
CETN-VI- 19 
Revised May 2007 

FOIVB AM) CAUSES OF GALVANIC CORROSION IN 
THE COASTAL E N V I R O M  

PURPOSE: To o u t l i n e  t h e  forms and causes  of g a l v a n i c  c o r r o s i o p  i n  t h e  c o a s t a l  
environment.  

DEFINITION: "Galvanic cor ros ion"  is  t h e  a c c e l e r a t e d  c o r r o s i o n  of a meta l  due 
t o  e l e c t r i c a l  c o n t a c t  w i t h  a  more pass ive  meta l .  

CORROSION MECHANISM: Galvanic  c o r r o s i o n  is a  c l a s s i c a l  example of t h e  
e lec t ro-chemical  c e l l  i n  a c t i o n .  As shown 

POTENTIAL DIFFERENCE: The p o t e n t i a l  d i f f e r e n c e  between two metals  i s  b e s t  
g iven  by a l i s t i n g  of t h e  m e t a l s  i n  o r d e r  of t h e i r  a c t i v i t y  i n  a  common 
environment such a s  seawater .  S ince  t h e  a c t u a l  measured p o t e n t i a l s  w i l l  v a r y  
w i t h  a c t u a l  c o n d i t i o n s ,  a  s e r i e s ,  c a l l e d  t h e  Galvanic S e r i e s ,  i s  a  r e l a t i v e  
l i s t i n g  and i s  u s u a l l y  g iven  wi thou t  a c t u a l  p o t e n t i a l  va lues .  

Extcrnrl Circuit i n  Figure  1 , t h e  anode i s  t h e  cor rod ing  
meta l ,  whi le  t h e  cathode i s  a more p a s s i v e  
meta l . ,  The c u r r e n t  f lows through t h e  
e x t e r n a l  c i r c u i t  due t o  a  d i f f e r e n c e  i n  

A g a l v a n i c  s e r i e s  f o r  seawate r ,  most p o t a b l e  wa te r s ,  and many s o i l  environment 
i s  given i n  Table 1. The meta l s  a t  t h e  a c t i v e  end of t h e  s e r i e s  w i l l  a c t  a s  
a n  anode when coupled t o  a meta l  below them i n  t h e  s e r i e s  o r  towards t h e  
p a s s i v e  end. Corros ion of t h e  more p a s s i v e  meta l  i n  the  couple is  u s u a l l y  
reduced. The reduc t ion  i s  t h e  p r i n c i p l e  behind ca thod ic  p r o t e c t i o n .  

--- 

I n  g e n e r a l ,  t h e  g r e a t e r  t h e  d i s t a n c e  between p o s i t i o n  of the  two meta l s  i n  t h e  
s e r i e s ,  the  g r e a t e r  t h e  p o t e n t i a l  d i f f e r e n c e  between them and, a l l  o t h e r  
t h i n g s  being e q u a l ,  t h e  g r e a t e r  t h e  tendency f o r  g a l v a n i c  c o r r o s i o n  t o  occur .  
You w i l l  n o t i c e  t h a t  some metals, such a s  t h e  s t a i n l e s s  s t e e l s ,  appear  twice  
i n  t h e  s e r i e s .  These a r e  meta l s  t h a t  depend on a pass ive  f i l m  f o r  c o r r o s i o n  
r e s i s t a n c e .  I n  some c o n d i t i o n s ,  t h e  pass ive  f i l m  is damaged, and t h e  

p o t e n t i a l  between t h e  two meta ls .  Galvanic  
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c o r r o s i o n  can be expected t o  occur  whenever 
4- Cathode any two d i f f e r e n t  meta ls  a r e  e l e c t r i c a l l y  

connected and exposed t o  a  cont inuous  
e l e c t r o l y t e .  The r a t e  of a t t a c h  of t h e  
anode is  p r i m a r i l y  c o n t r o l l e d  by two 

