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Chemistry and Temperature Gradients 

The heat resistant alloys of concern in this article are 
the wrought. solid solutio-n strengthened nickelehromium- 
iron alloys used as structural elements or fixturiug in the 
thermal processing industries. These alloys are intended 
to sunrive service temperatures which may range from 
below 1400 to 2300°F, atmos~heres from vacuum to car- 
burizing, thermal cycling from slow furnace cool to 
repeated brine quench and corrosive environments rang- 
ing from air to hot salt fumes or low-melting-temperature 
metals. 

Failures are most commonlv due to thermal fatime. a 
situation which has been recognized in the 
literature at least back to the 1930's' and which has mob- 
ably existed for as long as  heat resisting alloys havebeen 
used (since the late 'teens or early twenties). Excessive 
creen deformation and embrittlement from carburization 
or ihase changes are also common failure modes. Less 
common hut hiehlv aemavating to the user are failures - . -- 
due to hot corrosives such asneutral salt fumes and 
various low-melting-temperature metals. High tempera- 
ture rupture failures do not occur often, and when they do 
are usually the result of inadvertent overload or over 
temperature. Occasionally melting occurs, particularly if 
severe carburization has lowered the melting point of the 
alloy. 

Alloys used to resist these conditions may be composed 
of from 15 to 25% chromium, and zero to 76% nickel with 
the balance mostly iron. Some of the more commonly used 
materials are listed in Table I. Strength, oxidation and 
carburization properties are modified by additions of car- 
bon, molybdenum, cobalt, tungsten, silicon, columbium, 
aluminum or titanium. 

Table 1 Nominal Composltlons of Wrmght Heat Resistant Alloys 

assist in evaluating the various alloys which might be con- 
sidered for a job. 

Chromium is the basis for high temperature oxidation 
resistance, hot corrosion resistance and, to some extent, 
carburization resistance. Chromium itself is a very active 
and readily oxidized element which forms a tight oxide 
scale (Cr,O,) on the alloy. So long as  this scale layer re- 
mains intact it greatly reduces the rate a t  which the base 
metal is further attacked hv oxveen or other elements. 

In nickelchromium-iron illoys lhigh chromium contents 
mav promote formation of the brittle intermetallic Dhase 
sigma upon long exposure to the 1100-1600QF &nipera- 
ture range. This tendency may he counteracted by suffi- 
cientlv hieh levels of nickel andlor cobalt. 

~h&mi;m is a ferritizer and the 25.26% chromium-iron 
d o v s  form little or no austenite right UD to the melting - - 
poiit. 

Nickel is required to stabilize the austeuitic structure. 
with respect to transformation to ferrite or martensite. 
and with respect to sigma formation. Nickel also improves 
oxidation resistance partly by reducing oxide spalling 
under thermal cycling conditions. Nickel confers resist- 
ance to carhurization by reducing matrix solubility for 
carbon and bv the fact that nickel itself does not form a 

~~~~~~ ~~ 

stable carbide. High nickel concents increase carbon diffu. 
sion rate. Nickel combines readily with sulfur to form low- 
melting-temperature compounds. As a general rule, high 
nickel alloys are much more susceptible to sulfidation at- 
tack than are the lower nickel allois. 

Iron is a mild strengthening agent, to the extent that it 
re~laces nickel. However, iron is readilv oxidized. and the 
k i n  content must be protected fro& oxidation by the 
chromium in the alloy. 

Silicon is added in amounts of about 1 to 2% to increase - ~~ ~~ ~ 

carburization resistance. Silicon appears to improve 
resistance to carburization ~rimarilv throueh its effects 
on the oxide scale, and seco~darily by decreasing matrix 
solubility (increasing thermodynamic activity) for carbon. 
In lower nickel alloys such as  310, high silicon promotes 
sigma formation. 

Tungsten is a good solid solution strengthening agent 
with few or no metallurgical drawbacks in existing alloys. 

Cobalt is a mild strenpthenine aeent which im~roves .. .. 
oxidation resistance by r<ducing the tendency for ioealiz- 
ed oxidation attack of tho form described variously as ox- 
ide nodules or "warts". 

The functions of these various elements generally are to 
prevent the alloy from losing excessive section thickness Molybdenum is a solid solution strengthening element 
through to the alloy to retain useful used in commercial heat resisting alloys in amounts up to 
strength at elevated temperature and to enable the alloy 9%. Molybdenum bearing alloys may be susceptible to 
to resist one or more hot corrosive environments. catastrophic oxidation under stagnant atmospheres or 

temperatures above about 2000°FZ. The MOO, which 
Function of Specific Elements forms, if not removed by free-flowing atmosphere, will ag- 

Some understanding of each element's function can gressively remove the protective oxide scale. How much 












