
Albany, OR  •  Fairbanks, AK  •  Morgantown, WV  •  Pittsburgh, PA  •  Sugar Land, TX

Website: www.netl.doe.gov

Customer Service: 1-800-553-7681

Qualification of New, Commercial Oxide 
Dispersion-Strengthened Alloys for Use 
in Advanced Fossil Processes
 
Background
Advanced higher-efficiency power generation plants would typically operate at 
higher temperatures and pressures than existing fleet, and would require materials 
that can withstand operations at these higher temperatures and pressures. Special 
ferritic alloys of iron called oxide dispersion-strengthened (ODS) steel have the 
potential to perform well at temperatures as high as 1200 °C.

ODS steels significantly out-perform conventional high-temperature superalloys 
because they exhibit better creep strength at higher temperatures, and have 
exceptional resistance to high-temperature corrosion in combustion gas environments. 
These properties permit ODS steels to be substituted in some applications where 
ceramics would otherwise be required. Because of the extrusion process to fabricate 
the alloy, ODS ferritic steels have better mechanical properties in the longitudinal 
direction. One ODS steel, ODM 751, has demonstrated excellent hoop creep strength in 
tube form, which made it a candidate for advanced fossil energy processes. However, 
ODM 751 has not been available, even in test quantities, for many years.

A resurgence of interest in ODS alloys has resulted in the re-establishment of an ODS 
alloy manufacturing capability by Dour Metal sro. The Department of Energy (DOE) 
National Technology Energy Laboratory (NETL) is supporting an effort by Oak Ridge 
National Laboratory (ORNL) to characterize Dour Metal’s key products (ODM 751 and 
ODM 401) for use in DOE’s advanced power generation processes. 

Project Description
Several organizations will collaborate in this effort that encompass powder production, 
tube manufacture and materials characterization.  The University of Liverpool will 
collaborate with Dour Metal to produce sample quantities of the alloy in the required 
shapes, as well as the mechanically alloyed powders. The University of Liverpool 
will characterize the degree of homogenization of the alloy powders to determine 
the expected level of distribution of dispersed oxide and impurities, as well as the 
microstructure of the finished product for comparison with the target grain structure, 
dispersed oxide size, volume fraction, distribution, and the type and content of 
impurities.
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ORNL will explore the feasibility of reducing the cost of 
ODS alloys by applying Dour Metal’s proprietary powder 
consolidation techniques to powders made by routes other 
than mechanical alloying. Alloys produced from these 
powders that successfully meet the testing qualification will 
be recrystallized to develop the desired alloy grain size and 
shape, and to test for high-temperature creep strength using 
ORNL’s incrementally-loaded test procedure.

University of California-San Diego (UCSD) will lead the effort 
to determine the mechanical properties required for specific 
applications. ORNL will measure the physical properties and 
characterize the high-temperature oxidation behavior in 
relevant atmospheres to determine the oxidation-limited 
lifetimes for potential components.

UCSD will also lead the work to establish the feasibility of 
welding these new alloys. UCSD will work with companies 
with special joining expertise to demonstrate the joining of 
ODS alloy tubes. The University of Liverpool will work on the 
joining of ODS alloy sheet.

The project will result in a set of data sheets to provide 
physical, chemical, and mechanical properties to be used 
by equipment manufacturers considering ODS steels as a 
material option for the manufacture of advanced components. 
Additionally, a technology transfer workshop will be planned 
to provide an update on the status of ODS alloys including 
availability, properties, and current capabilities for fabrication 
of components. 
 

Goals and Objectives
The purpose of this task is to determine the capabilities of 
new commercially-produced ODS alloys for application at 
temperatures up to 1200 °C in environments associated 
with advanced fossil combustion and conversion processes.  
Specific objectives include producing tubes, rods, and/or 
sheets from the alloy powders, characterizing their structure 
and mechanical properties, and comparing their measured 
properties  with target  specifications  for high-temperature 
applications; analyzing the feasibility of reducing the cost 
of ODS alloys by alternative powder alloying methods; 
demonstrating various  joining techniques for ODS  alloys; 
and developing  data sheets with complete  technical 
documentation of key mechanical, physical, and oxidation 
properties of the new alloys.

Accomplishments
ORNL researchers extruded two batches of type ODM751 
(iron-chrome-aluminum) mechanically alloyed powder from 
Dour Metal sro  into thin plate specimens for microstructure 
characterization and oxidation tests. ORNL researchers 
also extruded an experimental iron based-20wt % chrome 
ODS powder made by the Ames National Lab’s GARS (Gas 
Atomization Reaction Synthesis) process. Microstructure 
analysis was started on these extruded materials. 
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A new thermogravimetric lab apparatus was set up at ORNL 
to perform high temperature oxidation tests on ODS alloys in 
humid and CO2 gaseous environments. 

A two (2) day Workshop on Ferritic ODS alloys was conducted 
in November 2010. The Workshop was attended by current 
and past suppliers, users and developers of ODS alloys to 
review the current state of R&D, manufacturing, and user 
needs for these materials. 
 

Benefits
The commercial availability of ODS alloys will be a significant 
contribution toward the realization of advanced power 
generation processes using fossil fuels. These advanced 
processes will have higher efficiencies, require less fuel 
input, and ultimately produce less carbon dioxide (CO2) and 
fewer emissions. Decreased fuel demands will conserve the 
Nation’s fossil fuel resources and place less demand on the 
fuel delivery infrastructure, resulting in lower secondary 
emissions in the supply chain.

Figure 1. Transmission Electron Microscopy images of 
mechanically alloyed powder of ODM 751. The dispersed 
oxide particles are yttrium oxide (Y2O3 ). 




