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PHORGOTTEN PHENOMENA

Catastrophic 
Oxidation of 
Stainless and 
Nickel Alloys

JOHN F. GRUBB, ATI Allegheny Ludlum, Brackenridge, Pennsylvania

Molybdenum-bearing stainless steels and nickel 

alloys can experience catastrophic oxidation. T is 

occurs during oxidation of molybdenum-bearing 

materials and is caused by the action of 

molybdenum trioxide (MoO
3
) as an oxidation 

catalyst. T is article explains the oxidation 

phenomenon and suggests ways to prevent it.

M
olybdenum-bearing stainless 

steels and nickel alloys are 

widely used for resisting local-

ized corrosion in chlorides and 

other environments. There is one situa-

tion, however, where molybdenum can 

promote a form of localized attack. This 

localized attack, which has acquired the 

name catastrophic oxidation, occurs dur-

ing oxidation of the molybdenum-bear-

ing material. Figure 1 shows an example. 

Nearly everything that need be said on 

the subject was published by Leslie and 

Fontana1 and reiterated by Brasunas and 

Grant2 nearly 60 years ago. Their fi nd-

ings can be summarized as follows:

• It has been found that the very 

rapid oxidation of alloys containing 

substantial amounts of molybdenum 

and iron at high temperatures oc-

curs only when specifi c conditions 

exist, these conditions being an oxi-

dizing atmosphere and severely re-

stricted circulation.

• The very drastic oxidation of these 

alloys is caused by the action of 

molybdenum trioxide (MoO
3
), as an 

oxidation catalyst. This can cause 

extremely rapid destruction of the 

material affected. The only factors 

that substantially affect the rates of 

oxidation are temperature and the 

concentration of molybdenum ox-

ide or other volatile oxide vapors on 

the surface. 

• The very rapid oxidation can occur 

when the only source of oxygen is 

gaseous molybdenum oxides.

• The oxidation is general, rather 

than intergranular, and the reaction 

takes place at the metal-oxide inter-

face. Because of the porous nature 

of the oxide, penetration of oxygen 

inward is easily accomplished.

• Some metal oxides that melt at rela-

tively low temperatures greatly in-

crease the rates of oxidation of iron, 
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nickel, chromium, cobalt, and their 

alloys. Some of these oxides are 

MoO
3
, vanadium oxide (V

2
O

5
), lead

oxide (PbO), bismuth oxide (Bi
2
O

3
),

and tungsten oxide (WO
3
).

• Atmospheric nitrogen has no effect

on the rapid oxidation, nor does

nitrogen that is contained within the

alloy.

• Increasing the chromium content

has no appreciable effect on the

rapid destruction of the alloy.

• Nickel plating, chromium plating,

chromizing, and aluminizing are

ineffective in preventing the spongy

oxidation when molybdenum oxide

vapors are present. If surface coat-

ings are to be used, all molybdenum-

bearing alloys present must be coated 

for the protection to be effective.

• The rapid destruction of high-

temperature alloys containing mo-

lybdenum can be prevented in oxi-

dizing atmospheres by ensuring

appreciable movement of gas across 

all surfaces of the metal. The effect

of contact surfaces is to inhibit cir-

culation and to increase the local

concentration of molybdenum ox-

ides at the metal surface.

As energy costs rise and global com-

petition increases pressure on manufac-

turers to increase effi ciency, efforts to 

improve furnace effi ciencies by increas-

ing furnace loadings, reducing excess 

combustion air, and reducing unwanted 

air infi ltration are certain to increase. In 

the past, such efforts have led to out-

breaks of catastrophic oxidation, and we 

are likely to see them again in the future. 

Electric furnaces, which lack the natural 

atmosphere exchange forced by fuel 

combustion, are especially likely to be the 

site of catastrophic oxidation events. In 

electric furnaces, the appearance of pale 

yellow deposits around door openings 

and other penetrations may be an indica-

tor of MoO
3
 accumulation and possibly

of impending catastrophic oxidation 

events.
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Ring of attack on 6% Mo alloy fi tting where it lay on hearth during annealing.

FIGURE 1
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