
 
 
 

ALLOY 718  
 
Alloy 718 (UNS N07718/W.Nr. 2.4668) is a high-strength, corrosion-resistant nickel 

chromium material used at -423° to 1300°F. Typical composition limits are shown in Table 1. 
The age-hardenable alloy can be readily fabricated, even into complex parts. Its welding 
characteristics, especially its resistance to postweld cracking, are outstanding. 

The ease and economy with which Alloy 718 can be fabricated, combined with good tensile, 
fatigue, creep, and rupture strength, have resulted in its use in a wide range of applications. 

Examples of these are components for liquid fueled rockets, rings, casings and various 
formed sheet metal parts for aircraft and land-based gas turbine engines, and cryogenic 

tankage. It is also used for fasteners and instrumentation parts. 
 
Physical Constants And Thermal Properties 

Some physical constants of Alloy 718 are shown in Table 2. Modulus data appear in Tables 3 
and 4, and thermal properties in Table 5. The values in these tables will vary slightly, 

depending on the composition and condition of the specimen tested. They are typical but are 
not suitable for specification purposes. 
 

Heat Treating and Mechanical Properties 

For most applications, Alloy 718 is specified as: solution annealed and precipitation hardened 

(precipitation hardening, age hardening, and precipitation heat treatment are synonymous 
terms). Alloy 718 is hardened by the precipitation of secondary phases (e.g. gamma prime 
and gamma double-prime) into the metal matrix. The precipitation of these nickel 

(aluminium, titanium, niobium) phases is induced by heat treating in the temperature range 
of 1100 to 1500°F. For this metallurgical reaction to properly take place, the aging 

constituents (aluminium, titanium, niobium) must be in solution (dissolved in the matrix); if 
they are precipitated as some other phase or are combined in some other form, they will not 
precipitate correctly and the full strength of the alloy with not be realized. To perform this 

function, the material must first be solution heat treated (solution annealed is a synonymous 
term). 

Two heat treatments are generally utilized for Alloy 718: 
•Solution anneal at 1700-1850°F followed by rapid cooling, usually in water, plus 
precipitation hardening at 1325°F for 8 hours, furnace cool to 1150°F, hold at 1150°F for a 

total aging time of 18 hours, followed by air cooling. 
•Solution anneal at 1900-1950°F followed by rapid cooling, usually in water, plus 

precipitation hardening at 1400°F for 10 hours, furnace cool to 1200°F, hold at 1200°F for a 
total aging time of 20 hours, followed by air cooling. 
 

If the material is to be machined, formed, or welded, it typically is purchased in the mill 
annealed or stress relieved condition. The material is then fabricated in its most malleable 

condition. After fabrication, it can be heat treated as required per the applicable specification. 
 
1700°-1850°F Anneal and Age 

The 1700°-1850°F anneal with its corresponding aging treatment as shown earlier is the 
optimum heat treatment for Alloy 718 where a combination of rupture life, notch rupture life 

and rupture ductility is of greatest concern. The highest room-temperature tensile and yield 
strengths are also associated with this treatment. In addition, because of the fine grain 

developed, it produces the highest fatigue strength. 
 
 



 
 

 

Material in this condition will meet the following minimum requirements: 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

1900°-1950° Anneal and Age 
The 1900°-1950° anneal with its corresponding aging treatment as shown above is the 
treatment preferred in tensile-limited applications because it produces the best transverse 
ductility in heavy sections, impact strength, and low-temperature notch tensile strength. 
However, this treatment has a tendency to produce notch brittleness in stress rupture. 
After precipitation hardening as shown, material will meet the following requirements: 
 

 

 

 

 

 

 

 

 
 

 

 
 
 

 

 



 
 

 

Other Heat Treatments 

alloy 718 is also being used in oil field applications. This material is produced under the NACE 
specification MR0175 which requires the solution annealed and aged material to meet a 

maximum hardness value of 40 Rockwell “C”. Such material is typically solution heat treated 
at 1850-1900 °F and aged at 1450°F for six to eight hours and air cooled. Table 6 shows the 

mechanical properties this material will meet. Numerous proprietary heat treatments are 
used for Alloy 718 depending on the properties required. Such heat treatment sequences are 
usually developed by companies or agencies independent of the material supplier; 

consequently, discussion of procedures, tolerances, and resulting properties should be with 
that company or agency.  

