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Forms of Corrosion

Different forms of corrosion can look very different

Uniform Corrosion
* Galvanic Corrosion
» Selective Leaching (Dealloying)
Intergranular Corrosion
Pitting Corrosion
« Crevice Corrosion
Environmentally Induced Cracking
Stress Corrosion Cracking
Corrosion Fatigue
Hydrogen Embrittlement
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Uniform Corrosion

" Atmospheric
corrosion of Statue
of Liberty resulting
in patina on
surface
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£Jlsol1] catastrophic failure and disaster (e.g. & 24! (crevice
corrosion), 24! (pitting), etc)

® Galvanic or Two—Metal Corrosion
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Requirements :
copper

2 different metals
Electrically connected
In same electrolyte

More anodic metal corrodes
faster.

Less anodic metal corrodes

slower (is protected). Carbon steel pipe

soldered to copper
pipe - steel is
heavily attacked

Galvanic Series predicts
which metal will corrode faster
or slower.




= small cathode, large anode (favorable area effect)

Galvanic Series

Similar to EMF series, but for real alloys in real environment

In Seawater

prapfite Will be protected

More noble and corrode less

or cathodic when connected to
- less-noble metal

More active Will preferentially

or anodic " corrode when
connected to more-
noble metal

© Crevice Corrosion =

—. Source of crevice: mud, sand, insoluble solid
—. Crevice corrosion of stainless steel in aerated hot salt solution
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Crevice Corrosion

Crevice Corrosion occurs at shielded areas that contain a
small volume of aqueous solution. Chlorides enhance
crevice corrosion, but are not required.
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@ Pitting Corrosion =

—. Passive film0| =8& &=4& Al ZM8t12 crevice corrosionidt &
Ak stagnant solution and autocatalytic (self-serving) nature of
pitting — p. 15 of the Denny A. Jones book (2 Al: AT p. 32)

Pitting Corrosion

Local breakdown of protective
passive film.

Accelerated dissolution at point
of breakdown.

Difficult to see - can lead to
unexpected failure.

Almost always involves
presence of chloride ions (ClI).

® Intergranular Corrosion =
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Intergranular Corrosion

Corrosion along grain
boundaries because of
difference in composition

Sensitization - depletion
of Cr near GB in stainless
steel because of Cr
carbide precipitation.

Sensitization can occur
near welds in stainless
steel.




cf. Exfoliation of Al alloys =
in the direction of rolling

® Stress Corrosion =

STRESS CORROSION

Combination of corrosive medium and mechanical stress
(usually tensile)

Main characteristic — no corrosion!
Instead — very localised crack growth — where crack front has been

weakened by corrosion
- very difficult to see

top surface = top side
= very little to see

but inside...

very dangerous form of corrosion — very little on surface as a clue
+ causes failure at loads well below the design threshold
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Stress Corrosion Cracking (SCC): static tensile stressOl =¢! TH
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Environmentally Induced Cracking

Stress Corrosion Cracking
Hydrogen Embrittlement
Corrosion Fatigue

* Combined effect of environment and stress

* Normally ductile metal can be very brittle

+ Specific metalfenvironment combinations produce SCC:
+Stainless steelf chloride
*Brass/ ammonia
*steel/ caustics

+ Fatigue life can be severely reduced
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cf. “Corrosion” of Plastics =
Not only metals suffer
“corrosion” effects. This dished
end of a vessel is made of
glass fiber reinforced PVC.
Due to internal stresses and
an aggressive environment,

it has suffered “environmental
stress cracking.” = A&t
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@ Erosion (OF2 24| erosion corrosion) Flow
= Physical causes >
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= Acceleration of corrosion due to movement of fluid against surface
also involves mechanical wear effects

Sometimes fluid movement is beneficial, e.g. removal of stagnant zones

Erosion—corrosion leaves corrosion ‘patterns’ on surface, e.g. grooves,
gullies, holes etc. and usually, a directional pattern =» 22 O&

Beware of
Metal sharp bends

Erosion =

Obstruction can Impingement
lead to attack

Liquid impingement and
impingement erosion

Solid erosion corrosion of EFOSIOU corrosion at
impellers in slurry media pipeline elbow
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@ Selective Leaching Layer  Plug
(Dealloying and dezincification) =

—. Brass and gray cast iron
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® Motor Vehicle
Corrosion and Safety:
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ii) Aluminum Corrosion:
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@ Electrochemical Nature of Aqueous Corrosion (=2%H0A <
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Requirements for Corrosion

1) anode or anodic sites on a metal surface

2) cathode or cathodic sites on a metal surface

3) electrolyte in contact with anode and cathode (provides path
for ionic conduction)

4) an electrical connection between anode and cathode(allows
electrons to flow between anode and cathode)
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Thermodynamics Drive Corr05|on
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