SCC CRACK INITIATION IN
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WELDS IN
HYDROGENATED STEAM
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Caden context

mediaside

A Alloy 82 used in Dissimilar Metal Welds
A Focus on the primary loop of Pressurized Water Reactor
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[Efsing2005] P. Efsing, B. Forssgren, R. Kilian "Root cause failure analysis of defected J-groove welds in steam generator drainage nozzles", Proceedings of 12" International Conference on
Environmental Degradation of Materials in Nuclear Power Systems T Water Reactorso, T MS 2005.



V Chemical composition (wt %)

C Si Mn P S Cu Mo Ni Cr Co Nb Ti Fe
Fsrsggh <0.1 | <0.5 [2.5/3.5| <0.03 | <0.015 | <05 | - | >67 |18/22 | <0.1 | 2/3 |<0.75| <3
Weld A |0.014 | 0.17 | 2.88 | 0.002 | 0.017 |<0.01| 0.05 | 72.9 | 18.15 | 0.01 2.83 | <0.01 2.3
Weld B | 0.025| 0.07 | 2.57 | 0.004 | <0.001 |<0.01 - 71.7 | 19.12 | 0.04 2.41 0.1 3.07
Wire Welding Metallurgical weld name
. process state
V Welding Process A FCAW As-welded Weld A/AW
As-welded Weld B/AW
Heat-treated
5 GTAW (stress-relieved) Weld B/HT
7 hr at 600°C
V Multi-pass V-groove weld
Dendrite
growth

direction
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Weld B as welded
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IPF following S axis

A Heterogeneous grain size and elongated grains
along the S direction

T>o

{100} Morphology and texture depends on the weld (on

the welding process)

{110} {111}

A Representative elementary volume close to 1 cm3



U-bend specimen tested
in hydrogenated steam
at 400°C (200 bars)
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Strain fields
DIC using gold grids
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Stress (Finite elements)

Initiation sites Local mechanical
behavior

To identify which microstructural parameters
associated with local mechanical behavior

enable SCC initiation

Macroscopic behavior Local behavior




Number of cracks / number of
perpendicular grain boundaries

0,035
0,03 N
/ // - Weld B/AW is less susceptible to SCC than
0,025 - weld A/AW
0,02 - Weld B/HT is less susceptible than weld
B/AW
0,015
U Afweld to weldo variabi
0,01
U  beneficial effect of the heat treatment
0,005 assumed to be due to the formation of
intergranular chromium carbides
/ [Sennour2013]
No
crack =———————— U but some scattering for the same weld
| L + specimen size versus REV

Time (hr) U alocal approach can be used.

—— Alloy B/AW : A82 18%Cr, FCAW, as-welded
m— Alloy A/AW : A82 19%Cr, GTAW, as-welded
— Alloy A/HT : A82 19%Cr, GTAW, heat-treated
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[Sennour2013] M. Sennour et al. JNM, 2013
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C2aden Initiation tests : scattering ?
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