All the data shown in the following sections are typical but not to be used for specification 
purposes. 
 

Room Temperature Tensile Properties 

The following data are representative of the effects of the above annealing and aging 

treatments on room-temperature properties of a variety of products. More properties are 
shown under the section, High- and Low-Temperature Tensile Properties, Fatigue Strength, 

and Weld Properties. 
 
Hot-Finished Products 

Table 7 shows properties of hot-rolled round annealed at 1750° or 1950°F. The effects of 
annealing at 1750° or 1950°F and the associated aging treatments on bar of a range of 

diameters are given in Table 8. Properties produced by the two different annealing and aging 
schedules in hot-rolled round are compared in Table 9. 
The effect of direct aging (1325°F/time at temperature, 8 hours, F.C. to 1150°F, hold at 

1150°F for total aging time of 18 hours) on various sizes of samples is given in Table 10. 
Properties of a pancake forging with samples taken from various locations, annealed at 

1700°F and aged, are shown in Table 11. Properties of forged products given the 1950°F 
anneal and aged are shown in Tables 12 and 13. The effects of the two annealing and aging 
treatments on a forged pancake are compared in Table 14. 

 

Cold-Finished Products 

Properties of cold-rolled sheet aged at 1325°F/8 hr, F.C. to 1150°F, hold at 1150°F for total 
aging time of 18 hours are shown in Table 15. Table 16 gives the effect of the heat treatment 
specified by AMS 5597 on material of various thickness. Some properties of tubing are given 

in Table 17. 
 

High- and Low-Temperature Properties 

Hot Finished Products 

Properties of hot-rolled bar annealed at 1800°F and aged are shown in Figure 1. Table 18 

shows room-temperature properties of hot-rolled plate annealed and aged per AMS 5596H. 
Properties of hot-rolled round annealed at 1950°F and aged are in Table 19. Data on hot-

rolled round (annealed at 1800°F and aged ) for the range of -320°F to 1300°F are given in 
Table 20. 
Table 21 compares low-temperature properties (short transverse tests) of specimens 

machined from a forging and given the 1800°F anneal and age with those given the 1950°F 
anneal and age. 

Table 22 shows room and 1200°F and 1300°F properties of a variety of hot-finished products 
annealed at 1800°F and aged. 
 

 

 

 

 



 
 

 

Cold-Finished Products 

High-temperature tensile properties of cold-rolled sheet annealed in accordance with AMS 
5596 are shown in Table 23. More data on 5596-processed material appear in Table 24. 

Table 25 shows room-temperature tensile properties of sheet annealed and aged per  
AMS 5596. Low-temperature properties of sheet processed in accordance with AMS 5596 are 

shown in Table 26. These data indicate the effects of sheet thickness as well as annealing and 
aging treatment. Large increases in strength are achieved by cold working and aging. 
Additional data on notch tensile strength are shown in Figure 2. 

Table 27 compares data on annealed and aged sheet with direct-aged sheet over a 
temperature range from -110° to 1000°F. 

More data on sheets of various thicknesses are shown in Table 28. 
 
Impact Strength 

Room-temperature impact strength of some hot-finished products are shown in comparison 
with their tensile properties in Table 29. The data also point out the effect of annealing at 

1750°F and aging at 1325°F/8 hr, F.C. to 1150°F, hold at 1150°F for total aging time of 18 
hours versus annealing at 1950°F and aging at 1400°F/10 hr, F.C. to 1200°F for total aging 

time of 20 hours. Some impact properties of a pancake forging are shown in Table 11.  
Low-temperature impact strength of plate is shown in Table 30. 
 

Fatigue Strength 

Room-temperature fatigue properties of annealed and annealed and aged (1750°F, plus 

1325°F/8 hr, F.C. to 1150°F, hold at 1150°F for total aging time of 18 hours) forging 
specimens are shown in Table 31. Table 32 presents fatigue strength of hot-rolled plate 
annealed and aged in accordance with AMS 5596. 

