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Develop an aluminum-based fuel to power an autonomous underwater vehicle (AUV) Activate aluminum through a liquid metal (eutectic) surface treatment:
through a hydrolysis reaction producing hydrogen:
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Al(s) + ZHZO(Z) — — > H2

Sit for 48 Hours

Advantages

Pelletize eGaln Surface Treatment
Aluminum at 200 °C at 20 °C
Aluminum: Hydrogen:
= Energy Dense: 2x diesel & gasoline by|= Long autonomy (30 days for AUV) = eGaln = 80% Gallium + 20% Indium
volume, 40x Li-ion by volume = No toxic or polluting gases .

Embrittlement at the grain boundaries

= Available: 3rd most abundant element,

(carbon dioxide, carbon monoxide)

most abundant metal
= Cheap: $1.70/kg ($1/kg for scrap)

» Produced without carbon emissions
= Stored as aluminum

Disruption of the oxide layer
= Catalyst for the Al-water reaction
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The AUV i1s modeled as an isochoric reaction chamber.
The reactivity Is computed at various initial ambient
pressures, from atmospheric to ~10MPa (representing
Tkm depth).

Computing the reactivity percentage:

. nHz(th)— 7}3‘” (theoretical)

" ny (exp) = anz(PHz'Tf) Ve (experimental)

" Py,=Pr-Py,o-(Pit+ Pgm) (Dalton’s Law)

100 Reactivity percentage of 1bb as a function of initial pressure

—— y=1.175x+74.893

Q0 O ©
&) o &)
1 1 I

80 -

Reactivity (%)

75 A

70 A

65

60 I I I 1 I I I I
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Initial pressure (MPa)

Observation:
pressure.

reactivity Increases with initial ambient

Hypothesis: bubble formation (steam, Hydrogen) allows
the air to penetrate the system, and the Oxygen re-
passivates the oxide layer of the bulk Aluminum.

Higher ambient pressure reduces bubble size. Test In
argon medium shows a ~5% increase In reactivity,
partially proving our hypothesis.

Reaching up to 95% reactivity at 6.4 MPa (about 642m
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(ICE = Internal
Combustion Engine)

Hydrogen Fuel cell or ICE

Towards a practical system

Hard to anticipate the position and orientation of the
AUV =2 need for a pumpable fuel.

Process:

=  Grind eGaln coated aluminum pellets in colloid mill
= Mix with Silicone Oil

=  Add Aerosil® Fumed Silica to make a homogeneous
Aluminum slurry
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