Defense Systems
Information Analysis Center

DSIAC TECHNICAL INQUIRY (TI)
RESPONSE REPORT

Commercially Available Materials to Resist
Compressive Creep at 400 °C

Report Number:
DSIAC-BCO-2021-154
Completed March 2021

DSIAC is a Department of Defense
Information Analysis Center

MAIN OFFICE

4695 Millennium Drive
Belcamp, MD 21017-1505
443-360-4600

REPORT PREPARED BY:
Richard Piner, Ph.D., and Doyle T. Motes, P.E.
Office: Texas Research Institute (TRI) Austin

Information contained in this report does not constitute
endorsement by the U.S. Department of Defense or any
nonfederal entity or technology sponsored by a nonfederal
entity.

DSIAC is sponsored by the Defense Technical Information Center,
with policy oversight provided by the Office of the Under
Secretary of Defense for Research and Engineering. DSIAC is
operated by the SURVICE Engineering Company.

DISTRIBUTION A. Approved for public release: distribution unlimited.



\
Defense Systems
Information Analysis Center
Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)

18-03-2021 Technical Research Report

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
FA8075-14-D-0001

Commercially Available Materials to Resist Compressive Creep 5b. GRANT NUMBER

at 400 °C

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

Richard Piner and Doyle T. Motes 5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
NUMBER

Defense Systems Information Analysis Center (DSIAC)
Texas Research Institute Austin, Inc.

415 Crystal Creek Drive

Austin, TX 78746

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)

Defense Technical Information Center (DTIC)

8725 John J. Kingman Road 11. SPONSOR/MONITOR’S REPORT
Fort Belvoir, VA 22060-6218 NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release: distribution unlimited.

13. SUPPLEMENTARY NOTES
Focus areas - materials and manufacturing processes: materials/processes for survivability
and life extension; advanced materials

14. ABSTRACT

The Defense Systems Information Analysis Center (DSIAC) received a technical inquiry
requesting information in identifying a mental with high creep resistance. The inquirer
stated that there was a lack of publicly available information pertaining to creep and creep
testing results. The desired application required material stability in the 400 °C range. A
secondary concern for the application was thermal conductivity; a tertiary concern was
material density. The inquirer requested direction for testing results or material
recommendations. Subject matter experts at DSIAC provided a set of materials recommendations
and caveats based on the results of their research.

15. SUBJECT TERMS
high temperature, creep resistance, compressive

16. SECURITY CLASSIFICATION OF: U 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES Ted Welsh, DSIAC Director
a. REPORT b. ABSTRACT c. THIS PAGE UuuU 10 19b. TELEPHONE NUMBER (include area
U U U code)
443-360-4600

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18

DISTRIBUTION A. Approved for public release: distribution unlimited. i




\
Defense Systems
Information Analysis Center

ABOUT DTIC AND DSIAC

The Defense Technical Information Center (DTIC) collects, disseminates, and analyzes scientific
and technical information to rapidly and reliably deliver knowledge that propels development
of the next generation of Warfighter technologies. DTIC amplifies the U.S. Department of
Defense’s (DoD's) multibillion dollar annual investment in science and technology by collecting
information and enhancing the digital search, analysis, and collaboration tools that make
information widely available to decision makers, researchers, engineers, and scientists across
the Department.

DTIC sponsors the DoD Information Analysis Center’s (IAC’s) program, which provides critical,
flexible, and cutting-edge research and analysis to produce relevant and reusable scientific and
technical information for acquisition program managers, DoD laboratories, Program Executive
Offices, and Combatant Commands. The IACs are staffed by, or have access to, hundreds of
scientists, engineers, and information specialists who provide research and analysis to
customers with diverse, complex, and challenging requirements.

The Defense Systems Information Analysis Center (DSIAC) is a DoD IAC sponsored by DTIC to
provide expertise in nine technical focus areas: weapons systems; survivability and
vulnerability; reliability, maintainability, quality, supportability, and interoperability; advanced
materials; military sensing; autonomous systems; energetics; directed energy; and non-lethal
weapons. DSIAC is operated by SURVICE Engineering Company under contract FA8075-14-D-
0001.

A chief service of the DoD IACs is free technical inquiry (Tl) research, limited to 4 research hours
per inquiry. This Tl response report summarizes the research findings of one such inquiry
jointly conducted by DSIAC.
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ABSTRACT

The Defense Systems Information Analysis Center (DSIAC) received a technical inquiry
requesting information in identifying a mental with high creep resistance. The inquirer stated
that there was a lack of publicly available information pertaining to creep and creep testing
results. The desired application required material stability in the 400 °C range. A secondary
concern for the application was thermal conductivity; a tertiary concern was material density.
The inquirer requested direction for testing results or material recommendations. Subject
matter experts at DSIAC provided a set of materials recommendations and caveats based on
the results of their research.
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1.0 Tl Request
1.1 INQUIRY

What metals (if any) have a high creep resistance and material stability in the 400 °C range?
1.2 DESCRIPTION

The inquirer requested information on materials with high creep resistance. Further
discussions revolved around existing options (such as those used in high-temperature aircraft
engines) and what degree of creep resistance was required.