Fatigue strength of cold-rolled sheet is shown in Figure 3. 
If fatigue strength is of prime importance, Alloy 718 forgings can be used in the annealed 

rather than the annealed and aged condition; aging raises fatigue strength only slightly  
(less than 4 ksi in Table 31). 
Grain size is a major factor in achievement of high fatigue strength. Its effect can be seen in 

Figure 4. The low temperature heat-treatment schedule (such as that in AMS 5596) will 
promote the requisite fine grain. See also Tables 31 and 32. High-temperature fatigue 

strength of annealed and aged bar is shown in Table 33. 
Low-cycle fatigue life of Alloy 718 is the same whether tested in fully reversed bending or in 
zero-to maximum bending. Test results are shown in Figure 5. 

 
Rupture and Creep Properties 

For creep-limited and rupture-limited applications Alloy 718 is annealed at 1700°F-1850°F 
and aged at 1325°F/8 hr, F.C. to 1150°F, hold for total aging time of 18 hours (or an 
equivalent treatment such as in AMS 5596). Rupture and creep properties shown in this 

bulletin are typical of material receiving this low-temperature treatment. 
Figure 6, a plot of high-temperature rupture life, also shows the excellent properties at 1200° 

and 1300°F of notch specimens of small-diameter bar. 
Figure 7 shows creep strength of annealed and aged hot-rolled bar. These rupture and creep 
data have been used for construction of Larson-Miller and Manson-Haferd parameter plots 

(Figures 8 and 9). For convenience in design, the typical properties are also shown on the 
basis of 100, 1000, and 10,000 hours (Figures 10, 11 and 12). Rupture properties of 

annealed and aged cold-rolled sheet are shown in the form of a Larson-Miller parameter plot 
(Figure 13). As indicated by the specifications, thickness will influence rupture life. 
Rupture life of round and sheet in comparison with tensile properties is shown in Tables 9 and 

24. 
 

 
 



 
 

 

Weld Properties 

Alloy 718 is readily welded by the gas tungstenarc (TIG) process. Mechanical properties of its 
all-weld metal specimens are shown in Table 35. These test data show the effect of post 

welding treatment on tensile properties. Highest room temperature ductility is obtained by 
annealing at 1950°F prior to aging. 

Slow response of Alloy 718 to age hardening enables parts to be welded and directly age-
hardened without an intermediate stress relief. Joint efficiencies very close to 100% were 
realized in the tests shown in Table 38; these specimens were from plate that had been 

annealed, then welded and aged. Better properties, however, are obtained by re-annealing 
after welding prior to aging. 

Silver brazing compounds are known to cause stress cracking in nickel-based alloys. If  
Alloy 718 is cold-worked and/or precipitation-hardened, silver brazing compounds should not 
be used. Also, brazing alloys containing cadmium are best avoided; while cadmium has not 

been shown to cause cracking by itself, it can aggravate cracking from other sources. 
 

Weld Tensile Properties 

Room-temperature properties of welds receiving the low-temperature anneal and/or age can 
be compared with results of the high-temperature anneal and/or age in Tables 38 and 39. 

Additional properties of welds annealed at 1950°F/15 min. and aged at 1400°F/10 hr, F.C. to 
1200°F, hold at 1200°F for a total aging time of 20 hours are shown in Table 40. Welding was 

by the manual gas tungsten-arc process. These welds were found satisfactory in bend tests 
and radiographic examination. Slightly better results were obtained when helium was used as 
the torch gas. Notch strength of butt-welded sheet in both the heat-affected zone and weld is 

shown in Table 41. These welds were heattreated by the low-temperature schedule. 
Another laboratory using the high-temperature heat treatment has found that notch 

toughness of the parent metal and that of the weld metal are quite consistent and exceed a 
notch-to-smooth bar tensile ratio of 1.30 throughout the testtemperature range of -423°F to 

1200°F. Test data are shown in Table 42. The weld joint efficiency is approximately 93%  
at -423°F and 95% at room temperature and 1200°F. 
 

