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Abstract: Energy harvesting technology offers an innovative solution for providing self-sustaining power to wearable and

implantable electronic devices. However, traditional energy harvesters face limitations in operating within electrolytic

environments or at low motion speeds. To overcome these challenges, a mechano-electrochemical energy harvester using carbon

nanotubes has been developed. This technology relies on electrochemical ion movement to induce changes in electrochemical

double-layer capacitance, enabling operation within electrolytes and optimizing performance at low deformation speeds. This

environmentally friendly and sustainable energy solution is expected to play a crucial role in the advancement of future smart

systems and wearable technologies.
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Fig. 1. Overview of different structure of mechano-electrochemical energy harvester that can be harvested by CNT-based energy devices
[reproduced with permission from Wiley (2022) Ref. 18 and (2022) Ref. 24, ACS (2022) Ref. 28, and (2023) Ref. 32].
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Fig. 2. SEM images: (a) single carbon nanotubes, (b) homochiral
coiled yarn, and (c) buckled fiber with 400% pre-strain (scale bar: 200
um) [Reproduced with permission from Wiley (2022) Ref. 18, and
ACS (2022) Ref. 28].
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Fig. 3. (a) Illustration of a torsionally tethered coiled harvester electrode along with counter and reference electrodes in an electrochemical
bath, depicting the coiled yarn before and after stretching, (b) conceptual illustration showing the changes in the electrochemical double layer,
where the red and blue spheres represent negative and positive charges, respectively, (¢) cyclic voltammograms (scan rate: 50 mV/s) of a coiled
twistron electrode in 0.1 M HCI during a 5 Hz sinusoidal stretch to 10% strain (red) and without deformation (black), and (d) magnitude and
phase of current fluctuations relative to the applied mechanical stretch, where the potential at both the minimum current amplitude and the
180° phase shift corresponds to the potential of zero charge (PZC) [reproduced with permission from Wiley (2022) Ref. 18, (2024) Ref. 35

and (2024) Ref. 37].
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Fig. 4. (a) Optical image of the fabricated plied yarn (scale bar: 3 mm), showing the four-plied structure and maintained bias angle after the
graphene coating process, (b) cross-sectional SEM image of the plied yarn (scale bar: 1 mm), (c) magnified SEM image of an individual
graphene-coated cotton fiber (scale bar: 20 pm), and (d) schematic illustrating stress conversion in the ply structure, where tension is converted
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from ACS (2023) Ref. 32].
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Fig. 5. (a) SEM images and an illustration of cone spinning for fabricating twisted and coiled neat CNT yarns from forest-drawn CNT sheets
(top), and its modification process for making rGO@CNT yarns (bottom), (b) the time dependencies of applied tensile strain and the resulting
changes in open-circuit potential (OCP vs Ag/AgCl reference) and short-circuit current (SCC) for a coiled harvester, and (c) for a noncoiled
CNT yarn, 30 mm long and 100 pm in diameter, being twisted and untwisted at 3.33 turns cm™' s, the dependencies of the capacitance and
OCP on isometric twist and untwist are shown [(inset) experimental apparatus] [reproduced with permission from Wiley (2022) Ref. 27].
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Fig. 7. (a) The optical image of a wearable self-powered strain gauge using a mechano-electrochemical energy harvester. (b) The open-circuit
voltage versus time corresponding to changes in hand configuration for a help signal and sign language [(inset) The photograph of hand
configuration representing a binary number]. (¢) TECHs placed between the apex of the heart and the valve level generate electricity by
repeated stretching during the systole and (d) diastole phases of the heart. (¢) The harvesting source and location where the actual harvesting
test was conducted [reproduced with permission from Wiley (2024) Ref. 37, (2023) Ref. 34 and MDPI (2022) Ref. 30].
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