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An experimental program was conducted at NASA Lewis Research Center to develop
an iron-base alloy that combines the normally divergent properties of high toughness
and high strength at cryogenic temperatures. Specifically, alloy propgrt1es were
sought which at -1960C would exhibit a fracture toughness of 220 MPa-m2 (200 ksi-in. )
~with a corresponding yield strength of 1.4 GPa (200 ksi). Early work showed that high

toughness could be achieved in Fe~12Ni alloys containing reactive metal additions
such as Al, Nb, Ti, and V. Further research emphasized strengthening of these tough
alloys by thermomechanical processing and the addition of Cu. Results showed that
high strength and high toughness could be achieved in a single alloy at temperatures
as Tow as -196°C. An alloy with composition Fe-12Ni-0.5A1-2Cu exhibited 2 yield
strength of 1.65 GPa with a corresponding fracture toughness of 220 MPa-m? at -196°cC.
Strengthening due to Cu additions to the Fe-12Ni base alloys results primarily from
precipitation of Cu-rich ¢ particles approximately 20 nm in diameter. Strengthening
mechanisms are discussed in terms of an elastic modulus hardening model and are
supported by transmission electron microscopy examinations of selected test specimens.
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PRACTICAL AND PHILOSOPHICAL CONSIDERATIONS
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*From Witzke, W. R.; and Stephens, J. R.: Comparison of equivalent energy and energy per unit area
(R/A) data with valid fracture toughness data for iron, aluminum, and titanium alloys. J. of
Testing and Eval., vol. 6, no. 1, Jan 1978, pp. 75-79.
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TOUGHNESS VS ANNEALING TEMPERATURE

PHASES PRESENT DURING ANNEALING
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EFFECT OF ALUMINUM CONTENT ON FRACTURE TOUGHNESS OF

Fe-12Ni-Al ALLOYS AT -196° C
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From Witzke, Walter R.; and Stephens, Joseph R.: Effect of minor reactive
metal additions on fracture toughness of iron-12-percent-nickel alldy at
~196° and 259C. MNASA TN D-8232, 1976.
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EFFECT OF CARBON CONTENT ON FRACTURE TOUGHNESS AND YIELD STRESS OF
Fe-12Ni-0.5A1 ALLOY AT -196° C
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COMPARISON OF WELDED TOUGHNESS WITH BASE ALLOY AT -196° C
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ESTIMATED COST
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EFFECTS OF THERMOMECHANICAL PROCESSING ON STRENGTH AND TOUGHNESS OF
Fe-12Ni-0.5A1 ALLOYS AT -196° C
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STRENGTH AND TOUGHNESS OF Fe-12Ni-Cu AND Fe-12Ni-0.5A1-Cu ALLOYS AT 77 K
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CONTRIBUTIONS OF Al AND Cu TO TOUGHNESS AND STRENGTH OF
Fe-12Ni ALLOY ANNEALED AT 450° C AND TESTED AT -196° C
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COMPARISON OF FRACTURE TOUGHNESS AND YIELD STRESS OF
Fe-12Ni EXPERIMENTAL ALLOYS WITH COMMERCIAL STEELS AT -196° C
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