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Polycrystalline High Entropy Superalloys (PHESA) -

Combining novel strengthening mechanisms in compositionally complex CoNiCr-
based superalloys with a large fraction of multicomponent intermetallic precipitates
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Wrought Co-base Superalloys as Potential New Turbine Disc Alloys
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Previously: Development of High Entropy Superalloys
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at.% Co Ni Al W Ti Ta Si B+C+Hf+Zr
CoWAlloy1 423 320 120 60 30 25 15 04 <0.2
CoWAlloy2 40.8 320 120 90 50 03 02 04 <0.2
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CoWAlIlloys vs C&W Commercial Ni-base superalloys

at.% Co Ni Cr Al W Ti Ta Si B+C+Hf+Zr
CoWAlloy1 423 320 120 60 30 25 15 04 <0.2
CoWAlloy2 40.8 320 120 90 50 03 02 04 <0.2
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= Promising creep and oxidation properties compared to wrought polycrystalline Ni-base superalloys
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Deformation Mechanisms of Polycrystalline High Entropy Superalloys
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» Plastic deformation through stacking
fault shearing and microtwinning

= Segregation-assisted shearing

mechanisms
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Polycrystalline High Entropy Superalloys (PHESA)

at.% Co Ni Cr Al W Mo Ti Ta Si B+C+Hf+Zr
PHESA-0 34.8 35.0 15.0 9.0 50 03 02 04 <0.2
PHESA-1 34.8 350 150 75 5.0 1.0 10 04 <0.2
PHESA-2 34.8 350 150 9.0 5.0 03 02 04 <0.2
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Deformation Mechanisms Mapping
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= Deformation mechanisms are strongly temperature and strain rate dependent

=  Which mechanisms are occurring during tensile (creep) experiments?

= Quantification of dislocation, stacking fault and microtwin densities
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The Role of the Minor Elements Ti and Ta
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CoWAlloyl 423 320 120 60 30 25 15 04 <0.2
CoWAlloy2 40.8 320 120 90 50 03 02 04 <0.2
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= Higher density of thinner nanotwins in CoWAlloy1

= Different segregation behaviour?
= Phase transformation strengthening?

Steffen Neumeier, Andreas Bezold

University Erlangen-Nurnberg
Materials Science & Engineering |



Strengthening Effect of Nanotwinning

at.% Co Ni Cr Al W Ti Ta Si Hf
ERBOCo-4 432 320 60 80 57 38 18 04 0.1
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= Can we use a similar effect in polycrystalline high entropy superalloys?
= Correlation between nanotwin thickness and effective strengthening

e contribution?

5= o0 AR 200 = How significantly does this predeformation influences the ductility?
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Suzuki Segregation in High Entropy Superalloys

at.% Co Ni Cr Al W Mo Ti Ta Si B+C+Hf+Zr Suzuki segregation

PHESA-0 34.8 350 150 9.0 50 03 02 04 <02 o o

PHESA-1 34.8 350 150 7.5 5.0 1.0 10 04 <02 \'[

PHESA-2 34.8 350 150 9.0 5.0 03 02 04 <02 L.xx.l
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Suzuki Segregation in High Entropy Superalloys

at.% Co Ni Cr Al W Mo Ti Ta Si B+C+Hf+Zr Suzuki segregation
PHESA-0 34.8 350 150 9.0 50 03 02 04 <02 o o
PHESA-1 34.8 350 150 7.5 5.0 1.0 10 04 <02 \'[
PHESA-2 34.8 350 150 9.0 5.0 03 02 04 <02 L.xx.l
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Polycrystalline High Entropy Superalloys (PHESA)

Previously: Investigations on
High Entropy Superalloys

Multicomponent
(Ni39CO33X3)3(A|15W6cr5) COSONi20cr20 X10_
Y" precipitates HEA y-matrix

Now: Rationalization of
deformation mechanisms

Now: Additional

Suzuki segregation

strengthening mechanisms

Nanotwinning / TWIP
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* Investigation and rationalization of the deformation mechanisms during high temperature tensile deformation
« Evaluation and combination of unexplored strengthening mechanism in CCAs/High Entropy Superalloys

« We are looking forward to collaborating with you! ©
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