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Reactive Materials for electrical initiators



Electrical initiators
 ignition：

Resistance wire
Resistance bridge
SCB 
Exploding wire

 Explosion:
Exploding foil



Reactive Materials

 Al + CuO: ∆H = 974.1 cal/g;    

 Al + Ni: ∆H = 330 cal/g; 

 B  + Ti: ∆H = 1320 cal/g; 



Reactive Materials for Ignition
B/Ti reactive materials1 Thickness:3-4μm Bilayer:Ti(230nm) Bi(250nm)



Reactive Materials for Ignition
The exothermic reaction of B/Ti energetic materials :

 Single exothermic reaction;

 Onset temperature is 976℃ to 1023℃
(< B 2076 ℃and Ti 1678 ℃);

 Reaction heat was 1259J/g 
(<5517J/g).

 Output energy:1.43mJ;

 Energy transformation
efficiency: 71.5%;

 The height of flame can
be reach to several 
millimeter.



Reactive Materials for Ignition
Al/CuO multilayers2



Reactive Materials for Ignition
Al/CuO nanowires2

Processing tp/℃ Q/(J·g-1) Al/CuO摩尔比

Ultrasonic wave 549.5 473.2 2：3

Sol-gel approaches 561.2 574.9 2：3

Core-shell 500 1085 -

1) Al/CuO nanowires
grown from Cu thin
film deposited onto
silicon substrate.
2) The copper film is
deposited byelectro beam
Evaporation.
3) The CuO nanowires is
synthesized by annealing
copper film.
4) The formation of Al2O3
would consume Al
nanoparticles which reduce
the heat reation.
5) The reaction between fuel 
and oxidizer should destroy
Al2O3 which has high melting 
temperature.



The core-shell structure

1) The annealing temperature: 400℃

2) The film thickness: 1μm

3) The electron-beam evaporation: 0.15A

4) The annealing time: 4h



The growth mechanism

The CuO growth mechanism:

1) Accumulation stress;

2) The appearance of apophysis;

3) The nucleation with apophysis;

4) The growth of nanowires



Reactive Materials for Exploding 
foil initiator (EFIs)-Al/CuO

Al/CuO multilayer: did not improve
flyer velocity

Traditonal metallic materials : Copper
aluminum, gold and so on

Disadvantage: low power transduction efficiency



Reactive Materials for Exploding 
foil initiator (EFIs)-Al/Ni



Reactive Materials for Exploding 
foil initiator (EFIs)-Al/Ni

 Sample:
Al/Ni
Cu
 Measure method:
PDV
U/I



Content 03

电压曲线

Reactive Materials for Exploding 
foil initiator (EFIs)-Al/Ni



Reactive Materials for Exploding 
foil initiator (EFIs)-Al/Ni



Thank you for your attention
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