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Abstract: Here, we present a facile route to fabricate a vertically stacked 3D porous structure-based triboelectric
nanogenerator (TENG) that can be used to harvest energy from the friction in a repetitive contact-separation mode. The
unit component of TENG consists of thin Al foil electrodes integrated with microstructured 3D foams such as Ni, Cu,
and polyurethane (PU), which provide advantageous tribo-surfaces specifically to increase the friction area to the
elastomeric counter contact surfaces (i.e., polydimethylsiloxane, PDMS). The periodic contact/separation-induced
triboelectric power generation from a single unit of the 3D porous structure-based TENG was up to 0.74 mW/m? under
a mild condition. To demonstrate the potential applications of our approach, we applied our TENGs to small-scale devices,
operating 48 LEDs and capacitors. We envision that this energy harvesting technology can be expanded to the applications
of sustainably operating portable electronic devices in a simple and cost-effective manner by effectively harvesting wasted

energy resources from the environment.
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Fig. 1. 3D porous foam-based TENG. (a) A schematic illustration
of a TENG structure and a representative SEM image of
3D Ni foam. (b-d) The construction process of a vertically
stacked TENG using PMMA sheets connected with struts
and springs, a 3D porous foam, and a sheet of flat PDMS.
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Fig. 2. Schematics of operating principle of a 3D foam-based
TENG. (a) Initial state where the external load is not
applied and separated with an optimum distance, d,. (b)
When the 3D porous foam is brought into contact with the
PDMS sheet by the external load, the triboelectric charge
can be generated on each surface of the two materials to
balance the surface charge. (¢) A potential difference is
generated by the separation of the two materials, and the
electrons can be induced to the upper electrode. (d) When
the two surfaces are fully separated, the surface charge
accumulates and equilibrates. (e) By the sequential
engagement of the external load, the electrons can be
inversely induced to the lower electrode.
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Fig. 3. Electrical measurements of the Ni foam-based TENG in
vertical contact-separation mode. (a) The open-circuit
voltage and (b) the short-circuit current by the repetitive
periodic contact-separation. (c) Dependence of the output
voltage and current with the increased load resistance. (d)
Load resistance versus power peak value of the
nanogenerator.
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Fig. 4. Electrical performance of Cu and Pu foam-based TENGs. (a) The optical microscope image of the surface of Cu foam (left).
The open-circuit voltage and the short-circuit current density were ~80 V and ~1.5 pA, respectively (middle-right). (b) The optical
microscope image of the surface of PU foam (left). The open-circuit voltage and the short-circuit current density were ~42 V

and ~0.2 pA, respectively (middle-right).
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Fig. 5. (a) Charging characteristics of a 3D porous Ni foam-based
TENG by vertical contact-separation mode at 2.2 uF and
22 uF capacitors. (b) LED brightness reflects the output of
a 3D Ni foam-based; 48 LEDs were simultaneously turned
on through the circuit.
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