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INCOLOY® alloy 907 (UNS N19907) is a nickel-iron-  
cobalt alloy having high strength along with a low
coefficient   of  thermal  expansion. The alloy is
strengthened by age-hardening heat treatments. Table 1  
lists the chemical composition of the alloy.

The combination of low expansion and high  
strength makes INCOLOY alloy 907 useful for gas-  
turbine components. The low expansion enables closer  
control of clearances and tolerances for greater fuel  
efficiency. The high strength makes possible higher  
strength-to-density ratios for lower weight in aircraft
engines. For those reasons, INCOLOY alloy 907 is
used for gas-turbine seals, shafts, casings, and other  
structural parts.

The properties of INCOLOY alloy 907 are
attractive for other applications including  

ceramic-instrumentation, glass-to-metal sealing,  
molding dies, and electricity generation.

Table 1 - Limiting Chemical Composition, %

Nickel ..........................................................................35.0-40.0
Cobalt..........................................................................12.0-16.0
Iron  ...............................................................................Balance*
Niobium ...........................................................................4.3-5.2
Titanium...........................................................................1.3-1.8
Aluminum......................................................................0.2 max.
Silicon..........................................................................0.07-0.35

Table 2 - Physical & Thermal Properties
 

Density, lb/in3 .....................................................................0.301
Mg/cm3...................................................................8.33

Melting Range, °F .....................................................2440-2550
°C .....................................................1335-1400

Specific Heat, Btu/lb-°F ....................................................0.103
J/kg-°C .......................................................431

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

Thermal Conductivity at 200°F (93°C),
Btu-in/ft²-h-°F ............................................108.5
W/m- °C ......................................................15.6

Electrical Resistivity, ohm circ mil/ft.....................................419
µ-m .........................................................0.697

Young’s Modulus, 103  ksi ....................................................23.9
GPa...............................................................165

Shear Modulus, 103  ksi .........................................................8.8
GPa.................................................................61

Poisson’s Ratio ....................................................................0.36

Physical Properties

Some physical properties of INCOLOY® alloy 907 are  
listed in Table 2. The values were determined for age-  
hardened material. Values for modulus of elasticity  
were determined dynamically and were used to  
calculate Poisson’s ratio. Values were determined at  
room temperature unless otherwise noted.

The composit ion of INCOLOY alloy 907 is  
designed to provide a low coefficient of thermal  
expans ion  tha t  remains  cons tant  over  a  b road  
temperature range. As shown in Figure 1, coefficient of  
expansion is typically 4.0 to 4.5 x 10-6/°F (7.2 to 8.1 x  
10-6/°C) at temperatures to about 800°F (430°C). The  
expansion rate is about half that of other alloys of
comparable strength. Further, the expansion
characteristics of alloy 907 are highly reproducible after  
both static and cyclic exposure to temperature.

INCOLOY alloy 907 has a nearly constant modulus  
of elasticity over temperature ranges from the cryogenic  
region to 1200°F (650°C). Table 3 lists modulus values  
at various temperatures. Testing was done on age-  
hardened material using a dynamic method.

The combination of low expansion and constant  
modulus makes INCOLOY alloy 907 highly resistant to  
thermal fatigue and thermal shock. The alloy’s high-  
temperature performance is also enhanced by relatively  
high thermal conductivity.

Temperature Young’s Modulus Shear Modulus Poisson’s  
Ratio°F °C 103 ksi GPa 103 ksi GPa

70 21 23.9 165 8.8 61 0.36
200 93 23.8 164 8.7 60 0.37
400 204 23.8 164 8.7 60 0.37
600 316 24.0 165 8.9 61 0.35
700 371 24.1 166 9.0 62 0.34
800 427 24.3 168 9.1 63 0.34
900 482 24.2 167 9.0 62 0.34

1000 538 23.9 165 8.8 61 0.36
1200 649 23.0 159 8.4 58 0.36
1400 760 21.8 150 8.0 55 0.36
1600 871 20.5 141 7.4 51 0.39

aTable 3 - Modulus of Elasticity of Age-Hardened  
INCOLOY alloy 907

aAge hardened for rupture-limited applications

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

In the age-hardened condition, INCOLOY® alloy 907 has  
high mechanical properties. For example, when heat treated  
for optimum tensile properties, INCOLOY alloy 907 has  
yield and tensile strengths similar to those of INCONEL®  
alloy 718.

INCOLOY alloy 907 normally receives one of two heat  
treatments, depending on whether the strength requirements  
of the application are tensile limited or rupture limited. For  
tensile-limited applications, the 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.

For rupture-limited applications, the treatment is:
1425°F (775°C)/12 h, furnace cool at 100°F (55°C)/h  to 
1150°F (620°C)/8 h, air cool.

