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Degradation Behavior of Metals and Alloys
after Exposure to Elements: 9" Lecture
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STANDARD EMF SERIES

* EMF series 4 * Metal with smaller
metal Nl Vet COTTOdeES.
Au +1.420V « Ex: Cd-Ni cell
) Cu +0.340
S Pb  -0126 " (N
?: Sn -0.136
:: Ni -0.250 o
5 Co -0277 |AV = !
§] ed -0403 #0153V ste Oni
Fe -0.440 = !
” Cr -0.744 ! 5
3 Zn -0.763 1.0M 1.0M
= Al -1.662 Cd 27 solution /NiZ™ solution
.'l: Mg -2.262
§ Na -2.714
L K 2924 Giwere
"
GIIME Cds =AED | Puinn
Gold
o XX < Mohle or Ciraphite
Ni= &= = cathodic Titanium
Silver
Chlorimet 3 (62 Mi, 18 Cr, 1E Mo
Hastelloy € (62 Ni, 17 Cr. 15 Mo)
T1B-8 Mo stainless steel (passive)
1 8-% stainless steel [passive)
| Chromium stainless steel 11-30%; Cr (passive)
[Inl.'uncl {passive) (B0 M1, 13 Cr, 7 Fe)
Mickel (passive)
Silver solder
—. Q| -|| /\IX“E Jg |E 'Mmmu_?nm,mcm
Cupromickels (60-90 Cu, 40-10 Ny
F Ll = AIO Bronzes (Cu-5n)
ZHtE SA19] (2 s
Oﬂ HIsHeS A Od SH _Brns.*bt_‘.ﬁ {Cu-Zn)
oTheE =o o Chlorimet 2 (66 N 32 Mo, 1 Fe)

Hastelloy B (60 N, 30 Mo, & Fe, | Mn}
[Incr.!ncl [active)
Mickel {active)
Tin
Lead
Lead-tin solders
18-8 Mo stainless sleel {active)
I 8-8 stainless steel (active)
Wi-Resist (high Ni cast iron)
Chromium stainless steel, 13% Cr (active)
Cast iron
teel or won
2024 aluminum (4.5 Cu, 1.5 Ma, 0.6 Mn]
Active or Cadmium

ancxdie Commercially pure aluminum (1100
Linc
Magnesium and magnesium alloys



Galvanic Series

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

Will be protected
and corrode less
when connected to
less-noble metal

More noble
or cathodic

Will preferentially
corrode when
connected to more-
noble metal

More active
or anodic

@ J2l/steel A&

Copper rivets Steel rivets
in steel plate in copper plate
Large anode Large cothode
Small cathode Small anode

g

2H Ol AL small cathode, large anode; &MBtEO=Z FAlG]
C|

AL Hg= ¢tol =Al &

-, QEHO AL large cathode, small anodez &dHEC=Z H

22O BAIE2 HO gXot BRI EFEAENH 2X=20 2o &.

cf. ZHtY &8==2 0|2= & 0|8 25 = otUE HOUEZ &I
T HEGHOF &. Why?

ote1™ cathodic metal (noble one)2



reason = all paints/coating etc. are permeable to some degree and
often contain inhomogeneities (cracks, scratches etc.)

If the anodic metal is coated — breaking of the coating results in small

anodes forming cf. the large metal cathodes
.. corrosion = very rapid and severe

® TR Halatol ZHHtH R4 &4 2= (1986)

Restoration of the Statue of Liberty in
1986, due to galvanic corrosion damage

Build-up of voluminous
Corrosion Products

Copper Skin

Wrought Iron
Armature

Copper Rivets

Copper Saddle

© Galvanic Series: ol =0 ZHHIY! M0 &AHUYD S 2=0| A

JIHO2 HE Al Ol 20| SEXNOZ 2ALD L 220

T = M —
23L =X 2dtY BHE=AX (Galvanic Series, p. 42| 23, p.
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(@ Graphical examples of galvanic corrosion

Galvanic Corrosion

(Anode)
Noble bolt material
Less noble plate
A
AN NANS

SAAL 'T-T.| AN
L Tl
AN == AARNARNAIRNNINRRNNNNNY

Dissimilar Metal
Bolted connection Silver Brazed Copper Joint

Galvanic corrosion of
Magnesium 1nsert in Iron shell
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Prevention Techniques

« selecting metals of similar electrode potentials to minimise the driving force
of the process

« protection against moisture condensation to eliminate the chance of
forming an electrolyte

« insulation between dissimilar metals to avoid electrical connection
« coating for electrical insulation or isolation of metal from electrolyte
* installing a third metal which is anodic to both metals

« designing for easy replacement of the anode metal or thicker section for
longer service life

Beneficial Applications of Galvanic Corrosion
« Cathodic protection, sacrificial anode protection

Galvanised steels: Zn coating is anodic to steel, act as a sacrificial metal
« Cleaning silver

blackened surfaces: silver sulphide

rubbing with an abrasive? bad for silver plates

Ag in Al pan: soda solution:

cathodic reaction reduces silver sulphideto Ag

@ ZHH 2A0 0IXs 820 HE

e.g. sometimes — cathode/anode combination can reverse
@ gt %‘ R0l e.g. steel and zinc in galvanic combination
( DH ‘CID‘ % K éJI-) - zinc will corrode and steel remains inert

(basis of sacrificial anodes)
BUT/
if temperature is greater than 83°C
or if nitrates/carbonates are present in water:
- steel will corrode and the zinc passivates

Atmospheric galvanic corrosion? Depends on moisture content

e.g. 2 cars- 1 parked in Canberra
1 parked in coastal Sydney

Coastal car corrodes much fasterr a) more humid
b) salt in the air

If the atmosphere is completely dry — galvanic corrosion doesn’t
occur



@ FES22FHY Hel
Effect of distance

corrosion effects are greatest nearest ‘junction’
— where 2 metals meet

breadth of corrosion — increases with increasing solution conductivity
could also be a sharp groove at the intersection....
why?
because of corrosion rates and mass removal
i.e. current density effects
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Corrosion Prevention -
Dissimilar Metal Joint

Steel bolt
| Nonmetal bushing

: — Copper plates
\@ pper p

Nonmetal washer

Galvanic insulation of a bolt

@ Area Effectel H&FHM A At

—. Cu-Zn corrosion couple: p. 736 of “The Science and
Engineering of Materials” by Donald R. Askeland, Third Ed.



