
 
 

 

ALLOY 600 
 

Nickel-chromium-iron ALLOY 600 (UNS N06600/W.Nr. 2.4816) is a standard engineering Material 
for applications which require resistance to corrosion and heat. The alloy also has excellent 

mechanical properties and presents the desirable combination of high strength and good 

workability. 
The limiting chemical composition of ALLOY 600 is shown in Table 1. The high nickel content gives 

the alloy resistance to corrosion by many organic and inorganic compounds and also makes it 
virtually immune to chloride-ion stress corrosion cracking. Chromium confers resistance to sulfur 

compounds and also provides resistance to oxidizing conditions at high temperatures or in 
corrosive solutions. The alloy is not precipitation hardenable; it is hardened and strengthened only 
by cold work. 

The versatility of ALLOY 600 has led to its use in a variety of applications involving temperatures 
from cryogenic to above 2000°F (1095°C). 

The alloy is used extensively in the chemical industry for its strength and corrosion resistance. 
Applications include heaters, stills, bubble towers and condensers for processing of fatty acids; 

evaporator tubes, tube sheets and flaking trays for the manufacture of sodium sulfide; and 
equipment for handling abietic acid in the manufacture of paper pulp. 
The alloy's strength and oxidation resistance at high temperatures make it useful for many 

applications in the heat treating industry. It is used for retorts, muffles, roller hearths and other 
furnace components and for heat treating baskets and trays. 

In the aeronautical field, ALLOY 600 is used for a variety of engine and airframe components 
which must withstand high temperatures. Examples are lockwire, exhaust liners and turbine seals. 
ALLOY 600 is used in the electronic field for such parts as cathode ray tube spiders, thyratron 

grids, tube support members and springs. The alloy is a standard material of construction for 
nuclear reactors. It has excellent resistance to corrosion by high purity water, and no indication of 

chloride-ion stress corrosion cracking in reactor water systems has been detected. For nuclear 
applications, the alloy is produced to exacting specifications and is designated ALLOY 600T. 
 

Physical Constants and Thermal Properties 
Some physical constants of ALLOY 600 are given in Table 2. Thermal properties at low and high 

temperatures are listed in Table 3. 
The modulus of elasticity in tension at various temperatures is shown in Table 4. 

Measurements of total hemispherical emissivity and total normal emissivity are shown in Table 5. 

The values for physical constants and thermal properties reported here are typical but are not 
suitable for specification use. 

 
Mechanical Properties 
As indicated by the nominal mechanical properties listed in Table 6, a broad range of strength and 

hardness is obtainable with ALLOY 600, depending on form and condition. In the annealed 
condition, the alloy exhibits moderate yield strengths of 25,000 to 50,000 psi (172 to 345 MPa).  

Yield strengths in that range, combined with elongations of 55 to 35%, permit the alloy to be 
fabricated with little difficulty. Heavily cold worked material, however, can have tensile strengths 
as high as 220,000 psi (1517 MPa). 

Values for properties reported in this publication are typical but are not suitable for specification 
purposes unless stated as minimum or maximum. 

 



 
 

Tensile Properties 
Nominal room temperature tensile-property ranges of material in standard forms and conditions 

are given in Table 6. 
Table 7 lists room temperature tensile properties of hot rolled rod annealed at various 
temperatures. Tensile properties of a rod forged to a 31% reduction at 1600°F (870°C) are given 

for the as forged condition and after various annealing treatments in Table 8. Room temperature 
properties of 0.875-in. (22-mm) thick hot rolled plate are listed in Table 9. 

Table 10 shows the tensile properties of a cold drawn, 0.750-in. (19-mm) dia. rod. The table also 
shows the effect of annealing on the properties of cold drawn material. The tensile properties of 

cold drawn tubing are given for the as drawn and annealed conditions in Table 11. 

High temperature tensile properties of cold drawn bar are shown in Figure 1. 
Tensile properties of cold drawn (20% reduction) rod at cryogenic temperatures are shown in 

Figure 2. Brinell hardness readings on hot rolled material at elevated temperatures are given in 
Figure 3. 
High Temperature Short Time tensile data for annealed rod and plate are plotted in Figures 4  

and 5.  
 

Impact Strength and Ductility 
ALLOY 600 has good impact strength at room temperature and retains virtually all of that strength 
at low temperatures; there is no tough-to-brittle transition with decreasing temperature. Impact 

strength values (Charpy keyhole) for ½-in.  
(13-mm)- thick plate at room and low temperatures are shown in Table 12. Additional room 

temperature values are listed in Table 13. 
Impact strength values at elevated temperatures are given for annealed and cold drawn material 
in Table 14. 