Before either age-hardening treatment, the alloy is given a  
solution anneal of 1800°F (980°C)/1 h, air cool. Heat  
treatment of INCOLOY alloy 907 is covered by a U.S.  
patent.

Table 4 shows tensile properties of INCOLOY alloy 907  
at room temperature and various elevated temperatures. The  
material tested had been given the heat treatment for tensile-  

limited applications. Tensile properties of material heat  
treated for rupture-limited applications are listed in Table 5.  
All tensile testing was in the long-transverse direction using  
specimens from 5-in × 0.75-in (127-mm × 19-mm) flat bars.  

Stress-rupture strength of material given the heat  
treatment for rupture-limited applications is given in  Figure

2. The test orientation of the specimens was transverse to  
the hot-rolling direction used in production of the bar stock.
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Figure 1. Coefficients of expansion of INCOLOY alloy 907 and  
other high-strength alloys. Alloy 907 was heat treated for rupture-  
limited applications.

Temperature
Yield Strength  
(0.2% Offset) Tensile Strength

Elonga-  
tion,

%

Reduc-  
t ion  o f  
Area,
%°F °C ksi MPa ksi MPa

70 20 162.5 1120 194.5 1341 15.0 36.5
800 427 142.4 982 168.3 1160 14.9 40.7

1000 538 137.5 948 164.3 1133 13.8 42.2
1200 649 126.2 870 151.2 1043 10.2 26.8
1400 760 82.0 565 93.9 647 20.9 52.0

aAge hardened for tensile-limited applications

Table 4 - Tensile Properties of Age-Hardeneda INCOLOY alloy 907

Temperature
Yield Strength  
(0.2% Offset) Tensile Strength

Elonga-  
tion,

%

Reduc-  
t ion  o f  
Area,
%°F °C ksi MPa ksi MPa

70 20 128.5 886 175.5 1210 16.0 25.0
800 427 105.1 725 154.8 1067 16.6 32.6

1000 538 105.5 727 150.2 1036 15.8 38.0
1200 649 98.7 681 136.5 941 19.8 42.2
1400 760 63.5 438 77.4 534 31.5 70.2

Table 5 - Tensile Properties of Age-Hardeneda INCOLOY alloy 907

Figure 2. Rupture strength of age-hardened INCOLOY alloy 907.  Notch-bar specimens: Kt = 2.0. Test material was 
given the heat  treatment for rupture-limited applications.

aAge hardened for rupture-limited applications
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Microstructure

The heat treatment given INCOLOY alloy 907 for rupture-  
limited applications is an over-aging treatment designed to  
optimize the alloy’s notch-bar rupture strength. The heat  
treatment causes localized precipitation, both intergranular  
and intragranular, of Ni3 (Nb, Ti) phase. The acicular,  
hexagonal phase is referred to as epsilon or epsilon double-  
prime.

Corrosion Resistance

INCOLOY alloy 907 contains no chromium because the  
presence of that element would increase thermal expansion.  
The absence of chromium, however, makes the alloy more  
susceptible to oxidation in high-temperature atmospheres.  
In some applications, INCOLOY alloy 907 may require a  
protective coating to prevent excessive oxidation. Figure 3  
compares INCOLOY alloy 907 with INCONEL® alloy 718  
(19% chromium) in a cyclic oxidation test at 1200°F  
(650°C).

A characteristic of INCOLOY alloy 907 is that unlike  
other alloys of comparable strength, it has good resistance to  
embrittlement in high-pressure hydrogen.
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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.

Fabrication

HOT WORKING

INCOLOY alloy 907 has hot-working characteristics similar  
to those of INCONEL alloy 718. The temperature range for  
hot working is 1650°F to 2100°F (900°C to 1150°C). Some  
hot working should be done at 1850°F to 1950° (1010°C to  
1065°C) to refine the grain structure. A final reduction of at  
least 20% at a temperature under 1800°F (980°C) is needed  
for optimum mechanical properties.

MACHINING

INCOLOY alloy 907 is machined by conventional practices
for   high-strength   materials. In machinability tests,
INCOLOY alloy 907 is similar to INCONEL alloy 718.  
Best results are obtained when machining is done on  
annealed material. Tooling and procedures should be those  
given for Group D-2 alloys in the publication “Machining”  
on the website www.yttzhj.com.

WELDING

INCOLOY alloy 907 has good weldability similar to that of  
INCONEL alloy 718. The alloy has been successfully  
welded by gas-metal-arc, gas-tungsten-arc, and electron-  
beam processes. Matching-composition filler metal and  
INCONEL Filler Metal 718 have been used.

Available Products

INCOLOY alloy 907, designated UNS N19907, is available  
as round bar and forging stock. Further information on  
availability may be obtained from the nearest Special Metals  
office.
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Figure 3 - 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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