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Summary of Alloy 690 Measurements of

SCC Growth Rates — All Data

S Alloy 690 CGR vs K
u'.! 3 @ PPN A TT CRDM (PNNL) ¢ SA CRDM (PNNL)
~ | PNNL11/20109 ¢ @ ’3, o< TT+17% CR SL CRDM (PNNL) SA+17% CR SL CRDM (PNNL)
1 ’, N ¥ TT+30% CR TL CRDM (PNNL) @ SA+30% CR TL CRDM (PNNL)
| 8 > oA  MRP-55curve| M TT+31% CR SL CRDM (PNNL) @ SA+31% CR SL CRDM (PNNL)
5 & N M 26% CR SL ANL (PNNL) 20% CR SL GE (PNNL)
W # 26% CR SL ANL (GE) + 20% CR SL GE many (GE)
- X 20% CF TL/LT (GE) X 21% CF SL/ST ENSA (GE)
—_ X 20% CF TL/LT CRDM (GE) X 41% CF TL/LT CRDM (GE)
Q O TT+31% CR SL CRDM (GE) O SA+31% CR SL CRDM (GE)
E 8 — HAZ NG KAPL (GE) A TT CRDM PNNL (ANL)
E I - O 26% CR SL ANL (ANL) B 26% CR ST ANL (ANL)
; - 0 20% CR SL GE (Serco) A 20% CR TL (INSS)
] A 50% CR TL (INSS) & 12% CR ST (Bettis)
o © 24% CR ST (Bettis) ® 24% CR SL (Bettis)
g <& 30% CR SL (Bettis) + 319% CF SL CRDM (GE)
T Ag® o ® | = 219 CF SL CRDM (GE) A HAZ CRDM (ANL)
- Constant K ’ ® y H 20% CR TL CRDM (Serco) O 20% CR SL CRDM (Serco)
® N, B 20% CR TL CRDM (Ciemat) 20% Tens TL CRDM (Ciemat)
Data * X 20% CR SL p-band (Serco) X 20% CR SL o-band (Serco)
o I Y = HAZ AREVA (Ciemat) — AREVA (Ciemat)
E LTS [ GRSl _SR— VI HAZ (Studsvik) === MRP-55 (alloy 600)
“10 15 20 25 30 35 40 45
Some rates are uncorrected
K (MPavm)
Full spectrum of measured SCC growth rates illustrating significant
effect of 1D cold work, however initial Bettis results remain at upper —
—_ -~

end of data with extremely high growth rates at lower K values.
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Measured SCC Growth Rates for Alloy 690

CRDM Tubing Materials

Alloy 690 CGR vs K
RE243 TT CRDM (PNNL)

RE243 SA CRDM (PNNL)

WP140 TT CRDM (PNNL)

WP142 TT CRDM (PNNL)

RE243 TT+17% CR SL CRDM (PNNL)

RE243 SA+17% CR SL CRDM (PNNL)

RE243 TT+30% CR TL CRDM (PNNL)

EID RE243 SA+30% CR TL CRDM (PNNL)

RE243 TT+31% CR SL CRDM (PNNL)

RE243 SA+31% CR SL CRDM (PNNL)

WN415 20% CF TL/LT CRDM (GE)

WN415 41% CF TL/LT CRDM (GE)

WQ199 31% CF SL CRDM (GE)

WQ199 219% CF SL CRDM (GE)

RE243 TT+31% CR SL CRDM (GE)

RE243 SA+31% CR SL CRDM (GE)

WP142 TT CRDM (ANL)

WP142 HAZ CRDM (ANL)

RF103 20% CR TL CRDM (Serco)

1 RF103 20% CR SL CRDM (Serco)

i WP787 20% CR TL CRDM (Ciemat)
PNNL 4/11 WP787 20% Tens TL CRDM (Ciemat)

-—|—|—|—|—H—H—H—H—|—H—H—H—|4—H—H—|—|—|—|—4—|—H—H—MRP-55 (alloy 600)
10 15 20 25 30 35 40 45 Underline indicates
uncorrected rate
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The number of SCC growth tests on cold-worked CRDM alloy 690 —

heats has increased significantly over the last 3 years. High levels

of CW can promote moderate-to-high propagation rates. orthwest
/ / nAnuinAL LABORATORY




