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Background — Quaternary TRIP CCAs/HEAs
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Background — Quaternary ICCAs/IHEAS
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Motivation — what Is the target?
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Motivation — first stage
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Alloy design — Quinary TRIP CCAs/HEAS

Guiding rule: SFE

— Quinary CCAs/HEAs with SFE similar to quaternary Fe;;Mn;,Co,,Cr,
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Alloy design — Quinary TRIP CCAs/HEAS

Co: 20; Cr: 20; Fe: 5-35;: Mn: 5~-35: Ni: 5~-35
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Experimental — alloy fabrication

Set 1: coarse grains

. Hot rollin
Casting » @900°Cg »
50% thickness ‘

reduction, Water-quenching
10 mm > 5 mm (WQ)

Annealing
Set 2: refined grains @900°C, 5min, Ar,

Homogenized Cold rolling
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@800°C, 10 min, Ar,

Homogenization
@1200°C, 2h

Ingot size: 10x50x150 mm?3
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Alloy design — Quinary TRIP CCAs/HEAS

Co: 20; Cr: 20; Fe: 5-35;: Mn: 5~-35: Ni: 5~-35
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Experimental — alloy I: Co,,Cr,gFe;,Mn=Ni,

Co,,CryoFez,Mn :=Niy; — tensile properties of samples from different heat
treatment conditions

800 5000
; Fe.Mn..Ni,Co,Cr,
700 —a— 900°C-5min
3 —a— 800°C-10min
@ 4000 :
& 600 - o —=— homogenised
= =
@ 500 - 2
4 © 3000
s ] o
g 400 = !
=
= (0]
8 300 g 2000
£ =
o < 1
1 200 § ihw
—m— homogenisation 1000 ~ an-RE—8—n-NNy
100 —u— 900°C-5min-WQ
—u— 800°C-10min-WQ
0 —_—— e —— 0 v T - 1 . 1 . T -
0 10 20 30 40 50 60 70 80 S0 100 0.0 10 20 30 40 50
Engineering strain, % True strain, %

C0,,CryoFe;,Mn;:Niy;
1. Coarse grain alloy has reasonable strength and good ductility.

2. Grain refinements lead to a simultaneous increase of strength and ductility.
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Experimental —alloy I: Co,,Cr,oFe;,Mn sNiy;

g 15000 |- (002) .
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Experimental — alloy I: Co,,Cr,gFe;,Mn=Ni,

Microstructure

I ~CcC phase, 98.5%
I HCP phase, 1.5%

For Co,,Cr,,Fe;,Mn,:Ni,; alloy, TRIP effect is observed, but TWIP is dominant.
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Experimental —alloy I: Co,,Cr,oFes,Mn sNiy; @

e

|. Homogenized state @80% tensile strain (local strain)
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Experimental — alloy I: Co,,Cr,gFe;,Mn=Ni,

. Homogenlzed state @ 60% tenS|Ie strain (Iocal strain)

- FCC phase 99.7% Min r:1_¢u
I HCP phase, 0.3% Edo s

At lower strains, TRIP effect is neglectable, and TWIP is dominant.
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Experimental — alloy I: Co,,Cr,gFe;,Mn=Ni,
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Alloy design — Quinary TRIP CCAs/HEAS

Co: 20; Cr: 20; Fe: 5-35;: Mn: 5~-35: Ni: 5~-35
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Co0,,CrygFez;Mn,,Nig — tensile properties of samples from different heat
treatment
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. Alloy Il (Co,,Cr,oFessMn,,Nig) has higher strength but lower ductility
compared to Alloy | (Co,,Cr,gFez,Mn:Niy,).

Grain refinements lead to a significant increase of strength but a decrease of
ductility.
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Experimental — alloy II: Co,,Cr,,Fe;oMn,,Nig
Il. Homogenized state @1200°C, 2h before DIC
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Dual phase material, with a tiny
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A high twinning fraction: 39.1%
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Average grain size ~57.6 um
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Experimental — alloy II: Co,,Cr,,Fe;oMn,,Nig

. Homogenized state @120°C, 2h, microstructure after DIC, 40% strain
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I ~CC phase, 32.9%
I HCP phase: 67.1%

For alloy Il, at intermediate strain, TRIP effect is dominant, and TWIP is neglectable.
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Experimental — alloy II: Co,,Cr,,Fe;oMn,,Nig
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Summary and Outlook |
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Summary and Outlook

For alloy I:
Co,,CryoFe;sMn gNiy;

» TRIP VS. TWIP

> Deformation mechanism
comparison

For alloy II:
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similar SFE, different
mechanical behavior?

For alloy IlI:
Co0,,CrygFe,,MngoNig

SPP subgroup meeting, 2018, Bayreuth 23



Thank you

for your attention!




