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Motivation — High Temperature Structural Materials

Steam turbines are used to generate
~80% world’s energy

http://www.mechscience.com/steam-turbine-introduction-and-principle-operations/

Ideal alloys would have:

Where and how do we search for new
materials that fill the gaps between
conventional alloy classes??

“High entropy alloys (HEAs) and ...
[compositionally complex] alloys
(CCAs) open alloy development to a vast
richness of complexity.” [1]

Miracle, Daniel, et al. "New strategies and tests to accelerate discovery and development of
multi-principal element structural alloys." Scripta Materialia 127 (2017): 195-200.

Novel high temperature
materials needed!
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Combinatorial Synthesis
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. . . MATERIALS
Combinatorial Synthesis UNIVERSITY | MATERIALS
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AlCrFeNiTi — Phase Formation RWI'H

Co ka BCC a=291A 15 at.% Al
BCC BCC
T P, N dpeiprtestl enapdnrgh s
_ a=291A 17 at.% Al
g P 4 ,JL 7, 0 N
o] -
) n a=291A ., a4t.%Al
2
% ~ L
‘2 (110) a=291A 22 at.% Al
£ (211)
(210) A
a=2-92A 24at.%Al
i A - AW
Co ka (110) a=293A 26 at.% Al
(200) (211)
) A a=294A g at%Al
c
§ P -, ‘j\\-aw-w
% BCC a=294A 30 at.% Al
BCC
g "—w—i - ME_CAE-‘ M
a=295A 33 at.% Al

20 (degree)
Silas Wolff-Goodrich

Y T
90 100

! | materiaLs [
CHEMISTRY |}

< 13 at.% Al containing thin film — amorphous
(limited kinetics during synthesis)

— high temperature thin film synthesis in future

amorphous | BCC ]
iis el = 495
35 4 4
Cr I 4 9.0
I ]
— 30 T |
:\: (Ni.Ti) A g7 N | 83 =
LT : = 4800
z : I 1, S
= 30-a1 {75 @
T 20 : n . &
£ I m " 1705
8 154 i g 26-A . - s
(o] - 7
Q [ )
| \ < 6.0
I
2 : : Ni Ti AH 55
Il ; Fe Cr
1 I 1 B I I 1
1 2 3 4 5 6 7

gradient

s.wolffgoodrich@mpie.de



Bulk Studies of AICrFeNiTi
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Preliminary Studies in the AICrFeNiTi System

0 at.% Ti

Inspiration: Fe-base Superalloys
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Song, Gian, et al. "Ferritic alloys with extreme creep resistance via coherent hierarchical
precipitates." Scientific reports 5 (2015).

How far can creep resistance be improved by increasing
B2/L2, phase fractions?
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Composition Selection

Goal: BCC matrix with B2 and/or L2, precipitates
Al

values in at%

Design Guidelines:

Cheap: maximize Fe

Cr.
« Lightweight: maximize Al, Ti

* Creep Resistant: include Ni, Ti for L2,
« Oxidation Resistant: include Al, Cr

« Want large sampling area

« So far 18 samples have been arc-melted and characterized

« Results will be compared to thin film libraries for high throughput
validation
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XRD Results — Arc Melted Samples
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XRD Results — Rietveld Refinement
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XRD Results — Phase Formation Summary

BCC-Laves (C14) Formation (B2+L2;)-Laves (C14) Formation

. Al Al
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Fe/Cr axis Fe axis
Laves ratio increases along (B2+L2,) ratio increases Laves ratio increases along
Ti axis along Al/Ti axis Ti axis
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SEM Microstructures — EDS Analysis

* Coupled with XRD, can identify phases in the microstructure

« Shows which elements segregate to which phases
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SEM Microstructures — B5 — Al, Cr,,Fe, Ni, Ti,,
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SEM Microstructures — Bi1 — Al .Cr, Fe, Ni Ti .
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SEM Microstructures — B15 — AL, Cr,.Fe, Ni, Ti,,
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TEM Analysis of B15

Two beam diffraction condition with <110>
zone axis and g, ., diffraction spot
highlights L2, precipitates
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Side-view TEM lamella prepared by FIB
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STEM Analysis of B15
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DSC Results

O _
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For most interesting materials, no observable phase changes below 900 °C
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High Temperature XRD — Samples B2 and B15
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« At 1050 °C, oxidation products TiO, and Al,O, are observed

« Oxidation products remain on surface after cooling back to RT

100

120

« Main matched phases at RT before and after heating are BCC and B2+L2,

« For sample B2, at 1050 °C the L2, superlattice reflection is not observed,
indicating that L2, has converted to B2
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Arc Melted Results Summary

T F R T e A A R e
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Vacuum Induction Cast Samples — XRD and Microstructures
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VIC Samples — High Temperature Compression Tests
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« Cylindrical specimens with 5 mm height and 5 mm diameter

« Constant strain rate 0.5 mm/min

« Uniform deformation observed for all temperatures indicating homogeneous
stress distribution
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VIC Samples — High Temperature Compression Tests
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Next Steps

« Elevated temperature thin film deposition and annealing
« Heat treatment of VIC samples

« Mass gain oxidation experiments

« Observe coarsening behavior by in-situ TEM

« Conduct further compression and/or tension tests at room and elevated
temperatures

« Plan and carry out Creep testing
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Thanks
fOI’ your Questions, Comments??

attention!

Special thanks to:

» Benjamin Breitbach (XRD)

> Dr. Frank Stein (DSC and discussions)
» Dennis Klapproth (Sample synthesis)
> Thorsten Meiners (TEM)

» Herbert Faul (Mechanical Testing)
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SEM Microstructures — Low Mag Summary
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SEM Microstructures — Med Mag Summary
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VIC Samples — RT Compression Tests

—— B2 VIC1 - Test#00125
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