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Reactive Al/Pt Multilayers: Investigating the

Stoichiometric Limits of Self-Sustained Reactions

Abstract:

Point ignition tests of sputter-deposited Al/Pt multilayers demonstrate that foils of different net composition
(from Al 55Pt, 75 to Aly 75Pty o5) exhibit self-propagating, high temperature reactions. Equiatomic Al/Pt multilayers
exhibit the maximum reaction rate consistent with the largest measured heat of formation (IAH,|) for the Al-Pt
system. The reaction propagation speeds vary with bilayer thickness for all tested film compositions; peak
speeds for Aly sPt, 5 are approximately 80 m/s. X-ray diffraction shows that phase formation is mostly consistent
with published Al-Pt phase diagrams. However, a recently-discovered metastable, complex metal alloy phase

having 39 formula units per rhombohedral unit cell forms over a range of composition from Al 5Pt 44 — Al 47Pt 55.
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» Evaluate whether nanoscaled Al/Pt multilayers made of different composition exhibit self-sustained,

high temperature formation reactions.

» Determine the propagation speeds for different compositions and bilayer thicknesses; compare with the

stored chemical energy in each multilayer.

» Determine the phases that form as a result of self-propagating reactions (for all tested compositions).

» Determine the range of solubility for a recently-discovered metastable, complex metal alloy (R-3 AlPt).

Background: Al/Pt System

Al - Pt phase diagram
(indicating tested compositions)

Summary of reported equilibrium phases

(indicated in phase diagram)
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Sputter Deposition Calorimetry

Parameters .
Equipment and procedure
Sputter gas: 99.995% Ar
Gas pressure: 10 mTorr Perkin Elmer 8500 Differential Scanning Calorimeter (DSC)

Deposition rate (average): 2 Als Heating rates from 40 K/min

Method: DC magnetron Two bilayer thicknesses (61.5 nm, 123 nm)
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Self-Propagating Reaction Rates

Depiction of test setup

Point ignition
Freestanding multilayer (foil)
No preheating above ambient
Tested in air

Test Chamber
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lgniter (25V)

AP foil

Chamber
viewport

Stable reaction front (no instabiliies)
Uniform radial velocity

No secondary combustion reactions wi air

Plot of propagation speeds: Al rich
and equiatomic compositions
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> Propagation speeds are largest for equiatomic
composition, compared with Pt rich multilayers.

> Multilayers with non-equiatomic compositions
appear to be characterized by a reduced range

of bilayer thicknesses.

Details of advancing front

High speed photography

> Bilayer thickness dependence is explained by
- increased heat release rate with decreased bilayer

- premixed reactant effects (for small bilayer).

> Propagation speeds are largest for equiatomic
ccomposition compared with Al rich multilayers.

Plot of propagation speeds: Pt rich and
equiatomic compositions
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Characterization of Phase (post reaction)
using XRD and WDS

Depictions of formed phases

X-ray diffraction (all multilayers) ) )
Alin red, Ptin blue
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Electron Microprobe (WDS) determines stoichiometry

Rhombohedral APt
simulation vs. experiment

Rietveld refinement of XRD

rhomb APt
Simulated

20 range: 15-125°

Number of Reflections: 864
Peak shape function:
Pseudo- Voigt (3 parameters)

R,=125%

Results
System: Rhombohedral
Space Group: R-3 (#148)
Formula units, Z: 39
aaxis: 15.634 A

caxis: 5308 A

Unit cell volume: 1123 A3
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Conclusions:

> Sputter-deposited Al/Pt multilayers exhibit high speed, self-propagating formation reactions.
Equiatomic Al/Pt multilayers exhibit the greatest propagation speed and the largest AH,.
Equiatomic AIPt forms a complex 78 atom / unit cell, rhombohedral crystal structure.

High temperature g AlPt is observed for a range of composition from 52 - 56 at % Pt -
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consistent with published equilibrium phase diagrams (constitutes third report of g phase).
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