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Corrosion Basics
Understanding the basic principles and causes of corrosion

H
igh-temperature 

corrosion is a form 

of corrosion that 

does not require 

the presence of a 

liquid electrolyte. In this cor-

rosion mechanism, metals 

react directly with gaseous at-

oms in the atmosphere rather 

than ions in solution.  Some-

times, this type of damage 

is called “dry corrosion” or 

“scaling.” The fi rst quantita-

tive analysis to oxidation be-

havior was made in the early 

1920s with the postulation of 

the parabolic-rate theory of 

oxidation by Tammann and, 

independently, by Pilling and 

Bedworth.

Although temperatures greater than 

approximately 90 or 150°C are some-

times considered “high temperature” 

(e.g., for heated oil pipelines), this article 

is concerned primarily with temperatures 

greater than the “red-hot range,” primar-

ily 650°C and greater.

Alloys often rely upon the oxidation 

reaction to develop a stable protective 

scale that resists further corrosion, such 

as sulfi dation, carburization, and other 

forms of high-temperature attack. In 

general, the names of the corrosion 

mechanisms are determined by the domi-

nant corrosion product(s). For example, 

basic factors: thermodynamics, which 

determines whether a corrosive reaction 

will proceed, and kinetics, which deter-

mines the rate at which the reaction may 

proceed. The rate of the reaction may be 

reduced by careful selection of alloying 

components, such as inclusion of a multi-

valent metal that can react with a greater 

number of oxidizing atoms.

The need for a careful study of the 

properties of a heat-resistant alloy and its 

behavior in the anticipated environment 

is of considerable importance in the se-

lection of a suitable alloy for a particular 

service application. New alloys and non-

metallic materials that are continually be-

ing made available to industry are making 

it possible to make better selections and to 

establish safe working limits within which 

the material can be expected to give sat-

isfactory performance over a reasonable 

length of time.
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High-Temperature Corrosion
oxidation (the general term for a variety 

of reactions) implies oxides, sulfi dation 

indicates sulfi des, sulfi dation/oxidation 

indicates a combination of sulfi des plus 

oxides, and carburization indicates car-

bides.1

Oxidizing environments refer to high-

oxygen activities (concentrations) with 

excess oxygen. Reducing environments 

are characterized by low-oxygen ac-

tivities, with no excess oxygen available. 

Clearly, oxide-scale formation is more 

limited under such reducing conditions. It 

is for this reason that reducing industrial 

environments are generally considered 

to be more corrosive than the oxidizing 

variety.

The properties of high-temperature 

oxide fi lms, such as their thermodynamic 

stability, ionic-defect structure, and de-

tailed morphology, play a crucial role 

in determining the oxidation resistance 

of a metal or alloy in a specifi c environ-

ment. High-temperature corrosion is a 

widespread problem in various industries, 

including:

■ Refi ning and petrochemical

■ Power generation (nuclear and fossil 

fuel)

■ Aerospace and gas turbine

■ Heat treating

■ Mineral and metallurgical processing

■ Chemical processing

■ Automotive

■ Pulp and paper

■ Waste incineration

Corrosion resistance at high tempera-

tures stems from a combination of two 
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