PNNL Alloy 690 Testing Summary

» Heat-to-Heat Comparisons for CRDM Tubing
m Three as-received TT heats: RE243, WP140 and 142

» Microstructure and Cold Work Effects on SCC
of Alloy 690 CRDM Tubing

m Single heat of alloy 690 CRDM tubing: heat RE243

m As-received TT (high density of GB Cr carbides + Cr depletion)
versus solution-annealed (no GB Cr carbides or Cr depletion)

m Cold rolling effects: 0%, 17% (S-L), 30% (T-L), 31% (S-L)
m Post-cold rolling recovery anneal to modify dislocation structure
keeping permanent damage: recently completed for 31%CR
alloy 690TT + 700°C/ 1 hr/AC (S-L)
» Microstructure and Cold Work Effects on SCC
of Alloy 690 Plate Materials
B 26%CR ANL (NX3297HK12) and 20%CR GEG (B25K) heats
m Ongoing for 22%CR (S-L) and 30%CF (S-L/S-T) ENSA heat. ;——
Pacific Northwest
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PNNL Crack Growth Rate Testing

Seven recirculating
autoclave systems

DCPD in-situ crack
length measurement
with <2 um peak-to-
peak noise

Simulated PWR

primary water (1000
ppm B, 2 ppm LiOH)

Most testing at 360°C
with H, at Ni-NiO line
Focus on establishing
constant K response

after various SCC
transitioning steps

Growth rates adjusted
for post-test crack
length observations
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CT026 & CT027 CGR, 0.5T CT Alloy 690 Valinox, WP140, Pipe 2502 & WP142, Pipe 2541
350°C, 30 MPavVm, 1000 ppm B, 2.0 ppm Li, 29 cc/kg H,
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Example of testing approach for two as-
received CRDM heats: constant K typically
evaluated several times in different
microstructural regions and often at —

different K levels during long-term tests. ~
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As-Received, Alloy 690TT CRDM Tubing

crack plane lies on
radius of pipe

Extruded tubing provided by Valinox in a
thermally treated condition (720°C/ 10.5 hr)

Equiaxed grain dimensions (70-120 um) at
midwall and ID, smaller very near tube OD

High density of nearly continuous, grain
boundary carbides

Low density of matrix TiN particles
No banded structures
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Microstructure, Hardness and Crack-Growth

Rates for CR CRDM Alloy 690TT Heat RE243

Test Plane

CRDM Alloy pest
ardness

690 Material Microstructure

<5x10"1° mm/s
(325°)

Nearly continuous GB carbides, isolated GB and
matrix TiN, equiaxed grains

Nearly continuous GB carbides, isolated GB and
matrix TiN; elongated grains, very high 300 kg/mm? ~1x10® mm/s
dislocation density, moderate density of IG voids, (T-L, 350°C)
some cracked carbides

Cold-rolling increases SCC susceptibility of extruded alloy 690
tubing with “excellent” microstructure with growth rates reaching
~1x107 mm/s at high levels of deformation. S

175 kg/mm?

TT+30%CR
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Cold Rolling Effects on
Microstructure of Alloy 690TT CRDM

Nearly continuous
Cr,;C, carbides along
high-energy grain | S
discrete boundaries with cellular il Cr23.C6
c(;:lz:i((izs re giOTlS Of cellular ppt carbides : _carbides
Cold rolling produces
voids between
carbides and some
cracked ppts.

— lpm PNNL 10/14/2009
X 13,000 15.0kV LABE SEM WD 6.0mm 5:57:23

Rolling
Direction
voids ™

l high

- dislocation
density

. -;I'-\. — =
- .-]. 1

Pacific Northwest
NATIONAL LABORATORY




Effect of Cold Rolling on
EBSD-Indicated Strain

Strain is linearly Misorientation represented by green intensity
proportional to ' ;

misorientation parameter

\
\ |

17%CR

Alloy 690TT
250 kg/ mm?

e Significant difference
in strains between
17% and 31%CR.

e Strains observed to
develop first at GBs.