 
Fatigue Strength 

The room temperature fatigue strength of material in various conditions is shown in Table 16. The 
data were obtained from rotating beam tests using polished specimens. 
The fatigue strength of ALLOY 600 at elevated temperatures is shown in Figure 6. The tests were 

performed on material having the following room temperature mechanical properties: 
 

Tensile strength         106 ksi (730 MPa) 
Yield strength (0.2% offset) 52 ksi (360 MPa) 

Elongation    39%  
Reduction of Area   68.6% 

 

Low cycle fatigue data for annealed rod are given for room and elevated temperatures in Table 

17. Low cycle data for forgings in two conditions are shown in Table 18. The values in Table 18 

were obtained from material having two different carbon contents and with varying amounts of 
hot-cold work. These variables had no apparent effect on the cyclic strain behaviour. 
Figure 7 and 8 illustrate the effect of grain size and mechanical properties on the room 

temperature fatigue strength of forgings. The material tested was from one melt, but was forged  
by different practices to produce the four conditions described in Table 19. Rotating beam  

(10,000 cycles/min) and high strain, low cycle (675 cycles/hr) fatigue tests were performed at 
room temperature on material in each of the four conditions. The results indicate that grain size 
and mechanical properties have no appreciable effect on low cycle fatigue strength (Figure 7).  

 



 
 

However, those variables do affect high speed, rotating beam fatigue properties. The best room 
temperature, rotating beam fatigue strength (Figure 8) is obtained with fine grained hard 

material. 
 
Creep and Rupture Properties 

Creep properties of ALLOY 600 in two conditions are shown for temperatures to 2100°F (1150°C) 
in Table 20. Figure 9 gives creep rates for hot rolled material at intermediate temperatures. 

Rupture properties for material in various conditions are presented in Table 21. The rupture life of 
hot rolled material at temperatures of 1000° to 1300°F (540° to 705°C) is shown in Figure 10. 

ALLOY 600 does not embrittle after long exposure to high temperatures. The room temperature 

mechanical properties of specimens of cold drawn rod after creep testing are listed in Tables 22 
and 23. 

 
Corrosion Resistance 
The composition of ALLOY 600 enables it to resist a variety of corrosives. The chromium content 

of the alloy makes it superior to commercially pure nickel under oxidizing conditions, and its high 
nickel content enables it to retain considerable resistance under reducing conditions. The nickel 

content also provides excellent resistance to alkaline solutions. 
The alloy has fair resistance to strongly oxidizing acid solutions. However, the oxidizing effect of 
dissolved air alone is not sufficient to insure complete passivity and freedom from attack by air 

saturated mineral acids and certain concentrated organic acids. 
 

Stress-Corrosion Cracking 
Austenitic chromium-nickel stainless steels sometimes fail catastrophically by stress corrosion 
cracking. This type of failure is generally associated with an environment containing chlorides as 

well as with stress, water, dissolved oxygen, and other factors. The tendency of austenitic alloys 
to crack transgranularly in chloride solutions decreases as the nickel content of the alloy is 

increased. ALLOY 600, with a minimum nickel content of 72%, is virtually immune to chloride-ion 
stress corrosion cracking. 
 

ALLOY 600 is subject to stress corrosion cracking in high temperature, high strength caustic 
alkalis. Material for such service should be fully stress relieved at 1650°F/1 hr or 1450°F/4 hr 

(900°C/1 hr or 790°C/4 hr) prior to use, and operating stresses should be kept to a minimum. 
Stress corrosion cracking may occur also in the presence of mercury at elevated temperatures. 

The recommendations given for caustic alkali service should be followed if the alloy is used in an 
application which involves contact with mercury at high temperatures. 

 

Microstructure 

ALLOY 600 is a stable, austenitic solid solution alloy. The only precipitated phases present in the 

microstructure are titanium nitrides, titanium carbides (or solutions of those two compounds 
commonly called cyanonitrides), and chromium carbides. 
Titanium nitrides and carbides are visible in polished micro specimens at magnifications of 50X or 

greater. They appear as small, randomly dispersed, angular shaped inclusions. The color varies 
from orange-yellow for the nitride to gray-lavender for the carbide. These nitrides and 

cyanonitrides are stable at all temperatures below the melting point and are unaffected by heat 
treatment. 
At temperatures between 1000° and 1800°F (540° and 980°C), chromium carbides precipitate 

out of the solid solution. Precipitation occurs both at the grain boundaries and in the matrix.  



 
 

Because of the grain-boundary precipitation, the corrosion behaviour of ALLOY 600 is similar to 
that of other austenitic alloys in that the material can be made susceptible to intergranular attack 

in some aggressive media (sensitized) by exposure to temperatures of 1000° to 1400°F  
(540° to 760°C). At temperatures above 1400°F (760°C) the predominant carbide is Cr7C3. Below 
1400°F (760°C) the Cr23C6 carbide is also present. 

