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Reactive metal multilayers (RMM)

Stainless Steel

Stainless Steel 1 Ol_trn

Ni layer

- AuSn solder

— Reacted foil

- AuSn solder
layer

SEM micrograph of stainless steel components joined using
reactive Al/Ni foils and AuSn solder [3]

[1] J. L. Prentice United States Patent No. 4,158,084,1979
[2] J. Wang et aL, Applied Physics Letters, 2003
[3] K. T. Higa, Journal of Propulsion and Power, 2007
[4] A. J. Swiston et al Acta Materialia, 2005

Potential applications
• Heat source for thermal battery [i]
• Lead-free soldering [2]
• Lead-free explosive primers [3]
• Metallic glass welding [4]

[5] EmpaChannel,

https://www.youtube.com/watch?v=lti4JJR3PiQ
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Material selection for mixing reactions

1-1200 Pm
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• Adiabatic rxn must exceed melting
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• Thermal conductivity must be
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• Activation energy barriers
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Series lumped resistor model
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Electron diffuse mismatch model - EDMM
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[Left] HAADF STEM images for Cu-Nb multilayers with periodicity lengths (thickness
of Cu+Nb) (A) 5.4 ± 0.5 nm (B) 8.4 ± 1.1 nm (C) 12.5 ± 1.4 nm (D) 21.4 ± 2.0 nm [Right] Kapitza conductance data and

EDMM calculations given by EDMM for Cu-Nb [6], Al-Cu [7], and Ir-Pd [8] versus temperature

Rtot R0  
n

[7] R. Cheaito et al., Applied Physics Letters, 2015
[8] C. Gundrum et aL, Phys. Rev. B, 2005
[9] R. B. Wilson and D. G. Cahill, Phys. Rev. Lett., 2012
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Nonlinear trends with increasing bilayer density
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[Left] TEM image of a 10 nm Al/Pt interface with diffraction patterns quantifying crystallinity and
amorphous regions. [Right] SNL experimental resistance of Al/Pt RMM compared with EDMM

approximation

RTot RM at,A RMat,B nRInter f ace [io] D. P. Adams, Thin Solid Films 2015.
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First principles calculations - TranSIESTA

Previous work modeling amorphous 
transport
• Boltzmann transport equation [io]

• High cost
• Difficult to parameterize

Alternatively
G =• Length dependent MD-Landauer

approach [ii]
• Electron-phonon scattering from

averaged collective transmission
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[10] C. H. Park et al., Nano Letters, 2014

[11] T. Markussen et al., Physical Review B, 2017

PURDUE
UNIVER S 1 T

Reactive Metal Multilayers - Al/Pt case study 8



First principles calculations: MD-Landau -
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[Left] Crystalline Al transmission spectra at 3ooK. N = 5.

[Right] Length dependent resistance for Al (blue) and Pt (red) at 30o K. Calculated
thermal conductivity of Al = 185 W m-i K-1 and Pt = 76 W m-i K-1
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First principles calculations: MD-Landauer
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Capturing the roll-over effect
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How amorphous is amorphous? Explanations of underestimation
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Conclusions and Remarks

• Al/Pt multilayers
— Excellent heat of mixing

— Amorphous layer acts at 3rd resistor in series model

— Critical thickness for maximum resistance

• MD-DFT modeling
— Accurately predict thermal transport properties of individual
amorphous alloy compositions

— Successfully capture roll-over effects through addition of contact
resistance for compositions

— Complexity of gradients, crystalline phases, and interacting
effects not yet captured in model
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