
88 MATERIALS PERFORMANCE December 2009

Corrosion Basics

I
ntergranular corrosion is 

a form of localized surface 

attack in which a nar-

row path is corroded out 

preferentially along the 

grain boundaries of a metal. 

It initiates on the surface and 

proceeds by local cell action 

in the immediate vicinity of a 

grain boundary. Although the 

detailed mechanism of inter-

granular corrosion varies with 

the metal system, its physical 

appearance at the microscopic 

level is quite similar for most 

systems.

The driving force is a difference in 

corrosion potential that develops between 

a thin grain-boundary zone and the bulk 

of  the immediately adjacent grains. The 

difference in potential may be caused by 

a difference in chemical composition be-

tween the two zones and may be influ-

enced by differences in localized me-

chanical stress. Differences in chemical 

composition can develop as a result of  

migration of  impurity or alloying ele-

ments in an alloy to the grain boundaries. 

If  the concentration of  alloying elements 

in the grain-boundary region becomes 

sufficient, a second phase or constituent 

may separate or precipitate. This may 

have a corrosion potential different from 

that of  the grains (or matrix) and cause a 

local cell to form.

The constituents of  the grain-bound-

ary area may be anodic, cathodic, or 

denuded zone. Because most intergran-

ular corrosion is the result of  small differ-

ences in composition at grain boundaries, 

the metallurgical history of  an alloy can 

be as important as its average chemical 

composition.

This is because heat treatments and cold 

work affect not only the size and shape of  

the grains, but also the composition, loca-

tion, amount, and size of  the constituents. 

Heating an alloy to a high temperature just 

below the melting point tends to dissolve 

the alloying elements. This homogeniza-

tion treatment is often carried out in prac-

tice and is called a solution heat treatment. 

If  the alloy is then quenched rapidly, the 

elements are trapped in solid solution. The 

solution is now supersaturated and there is 

a tendency for the elements to precipitate 

out as constituents, providing additional 

strength to the alloy. However, depending 

on the composition and location of  these 

precipitated constituents, they may become 

the cause of  intergranular corrosion.

The amount and distribution of  the 

precipitated constituents is important, 

because even anodic and cathodic con-

stituents will not cause intergranular cor-

rosion if  they are present in small sizes 

and are uniformly dispersed throughout 

the grain structure. This condition can be 

achieved by overaging, which means heat-

ing for a time longer than that which de-

velops maximum mechanical properties 

of  the alloy.

This article is adapted by MP 

Editorial Advisory Board Mem-

ber Norm Moriber from Corrosion 
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ton, TX: NACE International, 2006), 

pp. 383-384. 

Understanding the basic principles and causes of corrosion

neutral to the base metal or adjacent de-

nuded zone. Examples of  anodic constit-

uents are the intermetallic phases Mg
5
Al

8
 

and MgZn
2
 in aluminum alloys and Fe

4
N 

in iron alloys. Examples of  cathodic con-

stituents are FeAl
3
 and CuAl

2
 in alumi-

num alloys and Fe
3
C in iron alloys. Ex-

amples of  neutral constituents are Mg
2
Si 

and MnAl
6
 in aluminum alloys and Mo

6
C 

and W
6
C in wrought Ni-Cr-Mo alloys.

If  the precipitate is anodic to the de-

nuded zone, it corrodes preferentially, 

and if  it is present in a continuous net-

work throughout the grain boundary, it is 

removed to produce a thin channel, fis-

sure, or crack between adjacent grains. In 

this situation, the ratio of  surface areas 

for the anodic and cathodic zones may 

concentrate corrosion currents and ac-

celerate the resulting consumption of  the 

grain boundary.

In mild cases, the penetration rate 

may be extremely slow and even after a 

considerable time may penetrate to a 

depth of  only a dozen grains or so. In 

more severe cases, corrosion may quickly 

penetrate much greater thicknesses.  

Shallow intergranular corrosion may es-

cape visual inspection but is seen easily 

under a microscope. As attack proceeds, 

it can be recognized more readily by the 

naked eye.

Intergranular corrosion causes a drop 

in the ductile property of  a metal, which 

can become appreciable before any sig-

nificant loss of  tensile stress or yield stress 

can be detected. In severe cases, there can 

be a marked loss of  tensile properties, 

even though only a small volume of  metal 

has corroded.

If  the constituent is cathodic to the 

denuded zone, it remains intact and lo-

cal cell action develops in the adjacent 
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