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INCOLOY® alloy 909 (UNS N19909) is a nickel-iron-  
cobalt alloy whose outstanding characteristics are a  
constant low coefficient of thermal expansion, a  
constant modulus of elasticity, and high strength. The  
alloy is strengthened by a precipitation-hardening heat  
treatment made possible by additions of niobium and  
titanium. The chemical composition of INCOLOY alloy  
909 is given in Table 1.

The combination of low expansion and high  
strength makes INCOLOY alloy 909 especially useful  
for gas turbines. The low expansion enables closer  
control of clearances and tolerances for greater power  
output and fuel efficiency. The high strength increases  
strength-to-weight ratios for lower weight in aircraft  
engines. For those reasons, INCOLOY alloy 909 is used  
for gas-turbine vanes, casings, shafts, and shrouds.

The propert ies  of  INCOLOY al loy 909 are  
attractive also for rocket-engine thrust chambers,  
ordnance hardware, springs, steam-turbine bolts, gauge  
blocks, instrumentation, and glass-sealing applications.

Table 1 - Limiting Chemical Composition, %

Nickel ..........................................................................35.0-40.0
Cobalt..........................................................................12.0-16.0
Niobium ...........................................................................4.3-5.2
Titanium...........................................................................1.3-1.8
Iron  ...............................................................................Balance*
Silicon..........................................................................0.25-0.50
Aluminum....................................................................0.15 max.
Carbon ........................................................................0.06 max.

In the continuing evolution of SMC-developed low  
coefficient of expansion superalloys, Special Metals  
Corporation has introduced INCONEL® alloy 783,  
offering these improvements over INCOLOY alloy  
909:

- Excellent resistance to oxidation to 1300°F (704°C)

- Resistance to SAGBO comparable to that of  
INCONEL alloy 718

- 5% lower density than alloys 909 and 718

-Better impact resistance

-Processing characteristics comparable to alloy 718

*Reference to the ‘balance’ of a composition does not guarantee this  
is exclusively of the element mentioned but that it predominates and  
others are present only in minimal quantities.

Physical and Mechanical  
Properties
Values for some physical properties of INCOLOY alloy  
909 are listed in Table 2. The values were determined  
for age-hardened material. Curie temperature varies  
within the range shown depending on specific chemical  
composition of the material.

Thermal and electrical properties of age-hardened  
material are given in Table 3.

INCOLOY alloy 909 maintains its rigidity over a  
wide temperature range. As shown by Table 4, the  
modulus of elasticity remains nearly constant from  
room temperature to 1200°F (650°C). Elastic modulus  
was determined for age-hardened material, and testing  
was by a dynamic method.

The composition of INCOLOY alloy 909 is  
designed to provide a low and constant coefficient of  
thermal expansion. The alloy’s expansion rate is about  
half the rate of other alloys having comparable strength.  
Figure 1 compares thermal expansion of INCOLOY  
alloy 909 and other high-strength alloys. The coefficient  
of expansion of INCOLOY alloy 909 is approximately

10-64.3   x in/in/°F (7.7 µm/m/°C) from room
temperature to the inflection point (Curie temperature).  
At the inflection point, which is in the region of 800°F
(425°C), the alloy changes from ferromagnetic to
paramagnetic and displays higher expansion
coefficients with increasing temperature.

The combination of low expansion and constant
elastic modulus, in conjunction with relatively high
thermal conductivity, makes INCOLOY alloy 909  
highly resistant to thermal fatigue and thermal shock.

Table 2 - Physical Properties

Density, lb/in3 .....................................................................0.296
g/cm3......................................................................8.19

Melting Range, °F .....................................................2540-2610
°C .....................................................1395-1430

Curie Temperature, °F ...................................................750-850
°C ..................................................400-455

Young’s Modulus, 103  ksi ....................................................23.0
GPa.........................................................159

Shear Modulus, 103  ksi .........................................................8.6
GPa ..............................................................59



Temperature Specific Heat Electrical  
Resistivity

Thermal  
Conductivity

°F Btu/lb-°F ohm-circ mil/ft Btu-in/ft2-h-°F

70 0.102 438 102.9a

200 0.107 498 112.0
400 0.113 586 123.5
600 0.120 659 132.7
800 0.127 711 139.6

1000 0.134 738 147.2
1200 0.140 750 154.3
1400 0.147 748 159.0
1600 0.154 741 –
1800 0.161 749 –
2000 0.167 766 –

°C J/kg-°C µohm-m W/m-°C

20 427 0.728 14.8a

100 450 0.840 16.3
200 473 0.968 17.8
300 494 1.081 18.9
400 525 1.165 19.8
500 551 1.217 20.8
600 576 1.242 21.8
700 599 1.247 22.5
800 626 1.238 23.3a

900 653 1.232 –
1000 678 1.248 –

INCOLOY® alloy 909

Table 3 - Thermal Properties of INCOLOY alloy 909

a Extrapolated value.