31%CR
Alloy 690TT — 4]
300 kg/ mm? ;




Cold Rolling Effect on Crack Growth Rate

O
:.: PNNL Alloy 690 CRDM CGR vs K ® RE243 TT (325°C)
. . A o
. Cold Rolling Effect A W§:zg II 8:308
_ RE243 TT+17% CR SL (360°C)

n MRP-55 curve | g RE243 TT+31% CR SL (360°C)
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Cold-rolling increases SCC susceptibility of extruded alloy 690 CRDM

heat with “excellent” microstructure at high deformation levels.
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Degree of Engagement in CR Specimens
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0%CR had no significant IG extension while 17%CR has a few isolated ———
—— outcroppings of IG extension, and 31%CR has a fully IG crack front. e
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PNNL Alloy 690 Testing Summary

» Heat-to-Heat Comparisons for CRDM Tubing
m Three as-received TT heats: RE243, WP140 and 142

» Microstructure and Cold Work Effects on SCC
of Alloy 690 CRDM Tubing

m Single heat of alloy 690 CRDM tubing: heat RE243

m As-received TT (high density of GB Cr carbides + Cr depletion)
versus solution-annealed (no GB Cr carbides or Cr depletion)

m Cold rolling effects: 0%, 17% (S-L), 30% (T-L), 31% (S-L)

m Post-cold rolling recovery anneal to modify dislocation
structure keeping permanent damage: recently completed
for 31%CR alloy 690TT + 700°C/1 hr/AC (S-L)

» Microstructure and Cold Work Effects on SCC
of Alloy 690 Plate Materials

® 26%CR ANL (NX3297HK12) and 20%CR GEG (B25K) heats
m Ongoing for 22%CR (S-L) and 30%CF (S-L/S-T) ENSA heat. ——

— o
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Effect of a Recovery Anneal on Crack

Growth Rate for 31%CR Alloy 690TT

CT053 & CT054, 0.5T CT Valinox alloy 690 CRDM TT+31%CR S-L + HT & TT+17%CR S-L
360°C, 30 MPavVm, 1000 ppm B, 2.0 ppm Li, 25 cc/kg H,

0.070 70
Ao I Constant K
n o
4 o B 65
Or 4.3e-09 mm/s
v
0.066 + N 60
+
N 31%CR Alloy 690TT + | 55
‘5"_ Recovery CRDM S-L
0.062 + & 50

2.5e-09 mm/s

Aa from 400 hr (mm)
(=]
(=]
ul
()
A
(<)
outlet conductivity (uS/cm)

T 35

0.054 30

17%CR Alloy 690TT ! e

CRDM S-L

0.050 - 20
1.3e-08

mm/s T 15

0.046 h T T T T T T T T T 10

800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
time (hrs) ‘/—//4_

e

Recovery anneal for 31%CR alloy 690TT reduced measured SCC growth g

rates from ~1x107 mm/s, becomes similar to 17%CR response. :
_— / INATIUNAL LASURAITORY



Microstructure, Hardness and Crack-Growth

Rates for CR CRDM Alloy 690TT

CRDM Alloy . Test Plane PNNL
690 Material LA S UG Hardness CGRs

Nearly continuous GB carbides, isolated GB and 5, <5x10°'mm/s
T matrix TiN, equiaxed grains 175 kg/mm (325°)

Nearly continuous GB carbides, isolated GB )
- : ) ~2.5x10° mm/s
TT+17%CR and matrix TiN, slightly elongated grains, 250 kg/mm? (S-L, 360°C)
high dislocation density ’

Nearly continuous GB carbides, isolated GB
TT+31%CR arfd matt.'zx TiN; e.longated grains, v.ery high
dislocation density, moderate density of IG

voids, some cracked carbides

~1x107 mm/s
2
300 kg/mm (S-L, 360°C)

TT+31%CR +  No significant change from TT+31%CR, some 270 kg/mm? ~4x10° mm/s
700°C/1 hr/AC alteration of dislocation microstructure 9 (S-L, 360°C)

Recovery heat treatment selected to modify dislocation structure and reduce
hardness, but have no effect on permanent grain boundary damage (voids
and cracked carbides) and general microstructure. Higher temperatures or
longer times at 700°C promoted local recrystallization.

