1. Galvanic Corrosion

A Galvanic cell is formed when two dissimilar metals are connected electrically while
both are immersed in a solution electrolyte. The more active metals or alloys of the

two is corroded preferentially by galvanic corrosion.

7.1 Corrosion of a galvanic couple between a corroding and an inert metal

Zn - Pt couple in deaerated acid
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FIGURE 6.4 Schematic polarization in a galvanic couple between zinc and platinum in \ /

dilute acid solution.
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Galvanic coupling Zn to Pt;
) shifts the corrosion potential of Zn from E_,, to E.; e
ii ) increases the corrosion rate from iqqzq) O Icorr(zn-po-

lii) decreases the rate of hydrogen evolution on Zn from i,z 10 ipy,zn.py.

7.2 Effect of exchange current density by comparison of Zn-Pt and Zn-Au galvanic
couples.

E° pgeian = 1498V g a = 10 Alcm?
EOP‘[2+/Pt = 1.2 V iO,HZ(Pt) = 10-3 Alcmz

Total reduction rate

Icorr(@—Pt) < |c0rr(@'Au) < Icorr(Zn) 0 - b ythw) o, Hy(P)
Ecorr(@-Pt) > Ecorr(@-Au) ; - OH* + 2e—» H,
The reason why gold produces a less S ——
severe galvanic effect is not related to its Y oo, zo-Av
reversible potential but rather to the fact Z —
that it has a lower hydrogen exchange log /
current density than platinum. FIGURE 6.5 Effects of platinum and gold galvanically coupled to zinc in dilute acid
solution.
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B
7.3 Effect of area ratio of cathode to anode in galvanic couple

Total reduction rate
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FIGURE 6.6 Effect of increased cathode surface area on the galvanic interaction be- \ ) k )

tween zinc and platinum in dilute acid solution.

7.4 Corrosion of a galvanic couple between two corroding metals
Zn - Fe couple in a deaerated acid solution

» Coupling of Fe to Zn with equal area :
i) Corrosion rate of Fe is reduced from iyqre) 10 icorzn-£e)-

i) Corrosion rate of Zn increases from i¢qzn) 0 icor(re-zn)-
 This principles is applied to galvanizing where Fe is cathodically protected by coupling with
Zn

B
Raioi  http://corrosion.kaist.ac.kr



Zn — Fe couple in a deaerated acid solution
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» General conclusions on the galvanic corrosion

1) If two corroding metals are galvanically coupled, the corrosion rate of more active
potential( ie. with more active corrosion potential) is accelerated, and that of the

other metal is retarded.

2) The polarity of electrode for galvanic couple should be defined on the basis of

corrosion potential.
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3) The corrosion behavior of a galvanic couple is determined by the following parameters :
E,, i,, B and the relative areas of the two metals.

4) Galvanic corrosion behavior can not be predicted accurately on the basis of EMF series.
Use galvanic series to predict corrosion behavior of galvanic couple.

7.5 Corrosion of galvanic couple containing active - passive metal

Case 1: E,, <Eyp, |

ex) Ti - Pt, Cr - Pt in acid solution
fuz(m 'i)uz(pﬁ
®» Coupling of Ti to Pt leads to spontaneous T Euarn?
passivation of Ti without oxidizers. 1‘ /Igg’u'cﬁon
rate
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B o TTT——
naioi  http://corrosion.kaist.ac.kr



Case 2:E,, > Eyyy,
ex) Fe - Pt couple in acid solution.
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7.6 Development of corrosion resistant alloy based on galvanic corrosion

1) Noble metal alloying

Alloying of Ti or Cr with a noble metal such as Pt, Pd, Rh and Ir with low hydrogen
overvoltage produces spontaneous passivation in hot concentrated oxidizer-free acid.

Platinum
— b |
Ti-Pt Ti-Pt
Before exposure After exposure

Table 10-1 Effect of alloy additions on

the corrosion resistance of titanium
Corrosion rate, mpy

Homogeneous solution of Pt in Ti

Preferential dissolution of Ti

» Enrichment of Pt on surface of alloy
®» Spontaneous passivation

Table 10-2 Effect of alloy additions on the

corrosion resistance of chromium

Corrosion rate, mpy

Boiling H,SO, Boiling HCI Boiling H,SO, Boiling HCl
Nominal Nominal
composition 1% 10% 3% 10% composition 10%; 20%; 5% 109
Ti 460 3950 242 4500 Cr 100,000 D* 250,000 D
Ti+0.5% Pt 2 48 3 120 Cr+0.5% Pt 3 16 1 25
Ti+0.4% Pd 2 45 2 67 Cr+0.5% Pd 2 14 56 D
Ti+0.5% Rh 3 48 2 55 Cr+0.5% Rh 3 i1 45
Ti+0.6% Ir 2 45 3 88 Cr+0.5%Ir 1 2 1 20
Ti+0.5% Au 3 9 146 Cr+0.5% Au 600 1900 D
Ti+0.39% Ag 4850 Cr+0.5% Ag 2600 D
Ti+0.4% Cu 660 550 Cr+2%Cu 780 2700 D D
I
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2) New Al alloy : Al-1%Ni-6%Fe
Intergranular attack of 1100 Al alloy in acid solution results from a hydrogen
uptake(hydrogen blistering). The low exchange current density for hydrogen
evolution on Al, i, .z, Produces high cathodic polarization, resulting in an
increase in equilibrium hydrogen uptake(P,.). By adding Ni to Al, the hydrogen
uptake problem is removed.
ie. 2Al + 3Ni?* — 2AI3* + 3Ni

e MNH,,Ni
2+ - - -
H2 H, Al is preferentially dissolved.

T N, A Ni is enriched on surface.
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7.7 Galvanic Protection by a Coating

Zn2+ Zn2+
. CASE| ! !
OH- O,
- large anode & small cathode. Zn \ J A

OH- O, OH- O,
) )
« CASE Il ) A\ \ / / .
: small anode & large cathode. n_\& Fe2+ e n
Steel //
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7.8 Galvanic Corrosion : Area Effect

» The localized pinhole corrosion has
developed through the coating.

_ _ <«—— Coating
« All coatings have defects in the form of

pinholes and mechanical damage.

— Anodic dissolution and galvanic Carbon steel | | | Localized corrosion OCCU”ed
corrosion of the carbon steel were S
concentrated at coating defects by a %lWeldment
large cathode (stainless steel)/anode N

(steel) surface area ratio.
VS -8 stalnless steel /

Painted steel storage tank
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7.9 Corrosion in a Weld

 Unmixed Zone
Grain boundary segregations and 2"d phase
precipitations occur due to nonequilibrium filler metal

cooling. 308L SS (20Cr-11Ni)

- Heat Affected Zone (HAZ) 347 SS (18Cr-11NI-Nb)

Formations of precipitations and phases which
cause bad effects to the mechanical properties
and corrosion resistance.

As a filler metal, Select more resistive one to
corrosion than base metal. (ie. With higher

ECOI’I’)

base metal
304L SS (18Cr-8Ni)
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7.10 Prevention against galvanic corrosion

1) Select combinations of metals as close together as
possible in the galvanic series.
2) Avoid the unfavorable effect of a small anode and large cathode.
3) Insulate the components from each other.
4) Apply coatings with caution.
5) Add inhibitors into solution.
6) Install a third metal that is anodic to both metal in the galvanic series.
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» Galvanic Series for seawater
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