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Materials Genome Initiative

“To discover, develop, and deploy new materials twice as fast...”
- President Obama, 2011

“The lengthy time frame for materials to move
from discovery to market is due in part to the
continued reliance of materials research and
development programs on scientific intuition and
trial and error experimentation. Much of the
design and testing of materials is currently
Exp%ig::ntal D[;giltsl performed through time-consuming and repetitive
experiment and characterization loops. Some of

these experiments could potentially be performed
Materials Innovation virtually with powerful and accurate

Infrastructure computational tools, but that level of accuracy in
such simulations does not yet exist.”

Computational
Tools

Materials Genome Initiative (2011)

Meeting Societal Needs



Through-Process Model
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Powder Significance
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Additive Yield Strength Model

v

Function of:
- Alloy composition,

- Powder particle size,
- T, t of heat treatment Solid Solution Strengthening

Aoy = Z(Gsﬁ/ 2¢1/2) 1700
l

Grain Size/Microstructural Influence
Aopic(d) = kgs}L_OIS

Precipitation Strengthening

Ao-ppt = E [O-Coherency, .!'+ O Modulus, .!'+ O Chemical, .!'+ O Order, .!]
i

T'f 1/2 T'f 1/2
3/2 3/2
Abconerency,i= 7gco/h,iG (?) Aoymoduius,i= 0'01861{;,1'6 (?)

rf 1/2 rf 1/2
3/2 3/2
AG'-Chenu'cna:l,i= ZEC;{L);‘G (?) AO'Orafer,iz 0.7G lgoid,f (?) - 0-7] Eordill



Modeling Approach
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Thermodynamic, Kinetic, and Solidification Models
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Thermodynamic & Solidification Models
Characterization: SEM & EDS



Thermodynamic Modeling &5
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Thermodynamic Modeling
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Thermodynamic Characterization — SEM/EDS
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Solidification Model

Heat Transfer Model Gas Atomization Process
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Grain Size Characterization

Al 2024
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Global information
Mumber of grains

Density of grains

Grain parameters
Area

Perimeter

Total area occupied by the grains

Statistics over all grains - Separated /| merged

Value

227

281 pm? (43.4%)

0.351 Grains/pmz

LInit Mean  Std dev

pm2 1.24 1.21
nm 5277 3007
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Grain Size Variation with Alloy
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Kinetic Modeling: TTT, CCT
Characterization: STEM



Degassed 6061 Powder
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Al 6061 Oys(d) = Op T Aogs(d) + Aopic(d) + AG})})t(d)




600
Cooling Curves
500 Mg,Si
O 400
g
>
® 300
[}
Q
S 200
[
100
0
0.0000001 0.00001 0.001 0.1
Time [hr]
Metastable Mg,Si Phases
GP " .
a(sss) f o . | BPPTs |f B PPTs (Mgzsi)
o
2
1/2 2
rf / ©
A =722 6= 3
TCoherency.: gcoh.i A g—
()}
'—

T

Oys(d) = 0o + Aogs(d) + Aoy (d) + Ao-ppf(d)

Al 6061

500
450
400
350
300
250
200
150
100
50

0
0.0000001

10

0.00001

1000

0.001

Kinetic Modeling: CCT Diagram

100 C/s
1000 C/s
......... 10000 C/s
0.001%
0.01%
0.05%
0.10%

0.50%

1.00%

—1.25%

Gas atomization

cooling rates:
~10%-10° °C/s

0.1
time [hr]

10

— Mg25i, 0.001%

Beta', 0.001%
Beta", 0.001%

——— Mg2Si, 0.01%

Beta', 0.01%
Beta", 0.01%

— Mg2Si, 0.1%
e Beta', 0.1%

e Beta", 0.1%

10E4 °C/sec
1000 °C/s



Al 6061 Kinetic Diagrams
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Quantification for Integration

Additive Yield Strength Model
Characterization: Nanohardness




Additive Yield Strength Model

v

Function of:
- Alloy composition,

- Powder particle size,
- T, t of heat treatment Solid Solution Strengthening

Aoy = Z(Gsﬁ/ 2¢1/2) 1700
l

Grain Size/Microstructural Influence
Aopic(d) = kgs}L_OIS

Precipitation Strengthening

Ao-ppt = E [O-Coherency, .!'+ O Modulus, .!'+ O Chemical, .!'+ O Order; .!]
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Additive Hardness Model
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WPI| Overview
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