I
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Effect of Recovery Anneal on the

Permanent GB Damage Microstructures

31%CR alloy 690TT CRDM 31%CR alloy 690TT + Recovery Anneal

A moderate density of GB voids and some cracked carbides
—_ presentin 30-31%CR alloy 690TT material and similar density —
remains after the post-CR 700°C recovery anneal. x?//

/ >/ Pacific Northwest
NATIONAL LABORATORY




Effect of Recovery Treatment on
EBSD-Indicated Strain

Strain is linearly
proportional to
misorientation parameter

31%CR

Alloy 690TT =
300 kg/ mm?

One hour "recovery” heat
treatment was applied
after 31%CR to produce
some dislocation
relaxation/ reorganization.
Permanent GB damage
(voids and cracked
carbides) remains.

31%CR
Alloy 690TT, =
700°C/ 1 hr/AC

270 kg/ mm?
P




Effect of Recovery Heat Treatment

on 31%CR Alloy 690TT Material

$ PNNL Alloy 690 CRDM CGR vs K
w M RE243 TT (325°C)
= Recovery Treatment Effect A WP140 TT (350°C)
R MRP-55 curve | A WP142 TT (350°C)
ol n RE243 TT+17% CR SL (360°C)
= B RE243 TT+31% CR SL (360°C)
,\ X RE243 TT+31% CR SL + RecTrt (360°C)
% . 700°C/1 hr/AC | —— MRP-55, 75% (alloy 600)
Evwyy/ooo
g a @ One hour "recovery” heat
O treatment applied after 31% cold
Q rolling produces some dislocation
wo A relaxation and reorganization
=1 4 N consistent with a small decrease
1 o in hardness. Permanent GB
$ Samnemee ML A e 1A1 et !1 —+— damage (UOldS and CraCked
E 10 15 20 25 30 35 40 45 carbides) remains.

K (MPavm) -

~
700°C recovery heat treatment applied to 31%CR material results in a

20x lower crack growth rate. CGR is only slightly higher than 17% CR.

ORY



Effect of Recovery Heat Treatment

on 31%CR Alloy 690TT Material

Crack Growth Response for
CR Alloy 690 CRDM Heat RE243

10-5 T T T I I
H : : :
- 360C PWR Primary Water
e with 25 cclkg H_
N Bﬂ ! ! !
" L6 ° i | |
= 107 o e e —~
£ hd |
- 31%CR
GJ . B |
S 1 alloy 690TT
v e o
7 ] 3 |
s 0 e
2 ‘ ‘ ‘
—
o | g |
X - i i
O O CT019 [ 17%CRTT (325C) L - 700C/1h
® 408 | 0 cros4|17%CcRTT I . |
O @ CT053 | 31%CR TT + 700C/1h | i
® CT038 | 31%CRTT ¢ Y
[ CTO039 | 31%CR SA | | :
; L]
10°

| | i | A
0.1 0.01 0.001 +2.5h  Const
Hz Hz Hz Hold K

Loading Condition

One hour "recovery” heat
treatment applied after 31% cold
rolling produces some dislocation
relaxation and reorganization
consistent with a small decrease
in hardness. Permanent GB
damage (voids and cracked
carbides) remains.

700°C recovery heat treatment
applied to 31%CR material
results in a 20x lower SCC
growth rate (can be seen during
cycle + hold and constant K).
Growth rate is similar to that for

17%CR material.
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Effect of Recovery Heat Treatment

(r

b - % UW' Wi fullylC growth

B

'S ' & '
S S i S

:'.“7

y"?

9% CR SHL allleyy GEOTT,
700°C/%ir/AG

isolated IG growth

700°C/ 1 hr/AC “recovery heat treatment” reduces IG engagement and CGR.
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Microstructure, Hardness and Crack-Growth

Rates for CR CRDM Alloy 690TT

CRDM Alloy . Test Plane PNNL
690 Material LA S UG Hardness CGRs
Nearly continuous GB carbides, isolated GB and 5, <5x10°'mm/s
T matrix TiN, equiaxed grains 175 kg/mm (325°C)
Nearly continuous GB carbides, isolated GB I
o o . ) 5,  ~2.5x10° mm/s
TT+17%CR and matrix TiN, slightly elongated grains, 250 kg/mm o
: . . ) (S-L, 360°C)
high dislocation density
Nearly continuous GB carbides, isolated GB and
o matrix TiN; elongated grains, very high 5 ~1x10" mm/s
TT+31%CR dislocation density, moderate density of IG voids, 300 kg/mm (S-L, 360°C)
some cracked carbides
TT+31%CR + No significant change from TT+31%CR except for 270 T izl ~4x10° mm/s
700°C/1 hr/AC some alteration of dislocation microstructure & (S-L, 360°C)