Elcctrolytc f a c t o r s :  t h e  p o t e n t i a l  d i f f e r e n c e  between 
and m e t a l s ,  and t h e i r  r e l a t i v e  s u r f a c e  

Anode - 

a r e a s .  
Figure 1. The galvanic c e l l .  
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Table 1. Galvanic Series 

ACTIVE END 
hlagncsium 
Zinc 
Galvanized Steel 
Aluminum Alloys 
Cadmium Coated Steel 
Mild SteeI 
Alloy Steel 
Cast Iron 
Monel (Active) 
400  Serics Stainless Steei.(Activc) 
Solder 
300 Series Stainless Steel (Active) 
Lead 
Tin 
Muntz Meral 
Manganese Bronze 
Nzvd Brass 
Ycliow Brass 
Admiralty Brass 
Aluminum Bronze 
Red Brass 
Copper 
Silicon Bronzc 
Copper-Nickel 90-10 
Copper-Nickel 70-30 
G-Bronze 
ht-Bronze 
Silver Solder 
Monel (Passive) 
400  Series Stainless Steel (Passive) 
300 Series Stainless Steel (Passive) 
Silvcr 
Inconel 625 
Titanium 
Graphite 
Gold 
Platinum 

PASSIVE END 

e f f e c t i v e  p o t e n t i a l  o f ' . t h e  meta l  moves 
from a pass ive  region t o  an  a c t i v e  one. 
Th i s  is very  important  i n  p i t t i n g  and 
c r e v i c e  e r o s i o n ,  

A s  shown i n  Figure 2 t h e  r e l a t i v e  a r e a s  
of each meta l  exposed a r e  o f t e n  more 
important  than  t h e i r  p o s i t i o n s  on t h e  
g a l v a n i c  s e r i e s .  This  i s  because t h e  
t o t a l  amount of c u r r e n t  t h a t  w i l l  f low i n  
t h e  c e l l  is dependent on the  t o t a l  a r e a  
of both  meta l s  exposed. If t h e  anode i s  
l a r g e  wi th  respec t  t o  t h e  ca thode,  t h e  
c u r r e n t  w i l l  be d i s t r i b u t e d  o v e r  a l a r g e  
a r e a ,  and t h e  e f f e c t  a t  each p o i n t  w i l l  
be r e l a t i v e l y  s l i g h t .  However, i f  t h e  
a r e a  of t h e  anode i s  small w i t h  r e s p e c t  
t o  t h e  ca thode,  then  t h e  c u r r e n t  w i l l  be 
concen t ra ted  i n  a small a r e a ,  and t h e  
e f f e c t  a t  each po in t  could  be very  l a r g e .  
This a r e a  e f f e c t  can be very important  
when p r o t e c t i v e  c o a t i n g s  a r e  used t o  
prevent  co r ros ion  of mixed meta l  systems.  
A s  shown i n  Figure 3 ,  i f  t h e  anode is 
coated and t h e r e  is a smal l  d e f e c t  i n  t h e  
c o a t i n g  o r  i t  becomes damaged, then t h e  
r e l a t i v e  exposed anodic  a r e a  w i l l  be 
s m a l l  and rap id  c o r r o s i o n  a t  t h e  c o a t i n g  
d e f e c t  could occur.  When c o a t i n g s  a r e  
used on mixed metal  sys tems,  i t  i s  b e s t  
t o  coat  both  members of the  couple;  o r  i f  
on ly  one member is t o  be coa ted ,  c o a t  t h e  
cathode and l eave  t h e  anode bare .  
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has littlc cf lccr  

Figu re  2 .  Effect of area r a t i o  i n  g a l v a n i c  corrosion. 

defect in paint hcrc results 
in rapid attick 

dcfcct in p i n t  t l , <  

litrlt tffrct at  anode 

ADDITIONAL INFORMATION: For further information contact Tom Tehada of the 
Naval Facilities Engineering Command at (808)-472-1254, Tom.Tehada@,navv.mil. 
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