Weld Fatigue Properties 

Weldments were found to have a room-temperature fatigue strength (108 cycles) of 

approximately 62.5 ksi (tested in R.R. Moore rotating-beam apparatus). They were made 
from hot-rolled , annealed (per AMS 5596) 0.500-in. plate, joined with 0.125-in.-diameter 
INCONEL Filler Metal 718 by the gas tungsten-arc process. Samples were aged 1325°F/8 hr, 

F.C. to 1150°F, hold at 1150°F for total aging time of 18 hours and tested as polished speci-
mens. In comparable tests, Alloy 718 bar had a fatigue strength (10* cycles) of 89.0 ksi. 

 
Weld Rupture Properties 

Rupture strength at 1200° and 1300°F of heat-treated weldments in sheet is compared with 

parent metal in Table 44. In other tests, welds whose process steps were age, weld, and age 
had lives of 0.3 hr (1200°F, 100.0 ksi) and 4.9 hr (1300°F, 72.5 ksi) ; fractures were in the 

heat-affected zone. Notch-bar life at 1300°F and 75.0 ksi is shown in Table 45. 
 
Spring Properties 

The excellent relaxation resistance of Alloy 718 is a factor in its successful use for springs at 

temperatures up to 1100°F. Some relaxation data are shown in Figure 14. 
 
 

 

 

 

 



 
 

 

Bolting 

Alloy 718 combines excellent mechanical properties over a wide temperature range with 
superior oxidation and corrosion resistance. Because of these properties it is specified for 

many fastener applications where superior performance is required under varying 
environmental conditions. 

Alloy 718 can be strengthened in two ways: (1) by solution treating and age hardening or (2) 
by cold working and age hardening only. See Table 46. 
The use of Alloy 718 for bolting applications is addressed under Section I and Section VIII, 

Division I of the ASME Code by Code Case 1993. 
 

Metallography 

Alloy 718 is an age-hardenable austenitic material. Strength is largely dependent on the 
precipitation of a gamma prime phase during heat treatment. 

A major part of the development effort with this alloy was concerned with establishment of 
the proper heat treatments for producing optimum properties. These heat treatments and the 

applications for which they are intended are described in the section, Mechanical Properties. 
The microstructure of Alloy 718, especially with regard to the effects of heat treatment, has 

been extensively studied and reported. The literature should be consulted for detailed 
discussions on the various phases developed by various heat treatments and other 
metallurgical investigations. 

 

Corrosion Resistance 

Alloy 718 has excellent corrosion resistance to many media. This resistance, which is similar 
to that of other nickel-chromium alloys, is a function of its composition. Nickel contributes to 
corrosion resistance in many inorganic and organic, other than strongly oxidizing, compounds 

throughout wide ranges of acidity and alkalinity. It also is useful in combating chloride-ion 
stress-corrosion cracking. Chromium imparts an ability to withstand attack by oxidizing media 

and sulfur compounds. Molybdenum is known to contribute to resistance to pitting in many 
media. 
 

Working Instructions  

Heating and Pickling 

When Alloy 718 is heated, care must be taken to maintain both the furnace and the material 
being heated at correct temperatures. 
Fuels used for heating must be extremely low in sulfur. The alloy must be absolutely clean 

and free from all oil, paint, grease, and shop soil when charged into the furnace. 
The furnace atmosphere for forging or open annealing should be slightly reducing, containing 

at least 2% carbon monoxide. A slight positive pressure should be maintained in the furnace 
to prevent air infiltration. 
When Alloy 718 is heated in a reducing atmosphere, a thin, adherent green-black film of 

oxide will be left on the surface of the material. In oxidizing atmospheres, a heavy black scale 
is produced that is very difficult to remove. Every precaution should be taken in heating so 

that only the green-black film is formed. 
 
Hot Forming 

Because of its strength, Alloy 718 is more resistant than most materials to deformation 
during hot forming. Its relative resistance is shown by pressures developed in the roll gap at 

20% reduction (Table 47). It is readily hot-worked if sufficiently powerful equipment is used. 
Hot forming is performed in the 1650°-2050°F temperature range. In the last operation, the 
metal should be worked uniformly with a gradually decreasing temperature, finishing with 

some light reduction in the 1650°-1750°F range. This procedure is necessary to ensure notch 
ductility in stress-rupture applications when material has been annealed and aged. (See 

below). In heating for hot working, the material should be brought up to temperature, 
allowed to soak a short time to ensure uniformity, and withdrawn. 



