
104 MATERIALS PERFORMANCE June 2007

Corrosion Basics

Cathodic Protection

A metallic structure in contact with an 

electrolyte (typically soil or water) usually 

includes anodic sites, where oxidation 

(corrosion) occurs, and cathodic sites, 

where reduction (protection) occurs. 

Cathodic protection (CP) is a technique 

to reduce the corrosion of a metal sur-

face by making that entire structure the 

cathode of an electrochemical cell—that 

is the derivation of the term.  This is 

typically accomplished by discharging 

current from an external anode so that 

current will fl ow through the electrolyte 

to, instead of away from, the original 

anodic sites on the structure surface. As 

a result, the open circuit cathodes are 

polarized to the potential of the most ac-

tive open circuit anodes. CP is used on a 

wide variety of small to extremely large 

protection are associated with the pulp 

and paper industry. 

The main advantages of anodic 

protection are (1) low current require-

ments, (2) large reductions in corrosion 

rate (typically 10,000-fold or more), and 

(3) applicability to certain strong, hot 

acids and other highly corrosive media. 

In addition, since the applied current is 

usually equivalent to the corrosion rate 

of the protected system, anodic protec-

tion not only limits corrosion but also 

offers a direct means for monitoring the 

corrosion rate of a system. It is important 

to emphasize that anodic protection can 

only be applied to metals and alloys pos-

sessing active-passive characteristics such 

as titanium, SS, steel, and nickel-based al-

loys. Furthermore, it can only be utilized 

in certain closed-system environments 

because electrolyte composition infl u-

ences passivity.

In summary, most corrosion processes 

involve electron transfer that can be greatly 

simplifi ed by considering them as a series 

of anodic and cathodic reactions. Elec-

trochemical principles allow prediction of 

whether or not a pure metal will corrode 

in a given environment. There are proven 

techniques, based on an understanding 

of electrochemistry, that can be used to 

reduce or prevent corrosion, as well as 

measure the corrosion rate of a metal.

This article is adapted by MP 

Editorial Advisory Board Member 

Norm Moriber from Corrosion 

Basics—An Introduction, Second 

Edition, Pierre R. Roberge, ed. 

(Houston, TX: NACE International, 

2006), p. 78-80.  

Cathodic and Anodic Protection

Understanding the basic principles and causes of corrosion

structures, and the protection of buried 

and submerged metallic piping is among 

the most important uses.

The voltage source that generates the 

protective current may be an external 

power supply (impressed current CP) or 

the natural potential difference between 

the structure and another metal that is 

more active in the galvanic series (most 

often magnesium, zinc, or aluminum), 

which corrodes and is sacrifi ced in the 

process (sacrifi cial CP). The amount of 

current needed depends on the amount 

of uncoated surface to be protected and 

the current density that is required to 

support a cathodic reaction in the specifi c 

environment.

One classic demonstration of CP can 

be seen in a simple experiment using 

two iron nails and a piece of zinc. One 

of the nails is electrically connected to 

the zinc, and both nails are immersed 

in water. Over time, the nail that is by 

itself will corrode (rust), but the nail in 

contact with the zinc will not corrode. 

Instead, the zinc will sacrifi ce, usually 

forming a white oxide.  

Anodic Protection

The term anodic protection refers 

to the corrosion protection achieved 

by maintaining an active-passive metal 

or alloy in the passive region by an ex-

ternally applied anodic current. Com-

pared with CP, anodic protection is 

relatively new. The feasibility of anodic 

protection was fi rst demonstrated in 

1954 and tested on small-scale stainless 

steel (SS) boilers used for sulfuric acid 

(H
2
SO

4
) solutions. Today, some of the 

most important applications of anodic 
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