Nanomaterial-Based Conductive Films for Advanced Aircraft De-Icing
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In the aviation industry, maintaining safety and operational efficiency during icing conditions
is paramount. Traditional anti-icing and de-icing technologies—such as engine bleed air,
inflatable boots, and metallic heaters—suffer from high energy consumption, susceptibility to
corrosion, and integration challenges with modern composite airframes.

This study introduces an energy-efficient, lightweight, and corrosion-resistant alternative: a
nanomaterial-based conductive film designed for resistive heating. Applied directly to
composite panels, the film achieves exceptionally low electrical sheet resistance.
Performance was evaluated in a climate chamber at -30°C to simulate high-altitude flight
conditions.

Key findings include:
Rapid Thermal Response: The panel reached 30°C within minutes.
Uniformity: IR thermography confirmed consistent heat distribution across the entire surface.

De-Icing Efficiency: A swift temperature rise from -30°C to 10°C successfully melted
accumulated ice.

Anti-Icing Stability: The system stabilized at 30°C, effectively preventing new ice nucleation.

The developed system demonstrates superior anti-icing and de-icing capabilities at
significantly lower power densities than fraditional systems (10 to 50 kW/m?). Because the fim
is fully compatible with existing composite manufacturing infrastructures, it offers a scalable
solution for crifical surfaces like wings, fuselages, and rotfors. Implementation of this
technology can improve fuel efficiency and flight safety in extreme cold weather.
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Figure 1: A graphical abstract of anti-icing/de-icing device in action.
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