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High Temperature Precipitation 
Reactions

Both the ferritic and duplex steels can give problems at 
temperatures from 370 to 540ºC. There is a change in 
structure of the ferrite that gives an increase in hardness but a 
major decrease in room temperature toughness. The change 
is sometimes referred to as 475ºC embrittlement.

Ferritic steels containing higher chromium and duplex 
stainless, particularly those with molybdenum, can also be 
prone to the formation of another embrittling phase, sigma, 
if they are held for prolonged periods above approximately 
560ºC. Some austenitic grades can also suffer from sigma 
phase embrittlement.

A similar problem with a further embrittling phase, chi, is only 
found in the molybdenum containing ferritic stainless steels. 
Austenitic grades will suffer carbide precipitation during 
service for extended periods in the temperature range  
425 to 875ºC, unless stabilised with niobium or titanium  
(e.g. grades 321 and 316Ti).

Carbide precipitation may reduce toughness but, in practice, 
reduced resistance to intergranular corrosion in sulphur 
dioxide, chloride or related environments at room temperature 
may be more important. L grades, with carbon restricted to 
≤ 0.03% will give better performance in this respect than the 
standard grade or H grade.

Martensitic and precipitation hardening steels are also 
unsuitable at higher temperatures. This is predominantly 
related to the effect the increased temperature has on 
tempering the steel.

Similarly, the austenitic steels that have been strengthened 
by cold working cannot be held at high temperatures without 
a loss of strength due to the annealing effect on the cold 
worked structure.

TABLE 5 maximum service 
temperature (ºC)

UNS 
number

Intermittent 
service

Continuous 
service

S20100 

S30100 

S30400 

S30900 

S31000 

S31600 

S32100 

S33000 

S34700

815 

840 

870 

980 

1035 

870 

870 

1035 

870

845 

900 

925 

1095 

1150 

925 

925 

1150 

925

S40500 

S43000 

S44200 

S44600 

S41000 

S44000

815 

870 

1035 

1175 

815 

815

705 

815 

980 

1095 

705 

760

Generally accepted maximum service temperatures in air 
for some stainless steels.
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Extracted from the Australian Stainless Reference Manual 
2012 published by the Australian Stainless Steel Development 
Association (ASSDA).