Temperature % Change from Room-Temperature Value

°F °C Young’s Modulus Shear Modulus

200 93 + 0.6 + 1.1
400 204 + 1.4 + 2.3
600 316 + 2.7 + 3.4
800 427 + 3.3 + 3.4
900 482 + 3.5 + 3.4

1000 538 + 2.5 + 1.1
1200 649 - 1.8 - 2.3
1400 760 - 7.7 - 9.2
1600 871 - 14.7 - 14.9
1800 982 - 22.0 - 23.0
2000 1093 - 34.0 - 37.0

Table 4 - Effect of Temperature on Elastic Properties of INCOLOY  
alloy 909

INCOLOY alloy 909

INCONEL alloy 718

Alloy A-286

Temperature, °F

Figure 1 - Coefficients of expansion of INCOLOY alloy 909 and  
other high-strength alloys.
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Figure 2 - High-temperature tensile properties of age-hardened  
INCOLOY alloy 909.
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Temperature Yield Strength  (0.2% 
Offset) Tensile Strength Elongation  (%) Reduction of Area,

%
°F °C ksi MPa ksi MPa

70 20 150 1034 185 1276 15 30
1200 650 125 862 150 1034 25 60

Exposure Temperature Yield Strength  (0.2% 
Offset) Tensile Strength Elongation  (%) Reduction of Area,

%
°F °C ksi MPa ksi MPa

No Exposure 148 1020 190 1310 16 32
1100 595 159 1096 195 1345 12 29
1200 650 146 1007 186 1282 14 30
1300 705 100 690 142 979 10 16

Table 5 - Typical Tensile Properties of Age-Hardened INCOLOY alloy 909

Mechanical Properties
In the age-hardened condition, INCOLOY alloy 909 has high mechanical properties at room temperature and retains much of  
its strength at temperatures to about 1200°F (650°C). All mechanical properties reported here are for material given the  
standard heat treatment:

Solution treat at 1800°F (980°C)/1 hr, air cool, plus age harden at 1325°F (720°C)/8 h, furnace cool at 100°F (55°C)/h  to 
1150°F (620°C)/8 h, air cool.

Table 5 gives tensile properties of INCOLOY alloy 909 at room temperature and at 1200°F (650°C). The effects of  
temperatures to 1400°F (760°C) on tensile properties are shown in Figure 2. Major decreases in strength do not occur until  
temperatures over 1200°F (650°C), where age hardening begins to lose its effectiveness.

Previously developed low-expansion superalloys may be susceptible to grain-boundary oxygen embrittlement at high  
temperatures and consequent poor notch-bar rupture strength. Special processing or long, over-aging heat treatments are  
needed to alleviate the problem. INCOLOY alloy 909 achieves, primarily through its silicon content, good notch-rupture  
properties with conventional processing and heat treatment. Typical rupture strength of INCOLOY alloy 909 is shown in  
Figure 3. The notch-bar tests, conducted at 1000°F (540°C), showed strength levels comparable to those obtained with  smooth-
bar tests.

An indication of the resistance of INCOLOY alloy 909 to stress-accelerated grain-boundary oxidation is shown in Figure  
4, which compares creep crack-growth rates for INCOLOY alloy 909 and INCOLOY alloy 903. The tests were conducted with  
fatigue-precracked specimens in air at 1000°F (540°C). INCOLOY alloy 903 is another low-expansion superalloy similar in  
composition to INCOLOY alloy 909.

Stress-rupture test conditions can greatly affect the measured rupture strengths of low-expansion superalloys. Alignment  
of the specimen during testing is especially significant.

INCOLOY alloy 909 also offers improved low-cycle fatigue strength compared to INCOLOY alloy 903. Notched (Kt =  
2.0) low-cycle fatigue tests were conducted in air at 1000°F (540°C) at 20 cpm under load control. The results, shown in Figure  
5, illustrate the vastly improved notched LCF strength of INCOLOY alloy 909.

Room-temperature mechanical properties of INCOLOY alloy 909 after extended (1000-h) exposure to high temperatures  
are given in Table 6. The test results indicate that no deleterious phases were formed during the exposure period.

Table 6 - Room-Temperature Tensile Properties of Age-Hardened Material After 1000-h Exposure to Elevated Temperatures
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Figure 5 - Low-cycle fatigue strengths of INCOLOY alloys 909 and  
903 at 1000°F (540°C).

