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ACME® Proprietary (Non-Std.) Heat Resistant Alloys 
Understanding Metallurgical Microstructure and Its Implications 
 
 
 
Non-standard (proprietary) grades of heat 
resistant alloys are more highly alloyed than the 
standard Fe-Cr-Ni and Fe-Ni-Cr alloys covered 
under popular. Single or multiple additions of the 
elements-aluminium, cobalt, molybdenum, 
niobium (columbium), the rare earth metals 
(REM)-cerium, lanthanum and yttrium, titanium, 
tungsten, and zirconium are intelligently micro-
alloyed to enhance specific targeted properties, 
such as high temperature strength, 
carburization resistance, and resistance to 
thermal cycling. 
 
Some of the more common non-standard grades 
in the industry, and among metallurgists have 
following base compositions: 
 

 HK-20Ni-25Cr 
 HP-35Ni-25Cr 
 45Ni-30Cr 
 50Cr-50Ni (with or without 

niobium/columbium) 
 60Cr-40Ni 

 
Many proprietary alloys with composition 
gyrating outside these ranges have been 
developed for specific end applications. Talk to 
us about your end application needs. 
 
 
20Ni-25Cr 
 
The HK-compositions has served as a base for 
further strengthening, without ostentatiously 
increasing the base alloy cost. Amongst these 
alloys, first was Inco’s IN 519, which made slight 
additions of niobium (columbium), while raising 
the nominal nickel level from 20 to 24% in order 
to offset the development of sigma phase. Many 
other manufactures have developed even higher 

strength materials with tungsten or niobium 
(columbium) combined with micro-alloying with 
titanium. 
 
35Ni-25Cr 
 
Research sponsored by Steel Founders Society 
of America (SFSA) in the 1960’s laid a catalyst’s 
role in the development of a range of alloys, with 
the HP-alloy being used as reference 
compositional base. These alloys made use of 
the carbide-forming elements-niobium 
(columbium), molybdenum, titanium, tungsten, 
and zirconium together in conjunction with non-
carbide forming elements additions of 
aluminium, copper, and cobalt to increase 
strength and/or resistance to carburization. It is 
plausible to consider silicon also as an alloying 
element. Research reveals, higher silicon 
content helps mitigate formation and delays 
time of grain growth to form metal oxide(s) of 
elements present in heat resistant alloys. Silicon 
additions at lower levels helps to maximize 
creep and rupture strength, while at higher 
levels it is used to combat carburization. Carbon, 
used as a strengthener, is reduced in some 
modifications to increase resistance to thermal 
cycling and shock. 
 
One of the most significant yet successful 
modification of HP alloy is micro alloying it with 
niobium containing 0.5-1.5%, which is widely 
popular in the industry. This encouraged and led 
to development of other alloy variants with 
optimized levels of carbon and silicon, as well as 
the use of titanium as a micro-alloy 
strengthening addition. 
 
 



    
 

            

 

 
45Ni-30Cr 
 
These alloys are primarily intended for high 
temperature service, where strength, and/or 
carburization resistance are of paramount 
importance. Because of high-temperature 
applications, good oxidation resistance is a 
desideratum. Like the preceding alloy group, use 
is made of single or multiple additions of 
tungsten, niobium, cobalt, aluminium, and 
micro-alloying with titanium. Modern 
metallurgical alloy practice involves micro-
alloying or individual use of rare earth metals 
(REM) in modified alloys, with cerium additions 
in vogue. 
 
Cr-Ni Alloys 
 
ASTM A 560 describes three grades of cast 
chromium-nickel alloys: 50Cr-50Ni, 60Cr-40Ni 
and 50Cr-50Ni-Nb. These alloys are not 
inherently nickel base alloys that are cast into 
tube supports and other firebox fittings for 
certain stationary and marine boilers. Prominent 
benefit of chromium-nickel cast alloys is their 
remarkable resistance to hot-slag corrosion in 
boilers that fire oil high in vanadium content. Hot 
slag high in highly corrosive, vanadium penta-
oxide (V2O5) content is extremely destructive to 
most other heat resistant alloys tried out till 
date. 
 
