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Project Description: Investigation of the deformation mechanisms and microstructural evolution in
multi-principal element alloys (MPEAs) as a function of deformation pathway, processing and composition
to formulate an alloy desigh methodology for blast resistance. Specifically, transformation and twinning
induced plasticity (TRIP & TWIP) effects in MPEAs are the main focus of this study, as TRIP/TWIP behavior
results in high work hardening rates, staving off mechanical instability and resulting in increased strength
and uniform elongation. These alloys present potential blast and crash resistance, due to high absorbed-
energy, as well as increased formability due to high uniform elongation.

Experimental plan: Alloys of varying compositions will be mechanically tested in different
microstructural states during quasi-static and dynamic deformation. Characterization of the samples will
occur before, after and during deformation with state-of-the-art techniques to understand the
dependencies of TRIP and TWIP effects on intrinsic and extrinsic factors, such as alloy composition,
temperature and strain rate. This understanding will be used to inform the desigh methodology by means
of analytical and numerical methods.

Related work elsewhere: There is a dearth of literature on the effects of strain state and rate on the
mechanical properties and deformation behavior of MPEAs. Some studies exist for the effects of a small
range of tensile strain rates for MPEAs, but little literature explores large ranges of strain rate, especially
the high strain rates (103 st and greater) achieved by Kolsky bar and gas gun experiments.

How this project is different: This study will explore both larger ranges of strain rates and strain states
than existing work, and will not constrain alloy design to high entropy alloys specifically, allowing for a
larger design space.

Milestones for the current proposed year: Characterization of TRIP and TWIP effects in CossCrsNis and

dependencies on strain-path, strain rate, temperature, prior processing and microstructure. In-situ
characterization of microstructural evolution during high rate deformation.

Deliverables for the current proposed year: Model describing dependencies of TWIP and TRIP in
CossCrsNigg as a function of deformation conditions, specifically compression, tension and high-rate
deformation. Initial mechanical testing, in-situ and post-mortem characterization will be performed this year.

How the project may be transformative and/or benefit society: The high work hardening rates
associated with TRIP/TWIP behavior allows for both increased formability and strength in an alloy, allowing
for the potential development of blast resistant structures with designed deformation mechanisms.

Research areas of expertise needed for project success: Microstructural characterization by means
of optical and electron microscopy, X-ray diffraction, quasi-static mechanical testing and thermo-
mechanical processing at Mines, in-situ deformation studies at national user facilities, alloy design and
material fabrication.

Potential Member Company Benefits: TRIP/TWIP materials show promise for desirable
strength/ductility combinations. This study will allow for better understanding of TRIP/TWIP behavior in
lightweight non-ferrous alloys, leading to improved alloy design, manufacturability, and the potential for
tailored microstructures and deformation mechanisms.



Progress to Date: A CossCraoNis alloy was prepared via spray forming and tested by Dr. Francisco Coury
at the Brazilian Light Source in an in-situ XRD/thermo-mechanical testing experiment, which showed
transformation from FCC to HCP during deformation at temperatures up to 450 °C. Transformation at
higher temperatures was not observed. Recent experiments at the Advanced Photon Source showed
indications of crystallite refinement, possibly due to twining, during high strain rate tension and
compression testing with in-situ XRD and x-ray radiography. Four CoCrNi alloys prepared by arc melting
(specifically Co33.3Cr33.3Ni33.3, Cos50CragNi1o, Co40CraoNizo, and CozoCraoNizp) were tested at APS.

Estimated Start Date: Fall 2018 Estimated Knowledge Transfer Date: Spring 2022
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