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Background/Motivation

A Increased use of AC electric power in a wide variety of DoD
applications increases the probability of AC corrosion damage

A The nature and mechanisms of AC corrosion damage need to be
firmly established to allow predictability of AC corrosion
susceptibility

A Long-term effects of AC on the integrity of systems is unknown and
needs to be established for prediction of service life

A CSM-DOT-DOI JIP found significant increase in corrosion,
Including hydrogen content, pitting, and cracking, of pipeline steels in
presence of a magnetic field in lab[Jackson et al., 2006]



Effect of AC Current Density
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Effect of AC Frequency

A Suggests that one
solution is to
change the
frequency of AC
power to reduce
corrosion damage
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Figure 8 — Corrosion Rate of 1018 Carbon
Steel in a 3.3% NaCl Solution vs. Frequency
at an AC Peak Potential of 180mV
(Lalvani and Zhang, 1995) (44]



AC/DC Corrosion Map
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Figure 1. Graphic illustration of the cathodic protection criteria for buried steel pipelines based on
DC and AC current densities measured using coupons.

(Lalvani and Zhang, 1995)



Electronic Model of Pits (Nielsen)

Electronic
model of two
pits with
different
voltages, etc.

Pit is a hole In
coating, which
allows
different
reactions
relative to AC
current

Schanatic illustration of the electrical equivalent circuit for AC-corro sion as
proposed by Nielsen ad Cohn (2000).



Pourbaix Diagram (Nielsen)

AC corrosion is
promoting a strong
cathode behavior
which pulls out
hydrogen ions out of
pits and making
hydrogen gas

- Then hydroxyl ions
make up difference to
satisfy equilibrium
equation, so more
OHG® are made
(mainly in coating
pits)
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Pourbaix -diagram showing dangerousregion inrespectto AC induced corrosion (as
proposed by Neilsen, et al., 2006)



Alkalization Model 1

A DC stray current:

i Potential lowered (more cathodic) where the current enters the
pipeline

I Potential increased (more anodic) where DC exits the pipeline
(increasing risk of corrosion)

I DC stray current avoided by adding an excess of CP

A AC stray current:

I Excess CP fatal due to an unexpected increase in pH at coating
faults

I CP current produces OH ions (Galsgaard, 2006)



AC Corrosion in Pits (Bosch & Bogaerts)
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AC Passive Layer Redctification Model 2

AA typical AC
welding cycle for
AC welding of
passive alloy will /
produce a /
asymmetry. 2

A ossibly apply to
AC corrosion \
where asymmetric ty —
currents lead to
rectification or
stripping of passive
layer.

AC arc parameter changes in (l) positive and (II) negative half
cycles, causing asymmetric surface potential phenomena
(Pokhodnaya, 1991).



AC Self-biasing (from RF) Model 3
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(Chapman, 1980).



Measured AC Corrosion Kinetics

Shift is indicative of another potential (bias potential) acting on the system
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FIGURE 4 - Effect of AC (0-1.000 A/m®) on polarization curves of carbon steel (Fe) in FeSO41 M



AC Self-biasing Model 3

(A) Enhanced corrosion and (B) Enhanced hydrogen
possible increased alkalinity egress into the steel.
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Figure 9. The sdf-bias phenamera due to AC behavia for atypical active metd



AC Self-biasing Model 3

Boundary lines derived from the Nernst equation:
AG =-nfE - nq(AV) (1)

E=E, - RTIn(activities)- nq(AV) (2)
ey
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Additional external work term due to
ashift in surface potential due to
asymmetrical AC behavior

|

Shift of all lines associated with an
electrochemical haltell reaction

Pourbaix-diagram (potential vs. pH) showing shift in boundary
lines due to a shift in potential resulting from applied AC. D



AC Self-biasing Model 3b for stainless
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AC Surface Layer Stirring Model 4

AStirring of the
Helmholtz and the
Gouy-Chapman layers
due to AC fields

AA result of rapid
changes of the self
generated magnetic field
(Lenz§ Law)



