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Self-propagating reactions in Co/AI
nanolaminates
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Self-propagating reactions in Co/AI
nanolaminates
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Analytical model of propagation
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Analytical model of propagation
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Analytical model of propagation

Thermal Conductivity

klon
 o

Longitudinal

Co

A1

L Co

I Al

Co mi
Transverse

]
.

-1
kn

Ctr,
n=odcl —

I_ i
12jRaD —EA)

EA 11(Tad — Nexp(RTf

Diffusion Gradient

1
Concentration [Al]
1.0

0.5

0.0

0 5 10
Position [nm]

15

Sandia
National
Laboratories

Flame Temperature

Temperature [K]

2000 -

1900 / 
1800

1700

L
1600

r ° 25 51!
Bilayer Thickness [nm]



Analytical fit to stable propagation
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Analytical fit extended to threshold
bilayer design for the onset of spin
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Toy model for spin band quench
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Co/AI nanolaminates with diluent
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Spin induced via dilution
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Radial velocity of diluted Co/AI
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Model fits to spin band widths

induced by diluent layers
33 nm BL, 20% dilution
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Co/AI nanolaminates with
diffusion barriers

ktran

kn

Transverse

►
Longitudinal

Sandia
National
Laboratories

Co

B2-CoAl

Al

14



Spin induced via diffusion barriers
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Radial velocity of Co/AI nanolaminates
inhibited by diffusion barriers
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Model fits to spin band widths

induced by diffusion barriers
33 nm BL, 3 rim B2-CoAl

100 pm

Position [pm]

100

80

60

40

20

0

0 500

Time [_ts]

1000

66 nm BL, 3 nm B2-CoAl

100

Position [im]
100

80

60

40

20

0
500 1000

Time [is]



Summary

We have developed a 1D model that predicts spin band width as a
function of forward heat loss into an unreacted foil for a bilayer
design at the spin mode threshold

Spin modes can be induced in thinner bilayers by adding a diluent
layer or diffusion barrier and their band widths are consistent with the
forward heat loss model

This study provides a special case validation for the thermal circuit
approach and linear concentration approximation within the Hardt
and Phung model for future 3D finite element models of spin bands
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