 
Metallurgical Microstructures – 
Broad Understanding and Practical 
Insights 
 
 
The microstructure of chromium-nickel (Fe-Cr-
Ni) and nickel-chromium (Fe-Ni-Cr) cast 
stainless steels must be wholly austenitic, or 
mostly austenitic with some permissible 
percentage of ferrite present in it, should these 
alloys are to be used in heat-resistant service. 
 
Depending upon the chromium and nickel 
content, and Cr/Ni, Ni/Cr ratios; the structures of 
these iron base alloys can be austenitic (stable), 
ferritic (stable, but also soft, weak and ductile),  
 
 
 

 
or martensitic (unstable). Therefore, chromium 
and nickel levels should be selected to achieve 
an alloy’s metallurgical microstructure stability, 
that will eventually enable obtaining good 
strength at elevated temperatures combined 
with resistance to carburization and hot-gas 
corrosion. 
 
A fine dispersion of carbides or intermetallic 
compounds in an austenitic matrix increases 
high temperature strength considerably. For this 
reason, heat cast-heat resistant steels are 
higher in carbon content than corrosion-
resistant alloys of comparable chromium and 
nickel content. Importantly, cast resistant 
stainless steels possess higher carbon content 
in range of 0.25%-0.75%, compared to lower 
carbon content wrought stainless steel grades 
where carbon content is maintained below 
0.20%. 
 
 
While selecting heat resistant alloy (wrought or 
cast) grade, often selection is made on the basis 
of alloy having higher creep and rupture strength 
for a service at desired elevated temperature 
and service environment. It is most common 
flawed decision in many cases. Professional 
practitioners and metallurgists would agree that 
most high temperature failures of a heat 
resistant alloy occur at creep and rupture 
strength values far below the alloys inherent 
capability. Therefore, often mistaken, the true 
culprit is ductility. Loss of ductility (prematurely) 
is one of the prime reasons for failures and 
succumbing of an alloy to cracking far below its 
actual creep and rupture strength potential. 
Thus, balancing of metallurgical properties, 
while choosing an alloy for high temperature 
service, can be successfully achieved by 
intelligently using a more pragmatic balanced 
alloy chemistry rather than blindly following or 
imitating alloys which others are using (or 
specifying) in same end application at other 
process plants with much thought. Such rational 
practice, prominently includes balancing Ni/Cr 
or Cr/Ni ratios with adjustments in percentage 
of carbon, silicon, manganese with possible 
micro-alloying with elements like titanium, 
niobium, molybdenum, tungsten, and rare earth 
metals (REM) that a competent alloy 
manufacturer can offer meeting end application 
needs.  
 



    
 

            

 

 
By holding a heat resistant alloy at temperatures 
where carbon diffusion is rapid (such as above 
1200°C), and then rapidly cooling, a high and 
uniform carbon content is established, and up to 
0.20% carbon is retained in the austenite. Some 
chromium carbides are present in the 
microstructure of the alloys with carbon content 
greater than 0.20%, regardless of solution 
annealing treatment. 
 
In practice, castings develop considerable 
segregation as the solidify (freeze). A 
segregation free casting is a utopian idea, hard 
to realize in reality. In standard grades, either in 
the as-cast condition or after rapid cooling from 
recrystallization temperature, which is about 50-
100 °C below its melting point (temperature 
close to its melting point); much of the carbon 
present in the alloy matrix, is in supersaturated 
solid solution. Subsequent re-heating 
precipitates excess carbides. The lower the re-
heating temperature, the slower the reaction, 
and the finer the precipitated carbides. Fine 
carbides increase creep strength and decrease 
ductility. Micro-alloying and stabilizing heat 
resistant alloy with additions of niobium, 
titanium, and/ or both promotes grain 
refinement and thus aid formation of fine 
uniformly dispersed carbides in as-cast alloys 
without undergoing expensive high temperature 
solution annealing treatment, that adds to cast 
products final cost. It should be avoided unless 
envisaged significant benefits of high 
temperature solution annealing offsets the 
costs, by delivering improved useful life and 
exceeding performance in designated elevated 
service end application. 
 