The inquirer stated that the material requirements were not as extreme as what might be
encountered in the hot section of a jet engine (which can require the use of single crystal
superalloy material to avoid creep and fatigue). The inquirer embarked on a small test
campaign subjecting several coupons to low compressive stresses at ~400 °C for an extended
time. Results initially showed that for a baseline of 7 ksi, one material resulted in 5%
deformation per hour. Several materials performed significantly better. However, this number
was shown to be incredibly sensitive to the stress applied. The inquirer was curious as to if
there was a way to convert this into a more concise representation of the material’s creep
resistance. For a target, any commercially available materials that would yield <1%/hr at 7 ksi
would be preferred.

2.0 Tl Response
2.1 CREEP OVERVIEW

Creep in metals is a complicated property that depends on both temperature and stress; it is a
nonlinear process. Effects of creep are further complicated by the fact that metals may
undergo second-order phase transitions as a result of pressure, temperature, and time. Aging
and working history also affect these measurements. It is difficult for a metals producer to
measure the creep across all possible combinations of all parameters. Material processing
(microstructure) has a significant effect on the creep properties (see Figure 1). As a result,
identifying useful and complete information on a particular material is not readily available in a
database form.
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Figure 1: Effect of Microstructure Properties on Creep Strain [1].

The Larson—Miller parameter is one means to predict the lifetime of material vs. time and
temperature using a correlative approach based on the Arrhenius rate equation. The value of
the parameter is usually expressed as follows:

LMP =T(C+logt),

where Cis a material-specific constant, often approximated as 20; t is the time in hours; and T is
the temperature in K.

Creep-stress rupture data for high-temperature, creep-resistant alloys are often plotted as log
stress to rupture vs. a combination of log time to rupture and temperature. As the requestor
desired publicly available information, much of the response to this technical inquiry is
available in the form of internet search links.

Several legacy technical reports provide a good background on creep fundamentals and how it
has been measured. Instrumentation has significantly improved over the years, but the basics
are the same. This report compares compressive creep vs. tensile creep, which are not the
same [2], and cites some relevant standards from the timeframe it was published. The second
report [3] explicitly measures compressive creep in aluminum at elevated temperatures. We
note that a creep rate in excess of 1%/hr is better described as material flow rather than
material creep. In Carlson and Schwope [3], at 300 °F (~150 °C) and an applied compressive
stress of 36 ksi, the compressive creep was 250/1,000,000 (or) 0.025% at 200 hr. In most cases,
tensile creep is larger than compressive creep. Tensile strength is a material property that is
commonly provided by producers via testing. If a metal has a high tensile strength, especially at
the target temperature of 400 °C, this is a good indicator that the material in question is a good
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candidate for use as a creep material and is suitable for further testing, which appears to be the
best means to determine material performance.

The requestor is seeking advice on suitable commercial materials with creep of <1%/hr at 7 ksi
at 400 °C. The stress is modest. Depending on the material and time spent at this level, 400 °C
is in the range where some materials may be annealed or aged. For this reason, materials
typically used in gas turbine engines may offer the best path forward. These materials are well
characterized at elevated temperatures and commercially available. Note that the
predominant stress in turbine engines is the centripetal force associated with spinning
compressor or turbine blades, which manifests as a tensile stress. Depending on the location in
the engine (i.e., compressor or turbine), either Ti alloys or Ni-based superalloys are used,
respectively. Ni-based superalloys have extreme temperature performance but a high density
[4]. Ti alloys are favored, when possible, due to their light weight and commercial availability.
Improvements in the performance of these is ongoing [5—7], with attempts to drive down the
density of these materials while simultaneously maintaining or increasing the creep resistance.

2.2 TI-BASED ALLOY OPTIONS

Recent research indicates that higher concentrations of Ti in these alloys can extend the range
of temperatures at which they remain stable. A good review with many references of materials
used in jet engines is given in Okura [8]. Gas turbines [1] also expose components to extreme
stress at high temperatures. From a recent paper on high-temperature alloys, data appears to
show that a Ti-based alloy may provide the best optimization of creep temperature and
strength resistance while offering modest thermal/electrical conductivity and density [9]. We
do note that if higher temperatures (>600 °C) are used, it is possible for oxidization to become a
problem. Also, depending on the alloy of Ti used and the temperature and time at
temperature, it is possible that a-case surface embrittlement may become an issue as well.
Recent results show that an alloy such as Ti-1100 or Ti-834 may provide the best option.
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Figure 2: Larson Miller Parameter Ranges for Ti-Based Alloys [1].

2.3 NI-BASED ALLOY OPTIONS

In our research, we found a source of many high-performance alloys (superalloys) at HPAlloy
[10]. There are several suppliers of high-temperature titanium alloy. We also found a company
in England which does commercial creep testing [11]. Given this company-wide portfolio, they
might already have useful information on high-performance alloys that may not be published.
We do note that although the Ni-based superalloys will likely provide superior creep resistance,
their density is substantially more than Ti-based options.
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Figure 3: Larson Miller Parameter Ranges for Ni-Based Alloys [1].

DISTRIBUTION A. Approved for public release: distribution unlimited. 4



\
Defense Systems
Information Analysis Center

3.0 Summary

The most optimized solution appears to be a high-temperature Ti alloy. Because there are quite
a few out there and some are better than others, market research is required. One website
that has been used by these researchers is titaniumjoe.com—this organization provides
randomly sized drops from larger Ti pieces in several various alloys.
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