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Rationale

1.7 million metric tons toxic waste

Lead-Acid Battery



Introduction



Problem
Intermittent renewable sources shorten battery life
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Enhanced Electron-Sulfate Interaction
(via pore pressure reconfiguration)



Experiments

Top IR thermal imager

Wires to potentiostat

Cell compartment

Transducer attachment

Front IR thermal imager

Transducer module

Nominal cell capacity:  2 Ah
Discharge current:  500 mA
Recharge current:  500 mA

Max voltage (0% depth):  2.40 V
Min voltage (100% depth): 1.75 V

Cycle max duration: 4 h



Diagnostics
X-ray nanotomography Scanning electron microscopy



Results
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Recharging Behavior

Enhanced electron-sulfate interactions reduce the electrode resistance while recharging



Results
Temperature and Pressure Measurements corroborate the pore pressure reconfiguration hypothesis

Measurement Multiphysics Simulations



Results
Diagnostics reveal fewer lead sulfates after four deep cycles when exposed to sound



Integrated Waste-to-Energy
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Conclusion and Recommendations

• Recharging with electricity and sound decreased electrode resistance

• Lower resistance due to enhanced electron-sulfate interaction

• Temperature and pressure consistent with pore pressure hypothesis

• Diagnostics: fewer leftover sulfates from electro-acoustic charging

• Scaling up will require engineering in sound injection

• Field tests in battery energy storage, including integration with waste-
to-energy approach
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