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Triboelectric nanogenerators - TENGs

(Electrode 2) Cu thin film
PDMS layer
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Triboelectric nanogenerators - TENGs
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Hydrophobic Nanoporous-based
triboelectric nanogenerators: Electro-Intrusion

ELECTRO ACS Applied Materials & Interfaces 11, 40842, 2019
@ INTRUSION Advances in Physics: X, 7, 2052353, 2022




Hydrophobic Nanoporous-based

triboelectric nanogenerators: Electro-Intrusion

— Compression
—— Decompression

A Volume

Molecular spring Shock-absorber
—— I \

c [ | —

= IR -
= 2 2 | Dissipated 3
13 o | energy | .
%1llo £ o
w =) w -

Pressure Pressure

ACS Applied Materials & Interfaces 11, 40842, 2019
Advances in Physics: X, 7, 2052353, 2022




Electro-Intrusion
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Electro-Intrusion

Pressure (MPa)
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Electro-Intrusion
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Intrusion/extrusion in hydrophobic porous

materials: a thought experiment
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Intrusion/extrusion in hydrophobic porous

materials: a thought experiment
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Intrusion and extrusion pressure and

hysteresis
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Continuum intrusion/extrusion theory

PRL 109, 226102, 2012; Langmuir 29, 14873, 2013; ACS Nano 12, 359, 2018;Nanoscale 11, 21458, 2019;
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Mechanism and free energetics of
intrusion in ZIF8

RMD: forces the system to visit
improbably states, e.g., the barrier
region

Chemical Physics Letters 2006, 426, 168

Nat. Materials 2021, 20, 1015 ;
@ ELECTRO Nano Letters 2021, 21, 2848 Phys. Chem. Chem. Phys., 2011,13, 5952
INTRUSION Chem. PhyS. 2018, 148, 064706 Pressure Eur. PhyS. J. B, 2012, 85, 97




Mechanism and free energetics of

intrusion in ZIF8
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Predicted intrusion pressure consistent with
the experimental value.

Mechanism is percolation-like, not capillary
condensation

Flexibility plays a crucial role
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Contrary so classical predictions, Subnanometric secondary cavities are
intruded to bridge water across major channels
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Effect of secondary subnanometric

features of porous systems
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Effect of secondary apertures opposite than standard theories:
The system present an Anti Cassie-Baxter/Wenzel, shallow lateral
apertures reduces hydrophobicity, with the effective contact angle
going from 6 = 114° to 8 = 106°
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Conclusions

We plan to develop a technology to recover energy dispersed in vibrations
using intrusion/extrusion-based TENGs

This requires understanding many fundamental chemical and physical
phenomena

Here, | focused only on the liquid intrusion/extrusion in nanoporous
materials, which do not obey to classical laws

We identified the fundamental phenomena determining intrusion/extrusion
pressure and hysteresis and design principles for novel materials
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