 
 

 

To avoid duplex grain structure Alloy 718 should be given uniform reductions. Final reductions 
of 20% minimum should be used for open-die work and 10% minimum for closed-die work. 
Parts should generally be aircooled from the hot-working temperature rather than 

waterquenched. 
Care should be taken to avoid overheating the metal by heat build-up due to working. Also, 

the piece should be reheated when any portion has cooled below 1650°F. Preheating tools 
and dies to 500°F is recommended. Any ruptures appearing on the surface of the workpiece 
must be removed at once. 

Data shown in Table 48 show the importance of a 1650°F-1750°F finish-forging temperature 
for achievement of notch ductility in large forgings in stress-rupture applications. In these 

tests, 0.75-in. square forged bar was cut into 12-in. lengths, heated to the rolling 
temperatures shown in Table 48, and given 25% reduction in one pass. Following annealing 
and aging, specimens were rupture tested at 1200°F and 100 ksi. Success in achieving notch-

rupture ductility with forgings of alloy 718 through this type of procedure has also been 
reported by others. 

 

Cold Forming 

Alloy 718 can be cold-formed by standard procedures used for steel and stainless steel. 
Figure 16 shows its rate of work hardening in comparison with other materials. 
The effect of cold reduction on the tensile properties of sheet in the cold-rolled and cold-rolled 

and aged conditions is shown in Table 49. 
 

Machining 

Alloy 718 can be readily machined, but its high strength and work-hardening characteristics 
must be considered in the selection and use of proper tool materials and design, operating 

speeds, and coolants. 
When machined in the age-hardened condition the alloy will have a slightly better finish; chip 

action on chip breaker tools will be better. The use of annealed material, however, provides 
easier machining and longer tool life. 
 

Bending 

A guide to the minimum bend diameters of hot-rolled and annealed plate and annealed sheet 

and strip is given in Table 50. In the determination of those diameters a sample is judged to 
have passed the 180°-bend test if its surface shows no ductile fracturing. Because of the 
effect of various surface conditions and heat treatments on bendability, the bends cannot be 

guaranteed. Many of the materials can nevertheless be bent in stages to tighter bends than 
those that are suggested in Table 50, provided that the initial bend is not severe. 

 
Annealing and Age Hardening 

For most applications, Alloy 718 receives one of the following treatments: 

-Anneal at 1700°-1850°F, A.C. and age at 1325°F/8 hr, F.C. to 1150°F, hold at 1150°F for 
total aging time of 18 hr, or  

-Anneal at 1900°-1950°F, A.C. and age at 1400°F/10 hr, F.C. to 1200°F, hold at 1200°F for 
total aging time of 20 hr. 
Rate of furnace cooling during aging is not critical, but a rate of 100°F/hr is sometimes 

specified. Recommended total times should be observed. Properties of material receiving 
these heat treatments are shown in the section, Mechanical Properties. 

The effect of annealing for 30 minutes at various temperatures on the grain size of sheet is 
shown in Figure 17. 
Aging response of niobium-aluminium-titanium hardened Alloy 718 is rather slow in 

comparison with that of aluminium-titanium-hardened alloys. Thus, in most sizes, the alloy 
can be heated and cooled through the aging temperature range at normal speeds yet retain 

softness and ductility. 



 
 

 

Figure 18 shows the effect of aging time and temperature on the hardness of annealed sheet. 
Virtually no hardening occurs during the first 2-3 minutes of exposure. This is ample time to 
permit air cooling after welding or annealing. An aluminium-titanium-hardened alloy having 

sufficient hardener content to approach the strength level of Alloy 718 would develop almost 
full hardness in the same period of time. 

 

 
 

 
 

 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 



 
 

 

  



 
 

   



 
 

 

 
 

 

 

 

 

 

 

 

 

 

 



 
 

 

 



 
 

 

 

 



 
 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

   

 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

 

  



 
 

 

  



 
 

 

 