N
et

 C
ha

ng
e 

in
 S

tre
ss

, M
Pa

N
et

 C
ha

ng
e 

in
 S

tre
ss

, k
si

INCOLOY alloy 903

INCOLOY alloy 909

600

500

400

300

Rupture Life, h

Figure 3 - Rupture Strength of age-hardened INCOLOY alloy 909. Curves represent smooth-bar tests. Symbols at 1000°F (540°C) indicate  
notch-bar tests.
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Figure 4 - Creep crack-growth rates of age-hardened material at  
1000°F (540°C) in air.
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Corrosion Resistance
INCOLOY alloy 909 contains no chromium because the  
presence of that element would increase thermal expansion  
rate. The absence of chromium, however, makes the alloy  
more susceptible to oxidation in high-temperature  
atmospheres. In some applications, INCOLOY alloy 909  
may require a protective coating to prevent excessive  
oxidation. Figure 6 compares INCOLOY alloy 909 with  
INCONEL alloy 718 (19% chromium) in a cyclic oxidation  
test at 1200°F (650°C).

A characteristic of INCOLOY alloy 909 is that, unlike  
o ther  mater ia ls  of  comparable  s t rength,  i t  res i s t s  
embrittlement by high-pressure hydrogen.

Figure 6 - Resistance to cyclic oxidation at 1200°F (650°C). Cycles  
consisted of 15 minutes of exposure to temperature and 5 minutes  

of cooling in air.
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Machining
INCOLOY alloy 909 is machined by conventional practices  
for high-strength nickel alloys. The tooling and procedures  
given for Group D-2 alloys in the Special Metals publication  
“Machining” on the website, www.yttzhj.com,  should be 
used. Rough machining should be done with the  material in 
the annealed condition.

INCOLOY alloy 909 is designated as UNS N19909.  
Standard product forms include sheet, plate, rod, bar, wire  
rod, forging stock and hot-rolled profile.

Billets - SAE AMS 5884

Bars and forgings - SAE AMS 5892

Sheet and strip - SAE AMS 5893.

Available Products and Specifications

Fabrication
INCOLOY aloy 909 has good fabricability and can be formed, machined, and welded by conventional procedures for nickel  
alloys. In most operations, its behavior is similar to that of INCONEL alloy 718.

Welding
INCOLOY alloy 909 is readily welded by the gas-tungsten-  
arc process. General information on surface preparation,  
joint design and welding technique is available in the  
publication “Joining” on the Special Metals website,  
www.yttzhj.com.

Specific welding recommendations may be obtained  
from Special Metals.

Hot Forming
The temperature range for hot forming of INCOLOY alloy  
909 is 1600°F to 2050°F (870°C to 1120°C). The following  
sequence is  recommended to achieve an opt imum  
combination of tensile and rupture properties.

1. Initial forging after the metal has been heated to  
1940°F to 2050°F (1060°C to 1120°C).

2. Intermediate forging with 25% reduction after a  
heating temperature of 1825°F to 1925°F (995°C to  
1050°C). A warm-work and reheat sequence at this  
stage will produce grain refinement, a lower  
recrystallization temperature, and improved  
properties in the finished product.

3. Finish forging with 20% to 25% reduction after a  
heating temperature of 1800°F to 1875°F (980°C to  
1025°C). The temperature of the workpiece should  
be lower than 1750°F (955°C) during most of the  
finishing operation.

Hot-formed material should not be cooled by water  
quenching. Air cooling is recommended. High stresses  
developed in the metal by water quenching may lead to  
unfavorable precipitate morphology and resultant lower  
tensile properties.

Heat Treatment
Solution annealing before age hardening normally should be  
done at  1800°F (980°C). For opt imum mechanical  
properties, the recommended age-hardening treatment is  
1325°F (720°C)/8 h, furnace cool at 100°F (55°C)/h to  
1150°F (620°C)/8 h, air cool.

Publication Number SMC-077
Copyright © Special Metals Corporation, 2004 (Sept 04)

INCOLOY and INCONEL are trademarks of the Special  
Metals Corporation group of companies.

The data contained in this publication is for informational purposes only and may be  
revised at any time without prior notice. The data is believed to be accurate and  
reliable, but Special Metals makes no representation or warranty of any kind (express  
or implied) and assumes no liability with respect to the accuracy or completeness of  
the information contained herein. Although the data is believed to be representative of  
the product, the actual characteristics or performance of the product may vary from  
what is shown in this publication. Nothing contained in this publication should be  
construed as guaranteeing the product for a particular use or application.
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The Special Metals Corporation
trademarks include:   

BRIGHTRAY®  

CORRONEL®  

DEPOLARIZED®  

DURANICKEL®  

FERRY®  

INCOBAR®  

INCOCLAD®  

INCO-CORED®  

INCOFLUX®  

INCOLOY®  

INCONEL®  

INCOTEST®  

INCOTHERM®  

INCO-WELD®  

KOTHERM®  

MONEL®

NILO®  

NILOMAG®  

NIMONIC®  

NIOTHERM®  

NI-ROD®

NI-SPAN-C®  

RESISTOHM®  

UDIMAR®  

UDIMET®  

601GC®

625LCF®

718SPF™

725NDUR®

800HT®

956HT™


