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Transitioning Amorphous Metals from Laboratory Transitioning Amorphous Metals from Laboratory 
Curiosity to High Performance Structural Materials Curiosity to High Performance Structural Materials

Amorphous Metals TechnologyAmorphous Metals Technology 



Crystalline Metal Crystalline Metal Amorphous Metal Amorphous Metal
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Amorphous metals retain the random atomic structure of Amorphous metals retain the random atomic structure of 
the liquid in the solid state. the liquid in the solid state.

Molten 
Liquid 

Solid 

Critical Parameters: 

•Cooling Rate 

•Diffusion Rates 

What Is an Amorphous Metal?What Is an Amorphous Metal?
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The amorphous phase can be utilizThe amorphous phase can be utilized as a pathway to creation of ed as a pathway to creation of
nanostructured nanostructured metals via controlled metals via controlled devitrificationdevitrification. .

Nanocrystal Dispersion                       
in an Amorphous Matrix 

Microcrystalline With 
Nanoscale Second Phases 

5-10nm α-Al particles 100-200nm grain size 

Pathway toPathway to NanostructuredNanostructured MetalsMetals
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Precipitation Precipitation 
Strengthened Alloys Strengthened Alloys

DevitrifiDevitrifieed Ald Al--TMTM--RE RE 
Alloys (ribbAlloys (ribboon data) n data)

Partially DevitrifiPartially Devitrifieed                           d                           
AlAl--TMTM--RE Alloy (ribbon data) RE Alloy (ribbon data)

DARPA SAM AlDARPA SAM Al--YY--NiNi--Fe Fe 
DevitrifiDevitrifieed (PM Extrusd (PM Extrusion) ion)

Influence ofInfluence of MicrostructuralMicrostructural ScaleScale
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Exhibit Good Glass Formability Exhibit Good Glass Formability

Form a Stable Glass Phase Form a Stable Glass Phase

Offer an Attractive Balance of Properties Offer an Attractive Balance of Properties

Be Affordable Be Affordable

The objective of the program is to transition from the The objective of the program is to transition from the 
promise of the laboratory to bulk structural materials promise of the laboratory to bulk structural materials 

exhibiting exhibiting breakthru breakthru properties: properties:

To accomplish this objective, an amorphous alloy must: To accomplish this objective, an amorphous alloy must:

Program ObjectivesProgram Objectives



Strategies for Alloy DevelopmentStrategies for Alloy Development
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<10% solute 

>10% solute 
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Effects of Processing on GFA Effects of Processing on GFA

Convective Cooling 
(Powder Atomization) 
Shrinks Glass Region 
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Alloy 
Strategy #1 

Microcrystalline 
with Nanoscale 
Second Phases 

Critical to Establish CoCritical to Establish Commmmon Procon Processing Parameters Across All Scessing Parameters Across All Scalaleses of  of 
Investigation to Support ScaleInvestigation to Support Scale--up up

Ribbon 

Gas-Atomized 
Powder 



GasGas--Atomized Amorphous Powder
Atomized Amorphous Powder
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Al-6Gd-6Ni-1Fe Alloy 

PARTICLE SIZE RANGES 
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Known amorphous Al alloys are “easy 
glass formers” if you are willing to accept 

P/M processing … 



Al-5.1Y-7.7Ni-2.2Co-1.1Fe 

Scan Rate: 
20°C/min 

Intermetallic Peaks 

α-Al (FCC) 
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DSC Analysis ofDSC Analysis of DevitrificationDevitrification

Processing Window 

Heated to 600oF (315oC) 
Beyond 1st Peak 

Heated to 680oF (377oC) 
Beyond 2nd Peak 

Heated to 800oF (427oC) 
Beyond 3rd Peak 



Time-Temperature Parameters for Processing 

Al-6Gd-7Ni Al-6Gd-6Ni-1Fe 
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α-Al Nanocrystals (Size < 10 nm) 
(Embedded in an Amorphous Matrix) 

α-Al Nanocrystals (Size > 50 nm) 
(Embedded in an Amorphous Matrix) 

Amorphous Matrix, Nanocrystals 
of α-Al and Intermetallic Phases 

10 Minutes 5 Hours 25 Hours 100 Hours1 Hour 
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Processing Maps for ConsolidationProcessing Maps for Consolidation
Alloying Can Be Used to Expand the Processing Window 
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Powder Consolidation by VHP Powder Consolidation by VHP 
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VHP Billet DensificationVHP Billet Densification 
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Extrusion Microstructure
Extrusion Microstructure
Adiabatic Heating in Extrusion Causes Crystallization
Adiabatic Heating in Extrusion Causes Crystallization

Extrusion Ratio = 5:1 Extrusion Ratio = 10:1 Extrusion Ratio = 20:1 

Extrusion Temperature = 350°C 

Use of Streamlined Extrusion Dies Combined With Low Extrusion RaUse of Streamlined Extrusion Dies Combined With Low Extrusion Ratiotio 
Does Not SuppressDoes Not Suppress DevitrificationDevitrification
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Al-4.0Y-4.0Ni-0.9Co (Ames “Developmental”) Al-4.0Y-5.0Ni (Valimet “Developmental”) 
Al-4.0Y-4.0Ni-0.9Fe (Valimet “Developmental”) Al-4.0Y-4.0Ni-0.9Co (Valimet “Developmental”) 
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Room Temperature Tests 

Goal Goal
Goal Goal

Tensile Properties of Current SoluteTensile Properties of Current Solute--Lean Alloys Show Promise, Lean Alloys Show Promise, 
But Fall Short of Program Goals. But Fall Short of Program Goals.

Extrusion Mechanical PropertiesExtrusion Mechanical Properties



2003 Annual Review of t2003 Annual Review of thhe MMPC e MMPC

Alloys With Reduced Critical Cooling Rates to Expand Alloys With Reduced Critical Cooling Rates to Expand 
Processing Opportunities Processing Opportunities

Improved Glass Phase Stability for Secondary Processing and Improved Glass Phase Stability for Secondary Processing and 
Effective Microstructure Control Effective Microstructure Control

Accomplish Affordable Bulk Mill Products With Desired Accomplish Affordable Bulk Mill Products With Desired 
Microstructural Microstructural Features Features

Develop Understanding of Mechanical Behavior Develop Understanding of Mechanical Behavior

To transition the promise of the laboratory into real To transition the promise of the laboratory into real 
aerospace products with aerospace products with breakthru breakthru performance,         performance,         

we need: we need:

ChallengesChallenges 


