
HEAT RESISTANT ALLOY 
PERFORMANCE 

This evaluation looks at wrought solid solution strengthened NiCrFe alloys 
used as structural elements or containers in thermal processing industries. 
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H eat resistant alloys used in 
fixturing for the heat treat- 
ment industry must have 

good mechanical properties at red 
heat as well as resistance to chemical 
attack by the environment. The re- 
quirements vary depending upon the 
equipment in question aud are some- 
what different for a quenching fix- 
ture than for a muffle operating at 
2100'F/1149'C. In addition to metal- 
lurgical considerations, design and 
fabrication practice strongly influence 
the life of furnace equipment. 

Alloy property requirements in- 
dude strength, resistance to ther- 
mal fatigue, oxidation and carbur- 
ization resistance. These properties 
are interrelated in practice. Strength 
is normally considered to be defined 
by the creep or rupture behavior, 
which is improved with coarser 

grains. Thermal fatigue resistance is 
also strongly related to grain size, 
but the effect of grain size here is 
quite opposite the case in creep-rup- 
ture. That is, the finer grain alloys, 
typically ASTM 4 or finer, give su- 
perior life in thermal fatigue but 
have lower creep strength. 

In practice, quenching fixtures are 
not subject to dead weight loads as 
a creep-rupture bar but rather to a 
combination of mechanical loads 
and cyclic thermal strains. Internal 
thern~al fatigue damage in a coarse- 
grained bar may have a more signifi- 
cant effect on deformation in use 
than does the lower creep strength 
of fine-grained metal. 

Oxidation resistance is conferred 
primarily by Cr, Ni, Si, A1 and rare 
earths. Laboratory oxidation data 
emphasizes uniform attack, usually 
parabolic in nature. Service failures 
from oxidation are uncommon, Oc- 
casionally, they exhibit complete 
perforation from local scale break- 

down, roughly analogous to pitting 
failures in aqueous corrosion. 

Carburization resistance depends 1 most strongly on Ni, Cr and Si. The 
degree of embrittlement from car- 
burization is related to grain size ' and to whether discrete carbides 
versus continuous networks form. 

1 Both oxidation and carburization 
behavior is influenced by me- 

, chanical or chemical damage to the 
protective oxide scale. Thermal cy- 
cling and creep deformation me- 
chanically damage the scale, and 
even small amounts of common heat 
treat salts reduce the protective na- 
ture of the scale. 

Finally, the performance of very 
expensive heat resistant alloy equip- 
ment is dependent upon knowl- 
edgeable design and fabrication 
practice. Designers should be aware 
that thermal strains are often more 
significant than mechanical loads. 
Fabricators need to pay close atten- 
tion to weld joint preparation be- 

Listed with their chemistries, these alloy grades are commonly used in North America 