High levels of cold rolling increases SCC CGRs by ~200X in CRDM alloy

690TT material. Recovery heat treatment modifies dislocation structure
significantly reduces IGSCC susceptibility in the 31%CR material,

measured crack growth rate approaches 17%CR material.

|
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PNNL Alloy 690 Testing Summary

» Microstructure and Cold Work Effects on SCC of
Alloy 690 CRDM Tubing
m Single heat of alloy 690 CRDM tubing: heat RE243

m As-received TT (high density of GB Cr carbides + Cr depletion)
versus solution-annealed (no GB Cr carbides or Cr depletion)

m Cold rolling effects: 0%, 17% (S-L), 30% (T-L), 31% (S-L)

m Post-cold rolling recovery anneal to modify dislocation structure
keeping permanent damage: recently completed for 31%CR alloy
690TT + 700°C/ 1 hr/AC (S-L)

» Microstructure and Cold Work Effects on SCC of
Alloy 690 Plate Materials

m 26%CR ANL (NX3297HK12) and 20%CR GEG (B25K) heats
m Ongoing for 22%CR (S-L) and 30%CF (S-L/S-T) ENSA heat.

S
Pacific Northwest
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Grain Boundary Microstructures in Alloy 690
Thermally Treated (TT) versus Solution Annealed (SA)

Alloy 690TT CRDM Alloy 690TT + SA

— lpm PNNL 10/14/2009
X 13,000 15.0KkV LABE SEM WD 6.0mm 5:57:23

Solution anneal at 1100°C and water quench removed nearly all
grain boundary carbides, isolated TiN particles remain.

>Vciﬁc Northwest
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Alloy 690 CRDM Heat RE243 31%CR S-L

Constant K

CTO038 & CT039 CGR, 0.5T CT Valinox Alloy 690 Heat RE243 TT/CM+31% CR S-L
360°C, 27.5 MPavm, 1000 ppm B, 2.0 ppm Li, 25 cc/kg H,

0.100 T r 45
constant K I

0.090 -} 1.2x10-7 t
I T 35
0.080
T 4 T
0.070 1 Alloy 690 CRDM T 30
Ol 1 TT+31% CR S-L I
= I T 25
~0.060 T ¥
T + 20
0.050 | T .

0.040 T }
; T 10
I  5.0e-08 !
o e j_,/‘/lr ‘ Is
......... 8.3e-09 I

0.020 { = Alloy 690 CRDM fo
1 /"rf CM+31% CR S-L mm/s \ I
0.010 7 T

l
[
=
b
(0
outlet conductivity (uS/cm) or
ECP (V,,.x10)

CTECP PtECP I
T T T T il '10

0.000
400 450 500 550 600 650 -

\ ti //" /
Higher crack-growth rate (~10X) in 31%CR alloy 690TT, reproduced at lower temps.
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Microstructure, Hardness and Crack-Growth
Rates for CR CRDM Alloy 690TT and 690SA

CRDM Alloy . Test Plane PNNL
690 Material Microstructure Hardness CGRs

Nearly continuous GB carbides, isolated GB , <5x10°'°mm/s
T and matrix TiN 175 kg/mm (325°C)
SA Isolated GB and matrix TiN, slightly elongated 165 Tz <5x10°1 mm/s
1100°C/1hr/WQ grains, high dislocation density & (325°C)
Like TT, but with slightly elongated grains, high ~2.5x%10° mm/s
0, ’ 2 2
TTHI77%CR dislocation density A0 g viaad (S-L, 360°C)
Like SA, but with slightly elongated grains ~5x101° mm/s
(o) ’ ’ 2
SAT177CR high dislocation density 240 kg/mm* oy 35500

Like TT, but with elongated grains, very high
TT+30%CR dislocation density, moderate density of IG 300 kg/mm?
voids, some cracked carbides

~1x10® mm/s
(T-L, 350°C)