 
Intermetallic compounds, such as nickel 
aluminide (Ni3Al) have similar effect if present. 
Re-heating material containing precipitated 
carbides in the range between 980-1200°C (1800-
2200°F), certain proprietary alloys of Fe-Cr-Ni 
type have been developed successfully. Alloys 
for this service contain tungsten to form 
tungsten carbides, which are more stable than 
chromium carbides at these service 
temperatures. ACME new alloy HP-50-CoW 
modified offered in variant metallurgies 
consisting of 5,10, 15% cobalt and tungsten 
offers good service in environment subjected to 
continuous exposure at elevated temperatures 
1200-1230°C. However, it can withstand service  

 
temperatures up to 1260°C successfully even 
under demanding thermal cycling conditions. 
Cast Nickel Aluminide (reference standard ASTM 
A 1002 Cast, Ordered Nickel-Aluminium Alloy) 
offers same performance, but they are brittle in 
nature and possess very poor welding ability or  
fabrication characteristics. This is its main 
drawback that impedes use of Cast Nickel 
Aluminides. Otherwise it’s is an effective alloy to 
service at temperatures above 1200°C. 
 
At a low temperature, such as 760°C (1400°F), 
where a fine, uniformly dispersed carbide 
precipitate will form, confers a high level of 
strength that is retained at temperatures up to 
those at which agglomeration changes the 
character of carbide dispersion (over aging 
temperatures). Solution treatment or quench 
annealing, followed by aging, is the treatment 
generally applied to attain maximum creep 
strength. 
 
Ductility is usually reduced when strengthening 
occurs. In some alloys the strengthening 
treatment corrects an unfavourable grain 
boundary network of brittle carbides, and both 
properties benefit. However, such treatment is 
costly and may warp castings excessively.  
Hence, this heat treatment is applied to heat-
resistant castings only for a small percentage of 
applications for which the need for premium 
performance justifies high cost as suggested 
earlier. 
 
Carbide network at grain boundaries are 
generally considered undesirable in iron-base 
heat resistant alloys. Grain-boundary networks 
usually occur in very high carbon alloys or in 
alloys that have cooled slowly through the high 
temperature ranges in which excess carbon in 
the austenite is rejected as grain-boundary 
networks rather than as dispersed particles. 
Such networks confer brittleness in proportion 
to their continuity. 
 
Carbide networks also provide paths for 
selective attack in some atmospheres and in 
certain molten salts. Therefore, it is advisable in 
some salt bath applications to sacrifice the high 
temperature strength imparted by high carbon 
content and gain resistance to inter-granular 
corrosion, and/ or stress corrosion cracking by 
specifying the carbon content to be no greater 
than 0.08% (0.12% maximum). 



    
 

            

 

 
 
Prolonged exposure of the iron-chromium (Fe-
Cr) alloys to temperatures in the range from 
650-870°C (1200-1600°F) leads to formation of 
the ferrite to sigma phase. Sigma phase is 
extremely brittle, and if it forms a continuous  
plane with carbides at grain boundaries, which 
can cause dramatic brittle fractures, even if 
subjected to light impact at room temperature. 
 
Some of the iron-chromium-nickel (Fe-Cr-Ni) 
alloys may also form sigma phase, if the 
compositional balance leans towards ferrite 
stabilization rather than austenite. Sigma phase 
forms much more slowly in these alloys that in 
the iron-chromium (Fe-Cr) compositions. 
Nevertheless, the cracks caused by the 
formation of very small amounts of several years 
of sigma phase after several years of exposure  
 
 

 
 
to critical temperatures are common 
observation. 
 
 
Heat treating practitioners (and professionals as 
well) would have often noticed a broken hook 
used to hold a heat treatment basket during 
austenitization and quenching. The hook was 
made from 25Cr-12Ni heat resistant steel made 
to grade ATSM A 297 Grade HH or ASTM A 477 
Type I/ Type II. However, the composition was 
not properly balanced, and higher than normal 
delta-ferrite content was present in the hook. 
The delta-ferrite transformed to sigma phase 
during the periods the hook was in austenitizing 
furnace (temperatures from 815-900°C /1500-
1650°F) generally. Microstructure examination of 
such an hook will reveal a very heavy, nearly 
continuous grain-boundary sigma phase 
network, attributing to its failure.
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For custom-made end application solutions in heat, wear, abrasion, pressure and corrosion resistant 
alloys, contact us. 
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