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High Temperature Aluminum

e Current alloys operate 200-300°C, 0.5-0.6 T ,
* Higher temperature alloys reduce protective fuel enrichment
operation
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Aluminum Transition Metal Alloys (Al-TM) Produced Through Rapid Solidification
Powder Consolidation Pathways

Characterization of Starting Powder

Extrusion of AI-TM and Mechanical Properties

Deformation Behavior
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* Produced as a powder via melting 600 | |
and gas atomization
Al-TM
* Aluminum alloyed with Fe, Cr and Ti 00T w/icosahedral
— Other alloys are Al-Fe-Cr-X - phase
— X; Ti, Nb, Ta, V [1] S 4007 1
5
* High temperature thermal stability 2
. ¥ 8009
* Ductility S 200 .
|_
— 15% elongation via ShAPE processing [2] \
— 4-9% elongation via extrusion [3] 100 | [ jiterature 8009 -
<+ literature 2618-T61 \
—4— AI-TM i-Phase ~7 2618-T61
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Powder Consolidation
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Al, Mg, Cu Alloys

Titanium, etc

Steel Alloys

Powder Forging and Hot Pressing Hot Isostatic Pressing

Higher Strength and Atmospheric Sensitivity
Adapted from [4-6]
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Al-TM Phase Evolution

Strengthening Precipitates
* |lcosahedral Phase, a quasi-crystalline particles 50-80 nm [7]
e Coarsening at ~427°C (800°F) and transformation at ~500°C (932°F) [7,8]
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Adapted from [5]
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Thermal Stability
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Motivation

Direct Extrusion
Friction Stir Extrusion
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Direct Extrusion

@rter Friction Inteﬁ@

Direct extrusion
)
\ \_/

N :
Indirect extrusion

mmmp> | Extrusion Stem

Extrusion pressure -—-l

Container

Travel of ram —»

Adapted from [10]
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Friction Stir Extrusion (FSE) (Y Yl eyl

* Effective consolidation of fine powder size

* Consolidation of larger powder size demonstrates
dependance on shear deformation for consolidation

Friction Stir Extrusion

* Retention of hardness at elevated temperature

FSE graciously provided‘B\t/gcétft Whalen of PNNL
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Outline

Al-TM alloys produced through Rapid Solidification
Powder Consolidation Pathways

Characterization of Starting Powder

Extrusion of AI-TM and Mechanical Properties
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CANFSA

)
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Two Powder Sizes of Interest

Alloyed in the melt prior to atomization

Spherical morphology typical of atomization

12
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Differential Scanning Calorimetry (DSC) X-Ray Diffraction (XRD)
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Phase Transformation with Annealing CAN FSA

/CENTER FOR ADVANCED
NON-FERROUS STRUCTURAL ALLOYS

1

- As Recieved As Recieved

v Alumi V¥ a Aluminum
a Aluminum
I ] I ® AI3TI ]
150|J.m ® AI3TI 20um & nir
- Powder @ Al-Cr ] Powder o Al-Fe
e Al-Fe I j icosahedral phase | |
. * Ti-Al-
[ * Ti-Al-Fe |1 Ti-Al-Fe
= o =
w
é - Powder 550°C . S
|5 £ [Powder 550°C
| Powder 450°C ) . [
- MM Powder 450°C
[ T "
Powder Powder

1 1 1 1 1 1 1

36 38 40 42 44 46 48 35
20 20
150 um powder 20 um powder

Center Proprietary — Terms of CANFSA Membership Agreement Apply 14




CAN FSA

/CENTER FOR ADVANCED
NON-FERROUS STRUCTURAL ALLOYS

Outline

Al-TM alloys produced through Rapid Solidification

Powder Consolidation Pathways

Characterization of Starting Powder

* |cosahedral phase absent in 150um

* Transformation of the Icosahedral Phase at 450°C

Extrusion of AI-TM and Mechanical Properties

Deformation Behavior
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Direct Extrusion Conditions . CAN FSA

CENTER FOR ADVANCED
NON FERROUS STRUCTURAL ALLOYS

Temperature (°C) Extrusion Ratio Exit Temp Contact Exit Temp IR
Thermocouple

10:1
400 16:1 390* 420*
425 16:1 410 440
450 16:1 410* 440*
550 25:1 Provided by Industrial

Sponsor

*Difficulties loading can into extrusion chamber, external thermocouple dropped 50C before loading
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Fine Secondary Phases Present Following
Extrusion P T o e
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Al-TM Alloys Maintain Hardness at 550C
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Al-TM Microstructure minor coarsening CAN FSA

As Extruded
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Hot Hardness
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Al-TM Delays Deformation
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Minor Effect of Extrusion Conditions
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Tensile Response as a Function of CAN FSA
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Microstructure Retained and Unchanged
®CAN FSA
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Outline

* Al-TM alloys produced through Rapid Solidification

Powder Consolidation Pathways

Characterization of Starting Powder

Extrusion of AI-TM and Mechanical Properties

Deformation Behavior
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Al-TM Impeller Forging
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* Closed Die Forging
* Single blow

Adapted from[14]
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Macro-Etch Demonstrates Good Flow
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Temperature

Corner
130 pHV
Bottom Spud
124 pHV

Simulation of Al-TM forging provided by Tkach Consulting
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* Extrusion
— Wide range of consolidation temperature 350-550°C
— Uniformity of room temperature tensile strength
— Minor coarsening occurring in Al-TM alloy leading to a retention in hardness
— Elevated temperature properties approach those of 8009

* Deformation
— Increasing strain rate sensitivity with temperature
— Stable microstructure over long time and high temperature withstands forging conditions
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Questions?

Thank youl!
Stuart Shirley
sshirley@mines.edu
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