Like SA but with, elongated grains, very high ~1x10° mm/s

7 2
SATS07%CR dislocation density, few cracked TiN 200 oy st (T-L, 350°C)
~1x10" mm/s
o o 9
TT+31%CR Same as TT+30%CR 300 kg/mm (S-L, 360°C)
~ -9
SA+31%CR Same as SA+30%CR 290 kg/mm? ~ox107 mm/s

L (S-L, 360°C) _ |
—— High levels of unidirectional cold rolling increases SCC CGRs by ~200X in -

CRDM alloy 690TT material. Solution anneal prior to cold rolling reduces
the influence of cold rolling on crack growth rates and IG engagement. o

e



SCC Crack-Growth Rates for Alloy 690SA

versus As-Received Alloy 690TT Materials

PNNL Alloy 690 CRDM CGR vs K

RE243 TT (325°C)
® RE243 SA (325°C)

MRP-55 curve RE243 TT+17%CR SL (325-360°C)
7777777777777777 RE243 SA+17%CR SL (325°C)
RE243 TT+30%CR TL (350°C)
RE243 SA+30%CR TL (350°C)

B RE243 TT+31%CR SL (360°C)
o0 . A ® RE243 SA+31%CR SL (360°C)
~10x I

1.E-06

TT vs SA

1.E-07

1.E-08

——= MRP-55, 75% (alloy 600)

CGR (mm/s)

In low CR conditions, same

very low CGRs observed in

TT and SA. In 30-31%CR

t 3250C-360°C i conditions, SA exhibit ~10X
lower CGRs than TT

10 15 20 25 30 35 40 45 materials.
K (MPavm)

1.E-09

1.E-10
-

o
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Thermally Treated vs Solution Annealed

SABER REHL Allloy GEGTT  fully G growth
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Cold rolled alloy 690SA has a lower degree of IGSCC engagement and
growth, mainly large pockets of IG growth along the crack front. it



EBSD-Indicated Strain in Highly

Cold Rolled TT and SA Materials

Strain is linearly
proportional to
misorientation parameter

31%CR

Alloy 690TT =
300 kg/ mm?

Similar level of
indicated strain,
perhaps more
continuous GB
distribution for TT.

31%CR

Alloy 690SA =P
290 kg/ mm?




Distributions for Alloy 690TT CRDM Tubing

Influence of Cold Rolling on Strain

0.1 ‘
T
X
= - !
n
® O8I SA+31%CR @ 1
= i TT+31%CR |
:é\ 4
2] 1
c
g 006 | . :
- I TT+31%CR
8 +Recovery Anneal @
.g !
g 004 | i
é ’ TT+17%CR
= I
© 0.02
(@]
L
= _ 1T
0 \ P (R 0 O 1 —— . — . . —
107 10 10° 107 10°
CGR (mm/S)
A linear relationship is suggested between the integrated —

misorientation density and the measured SCC growth rates for /
the CR TT materials. The 31%CR SA does not follow this trend. |, __.
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Microstructure and Cold Rolling Effects

on Primary Water SCC of CRDM Alloy 690

» Unidirectional cold rolling increases SCC crack growth rate and
the degree of IG engagement for CRDM alloy 690TT (as-received)
material in PWR primary water. CGRs increase ~10x for 17%CR
S-L and ~200x for 31%CR S-L above the non-CR material.

» A 700°C/ 1 hour recovery heat treatment strongly reduces IGSCC
of 31%CR alloy 690TT. This may result from a relaxation/
reorganization in the dislocation structure; treatment does not
alter basic microstructure or permanent GB damage.

» Initial solution annealing to remove GB carbides produces a much
lower susceptibility to IGSCC in highly cold-rolled materials. The
difference in response between SA and TT is small at lower cold
work levels, but constant K CGRs of highly CR alloy 690SA are

consistently ~10X lower than alloy 690TT.

» Further research is underway to continue to study mechanisms
controlling IGSCC susceptibility in cold worked alloy 690.
Additional materials and conditions are being evaluated to isolate
the influence of grain boundary carbide distribution and Cr S
— composition both in this CRDM heat (RE243) and a plate heat. ~
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PNNL Alloy 690 Summary + Near Term Plans

» Microstructure and Cold Work Effects on SCC
of Alloy 690 CRDM Tubing

Single heat of alloy 690 CRDM tubing: heat RE243

Cold rolling for TT vs SA: 0%, 17% (S-L), 30% (T-L), 31% (S-L)

Recovery anneal: 31%CR alloy 690TT + 700°C/ 1h/AC (S-L)

Desensitized (900°C/1h) to keep GB carbides but remove

most Cr depletion followed by 31%CR (S-L)

» Microstructure and Cold Work Effects on SCC
of Alloy 690 Plate Materials
® 26%CR ANL (NX3297HK12) and 20%CR GEG (B25K) heats
m Ongoing for 22%CR (S-L) and 30%CF (S-L/S-T) ENSA heat.
m SA versus TT for GE B25K heat followed by 20%CR.

