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Electrode stress device for electrochemical power
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Mechanical vibrational energy is ubiquitous and
abundant throughout the ambient environment for
powering the sustainable operations of integrated
electronics and sensors in biomedical devices,
wearable systems and robotics. Writing in Nature
Communications,1 Ju Li et al. at MIT now report on
the development of an electrochemically driven
energy harvester for scavenging energy from
mechanical motion.
Many approaches have been adopted to harvest

mechanical energy including electromagnetic
induction, electrostatic generation, piezoelectric
and triboelectric effects.2 In all these technologies,
the conversion from mechanical energy to
electrical power involves a physical process. As an
example, in a piezoelectric harvester, electrical
charges are induced in the strained piezoelectric
materials due to the lack of inversion symmetry in
the material’s crystal structure. In a triboelectric
energy harvester, the mechanically-induced tribo-
electrification between two dissimilar surfaces gives
rise to a voltage.
In contrast, Ju Li et al. demonstrated a novel

approach to convert mechanical energy through an
electrochemical route using a simple design and
device structure that consists of two identical
Li-alloyed Si electrodes and an electrolyte-soaked
separator membrane.1 Conventionally, the coupling
between the mechanical stress and lithiation process
is regarded as an adverse effect that occurs in the
high-capacity anodes of lithium ion batteries.3,4 In
their work,1 Li et al. utilized bending-induced
asymmetric stresses in the two electrodes to
generate a chemical potential difference that can
drive the flux of lithium ions from the compressed
to the stretched electrode (Figure 1). The
corresponding electron flow in the exter\nal circuit
gives rise to a voltage. This design and experimental
approach is promising for practical use in
harvesting mechanical energy from sources such
as human activities and ambient vibrations.
There are very few reports on any similar

concepts or designs. Although the mechanically-
driven migration of lithium ions based on

the piezoelectric effect has been previously
demonstrated for directly converting mechanical
energy into chemical energy,5 Li’s work utilizes a
simpler device design based on stress-voltage
coupling in an electrochemical process. More
significantly, the output current from the demon-
strated device is large with a long pulse duration,
which is beneficial for practical applications.
Small output currents with short pulse durations
are usually the major limitation seen for other
types of mechanical energy harvesters. Moreover,
such an electrochemically driven mechanical
energy harvester is efficient at scavenging very
low-frequency mechanical signals from the ambient
environment, for example, the human body,
which are largely ignored and wasted in previous
studies.

This work has potential in many applications,
such as flexible electronics, self-powered sensors,
wearable devices, robotics, artificial skin and so on.
Future work may involve acquiring a better under-
standing of the fundamental issues associated with
the observed large current and small voltage, and
improving the voltage output. It may also be
interesting to see if this type of device is feasible
for use as a battery that is capable of directly storing
any mechanical energy harvested from the ambient
environment.
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Figure 1 Schematic illustration of the underlying principle of the electrochemically driven energy
harvester (Courtesy of Ju Li, MIT).
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