSP)

— Produces compressive stresses by means of a laser
beam, which produces a high-pressure plasma

Department of E y = Office of Civilian Radicactive Waste Management
Rebak_NiDI Workshop 6, 5-6 April 2006.ppt
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Crevice Repassivation Potentials
Mockup and Archive Data
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After The Cyclic Potentiodynamic
Polarization in 5 M CaCl, at 90°C

Magnification X8

No Crevice Corrosion
Localized Attack outside the
Crevice Formers and Starting at
Crevice Formers
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Overall Summary

Alloy 22 is Highly Resistant to General and Localized
Corrosion

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

— Surface Stress Mitigation — No Effect

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

Department of Energy » Office of Civilian Radicactive Waste Management
Rebak NiDI Workshop 6, 5-6 April 2006.ppt
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