—

/
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Early SCC Growth Rate Response for

Cold Forged and Cold Rolled ENSA Plate

CT059 & CT060, 0.5T CT ENSA A690 Plate WP547 329%CF S-L/S-T & 22%CR S-L;
360°C, 30 MPavm, 1000 ppm B, 2.0 ppm Li, 25 cc/kg H2

0.13 30
T 0.001 Hz, 0.001 Hz + Constant K
0.12 +R = 0.5 2.5-h-hold
[R=0% RIS .
0.11 ¥ 6.86-08 mm7/s
T ~
~ 0.10 5
E p— - 20 a
£ o.09 2
m .,
5 0.08 5.3e-08 mm/s ENSA 690 Plate s £
2 1 329%CF S-L/S-T > 2
o
S 0.07 3
(o] T c
E 0.06 1552767 103
E T mm/s 1.7e-08 mm/s '
s 0.05 9
q Il L5 3
0.04
0.03 4 ENSA 690 Plate
1 1e-07 22%CR S-L TO
e_
0.02 - mm7s
0-01 T T T T T T T -5
300 350 400 450 500 550 600 650 700
time (h) =

—— Initial transitioning completed and first constant K attempt is ongoing.
Higher growth rates during cycle + hold for 32%CF than 22%CR plate. __,
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PNNL Alloy 690 Near Term Plans

GB Microstructure/Chemistry Effects

———

e

i

racvinie wu thwest

TM Treatment — Estimated
Material Material Purpose Test Date
Condition
Remove matrix and
GE Plate Solution anneal cargbl;?ilens l()l(l)ll:ll;fd:ll;Zr if 2011-12
B25K (1100C/1h/WQ) Cr segregated durin
+20% 1D CR/CF sreg uring
WQ), evaluate GB
carbide effects
Produce semi-
GE Plate Solution anneal + continuous 2011-12
B25K TT (720C/10h/AC) distribution of GB
+20% 1D CR/CF | carbides, evaluate GB
carbide effects
Keep GB carbides,
Valinox Alloy D‘;l:;;;fi; d remove most Cr 2012
690 CRDM depletion, evaluate
RE243 (000C/0.5/WQ) GB Cr concentration
+31% 1D CR/CF
effects
Valinox Alloy Carbide Alter GB carbides
690 CRDM modification and f’emove Cr 2012
RE243 (SA+900C and WQ) [  depletion, evaluate
+31% 1D CR/CF GB carbide effects
)/
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PNNL Alloy 690 Near Term Plans

Cold Work and Heat-to-Heat Effects

TM Treatment — Estimated
Material Material Purpose Test Date
Condition
Valinox Alloy A ived TT + Evaluate CW effects 2011-12
690 CRDM s""’;(‘;};e CF and method of
RE243 —ouse deformation
Valinox Alloy As-received TT + Evaluate CW effects 2011-12
690 CRDM ~30% Tensile and method of
RE243 Strain deformation
Alt ti
Alf;na69l:;e As-received TT + Evaluate CW and 2012
CRD)iV[ 44 20-30% CF heat-to-heat effects
Alternative As-received TT + Evaluate CW and 2012
Alloy 690 ~20% Tensile heat-to-heat effects
CRDM #4 Strain
Valinox Alloy As-received TT + Evaluate CW effects 2012
690 CRDM ~20% Tensile and critical
RE243 Strain deformation level
Alternative Evaluate heat-to-heat 2012
Alloy 690 As-received TT + and initial
200,
Mgtlzgi\;l# 5 o microstructure
Alternative Evaluate heat-to-heat 2012
Alloy 690 As-received TT + and initial
~ 0
Mgtl:gell\l/[# 6 20% CW microstructure
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