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MECHANISMS OF STRESS CORROSION CRACKING AND
CORROSION FATIGUE

Crack Tip Electrochemistry

Slip Step Dissolution

Grain Boundary Structure
Segregation
Slip Distribution and Localization

Crack Initiation
Strain Localization at Grain Boundaries

Special Bicrystal Orientations

Sensitive for crack initiation in hydrogen
Sensitive for crack initiation by anodic dissolution



Crack Tip Electrochemistry

At a crack tip: potential, pH and composition of the solution is dii
ferent.
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Reactions at crack walls, transport of ions to and from the crack tig
change in pH and concentration influence the potential at the elec
trochemical double layer at the crack tip.

Weeping electrode test
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M Transport Th

The flux of dissolved species:
J=-MVyp

with H=Hy+RTInc+ Fzed
for each species.
Mass conservation of species

27,
——=-VJ,+R,

cl

R; represents the rate of production or depletion of a species.
Typical reaction in a crack:

Anodic dissolution
M->M"+ne
hydrolysis reaction
M™+H,0e M(OHY" P +H”
cathodic reduction
H +e > H
H,O+e »H+0H

where a typical rate equation has the following form

_ . B’FE
RH¢ =k, C(H )exp(— BT

and electro-neutrality
>z, C,=0
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Cathodic
Process -
e.g., oxygen
reduction

Cl- Environment
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Magnification of the crack tip region
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Ag ='ﬁad + Aak ;

4 |
da) = Aap(l-exp(-ts/tp))

t, = time between slip events
t = repassivation time |
AE = maximum amount dissolved between two
slip events

a = (an/2”+ al(l-exp(-aa/é))é

s = plastic crack tip opening between two
slip events

a, = Aaplds ;&g =.68/tp
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I. W strain W and fast passivation
(tp<<ts)

A= (a /2 + Aap/as)é

- II. "wm strain wmees and slow passivation

a = (an/z)é + Aap/tp =4,y +a,
III. W strain smNO®s

a = (an/z)é
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plastic strain

[MPa]

Applied Stress

Annealed Austenitic Steel
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Cycies to Failure M,
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SUMMARY

nodi nvir n

Clean boundaries can be sensitive to SCC.
Segregation can enhance or inhibit SCC.

Crack growth rate strongly depends on the local slip
distribution.

Special boundaries can reduce the crack nucleation
stress by a factor of 2.

Corrosion Fatigue can reduce the fatigue life by orders
of magnitude.

Reduction in life due to enhanced growth rate of micro
cracks.

Cathodic Environments

Cracks do neither nucleate at nor propagate along
clean boundaries.

After segregation of sulfur or low fugacity hydrogen
incompatible grain boundaries were prone to crack
nucleation.

In high fugacity hydrogen all boundaries are sensitive.
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stress amplitude Ao/2 [MPa)
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