 
High Temperature Applications 

ALLOY 600 is widely used in the furnace and heat treating fields for retorts, boxes, muffles, wire 
belts, roller hearths, and similar parts which require resistance to oxidation and to furnace 

atmospheres. The alloy is the standard material for nitriding containers because of its resistance 

to nitrogen at high temperatures. 
The alloy’s resistance to oxidation and scaling at 1800°F (980°C) is shown in Figure 11. The 

weight loss determinations used to obtain the curves in Figure 11 indicate the ability of a material 
to retain a protective oxide coating under conditions of cyclic exposure to the temperature. 
ALLOY 600 has good resistance to carburization. Table 24 gives the results of tests in high 

temperature carburizing atmospheres. 
ALLOY 600 resists attack by sulfur compounds at moderate temperatures, but it is subject to 

sulfidation in high temperature, sulfur containing environments. Molybdenum disulfide, a lubricant 
sometimes used to aid parts assembly, should not be used if the material will be subsequently 
exposed to temperatures above 800°F (427°C). 

 
Working Instructions 

ALLOY 600 is readily fabricated by either hot or cold working and can be joined by standard 
welding, brazing, and soldering processes. Although the alloy can be hardened and strengthened 
only by cold work, a wide range of mechanical properties can be obtained in finished parts by 

combining cold work and thermal treatments. 
 

Heat Treatment 
The behaviour of the alloy during heating is governed by a number of interacting variables: 
amount of cold work, grain size, chemical composition, and dimensions of the material. 

Consequently, times and temperatures for heat treatment are usually experimentally determined. 
In general, an annealing treatment of about 1850°F/15 min (1010°C/15 min) will produce soft 

material. Brief exposure to 1900°F (1040°C) will give soft material without producing a coarse 
grain structure. Grain growth does not occur until the alloy is heated to about 1800°F (980°C). At 

that temperature, the finely dispersed carbide particles in the alloy’s microstructure, which inhibit 
grain growth, begin to coalesce. Solution of the carbides begins at about 1900°F (1040°C). 
Treatment for 1 to 2 hr at 2000° to 2100°F (1090° to 1150°C) dissolves the carbides completely 

and results in increased grain size. This solution treatment is beneficial in obtaining maximum 

creep and rupture strength. 

In general, material with a fine grain structure is preferred because it has better corrosion 
resistance and higher tensile, fatigue and impact strength. Fine grain material is preferred for all 
low temperature applications, most intermediate temperature applications, and those high 

temperature applications which require resistance to shock and corrosion. 
Grain size is dependent on processing. Hot rolled products will usually have a small grain size 

because they are finished at relatively low temperatures. Annealing has little effect on the grain 
size of hot rolled material. Cold drawn or cold rolled material, in either the cold worked or 
annealed condition, will have a small grain size. Solution treatment will produce a coarse grain 

structure in either hot worked or cold worked material. 



 
 

The time and temperatures required for recrystallization of cold worked material vary widely, 
depending on the amount of cold work and the specific composition. Table 25 shows times and 

temperatures required for recrystallization of fine grain sheet after various amounts of cold 
reduction. 
 

Heating and Pickling 
ALLOY 600, like all nickel base alloys, must be clean before it is heated and must be heated in a 

sulfur free atmosphere. Furnace atmosphere for forging or open annealing should be slightly 
reducing to prevent excessive oxidation. 

The rate of cooling after heating has little effect on the mechanical properties of ALLOY 600. 

However, the alloy is subject to carbide precipitation in the 1000° to 1400°F (540 to 760°C) 
temperature range and should be rapidly cooled through that range if the material is to be pickled 

or used in an environment requiring freedom from sensitization. 
The alloy can be bright heated only in very dry hydrogen or in a vacuum and usually must be 
pickled if a bright surface is required. 

 
Hot and Cold Forming 

The normal hot working temperature range for ALLOY 600 is 1600° to 2250°F (870° to 1230°C). 
Heavy hot work should be done between 1900° and 2250°F (1040° and 1230°C); light work can 
be continued down to 1600°F (870°C). The alloy has low ductility at temperatures between  

1200° and 1600°F (650° and 870°C) and should not be worked in that range.  
High tensile properties can be developed in the material by careful working at temperatures below 

1200°F (650°C). 
ALLOY 600 is cold formed by the standard processes used for steel and stainless steel. The rate of 
work hardening, as shown by Figure 12, is greater than that of mild steel but less than the rate of 

Type 304 stainless steel. 
 

Machining 
ALLOY 600 is slightly more machinable than Type 304 stainless steel and slightly less machinable 
than Type 303 free-machining stainless steel. 

The alloy is best handled on heavy duty equipment using cutting tools large and heavy enough to 
withstand the loads and to quickly dissipate the heat generated. Tools must be sharp and have 

the proper geometry.  
 

Welding 
ALLOY 600 is readily joined by conventional welding processes. Welding can be by gas tungsten-
arc, gas metal-arc, submerged-arc and shielded metal-arc processes.  

  

 

 
 
 

 
 

 

 

 



 
 

 



 
 

 
 
 
 
 
 
 
 
  

  



 
 

 
 
 

  



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

  
 



 
 
 

 
 
 
 
 
 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


