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Abstract

Advanced-Ultrasupercritical  Power Plants with steam temperatures  up to 760°C have the potential  to 
reduce CO2 by 25% over today’s current steam boiler technology through higher efficiency operation.  To 
realize this technology, a new high-strength creep-resistant boiler alloy, INCONEL® 740, was developed. 
The  alloy  will  operate  for  long-times  and  high  stresses  thus  creep  deformation  and  microstructural 
stability are key concerns.  In this work, creep-rupture experiments were conducted on multiple heats of 
the nickel-based superalloy INCONEL® 740 at temperatures between 923 and 1123K (650 and 850°C). 
The interactions between chemistry, microstructure, and creep performance were evaluated by analysis of 
creep data, optical microscopy, electron microscopy, and computational thermodynamics.  The data show 
that grain size has a modest effect on the creep-rupture strength.  Computational thermodynamics verified 
experimental observations of the formation of eta phase as a function of temperature and alloy chemistry, 
but the kinetics for the precipitation of eta phase did not agree with the experimental findings.  Despite the  
formation of eta phase and the concomitant reduction in volume fraction of gamma prime, the creep 
resistance of the alloy is insensitive, within the range of chemistries tested, to the volume fraction of 
gamma prime.  The creep ductility was found to increase with test temperature. Precipitation of a large 
volume fraction of eta phase (greater than 7%) appears to reduce the creep-rupture ductility, but smaller 
amounts do not produce adverse effects. 
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